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(57) ABSTRACT

The present invention is to provide an organic electrolumi-
nescence display including a plurality of pixels, each pixel
being composed of a plurality of sub-pixels, each of the
sub-pixels having: an organic electroluminescence element
configured to have a structure arising from stacking a drive
circuit and an organic electroluminescence light-emitting
part connected to the drive circuit; wherein to the drive circuit
of one sub-pixel of the plurality of sub-pixels included in one
pixel, an auxiliary capacitor connected in parallel to the
organic electroluminescence light-emitting part of the drive
circuit is connected, and the auxiliary capacitor is provided in
the same plane as that of the drive circuit.
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ORGANIC ELECTROLUMINESCENCE
DISPLAY

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present invention contains subject matter
related to Japanese Patent Application JP 2007-058885 filed
in the Japan Patent Office on Mar. 8, 2007, the entire contents
of which being incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic elec-
troluminescence display.

[0004] 2. Description of the Related Art

[0005] In an organic electroluminescence display (herein-
after, abbreviated as an organic EL display) employing an
organic electroluminescence element (hereinafter, abbrevi-
ated as an organic EL element) as its light-emitting element,
the luminance of the organic EL element is controlled based
on the current that flows through the organic EL element.
Similar to a liquid crystal display, a simple-matrix system and
an active-matrix system are known as the driving system of
the organic EL display. The active-matrix system has various
advantages that it can provide higher image luminance, and so
on, although it has a disadvantage that its structure is more
complex compared with the simple-matrix system.

[0006] As a circuit for driving an organic electrolumines-
cence light-emitting part (hereinafter, abbreviated as a light-
emitting part) of an organic EL element, a drive circuit com-
posed of five transistors and one capacitor (hereinafter,
referred to as a 5Tr/1C drive circuit) is known due to e.g.
Japanese Patent Laid-Open No. 2006-215213. As shown in
FIG. 3, the related-art 5Tr/1C drive circuit includes five tran-
sistors of a video signal write transistor Tg;,, a drive transistor
Tp,» a light-emission control transistor Tz; ., a first-node
initialization transistor T,,, and a second-node initialization
transistor T ,,. Furthermore, this circuit includes one capaci-
tor C,. A source/drain region of the drive transistor T, is
equivalent to a second node ND, and the gate electrode of the
drive transistor T, is equivalent to a first node ND,.
[0007] Details of these transistors and capacitor will be
described later.

[0008] As shown in the timing chart of FIG. 5, in [period-
TP(5),], preprocessing for execution of threshold voltage
cancel processing is executed. Specifically, the first-node ini-
tialization transistor T, and the second-node initialization
transistor Ty, are turned to the on-state. Thereby, the poten-
tial of the first node ND, becomes V o (e.g. 0 volt), and the
potential of the second node ND, becomes Vg (e.g. —10
volts). Thus, the potential difference between the gate elec-
trode and the source/drain region (hereinafter, referred to as
the source region, for convenience) of the drive transistor
T, . becomes equal to or larger than V,, so that the drive
transistor T, enters the on-state.

[0009] Subsequently, in [period-TP(5),], the threshold
voltage cancel processing is executed. Specifically, the light-
emission control transistor Tp;  is turned to the on-state,
with the first-node initialization transistor T,,,, kept at the
on-state. As a result, the potential of the second node ND, in
the floating state rises, so that the potential difference
between the first and second nodes approaches the threshold
voltage of the drive transistor. When the potential difference

Sep. 11, 2008

between the gate electrode and source region of the drive
transistor T, has reached V,,, the drive transistor T, is
turned to the off-state. In this state, the potential of the second
node is substantially (V 4~V ). Thereafter, in [period-TP(5)
3], the light-emission control transistor T, . is turned to the
off-state, with the first-node initialization transistor T,,,,, kept
at the on-state. Subsequently, in [period-TP(5),], the first-
node initialization transistor T, is turned to the off-state.
[0010] Subsequently, in [period-TP(5),], a kind of write
operation for the drive transistor T,,,,, is executed. Specifi-
cally, in the state in which the first-node initialization transis-
tor Typ;, the second-node initialization transistor T,,,,, and
the light-emission control transistor T,; . are kept at the
off-state, the potential of a data line DTL is set to a voltage
corresponding to a video signal (drive signal (luminance sig-
nal) Vg, for controlling the luminance of a light-emitting part
ELP), and then a scan line SCL is switched to the high level to
thereby turn the video signal write transistor T, to the on-
state. As a result, the potential of the first node ND, rises up to
Vsig- 1f the potential of the second node hardly changes, the
potential difference V., between the gate electrode and the
source region of the drive transistor T,,, is represented by
Equation (A).

VerVsig=Vop=Va) @A)

s
[0011] Thereafter, in [period-TP(5)], correction of the
potential of the source region of the drive transistor T,
(second node ND,) based on the magnitude of the mobility p
ofthe drive transistor T,,,, (mobility correction processing) is
carried out. Specifically, the light-emission control transistor
Tg, o 1s turned to the on-state with the drive transistor T ,,,
kept at the on-state. Subsequently, after the elapse of a pre-
determined time (t,), the video signal write transistor Tg;, is
turned to the off-state to thereby switch the firstnode ND, (the
gate electrode of the drive transistor T 5, ) to the floating state.
As aresult, when the mobility p of the drive transistor T, is
high, the rise amount AV of the potential (potential correction
value) of the source region of the drive transistor T, is large.
In contrast, when the mobility p of the drive transistor T, is
low, the rise amount AV of the potential (potential correction
value) of the source region of the drive transistor T, is small.
The potential difference V,, between the gate electrode and
source region of the drive transistor T,,,, originally repre-
sented by Equation (A), is modified to the potential difference
V., represented by Equation (B). The predetermined time
(the total time t, of [period-TP(5),]) for executing the mobil-
ity correction processing is determined as a design value in
advance at the time of'the designing of the organic EL display.

v, "‘VSig‘( VOfs_ Vth)_A v (B)

s
[0012] Through the above-described operation, the thresh-
old voltage cancel processing, the write processing, and the
mobility correction processing are completed. In the subse-
quent [period-TP(5),], the video signal write transistor T, is
kept at the off-state, and therefore, the first node ND,, i.e., the
gate electrode of the drive transistor T,,, is in the floating
state. In contrast, the light-emission control transistor Tz,
is kept at the on-state, and one source/drain region (hereinaf-
ter, referred to as the drain region, for convenience) of the
light-emission control transistor Tz, . is connected to a cur-
rent supply unit (voltage V ., e.g. 20 volts) for controlling the
light emission of the light-emitting part ELP. Consequently,
the potential of the second node ND, rises, and the same
phenomenon as that in a so-called bootstrap circuit occurs at
the gate electrode of the drive transistor Tp,,, so that the
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potential of the first node ND, also rises up. As a result, the
value of Equation (B) is kept as the potential difference V,
between the gate electrode and source region of the drive
transistor T,,. Furthermore, the current that flows through
the light-emitting part ELP is a drain current I, that flows
from one source/drain region (hereinafter, referred to as the
drain region, for convenience) of the drive transistor T, to
the source region thereof. Therefore, the current can be rep-
resented by Equation (C).

Las = k- - (Vs = Vin)? ©

=k-p-(Vsig — Vo —AV)?

[0013] Details of the driving and so on of the 5Tr/1C drive
circuit, whose outline has been described above, will also be
described later.

SUMMARY OF THE INVENTION

[0014] A discussion will be made below about the respec-
tive correction operations. In the preprocessing previous to
the threshold voltage cancel processing, the voltage Vg
applied to the source region of the drive transistor T, is
constant. In contrast, in the mobility correction processing,
the voltage between the gate electrode and source region of
the drive transistor T, depends on the drive signal (lumi-
nance signal) Vg, and therefore is not constant, as is apparent
also from Equation (B). In the mobility correction processing,
the potential of the anode electrode of the light-emitting part
ELP (the potential of the source region of the drive transistor
Tp,,), which is being subjected to the mobility correction
processing, needs to be lower than the threshold voltage V,,,_
£z necessary for the light emission of the light-emitting part
ELP. When the luminance of the organic EL element is
designed to be high, a large current flows through the drive
transistor T,,. Therefore, lower capacitance c; of a para-
sitic capacitor Cy, of the light-emitting part ELP leads to
higher speed of the rising of the potential of the source region
of the drive transistor T,,. Consequently, the lower the
capacitance ¢, of the parasitic capacitor C,, of the light-
emitting part ELP is, the shorter the execution time of the
mobility correction processing needs to be, and hence, the
control of the time of the mobility correction processing is
more difficult. Furthermore, when there is large relative varia-
tionin the capacitance c; of the parasitic capacitor C; of the
light-emitting part ELP, a large variation will possibly arise in
the rise amount AV of the potential (potential correction
value) of the source region of the drive transistor T,,,.

[0015] In addition, along with increase in the size of
organic electroluminescence displays, the current that should
be applied to the light-emitting part ELP is also becoming
larger. Due to this current increase, the difference in the
capacitance of the parasitic capacitor among three sub-pixels
(e.g., a red light-emitting sub-pixel, a green light-emitting
sub-pixel, and a blue light-emitting sub-pixel) included in one
pixel is problematically becomes significantly obvious. To
address this problem, a method would be available in which
the area of the light-emitting part ELP is adjusted to decrease
the difference in the capacitance of the parasitic capacitor of
the light-emitting part ELP. However, this method involves a
problem that the current density of the current flowing
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through the light-emitting part ELP in a small-area sub-pixel
is large and thus the lifetime of this light-emitting part ELP is
shortened.

[0016] There is a need for the present invention to provide
an organic electroluminescence display having a structure
that allows facilitation of control of the execution time of
mobility correction processing, and a structure that hardly
causes a problem even when there is large relative variation in
the capacitance of the parasitic capacitor of an organic elec-
troluminescence light-emitting part and can decrease the dif-
ference in the parasitic capacitance among plural sub-pixels
included in one pixel.

[0017] According to a first mode of the present invention,
there is provided an organic electroluminescence display
including a plurality of pixels. In the display, each pixel is
composed of a plurality of sub-pixels, and each of the sub-
pixels includes an organic electroluminescence element con-
figured to have a structure arising from stacking a drive circuit
and an organic electroluminescence light-emitting part con-
nected to the drive circuit. To the drive circuit of one sub-pixel
of the plurality of sub-pixels included in one pixel, an auxil-
iary capacitor connected in parallel to the organic electrolu-
minescence light-emitting part of the drive circuit is con-
nected. The auxiliary capacitor is provided in the same plane
as that of the drive circuit.

[0018] In the organic electroluminescence display accord-
ing to the first mode of the present invention, in the plurality
of sub-pixels included in one pixel, the sizes of the drive
circuits of these plural sub-pixels may be identical to each
other. However, the organic electroluminescence display
according to the first mode is not limited to such a configu-
ration, but another configuration is also available. Specifi-
cally, in this configuration, to each of at least two of the drive
circuits of the plurality of sub-pixels included in one pixel, an
auxiliary capacitor connected in parallel to the organic elec-
troluminescence light-emitting part of the drive circuit is
connected. Furthermore, these auxiliary capacitors are pro-
vided in the same plane as that of the drive circuits, and the
capacitances of these auxiliary capacitors are identical to or
different from each other.

[0019] According to a second mode of the present inven-
tion, there is provided another organic electroluminescence
display including a plurality of pixels. Also in this display,
each pixel is composed of a plurality of sub-pixels, and each
of the sub-pixels includes an organic electroluminescence
element configured to have a structure arising from stacking
a drive circuit and an organic electroluminescence light-emit-
ting part connected to the drive circuit. In this display, in the
plurality of sub-pixels included in one pixel, the size of one
drive circuit of the drive circuits of the plurality of sub-pixels
is larger than those of the other drive circuits. This one drive
circuit is provided with an auxiliary capacitor connected in
parallel to the organic electroluminescence light-emitting
part of the drive circuit.

[0020] The organic electroluminescence display according
to the second mode of the present invention may employ
another configuration. Specifically, in this configuration,
each of at least two of the drive circuits of the plurality of
sub-pixels included in one pixel is provided with an auxiliary
capacitor connected in parallel to the organic electrolumines-
cence light-emitting part of the drive circuit. Furthermore, the
capacitances of these auxiliary capacitors are identical to or
different from each other.
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[0021] Intheorganic electroluminescence displays accord-
ing to the first mode and second mode of the present invention
(hereinafter, these displays will be referred to simply as the
organic EL displays of the present invention or the present
invention collectively) including the above-described pre-
ferred configuration, the kind of sub-pixel including the drive
circuit to which the auxiliary capacitor is connected or the
kind of sub-pixel including the drive circuit provided with the
auxiliary capacitor depends mainly on the capacitance of the
parasitic capacitor of the organic electroluminescence light-
emitting part. Furthermore, the capacitance of the parasitic
capacitor of the organic electroluminescence light-emitting
part depends greatly on the material of the light-emitting
layer of the organic electroluminescence light-emitting part.
For the organic electroluminescence display according to the
first mode of the present invention, when the capacitance of
the parasitic capacitor of the organic electroluminescence
light-emitting part of the drive circuit included in one sub-
pixel is defined as ¢, and the capacitance of the auxiliary
capacitor connected to this drive circuit is defined as cg,,,,, it is
desirable that the relationship cg,,=0.2c,;, preferably
Cs=0.4c,;, be satisfied, for example. Furthermore, for the
organic electroluminescence display according to the second
mode of the present invention, when the size of one drive
circuit is defined as S, and the size of the other drive circuits
is defined as S,, it is desirable that the relationship S, =1.2S,,
preferably S,2=1.3S,, besatisfied, for example. Moreover, for
one drive circuit in the organic electroluminescence display
according to the second mode of the present invention, when
the capacitance of the parasitic capacitor of the organic elec-
troluminescence light-emitting part is defined as ¢, and the
capacitance of the auxiliary capacitor is defined as cg,,,, it is
desirable that the relationship cg,,Z0.2cz;, preferably
Cs,,=0.4c;, be satisfied, for example.

[0022] In the organic EL displays of the present invention
including the above-described preferred configuration, the
drive circuit may include:

[0023] (A)a drive transistor having source/drain regions, a
channel forming region, and a gate electrode;

[0024] (B) a video signal write transistor having source/
drain regions, a channel forming region, and a gate electrode;
and

[0025] (C) a capacitor having a pair of electrodes. Further-
more, the drive circuit may have the following configuration.

[0026]

[0027] (A-1)one source/drain region of the drive transistor
is connected to a current supply unit,

[0028] (A-2)the other source/drain region of the drive tran-
sistor is connected to an anode electrode of the organic elec-
troluminescence light-emitting part and one electrode of the
capacitor, and is equivalent to a second node, and

[0029] (A-3) the gate electrode of the drive transistor is
connected to the other source/drain region of the video signal
write transistor and the other electrode of the capacitor, and is
equivalent to a first node, and

[0030] regarding the video signal write transistor,

[0031] (B-1) one source/drain region of the video signal
write transistor is connected to a data line, and

[0032] (B-2) the gate electrode of the video signal write
transistor is connected to a scan line.

Specifically, regarding the drive transistor,
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[0033] The organic EL displays of the present invention
may include:

[0034] (a) a scan circuit;

[0035] (b) a video signal output circuit;

[0036] (c) organic electroluminescence elements that are

arranged in a two-dimensional matrix of NxM in which N
elements are arranged along a first direction and M elements
are arranged along a second direction different from the first
direction;

[0037] (d)M scanlines that are connected to the scan circuit
and extend along the first direction;

[0038] (e)Ndata lines that are connected to the video signal
output circuit and extend along the second direction; and
[0039] () a current supply unit.

[0040] In the present invention, each pixel is composed of
plural sub-pixels. Specifically, a form can be employed in
which each pixel is composed of three sub-pixels of a red
light-emitting sub-pixel, a green light-emitting sub-pixel, and
a blue light-emitting sub-pixel. Alternatively, it is also pos-
sible that each pixel be composed of a sub-pixel group
obtained by further adding one kind or plural kinds of sub-
pixels to these three kinds of sub-pixels (e.g., a group
obtained by adding a sub-pixel that emits white light for an
enhanced luminance, a group obtained by adding a sub-pixel
that emits complementary-color light for an enlarged color
gamut, a group obtained by adding a sub-pixel that emits
yellow light for an enlarged color gamut, or a group obtained
by adding sub-pixels that emit yellow light and cyan light for
an enlarged color gamut).

[0041] For the organic EL displays of the present invention,
known configurations and structures can be employed as the
configurations and structures of the scan circuit, video signal
output circuit, scan lines, data lines, current supply unit, and
organic electroluminescence light-emitting part (hereinafter,
it will be often referred to simply as a light-emitting part).
Specifically, the light-emitting part can be formed by using
e.g. an anode electrode, hole transport layer, light-emitting
layer, electron transport layer, and cathode electrode.

[0042] The drive circuit, whose details will be described
later, may be formed of a drive circuit composed of five
transistors and one capacitor (5Tr/1C drive circuit), drive
circuit composed of four transistors and one capacitor (4Tr/
1C drive circuit), drive circuit composed of three transistors
and one capacitor (3Tr/1C drive circuit), or drive circuit com-
posed of two transistors and one capacitor (2Tr/1C drive
circuit).

[0043] As transistors included in the drive circuit, an
n-channel thin film transistor (TFT) is available. However,
depending on the case, it is also possible to employ a p-chan-
nel thin film transistor for a light-emission control transistor,
for example. Alternatively, it is also possible that the transis-
tors be formed of field effect transistors (e.g. MOS transis-
tors) formed on a silicon semiconductor substrate. The aux-
iliary capacitor can be formed from one electrode, the other
electrode, and a dielectric layer (insulating layer) interposed
between these electrodes. The capacitor can also be formed
from one electrode, the other electrode, and a dielectric layer
(insulating layer) interposed between these electrodes. The
transistors and the capacitor of the drive circuit and the aux-
iliary capacitor are formed in a certain plane (for example,
formed on a support body). The light-emitting part is formed
above the transistors and the capacitor of the drive circuit and
the auxiliary capacitor with the intermediary of an interlayer
insulating layer, for example. The other source/drain region
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of the drive transistor is connected via e.g. a contact hole to
the anode electrode of the light-emitting part. Furthermore,
one electrode of the auxiliary capacitor is also connected to
the other source/drain region of the drive transistor.

[0044] In the present invention, the auxiliary capacitor is
connected to the source region of the drive transistor (second
node). This can decrease the rising speed of the potential of
the source region of the drive transistor (second node) in
mobility correction processing, and thus can extend the
execution time of the mobility correction processing. This
results in facilitation of control of the time of the mobility
correction processing. Furthermore, variation in the capaci-
tance of the parasitic capacitor of the light-emitting part can
be reduced relatively, which can prevent the occurrence of a
large variation in the rise amount AV of the potential (poten-
tial correction value) of the source region of the drive transis-
tor. Moreover, due to the present invention, the rising speed of
the potential of the source region of the drive transistor (sec-
ond node) can be decreased, and therefore, a high reverse-bias
voltage does not need to be applied to the organic electrolu-
minescence light-emitting part. This allows suppression of
the number of dot defects to a small value. In addition, the size
of the organic electroluminescence light-emitting part does
not need to be changed. This allows reduction in the current
density of the current that flows through the organic electrolu-
minescence light-emitting part, and thus can realize the
extension of the lifetime of the organic electroluminescence
element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] FIG. 1A is a conceptual diagram (plan view) of a
plane occupied by one pixel (plural sub-pixels) in an organic
electroluminescence display according to a first embodiment
of the present invention;

[0046] FIG. 1B is a conceptual diagram (plan view) of a
plane occupied by plural drive circuits and one auxiliary
capacitor in the organic electroluminescence display;

[0047] FIG. 1C is a conceptual diagram (plan view) of a
plane occupied by one pixel (plural sub-pixels) in an organic
electroluminescence display according to a second embodi-
ment of the present invention;

[0048] FIG. 2 is an equivalent circuit diagram of a drive
circuit that is basically composed of five transistors/one
capacitor (and is provided with an auxiliary capacitor);
[0049] FIG. 3 is an equivalent circuit diagram of a drive
circuit that is basically composed of five transistors/one
capacitor (and is not provided with an auxiliary capacitor);
[0050] FIG. 4 is a conceptual diagram of a display includ-
ing the drive circuits basically composed of five transistors/
one capacitor;

[0051] FIG. 5is a diagram schematically showing a timing
chart regarding the driving of the drive circuit basically com-
posed of five transistors/one capacitor;

[0052] FIGS. 6A to 6] are diagrams schematically showing
the on/off-states of the respective transistors and so on in the
drive circuit basically composed of five transistors/one
capacitor;

[0053] FIG. 7 is an equivalent circuit diagram of a drive
circuit that is basically composed of four transistors/one
capacitor (and is provided with an auxiliary capacitor);
[0054] FIG. 8 is an equivalent circuit diagram of a drive
circuit that is basically composed of four transistors/one
capacitor (and is not provided with an auxiliary capacitor);
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[0055] FIG. 9 is a conceptual diagram of a display includ-
ing the drive circuits basically composed of four transistors/
one capacitor;

[0056] FIG. 10 is a diagram schematically showing a tim-
ing chart regarding the driving of the drive circuit basically
composed of four transistors/one capacitor;

[0057] FIGS. 11A to 11H are diagrams schematically
showing the on/off-states of the respective transistors and so
on in the drive circuit basically composed of four transistors/
one capacitor;

[0058] FIG. 12 is an equivalent circuit diagram of a drive
circuit that is basically composed of three transistors/one
capacitor (and is provided with an auxiliary capacitor);
[0059] FIG. 13 is an equivalent circuit diagram of a drive
circuit that is basically composed of three transistors/one
capacitor (and is not provided with an auxiliary capacitor);
[0060] FIG. 14 is a conceptual diagram of a display includ-
ing the drive circuits basically composed of three transistors/
one capacitor;

[0061] FIG. 15 is a diagram schematically showing a tim-
ing chart regarding the driving of the drive circuit basically
composed of three transistors/one capacitor;

[0062] FIGS.16A to 161 are diagrams schematically show-
ing the on/off-states of the respective transistors and so on in
the drive circuit basically composed of three transistors/one
capacitor;

[0063] FIG. 17 is an equivalent circuit diagram of a drive
circuit that is basically composed of two transistors/one
capacitor (and is provided with an auxiliary capacitor);
[0064] FIG. 18 is an equivalent circuit diagram of a drive
circuit that is basically composed of two transistors/one
capacitor (and is not provided with an auxiliary capacitor);
[0065] FIG. 19 is a conceptual diagram of a display includ-
ing the drive circuits basically composed of two transistors/
one capacitor;

[0066] FIG. 20 is a diagram schematically showing a tim-
ing chart regarding the driving of the drive circuit basically
composed of two transistors/one capacitor;

[0067] FIGS.21Ato21F arediagrams schematically show-
ing the on/off-states of the respective transistors and so on in
the drive circuit basically composed of two transistors/one
capacitor;

[0068] FIG. 22 is a diagram schematically showing a tim-
ing chart, different from that shown in FIG. 20, regarding the
driving of the drive circuit basically composed of two tran-
sistors/one capacitor; and

[0069] FIG. 23 is a schematic partial sectional view of a
partial portion of an organic electroluminescence element.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0070] Embodiments of the present invention will be
described below with reference to the accompanying draw-
ings.

First Embodiment

[0071] A first embodiment of the present invention relates
to an organic EL display according to the first mode of the
present invention. FIG. 1A is a conceptual diagram (plan
view) of a plane occupied by one pixel. FIG. 1B is a concep-
tual diagram (plan view) of a plane occupied by three drive
circuits and one auxiliary capacitor Cg,,. One pixel is sur-
rounded by a dashed line, and each of the sub-pixels, drive
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circuits, and auxiliary capacitors is surrounded by a full line.
Two pixels are indicated in each of FIGS. 1A, 1B, and 1C.
[0072] Organic EL displays of the first embodiment and a
second embodiment of the present invention, which will be
described later, include plural pixels. Furthermore, each pixel
is composed of plural sub-pixels (in the first embodiment and
the second embodiment to be described later, three sub-pixels
of a red light-emitting sub-pixel, a green light-emitting sub-
pixel, and a blue light-emitting sub-pixel). Each of the sub-
pixels is formed of an organic electroluminescence element
(organic EL element 10) that has a structure arising from
stacking a drive circuit 11 and an organic electrolumines-
cence light-emitting part (light-emitting part ELP) connected
to this drive circuit 11. The drive circuit of a red light-emitting
sub-pixel is indicated by reference numeral 11R, the drive
circuit of a green light-emitting sub-pixel is indicated by
reference numeral 11G, and the drive circuit of a blue light-
emitting sub-pixel is indicated by reference numeral 11B.
[0073] Intheorganic EL display of the first embodiment, as
shown in the equivalent circuit diagram of FIG. 17, the aux-
iliary capacitor Cg,,, connected in parallel to the light-emit-
ting part ELP of the drive circuit 11B is connected to the drive
circuit 11B of one sub-pixel (e.g. a blue light-emitting sub-
pixel) of the plural sub-pixels included in one pixel. This
auxiliary capacitor Cg,,, is provided in the same plane as that
ofthe drive circuit. As shown in the equivalent circuit diagram
of F1G. 18, the auxiliary capacitor Cg,,, is not connected to the
drive circuits 11R and 11G of the other sub-pixels (e.g. red
and green light-emitting sub-pixels). The color of the sub-
pixel having the drive circuit connected to the auxiliary
capacitor Cg,,, depends mainly on the capacitance cg; of the
parasitic capacitor Cy; of the light-emitting part ELP. Fur-
thermore, the capacitance c; of the parasitic capacitor C; of
the light-emitting part ELP depends greatly on the material of
the light-emitting layer of the light-emitting part ELP.
[0074] In the first embodiment, in the plural sub-pixels of
one pixel, the sizes of the drive circuits 11R, 11G, and 11B in
these plural sub-pixels are set identical to each other. More
specifically, the total area occupied by the light-emitting parts
ELP in one pixel (three sub-pixels) is substantially equal to
the total area occupied by three drive circuits 11R, 11G, and
11B and one auxiliary capacitor Cg,,. Furthermore, for
example, the area occupied by each of the drive circuits 11R,
11G, and 11B is substantially equal to the area occupied by
one auxiliary capacitor Cg,,,. Moreover, the areas occupied by
the respective light-emitting parts ELP of three sub-pixels are
substantially equal to each other. When the capacitance of the
parasitic capacitor of the light-emitting part ELP of the drive
circuit 11B in one sub-pixel is defined as ¢, and the capaci-
tance of the auxiliary capacitor connected to this drive circuit
11B is defined as cg,,, the relationship cg, ,~0.4cy; is satis-
fied.

[0075] As shown in the conceptual circuit diagram of FIG.
19, the organic EL display of the first embodiment and an
organic EL display of the second embodiment to be described
later include

[0076] (a) a scan circuit 101,
[0077] (b) a video signal output circuit 102,
[0078] (c) organic EL elements 10 that are arranged in a

two-dimensional matrix of NxM in which N elements are
arranged along a first direction and M elements are arranged
along a second direction different from the first direction
(specifically, the direction perpendicular to the first direc-
tion),
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[0079] (d) M scan lines SCL that are connected to the scan
circuit 101 and extend along the first direction,

[0080] (e) N data lines DTL that are connected to the video
signal output circuit 102 and extend along the second direc-
tion, and

[0081] () a current supply unit 100.

[0082] InFIG. 19 and FIGS. 4, 9, and 14 to be described
later, 3x3 organic EL elements 10 are shown. However, this is
merely an example.

[0083] The auxiliary capacitor Cg,,,, as a feature of the first
embodiment and the second embodiment to be described later
can be applied not only to a drive circuit basically composed
of two transistors/one capacitor but also to a drive circuit
basically composed of five transistors/one capacitor, a drive
circuit basically composed of four transistors/one capacitor,
and a drive circuit basically composed of three transistors/one
capacitor. Equivalent circuit diagrams of a drive circuit basi-
cally composed of five transistors/one capacitor according to
the first embodiment and the second embodiment to be
described later are shown in FIG. 2 (relating to the drive
circuits 11B and 111B) and FIG. 3 (relating to the drive
circuits 11R, 11G, 111R, and 111G). Equivalent circuit dia-
grams of a drive circuit basically composed of four transis-
tors/one capacitor according to the first and second embodi-
ments are shown in FIG. 7 (relating to the drive circuits 11B
and 111B) and FIG. 8 (relating to the drive circuits 11R, 11G,
111R, and 111G). Equivalent circuit diagrams of a drive
circuit basically composed of three transistors/one capacitor
according to the first and second embodiments are shown in
FIG. 12 (relating to the drive circuits 11B and 111B) and FIG.
13 (relating to the drive circuits 11R, 11G, 111R, and 111G).
Equivalent circuit diagrams of a drive circuit basically com-
posed of two transistors/one capacitor according to the first
and second embodiments are shown in FIG. 17 (relating to the
drivecircuits 11B and 111B) and FIG. 18 (relating to the drive
circuits 11R, 11G, 111R, and 111G).

[0084] The light-emitting part ELP has a known configu-
ration and structure including e.g. an anode electrode, a hole
transport layer, a light-emitting layer, electron transport layer,
and a cathode electrode. The scan circuit 101 is provided near
one ends of the scan lines SCL. Known configurations and
structures can be used as those of the scan circuit 101, the
video signal output circuit 102, the scan lines SCL, the data
lines DTL, and the current supply unit 100. This may apply
also to an organic EL display according to the second embodi-
ment to be described later.

[0085] Inthe first embodiment and the second embodiment
to be described later, a drive circuit composed of two transis-
tors and one capacitor C, (2Tr/1C drive circuit) is employed.
Specifically, as shown in FIGS. 17 and 18, the drive circuit of
the first embodiment is composed of a drive transistor Tp,,., a
video signal write transistor T, and a capacitor C, including
a pair of electrodes. The drive transistor T,,,, is formed of an
n-channel TFT including source/drain regions, a channel
forming region, and a gate electrode. The video signal write
transistor Tg, is also formed of an n-channel TFT including
source/drain regions, a channel forming region, and a gate
electrode. Furthermore, as shown in FIG. 17, an auxiliary
capacitor Cg,,;, connected to a drive circuit 11B is provided.
This auxiliary capacitor Cg,,, is connected in parallel to the
light-emitting part ELP of the drive circuit 11B.
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[0086] Regarding the drive transistor Tp,,,,

[0087] (A-1) one source/drain region (hereinafter, referred
to as the drain region) is connected to the current supply unit
100,

[0088] (A-2) the other source/drain region (hereinafter,
referred to as the source region) is connected to the anode
electrode of the light-emitting part ELP and one electrode of
the capacitor C, and is equivalent to a second node ND,, and
[0089] (A-3) the gate electrode is connected to the other
source/drain region of the video signal write transistor Tg,,
and the other electrode of'the capacitor C, and is equivalent to
a first node ND,.

[0090] Furthermore, regarding the video signal write tran-
sistor Tg;,,

[0091] (B-1) one source/drain region is connected to the
data line DTL, and

[0092] (B-2)the gate electrode is connected to the scan line
SCL.

[0093] More specifically, as shown in the schematic partial
sectional view of FIG. 23 for one partial portion of the organic
EL element, the transistors Tg;, and Tp,,, and the capacitor C,
of the drive circuit are formed over a support body, and the
light-emitting part ELP is formed above the transistors Tg,,
and T,, and the capacitor C, of the drive circuit with the
intermediary of an interlayer insulating layer 40, for example.
The other source/drain region of the drive transistor Tp,,, is
connected via a contact hole to the anode electrode of the
light-emitting part ELP. Note that only the drive transistor
T .isshowninFIG. 23. The video signal write transistor T,
the auxiliary capacitor Cg,,, and various transistors in the
other drive circuits to be described later are in hiding and
hence, are not seen.

[0094] More specifically, the drive transistor T, is com-
posed of a gate electrode 31, a gate insulating layer 32,
source/drain regions 35 provided in a semiconductor layer 33,
and a channel forming region 34 formed of the partial portion
of the semiconductor layer 33 between the source/drain
regions 35. The capacitor C, is composed of the other elec-
trode 36, a dielectric layer formed of an extended portion of
the gate insulating layer 32, and one electrode 37 (equivalent
to the second node ND,). The gate electrode 31, a partial
portion of the gate insulating layer 32, and the other electrode
36 of the capacitor C, are formed on the support body 20. One
source/drain region 35 of the drive transistor T, is con-
nected to an interconnect 38, and the other source/drain
region 35 is connected to one electrode 37 (equivalent to the
second node ND,). The drive transistor T ,,.,, the capacitor C,,
and so on are covered by the interlayer insulating layer 40.
Provided on the interlayer insulating layer 40 is the light-
emitting part ELP composed of an anode electrode 51, a hole
transport layer, a light-emitting layer, an electron transport
layer, and a cathode electrode 53. In FIG. 23, the hole trans-
port layer, the light-emitting layer, and the electron transport
layer are collectively shown as one layer 52. A second inter-
layer insulating layer 54 is provided on the partial portion of
the interlayer insulating layer 40 on which the light-emitting
part ELP is not provided. A transparent substrate 21 is dis-
posed over the second interlayer insulating layer 54 and the
cathode electrode 53, and light generated by the light-emit-
ting layer is emitted to the external after passing through the
substrate 21. One electrode 37 (second node ND,) and the
anode electrode 51 are connected to each other via a contact
hole provided in the interlayer insulating layer 40. The cath-
ode electrode 53 is connected to an interconnect 39 provided
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on an extended portion of the gate insulating layer 32 via
contact holes 56 and 55 provided in the second interlayer
insulating layer 54 and the interlayer insulating layer 40.
[0095] In the organic EL display of the first embodiment,
the auxiliary capacitor Cg,,, is connected to the source region
of the drive transistor T,,, (second node ND,). This can
decrease the rising speed of the potential of the source region
of'the drive transistor T ,,,, (second node ND,) in the mobility
correction processing to be described later, and thus can
extend the execution time of the mobility correction process-
ing. This results in facilitation of control of the time of the
mobility correction processing. Furthermore, variation in the
capacitance c; of the parasitic capacitor C,, of the light-
emitting part ELP can be reduced relatively, which can pre-
vent the occurrence of a large variation in the rise amount AV
of the potential (potential correction value) of the source
region of the drive transistor T, (second node ND,). More-
over, the size of the light-emitting part ELP does not need to
be changed depending on the kind of sub-pixel. This allows
reduction in the current density of the current that flows
through the light-emitting part ELP, and thus can realize the
extension of the lifetime of the organic EL element.

Second Embodiment

[0096] The second embodiment of the present invention
relates to an organic EL display according to the second mode
of the present invention. FIG. 1C is a conceptual diagram
(plan view) of a plane occupied by one pixel in the second
embodiment.

[0097] The organic EL display of the second embodiment
includes plural pixels. Furthermore, each pixel is composed
of plural sub-pixels (also in the second embodiment, three
sub-pixels of a red light-emitting sub-pixel, a green light-
emitting sub-pixel, and a blue light-emitting sub-pixel). Each
of'the sub-pixels is formed of an organic electroluminescence
element (organic EL element 10) that has a structure arising
from stacking a drive circuit 111 and an organic electrolumi-
nescence light-emitting part (light-emitting part ELP) con-
nected to this drive circuit 111.

[0098] In addition, in the plural sub-pixels included in one
pixel, the size of one of the drive circuits of these plural
sub-pixels (e.g. a drive circuit 111B of the blue light-emitting
sub-pixel) is larger than that of the other drive circuits (e.g. a
drive circuit 111R of the red light-emitting sub-pixel and a
drive circuit 111G of the green light-emitting sub-pixel), as
shown in the equivalent circuit diagram of FIG. 17. This one
drive circuit 111B is provided with the auxiliary capacitor
C,, connected in parallel to the light-emitting part ELP of this
drive circuit 111B. As shown in the equivalent circuit diagram
of FIG. 18, the auxiliary capacitor Cg,,, is not connected to the
drive circuits 111R and 111G of the other sub-pixels (e.g. red
and green light-emitting sub-pixels). The color of the sub-
pixel having the drive circuit provided with the auxiliary
capacitor Cg,, depends mainly on the capacitance c; of the
parasitic capacitor C; of the light-emitting part ELP. Fur-
thermore, the capacitance c; of the parasitic capacitor C,; of
the light-emitting part ELP depends greatly on the material of
the light-emitting layer of the light-emitting part ELP. In the
second embodiment, when the sizes of the drive circuits
111B, 111R, and 111G of the blue, red, and green light-
emitting sub-pixels are defined as Sz, Sz, and S, respec-
tively, the relationship Sz~1.2Sz=~1.2S; is satisfied. Further-
more, in one drive circuit 111B, when the capacitance of the
parasitic capacitor of the light-emitting part ELP is defined as
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¢z and the capacitance of the auxiliary capacitor Cg,,, is
defined as cg,,, the relationship cg,,=0.2c,; is satisfied.
[0099] The basic configuration and structure of the organic
EL display and the drive circuits 111R, 111G, and 111B in the
second embodiment can be the same as those of the organic
EL display and the drive circuits 11R, 11G, and 11B in the
first embodiment, and therefore, the detailed description
thereof is omitted.

[0100] The configuration of the drive circuits in the first
embodiment and that of the drive circuits in the second
embodiment may be combined with each other.

[0101] In the organic EL display of the second embodi-
ment, in the plural sub-pixels included in one pixel, the size of
one of the drive circuits of these plural sub-pixels (e.g. the
drive circuit 111B) is larger than that of the other drive circuits
(e.g. the drive circuits 111R and 111G). Therefore, in this one
drive circuit 111B, the auxiliary capacitor Cg,,, connected in
parallel to the light-emitting part ELP can be easily provided.
Furthermore, the auxiliary capacitor Cg, , is connected to the
source region of the drive transistor T, (second node ND,).
This can decrease the rising speed of the potential of the
source region of the drive transistor T, (second node ND,)
in the mobility correction processing to be described later,
and thus can extend the execution time of the mobility cor-
rection processing. This results in facilitation of control of the
time of the mobility correction processing. In addition, varia-
tion in the capacitance cz; ofthe parasitic capacitor C; of the
light-emitting part ELP can be reduced relatively, which can
prevent the occurrence of a large variation in the rise amount
AV of the potential (potential correction value) of the source
region of the drive transistor T,,,,, (second node ND,). More-
over, the size of the light-emitting part ELP does not need to
be changed depending on the kind of sub-pixel. This allows
reduction in the current density of the current that flows
through the light-emitting part ELP, and thus can realize the
extension of the lifetime of the organic EL element.

[0102] A description will be made below about a 5Tr/1C
drive circuit, 4Tr/1C drive circuit, 3Tr/1C drive circuit, 2Tt/
1C drive circuit, and methods for driving the light-emitting
part ELP by using these drive circuits. In the following expla-
nation, description relating to the auxiliary capacitor Cg,,,
i.e., description of the feature that these drive circuits are
provided with or include the auxiliary capacitor Cg, ,, is omit-
ted.

[0103] The organic EL display includes pixels arranged in
a two-dimensional matrix of (N/3)xM. In the following
description, one pixel is formed of three sub-pixels (a red
light-emitting sub-pixel for red light emission, a green light-
emitting sub-pixel for green light emission, and a blue light-
emitting sub-pixel for blue light emission). The organic EL.
elements 10 of the respective pixels are line-sequentially
driven, and the display frame rate is defined as FR (times/
second). Specifically, the organic EL elements 10 of N/3
pixels (N sub-pixels) arranged on the m-th row (m=1,2,3 ..
. M) are simultaneously driven. In other words, the timings of
the light-emission/non-light-emission of the organic EL ele-
ments 10 are controlled on a row-by-row basis. The process-
ing of writing video signals to the respective pixels on one
row may be either processing in which the video signals are
simultaneously written to all of these pixels (hereinafter, it
will be often referred to simply as simultaneous-write pro-
cessing) or processing in which the video signals are sequen-
tially written on a pixel-by-pixel basis (hereinafter, it will be
often referred to simply as sequential-write processing).
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Which write processing to employ is properly selected
depending on the drive circuit configuration.

[0104] A description will be made below about driving and
operation relating to the organic EL element 10 of one sub-
pixel in the pixel located on the m-th row and the n-th column
(n=1,2,3...N) as arule. This sub-pixel and this organic EL.
element 10 will be referred to as the (n, m)-th sub-pixel and
the (n, m)-th organic EL element 10, respectively. By the time
the horizontal scanning period of the organic EL elements 10
arranged on the m-th row (the m-th horizontal scanning
period) finishes, various kinds of processing (threshold volt-
age cancel processing, write processing, and mobility correc-
tion processing, which will be described later) are executed.
The write processing and the mobility correction processing
should be executed within the m-th horizontal scanning
period. On the other hand, depending on the kind of drive
circuit, the threshold voltage cancel processing and prepro-
cessing for this processing can be executed ahead of the m-th
horizontal scanning period.

[0105] After all of these various kinds of processing have
been completed, the light-emitting parts of the organic ELL
elements 10 arranged on the m-th row are caused to emit light.
The light-emitting parts may be caused to emit light imme-
diately after all of the various kinds of processing have been
completed. Alternatively, they may be caused to emit light
after the elapse of a predetermined period (e.g. horizontal
scanning periods of several predetermined rows). This prede-
termined period can be properly designed depending on the
specification of the organic EL display, the configuration of
the drive circuit, and so on. In the following description, the
light-emitting part is caused to emit light immediately after
the completion of the various kinds of processing, for conve-
nience of explanation. Furthermore, the light emission of the
light-emitting parts of the respective organic EL elements 10
arranged on the m-th row is continued until the timing imme-
diately before the start of the horizontal scanning period of the
respective organic EL elements 10 arranged on the (m+m')-th
row. This m' is determined depending on the design specifi-
cation of the organic EL display. Specifically, the light emis-
sion of the light-emitting parts of the organic EL elements 10
arranged on the m-th row in a certain display frame is con-
tinued until the end of the (m+m'-1)-th horizontal scanning
period. On the other hand, in the period from the start of the
(m+m")-th horizontal scanning period to the completion of the
write processing and the mobility correction processing
within the m-th horizontal scanning period in the next display
frame, the light-emitting parts of the organic EL elements 10
arranged on the m-th are kept at the non-light-emission state.
Due to the provision of the period of this non-light-emission
state (hereinafter, it will be often referred to simply as the
non-light-emission period), image-lag blur accompanying
the active-matrix driving is reduced, and thus the moving-
image quality can be enhanced. However, the light-emission
state/non-light-emission state of the respective sub-pixels
(organic EL elements 10) are not limited to the above-de-
scribed states. The time length of the horizontal scanning
period is shorter than (1/FR)x(1/M). If the value of (m+m")
surpasses M, the horizontal scanning period corresponding to
the surplus is processed in the next display frame.

[0106] For two source/drain regions of one transistor, the
term “one source/drain region” is often used to indicate the
source/drain region connected to a power supply. Further-
more, the expression “a transistor is in the on-state” refers to
the state in which a channel is formed between the source/
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drain regions of the transistor. This state is irrespective of
whether or not a current flows from one source/drain region of
the transistor to the other source/drain region thereof. On the
other hand, the expression “a transistor is in the off-state”
refers to the state in which a channel is not formed between
the source/drain regions of the transistor. The expression “a
source/drain region of a certain transistor is connected to a
source/drain region of another transistor” encompasses a
form in which the source/drain region of the certain transistor
and the source/drain region of another transistor occupy the
same region. Furthermore, the source/drain regions can be
formed not only by using an electrically-conductive sub-
stance such as poly-silicon or amorphous silicon containing
an impurity but also by using a metal, alloy, electrically-
conductive particle, multilayer structure of these materials, or
layer composed of an organic material (electrically-conduc-
tive polymer). In the timing charts used in the following
description, the lengths of the abscissa axes (time lengths)
representing the respective periods do not indicate the ratio of
the time lengths of the respective periods but are schemati-
cally shown.

[5Tr/1C Drive Circuit]

[0107] FIGS. 2 and 3 are equivalent circuit diagrams of the
5Tr/1C drive circuit. FIG. 4 is a conceptual diagram of a
display including the 5Tr/1C drive circuits. FIG. 5 is a sche-
matic timing chart showing the driving of the 5Tr/1C drive
circuit. FIGS. 6A to 61 schematically show the on/off-states
ofthe respective transistors and so on. In FIGS. 6,11, 16, and
21, which schematically show the driving states, illustration
of the auxiliary capacitor Cg,, is omitted.

[0108] This 5Tr/1C drive circuit includes five transistors of
the video signal write transistor Tg;,, the drive transistor T 5,,,,
a light-emission control transistor 1z, ., a first-node initial-
ization transistor T, , and a second-node initialization tran-
sistor T, ,. Furthermore, this circuit includes one capacitor
C,.

[Light-Emission Control Transistor T, ]

[0109] One source/drain region of the light-emission con-
trol transistor T, . is connected to the current supply unit
100 (voltage V ). The other source/drain region of the light-
emission control transistor T, . is connected to one source/
drain region of the drive transistor T ,,.,.. The on/off operation
of the light-emission control transistor T;; s controlled by
a light-emission control transistor control line CL,; . con-
nected to the gate electrode of the light-emission control
transistor T,; . The current supply unit 100 is provided to
supply a current to the light-emitting part ELP of the organic
EL element 10 to thereby control the light emission of the
light-emitting part ELP. The light-emission control transistor
control line CL,; . is connected to a light-emission control
transistor control circuit 103.

[Drive Transistor Tp,,, ]

[0110] One source/drain region of the drive transistor T,
is connected to the other source/drain region of the light-
emission control transistor T, ., as described above. That
is, one source/drain region of the drive transistor T, is
connected to the current supply unit 100 via the light-emis-
sion control transistor Tz; . On the other hand, the other
source/drain region of the drive transistor T, is connected
to:
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(1) the anode electrode of the light-emitting part ELP,

(2) the other source/drain region of the second-node initial-
ization transistor T,,,,, and

(3) one electrode of the capacitor C,,

[0111] and is equivalent to the second node ND,. In addi-
tion, the gate electrode of the drive transistor T, is con-
nected to:

(1) the other source/drain region of the video signal write
transistor T,
(2) the other source/drain region of the first-node initializa-
tion transistor Ty, and

(3) the other electrode of the capacitor C,, and is equivalent to
the first node ND,.

[0112] Inthelight-emission state of the organic EL element
10, the drive transistor T, ., is so driven that a drain current I,
flows through the drive transistor T, in accordance with
Equation (1) shown below. In the light-emission state of the
organic EL, element 10, one source/drain region of the drive
transistor T, serves as the drain region, and the other source/
drain region thereof serves as the source region. For conve-
nience of explanation, in the following description, one
source/drain region of the drive transistor T,,,, will be often
referred to simply as the drain region, and the other source/
drain region thereof will be often referred to simply as the
source region. The meanings of the respective symbols for
Equation (1) are as follows.

w: effective mobility
L: channel length
W: channel width

V. potential difference between the gate electrode and the
source region

V. threshold voltage

C,.: (the relative dielectric constant of the gate insulating
layer)x(permittivity in vacuum)/(the thickness of the gate
insulating layer)

k=(2)-(WIL)-C,,

Ids:kﬂ'(Vgs—Vzh)z 1

[0113] Due to the flowing of this drain current I, through
the light-emitting part ELP of the organic EL element 10, the
light-emitting part ELP of the organic EL. element 10 emits
light. Moreover, depending on the magnitude of the drain
current [, the light-emission state (luminance) of the light-
emitting part ELP of the organic EL element 10 is controlled.

[Video Signal Write Transistor Tg;,]

[0114] The other source/drain region of the video signal
write transistor Tg,, is connected to the gate electrode of the
drive transistor T, as described above. One source/drain
region of the video signal write transistor Tg,, is connected to
the data line DTL. A drive signal (luminance signal) Vg, for
controlling the luminance of the light-emitting part ELP is
supplied from the video signal output circuit 102 via the data
line DTL to one source/drain region. Various kinds of signals
and voltages other than Vg, (signal for precharge driving,
various reference voltages, etc.) may be supplied to one
source/drain region via the data line DTL. The on/off opera-
tion of the video signal write transistor Tg,, is controlled by
the scan line SCL connected to the gate electrode of the video

signal write transistor Ty,
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[0115] [First-Node Initialization Transistor Ty, ]

[0116] The other source/drain region of the first-node ini-
tialization transistor T, is connected to the gate electrode of
the drive transistor Tp,,, as described above. To one source/
drain region of the first-node initialization transistor Ty, a
voltage V o for initializing the potential of the first node ND,
(i.e., the potential of the gate electrode of the drive transistor
Tp,,) is supplied. The on/off operation of the first-node ini-
tialization transistor T, is controlled by a first-node initial-
ization transistor control line AZ,,,, connected to the gate
electrode of the first-node initialization transistor Tp,. The
first-node initialization transistor control line AZ,,,, is con-
nected to a first-node initialization transistor control circuit
104.

[Second-Node Initialization Transistor T;,]

[0117] The other source/drain region of the second-node
initialization transistor T ;5 is connected to the source region
ofthe drive transistor T ,,,, , as described above. To one source/
drain region of the second-node initialization transistor Ty,
a voltage V ¢ for initializing the potential of the second node
ND, (i.e., the potential of the source region of the drive
transistor T,,) is supplied. The on/off operation of the sec-
ond-node initialization transistor T, is controlled by a sec-
ond-node initialization transistor control line AZ,,,, con-
nected to the gate electrode of the second-node initialization
transistor Typ,. The second-node initialization transistor
control line AZ,,,,, is connected to a second-node initializa-
tion transistor control circuit 105.

[Light-Emitting Part ELP]

[0118] The anode electrode of the light-emitting part ELP
is connected to the source region of the drive transistor T ,,.,,
as described above. To the cathode electrode of the light-
emitting part ELP, a voltage V., is applied. The parasitic
capacitor of the light-emitting part ELP is represented by
symbol C; . Furthermore, the threshold voltage necessary for
the light emission of the light-emitting part ELP is repre-
sented as V,,_z,;. That is, the light-emitting part ELP emits
light when a voltage equal to or higher than V,, ., is applied
between the anode electrode and cathode electrode of the
light-emitting part ELP.
[0119] For the following description, the values of the volt-
ages and potentials are defined as follows. However, these
values are merely examples for the description and the volt-
ages and potentials are not limited to these values.
Vsig: drive signal (luminance signal) for controlling the lumi-
nance of the light-emitting part ELP

[0120] O volt to 10 volts

Ve voltage of the current supply unit for controlling the
light emission of the light-emitting part ELP
[0121] 20 volts
V o voltage for initializing the potential of the gate electrode
ofthe drive transistor T, (the potential of the firstnode ND, )
[0122] Ovolt
Vs voltage for initializing the potential of the source region

of the drive transistor Tp,,,, (the potential of the second node
ND,)

[0123] -10 volts
V. threshold voltage of the drive transistor T,
[0124] 3 volts

Sep. 11, 2008

V car voltage applied to the cathode electrode of the light-
emitting part ELP

[0125] O volt
V.. threshold voltage of the light-emitting part ELP
[0126] 3 volts

[0127] The operation of the 5Tt/1C drive circuit will be
described below. The description is based on the assumption
that the light-emission state starts immediately after the
completion of all of various kinds of processing (threshold
voltage cancel processing, write processing, and mobility
correction processing), as described above. However, the
operation is not limited thereto. This applies also to the expla-
nation of the 4Tr/1C drive circuit, the 3Tr/1C drive circuit,
and the 2Tr/1C drive circuit to be described later.

[Period-TP(5)_,] (See FIG. 6A)

[0128] [period-TP(5)_,] corresponds to the operation in the
previous display frame, for example. In this period, the (n,
m)-th organic EL element 10 is in the light-emission state
after the previous completion of various kinds of processing.
Specifically, a drain current I',, based on Equation (5) to be
described later flows through the light-emitting part ELP in
the organic EL element 10 of the (n, m)-th sub-pixel, and the
luminance of the organic EL element 10 of the (n, m)-th
sub-pixel depends on this drain current I' ;.. The video signal
write transistor Tg,,, the first-node initialization transistor
Txp1, and the second-node initialization transistor Ty, are
in the off-state. The light-emission control transistor T,
and the drive transistor T, are in the on-state. The light-
emission state of the (n, m)-th organic EL, element 10 is
continued until the timing immediately before the start of the
horizontal scanning period of the organic EL elements 10
arranged on the (m+m')-th row.

[0129] The period from [period-TP(5),] to [period-TP(5),]
shown in FIG. 5 is the operation period from the end of the
light-emission state after the previous completion of various
kinds of processing to the timing immediately before the start
of the next write processing. Specifically, this period from
[period-TP(5),] to [period-TP(5),] is e.g. the period with a
certain time length from the start of the (m+m')-th horizontal
scanning period in the previous display frame to the end of the
(m-1)-th horizontal scanning period in the current display
frame. It is also possible to employ a configuration in which
the period from [period-TP(5),] to [period-TP(5),] is
included in the m-th horizontal scanning period in the current
display frame.

[0130] Inthisperiod from [period-TP(5),] to [period-TP(5)
4], the (n, m)-th organic EL element 10 is in the non-light-
emission state. Specifically, the organic EL element 10 does
not emit light because the light-emission control transistor
T,, cis inthe off-state in the period from [period-TP(S),] to
[period-TP(S),] and the period from [period-TP(5)] to [pe-
riod-TP(5),]. In [period-TP(5),], the light-emission control
transistor T,  is in the on-state. However, the threshold
voltage cancel processing to be described later is executed in
this period. Therefore, the organic EL element 10 does not
emit light on condition that Inequality (2) to be described later
is satisfied. This feature will be described in detail later in the
explanation of the threshold voltage cancel processing.
[0131] The respective periods of [period-TP(5),] to [pe-
riod-TP(5),] will be described below. The start timing of
[period-TP(5),] and the lengths of the respective periods of
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[period-TP(5),] to [period-TP(5),] are properly defined
depending on the design of the organic EL display.

[Period-TP(5),]

[0132] In[period-TP(5),], the (n, m)-th organic EL element
10 is in the non-light-emission state, as described above. The
video signal write transistor Tg;,, the first-node initialization
transistor T ,,,,, and the second-node initialization transistor
Tnpo are in the off-state. At the timing of the transition from
[period-TP(5)_,] to [period-TP(5),], the light-emission con-
trol transistor T; s turned to the off-state. Thus, the poten-
tial of the second node ND, (the source region of the drive
transistor T,,,,, and the anode electrode of the light-emitting
part ELP) decreases to (V;,_z+V ca.), s0 that the light-emit-
ting part ELP enters the non-light-emission state. Further-
more, the potential of the first node ND, ' (the gate electrode of
the drive transistor T,,,) in the floating state also decreases in
such a manner as to follow the potential decrease of the
second node ND,.

[Period-TP(5),] (See FIGS. 6B and 6C)

[0133] In [period-TP(5),], preprocessing for execution of
the threshold voltage cancel processing, to be described later,
is executed. Specifically, at the start of [period-TP(5),], the
first-node initialization transistor T,,,, and the second-node
initialization transistor T,,,, are turned to the on-state by
switching the first-node initialization transistor control line
AZ and the second-node initialization transistor control
line AZ,,,, to the high level based on the operation of the
first-node initialization transistor control circuit 104 and the
second-node initialization transistor control circuit 105. As a
result, the potential of the first node ND,; becomes Vo (€.g. 0
volt), and the potential of the second node ND, becomes Vo
(e.g. -10 volts). Before the end of [period-TP(5),], the sec-
ond-node initialization transistor T,,,, is turned to the off-
state by switching the second-node initialization transistor
control line AZ,,,, to the low level based on the operation of
the second-node initialization transistor control circuit 105.
The first-node initialization transistor T, and the second-
node initialization transistor T,,, may be simultaneously
turned to the on-state. Alternatively, one of these transistors
may be turned to the on-state previous to the other transistor.
[0134] Dueto the above-described processing, the potential
difference between the gate electrode and source region of the
drive transistor T, becomes equal to or larger than V;, so
that the drive transistor T ,,, enters the on-state.

[Period-TP(5),] (See FIG. 6D)

[0135] Subsequently, the threshold voltage cancel process-
ing is executed. Specifically, with the first-node initialization
transistor T, kept at the on-state, the light-emission control
transistor T,  is turned to the on-state by switching the
light-emission control transistor control line CLz; . to the
high level based on the operation of the light-emission control
transistor control circuit 103. As a result, the potential of the
second node ND, in the floating state rises up whereas the
potential of the first node ND, does not change (but is kept at
V o=0volts), so that the potential difference between the first
node ND, and the second node ND, approaches the threshold
voltage V, of the drive transistor T,,. When the potential
difference between the gate electrode and source region of the
drive transistor T, has reached V,;, the drive transistor T,
is turned to the off-state. Specifically, the potential of the
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second node ND, in the floating state approaches (V o4~
V==3 volts>V ), and eventually becomes (Vz-V,;,). At
this time, the light-emitting part ELP does not emit light as
long as Inequality (2) shown below is assured, in other words,
as long as the potentials are so selected and determined as to
satisfy Inequality (2). In a qualitative sense, the time of the
threshold voltage cancel processing affects the degree of the
approaching of the potential difference between the first node
ND, and the second node ND, (i.e., the potential difference
between the gate electrode and source region of the drive
transistor T ,,) to the threshold voltage V,, of the drive tran-
sistor T ,,, in the threshold voltage cancel processing. There-
fore, if a sufficiently long time is ensured as the time of the
threshold voltage cancel processing, the potential difference
between the first node ND, and the second node ND, will
reach the threshold voltage V,, of the drive transistor T ,,,, so
that the drive transistor T, will enter the off-state. In con-
trast, if the time of the threshold voltage cancel processing is
set short, the eventual potential difference between the first
node ND, and the second node ND, will be larger than the
threshold voltage V,,, of the drive transistor T,,, and thus the
drive transistor T ,,,, will not enter the off-state in some cases.
That is, the drive transistor T ,,,, does not necessarily need to
enter the off-state as a result of the threshold voltage cancel
processing.

( Vor— Vi) <(Vin-£2+V ad) 2

[0136] In[period-TP(5),], the potential of the second node
ND, eventually becomes (V4-V,,), for example. Specifi-
cally, the potential of the second node ND, is determined
depending only on the threshold voltage V,, of the drive
transistor Ty, and the voltage V4 for initializing the gate
electrode of the drive transistor Tp,,. In other words, the
potential does not depend on the threshold voltage V,;, -, of
the light-emitting part ELP.

[Period-TP(5),] (See FIG. 6E)

[0137] With the first-node initialization transistor Ty,
keptat the on-state, the light-emission control transistor T,,
is turned to the off-state by switching the light-emission con-
trol transistor control line CLy;  to the low level based on
the operation of the light-emission control transistor control
circuit 103. As a result, the potential of the first node ND; is
not changed (but kept at V,,=0 volt), and the potential of the
second node ND, in the floating state is also not changed but
kept at (V 5=V ,;,==3 volts).

[Period-TP(5),] (See FIG. 6F)

[0138] Subsequently, the first-node initialization transistor
Tapy 1s turned to the off-state by switching the first-node
initialization transistor control line AZ,,,,, to the low level
based on the operation of the first-node initialization transis-
tor control circuit 104. The potentials of the first node ND,
and the second node ND, do not change substantially. (Actu-
ally, potential changes will possibly occur due to electrostatic
coupling of parasitic capacitors and so on, but these changes
can generally be ignored).

[0139] The respective periods of [period-TP(5),] to [pe-
riod-TP(5),] will be described below. As described later,
write processing is executed in [period-TP(5),], and mobility
correction processing is executed in [period-TP(5)¢]. As
described above, these processings should be executed within
the m-th horizontal scanning period. For convenience of
explanation, the following description is based on the
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assumption that the start timing of [period-TP(5)s] and the
end timing of [period-TP(5)s] correspond with the start tim-
ing and end timing of the m-th horizontal scanning period,
respectively.

[Period-TP(5)s] (See FIG. 6G)

[0140] The write processing for the drive transistor T, is
executed. Specifically, in the state in which the first-node
initialization transistor T, the second-node initialization
transistor T, and the light-emission control transistor
T, ¢ are kept at the off-state, the potential of the data line
DTL is set to the drive signal (luminance signal) Vi, for
controlling the luminance of the light-emitting part ELP
based on the operation of the video signal output circuit 102,
and then the video signal write transistor Tg;, is turned to the
on-state by switching the scan line SCL to the high level based
on the operation of the scan line 101. As a result, the potential
of the first node ND, rises up to Vg,

[0141] The capacitance of the capacitor C, is ¢, and the
capacitance of the parasitic capacitor C; of the light-emit-
ting part ELP is cg;. Furthermore, the capacitance of the
parasitic capacitor between the gate electrode and source
region of the drive transistor T, is defined as c,,. Inresponse
to the change of the potential of the gate electrode of the drive
transistor Tp,,, from Vg to Vg, (3V o), the potentials of
both ends of the capacitor C, (the potentials of the first node
ND, and the second node ND,) change in principle. Specifi-
cally, charges based on the change (Vg;,~V o) of the poten-
tial of the gate electrode of the drive transistor T, (=the
potential of the first node ND), ) are distributed into the capaci-
tor C,, the parasitic capacitor C; of the light-emitting part
ELP, the auxiliary capacitor Cg,,,, (in the case of a drive circuit
connected to the auxiliary capacitor Cg,,), and the parasitic
capacitor between the gate electrode and source region of the
drive transistor Tp,,. If the capacitances ¢z, and cg,, are
sufficiently higher than the capacitances ¢, and c, the
change of the potential of the source region of the drive
transistor T, (second node ND,), based on the change
(Vsig=Vop) of the potential of the gate electrode of the drive
transistor T, is small. In general, the capacitance C,; of the
parasitic capacitor Cz; of the light-emitting part ELP is
higher than the capacitance ¢, of the capacitor C; and the
capacitance c,, of the parasitic capacitor of the drive transis-
tor Tp,,. Therefore, for convenience of explanation, the fol-
lowing description will be made without taking into consid-
eration the potential change of the second node ND, arising
due to the potential change of the first node ND |, unless there
is a particular need to take into consideration the potential
change. This applies also to the other drive circuits. The
driving timing chart of FIG. 5 is also shown without taking
into consideration the potential change of the second node
ND, arising due to the potential change of the first node ND, .
When the potential of the gate electrode of the drive transistor
Tp,., (first node ND, ) is defined as V, and the potential of the
source region of the drive transistor T, (second node ND,)
is defined as V, the values of V, and V, are represented below.
Therefore, the potential difference between the first node
ND, and the second node ND,, i.e., the potential difference
V between the gate electrode and source region of the drive
transistor T ‘e €an be represented by Equation (3).

Ve=Vsig
VeVop=Va

Ves~Vsig=(Vop=Van) 3
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[0142] Specifically, the potential difference V,, resulting
from the write processing for the drive transistor T,
depends only on the drive signal (luminance signal) V;, for
controlling the luminance of the light-emitting part ELP, the
threshold voltage V,, of the drive transistor T,,, and the
voltage V ,, for initializing the gate electrode of the drive
transistor Tp,,. Furthermore, the potential difference V., is
irrespective of the threshold voltage V,;,_ ., of the light-emit-
ting part ELP.

[Period-TP(5),] (See FIG. 6H)

[0143] Correction of the potential of the source region of
the drive transistor T, (second node ND,), based on the
magnitude of the mobility p of the drive transistor T, (mo-
bility correction processing), is carried out.

[0144] In general, when the drive transistor T, is fabri-
cated by a poly-silicon thin film transistor or the like, it is
difficult to avoid the occurrence of variation in the mobility p
among the transistors. Therefore, when the drive signal Vg,
ofthe same value is applied to the gate electrodes of the plural
drive transistors T, involving a difference in the mobility p,
a difference will arise between the drain current I ,, that flows
through the drive transistor T, having high mobility p and
the drain current I, that flows through the drive transistor
T, having low mobility p. The occurrence of such difference
will deteriorate the uniformity of the screen of the organic EL
display.

[0145] To address this problem, specifically, with the drive
transistor T, kept at the on-state, the light-emission control
transistor Tz,  is turned to the on-state by switching the
light-emission control transistor control line CLg; . to the
high level based on the operation of the light-emission control
transistor control circuit 103. Subsequently, after the elapse
of a predetermined time (t,), the video signal write transistor
T, is turned to the off-state by switching the scan line SCL
to the low level based on the operation of the scan circuit 101,
to thereby turn the first node ND, (the gate electrode of the
drive transistor T,,,) to the floating state. As a result of this
operation, when the mobility p of the drive transistor T, is
high, the rise amount AV of the potential (potential correction
value) of the source region of the drive transistor T, is large.
In contrast, when the mobility p of the drive transistor T, is
low, the rise amount AV of the potential (potential correction
value) of the source region of the drive transistor T, is small.
The potential difference V,, between the gate electrode and
source region of the drive transistor T,,,,, originally repre-
sented by Equation (3), is modified to the potential difference
V., represented by Equation (4).

VesVsig=(Vop=Van)-AV @)

[0146] The predetermined time (the total time to of [period-
TP(5)s]) for executing the mobility correction processing is
determined as a design value in advance at the time of the
designing of the organic EL display. Furthermore, the total
time to of [period-TP(5),] is so determined that the potential
(Vopu=V,,+AV) of the source region of the drive transistor
T p,, resulting from the mobility correction processing, sat-
isfies Inequality (2'). Due to this feature, the light-emitting
part ELP does not emit light in [period-TP(5)4]. Moreover, in
this mobility correction processing, correction of variation in
the coefficient k(=(*2)-(W/L)C,,) is simultaneously carried
out.

( Vorp=VatA <V in-e1+V car) (€3]
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[Period-TP(5),] (See FIG. 6I)

[0147] Through the above-described operation, the thresh-
old voltage cancel processing, the write processing, and the
mobility correction processing are completed. As a result of
the switching of the scan line SCL to the low level based on
the operation of the scan circuit 101, the video signal write
transistor Tg,, is turned to the off-state, so that the first node
ND,, i.e., the gate electrode of the drive transistor T ,,, , enters
the floating state. On the other hand, the light-emission con-
trol transistor T, . is kept at the on-state, and the drain
region thereof is in the state of being connected to the current
supply unit 100 (voltage V ., e.g. 20 volts) for controlling the
light emission of the light-emitting part ELP. Consequently,
as a result of the above-described operation, the potential of
the second node ND, rises.

[0148] As described above, the gate electrode of the drive
transistor T, is in the floating state, and the capacitor C,
exists. Therefore, the same phenomenon as that in a so-called
bootstrap circuit occurs at the gate electrode of the drive
transistor T, , so that the potential of the first node ND, also
rises. As a result, the value of Equation (4) is kept as the
potential differenceV, between the gate electrode and source
region of the drive transistor T,,,..

[0149] Furthermore, the potential of the second node ND,
rises and surpasses (V,;,_zr+V c..), and thus the light-emitting
part ELP starts light emission. At this time, the current that
flows through the light-emitting part ELP is the drain current
1, that flows from the drain region of the drive transistor Tp,,,,
to the source region thereof. Therefore, the current can be
represented by Equation (1). From Equations (1) and (4),
Equation (1) can be modified to Equation (5).

Ids:k'll'(VSig— VOfs_A V)2 (5)

[0150] Therefore, when Vog is set to 0 volt, for example,
the current I, flowing through the light-emitting part ELP is
in proportion to the square of the value obtained by subtract-
ing the potential correction value AV for the second node ND,
(the source region of the drive transistor Tp,,), dependent
upon the mobility p of the drive transistor T, ., from the value
of the drive signal (luminance signal) Vg, for controlling the
luminance of the light-emitting part ELP. In other words, the
current I ;; that flows through the light-emitting part ELP does
not depend on the threshold voltage V,, 5, of the light-emit-
ting part ELP and the threshold voltage V,, of the drive tran-
sistor T,,,. That is, the light-emission amount (luminance) of
the light-emitting part ELP is not affected by the threshold
voltageV,_; ofthelight-emitting part ELP and the threshold
voltage V,, of the drive transistor T ,,,.. In addition, the lumi-
nance of the (n, m)-th organic EL element 10 depends on this
current [ ;.

[0151] Moreover, for thedrive transistor T 5, having higher
mobility p, the potential correction value AV becomes larger,
and hence the value of V,, on the left side of Equation (4)
becomes smaller. Consequently, in Equation (5), the value of
(Vsl.g—\/,;,fs—A\/')2 becomes small although the value of the
mobility p is large. As a result, the drain current I, can be
corrected. Specifically, even for the drive transistors Tp,,
involving difference in the mobility 1, substantially the same
drain current I, is obtained with respect to the drive signal
(luminance signal) V,, of the same value. As a result, the
current I ; that flows through the light-emitting part ELP and
controls the luminance of the light-emitting part ELP is uni-
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formed. That is, variation in the luminance of the light-emit-
ting part attributed to variation in the mobility p (and variation
in k) can be corrected.

[0152] The light-emission state of the light-emitting part
ELP is continued until the end of the (m+m'-1)-th horizontal
scanning period. This timing is equivalent to the end of [pe-
riod-TP(5)_,].

[0153] Through the above-described steps, the light-emis-
sion operation of the organic EL, element 10 (the (n, m)-th
sub-pixel (organic EL element 10)) is completed.

[0154] As described above, the predetermined time (the
total time t;, of [period-TP(5),]) for executing the mobility
correction processing is determined as a design value in
advance at the time of the designing ofthe organic EL display.
However, lower capacitance c; of the parasitic capacitor C,
of'the light-emitting part ELP leads to higher speed of the rise
amount AV of the potential (potential correction value) of the
source region of the drive transistor T,,,. As a result, as
described above for the embodiments, the time t of actual
[period-TP(5)¢] needs to be shortened. Therefore, it is very
difficult to control the execution time of the mobility correc-
tion processing. Furthermore, when there is large relative
variation in the capacitance c; of the parasitic capacitor C,
of the light-emitting part ELP, a large variation will arise in
the rise amount AV of the potential (potential correction
value) of the source region of the drive transistor T,,. How-
ever, in the organic EL display of the embodiments, the aux-
iliary capacitor Cg,,, is connected to the source region of the
drive transistor T, (second node ND,). This can decrease
the rising speed of the potential of the source region of the
drive transistor T, (second node ND,) in the mobility cor-
rection processing, and thus can extend the execution time of
the mobility correction processing. This results in facilitation
of control of the time of the mobility correction processing.
Furthermore, variation in the capacitance ¢, of the parasitic
capacitor C; of the light-emitting part ELP can be reduced
relatively, which can prevent the occurrence of a large varia-
tion in the rise amount AV of the potential (potential correc-
tion value) of the source region of the drive transistor T,
(second node ND,). Moreover, the size of the light-emitting
part ELP does not need to be changed depending on the kind
of sub-pixel. This allows reduction in the current density of
the current that flows through the light-emitting part ELP, and
thus can realize the extension of the lifetime of the organic EL,
element. These features apply also to the 4Tr/1C drive circuit,
the 3Tr/1C drive circuit, and the 2Tr/1C drive circuit to be
described later.

[0155] The 4Tr/1C drive circuit will be described below.

[4Tr/1C Drive Circuit]

[0156] FIGS. 7 and 8 are equivalent circuit diagrams of the
4Tr/1C drive circuit. FIG. 9 is a conceptual diagram of a
display including the 4Tr/1C drive circuits. FIG. 10 is a sche-
matic timing chart showing the driving of the 4Tr/1C drive
circuit. FIGS. 11A to 11H schematically show the on/oft-
states of the respective transistors and so on.

[0157] This 4Tr/1C drive circuit is obtained by omitting the
first-node initialization transistor T,,,, from the above-de-
scribed 5Tr/1C drive circuit. Specifically, this 4Tr/1C drive
circuit includes four transistors of the video signal write tran-
sistor T, the drive transistor T, , the light-emission control
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transistor T, ., and the second-node initialization transistor
T vps- Furthermore, this circuit includes one capacitor C;.

[Light-Emission Control Transistor Tz, ]

[0158] Theconfiguration of the light-emission control tran-
sistor Tz; - is the same as that of the light-emission control
transistor T, . described for the 5Tr/1C drive circuit, and
therefore, the detailed description thereof is omitted.

[Drive Transistor T, ]

[0159] The configuration of the drive transistor T ,,, is the
same as that of the drive transistor T,, described for the
5Tr/1C drive circuit, and therefore, the detailed description
thereof is omitted.

[Second-Node Initialization Transistor Typ,]

[0160] The configuration of the second-node initialization
transistor T, is the same as that of the second-node initial-
ization transistor Ty, described for the 5Tr/1C drive circuit,
and therefore, the detailed description thereof is omitted.

[Video Signal Write Transistor Tg;,]

[0161] The configuration of the video signal write transis-
tor T, is the same as that of the video signal write transistor
T;4 described for the STr/1C drive circuit, and therefore, the
detailed description thereof is omitted. However, to one
source/drain region of the video signal write transistor T,
which is connected to the data line DTL, not only the drive
signal (luminance signal) V,, for controlling the luminance
of the light-emitting part ELP but also the voltage V4 for
initializing the gate electrode of the drive transistor T, is
supplied from the video signal output circuit 102. This feature
is different from the operation of the video signal write tran-
sistor T, described for the STr/1C drive circuit. Signals and
voltages other than V. and Vo (e.g. a signal for precharge
driving) may be supplied from the video signal output circuit

102 via the data line DTL to one source/drain region.

[Light-Emitting Part ELP]

[0162] The configuration of the light-emitting part ELP is
the same as that of the light-emitting part ELP described for
the 5Tr/1C drive circuit, and therefore, the detailed descrip-
tion thereof is omitted.

[0163] The operation of the 4Tr/1C drive circuit will be
described below.

[Period-TP(4)_,] (See FIG. 11A)

[0164] [period-TP(4)_] corresponds to the operation in the
previous display frame, for example. In this period, the same
operation as that in [period-TP(5)_, ] described for the 5Tr/1C
drive circuit is carried out.

[0165] The period from [period-TP(4),] to [period-TP(4),]
shown in FIG. 10 is equivalent to the period from [period-TP
(5)o] to [period-TP(5),] shown in FIG. 5, and is the operation
period until the timing immediately before the start of the next
write processing. Furthermore, in this period from [period-
TP(4),] to [period-TP(4),], the (n, m)-th organic EL element
10 is in the non-light-emission state, similar to the 5Tr/1C
drive circuit. However, the operation of the 4Tr/1C drive
circuit is different from the operation of the 5Tr/1C drive
circuit, in that the period from [period-TP(4),] to [period-TP
(4),] in addition to the period from [period-TP(4)s] to [pe-
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riod-TP(4)4] shown in FIG. 10 is included in the m-th hori-
zontal scanning period. For convenience of explanation, the
following description is based on the assumption that the start
timing of [period-TP(4),] and the end timing of [period-TP
(4)s] correspond with the start timing and end timing of the
m-th horizontal scanning period, respectively.

[0166] The respective periods of [period-TP(4),] to [pe-
riod-TP(4),] will be described below. Similar to the 5Tr/1C
drive circuit, the start timing of [period-TP(4),] and the
lengths of the respective periods of [period-TP(4),] to [pe-
riod-TP(4),] are properly defined depending on the design of
the organic EL display.

[Period-TP(4),]

[0167] [period-TP(4),] corresponds to the operation for the
transition from the previous display frame to the current
display frame, for example. In this period, substantially the
same operation as that in [period-TP(5),] described for the
5Tr/1C drive circuit is carried out.

[Period-TP(4),] (See FIG. 11B)

[0168] [period-TP(4),] is equivalent to [period-TP(5),]
described for the 5Tr/1C drive circuit. In [period-TP(4),],
preprocessing for execution of threshold voltage cancel pro-
cessing to be described later is executed. At the start of [pe-
riod-TP(4), ], the second-node initialization transistor Ty, is
turned to the on-state by switching the second-node initial-
ization transistor control line AZ,,,,, to the high level based on
the operation of the second-node initialization transistor con-
trol circuit 105. As a result, the potential of the second node
ND, becomes V55 (e.g. =10 volts). Furthermore, the potential
of'the first node ND, (the gate electrode of the drive transistor
T,,,) in the floating state also decreases in such a manner as
to follow the potential decrease of the second node ND,. The
potential of the first node ND, in [period-TP(4), ] depends on
the potential of the first node ND, in [period-TP(4)_,] (de-
fined depending on the value of Vg, in the previous frame),
and therefore, does not take a constant value.

[Period-TP(4),] (See FIG. 11C)

[0169] The potential of the data line DTL is set to V5
based on the operation of the video signal output circuit 102,
and the video signal write transistor Tg;, is turned to the
on-state by switching the scan line SCL to the high level based
on the operation of the scan circuit 101. As a result, the
potential of the first node ND, becomes V , (e.g. 0 volt). The
potential of the second node ND, is kept at Vg (e.g. —10
volts). Thereafter, the second-node initialization transistor
T,,, 1s turned to the off-state by switching the second-node
initialization transistor control line AZ,,,, to the low level
based on the operation of the second-node initialization tran-
sistor control circuit 105.

[0170] The video signal write transistor T, may be turned
to the on-state simultaneously with the start of [period-TP(4)
11 or in the middle of [period-TP(4),].

[0171] Dueto the above-described processing, the potential
difference between the gate electrode and source region of the
drive transistor T, becomes equal to or larger than V,,, so
that the drive transistor T, enters the on-state.

[Period-TP(4),] (See FIG. 11D)

[0172] Subsequently, the threshold voltage cancel process-
ing is executed. Specifically, with the video signal write tran-



US 2008/0218455 Al

sistor Tg;, kept at the on-state, the light-emission control
transistor Tz,  is turned to the on-state by switching the
light-emission control transistor control line CL,; . to the
high level based on the operation of the light-emission control
transistor control circuit 103. As a result, the potential of the
second node ND, in the floating state rises whereas the poten-
tial of the first node ND, does not change (but is kept at
V o5=0 volt) so that the potential difference between the first
node ND, and the second node ND, approaches the threshold
voltage V, of the drive transistor T,,. When the potential
difference between the gate electrode and source region of the
drive transistor T, has reached V,,, the drive transistor Tp,,,,
is turned to the off-state. Specifically, the potential of the
second node ND, in the floating state approaches (V45—
V,==3 volts) and eventually becomes (Vz-V,;,). At this
time, the light-emitting part ELP does not emit light as long as
the above-described Inequality (2) is assured, in other words,
as long as the potentials are so selected and determined as to
satisfy Inequality (2).

[0173] In[period-TP(4),], the potential of the second node
ND, eventually becomes (V 4~V ,,), for example. Specifi-
cally, the potential of the second node ND, is determined
depending only on the threshold voltage V,, of the drive
transistor Tp,,, and the voltage V4 for initializing the gate
electrode of the drive transistor T ... Furthermore, the poten-
tial is irrespective of the threshold voltage V,,, -, of the light-
emitting part ELP.

[Period-TP(4),] (See FIG. 11E)

[0174] With the video signal write transistor T,  kept at the
on-state, the light-emission control transistor T, - is turned
to the off-state by switching the light-emission control tran-
sistor control line CLz; - to the low level based on the opera-
tion of the light-emission control transistor control circuit
103. As a result, the potential of the first node ND, is not
changed (but kept at V,,=0 volt), and the potential of the
second node ND, in the floating state is also not substantially
changed, butkeptat (V 54~V ,;,==3 volts). (Actually, potential
changes will possibly occur due to electrostatic coupling of
parasitic capacitors and so on, but these changes can be
ignored generally)

[0175] The respective periods of [period-TP(4);] to [pe-
riod-TP(4),] will be described below. In these periods, sub-
stantially the same operations as those in the periods of [pe-
riod-TP(5),] to [period-TP(5),], described for the 5STr/1C
drive circuit, are carried out.

[Period-TP(4);] (See FIG. 11F)

[0176] The write processing for the drive transistor T, is
executed. Specifically, in the state in which the video signal
write transistor Tg;, is kept at the on-state, whereas the sec-
ond-node initialization transistor T 5, and the light-emission
control transistor T, - are kept at the off-state, the potential
of the data line DTL is switched from V 4 to the drive signal
(luminance signal) Vg, for controlling the luminance of the
light-emitting part ELP, based on the operation of the video
signal output circuit 102. As a result, the potential of the first
node ND, rises to Vg;,. The following procedure is also avail-
able for the write processing. Specifically, after the video
signal write transistor Tg;, is temporarily turned to the off-
state, in the state in which the video signal write transistor T,

the second-node initialization transistor T, and the light-

emission control transistor T, arekept at the off-state, and
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the potential of the data line DTL is changed to the drive
signal (luminance signal) Vg, for controlling the luminance
of the light-emitting part ELP based on the operation of the
video signal output circuit 102. Thereafter, with the second-
node initialization transistor T, and the light-emission con-
trol transistor T,; . kept at the off-state, the video signal
write transistor T, is turned to the on-state by switching the
scan line SCL to the high level.

[0177] Due to the write processing, similar to the 5Tr/1C
drive circuit, the value described with Equation (3) can be
obtained as the potential difference between the first node
ND, and the second node ND,, i.e., the potential difference
Vgs between the gate electrode and source region of the drive
transistor Tp,,,..

[0178] Specifically, also in the 4Tr/1C drive circuit, the
potential difference V, resulting from the write processing
for the drive transistor T, depends only on the drive signal
(luminance signal) Vg, for controlling the luminance of the
light-emitting part ELP, the threshold voltage V,,, of the drive
transistor Tp,,, and the voltage V , for initializing the gate
electrode of the drive transistor T, Furthermore, the poten-
tial difference V,, is irrespective of the threshold voltage
V _ _ of'the light-emitting part ELP.

th-EL

[Period-TP(4),] (See FIG. 11G)

[0179] Correction of the potential of the source region of
the drive transistor T, (second node ND,) based on the
magnitude of the mobility p of the drive transistor T,,, (mo-
bility correction processing) is carried out. Specifically, the
same operation as that in [period-TP(5)], described for the
5Tr/1C drive circuit, is carried out. The predetermined time
(the total time to of [period-TP(4),]) for executing the mobil-
ity correction processing is determined as a design value in
advance at the time of the designing ofthe organic EL display.

[Period-TP(4),] (See FIG. 11H)

[0180] Through the above-described operation, the thresh-
old voltage cancel processing, the write processing, and the
mobility correction processing are completed. Subsequently,
the same processing as that in [period-TP(5),], described for
the 5Tr/1C drive circuit, is executed so that the potential of the
second node ND, rises and surpasses (V,, z, +V,,). Thus,
the light-emitting part ELP starts light emission. The value of
the current that flows through the light-emitting part ELP at
this time can be obtained from the above-described Equation
(5). Therefore, the current I, that flows through the light-
emitting part ELP does not depend on the threshold voltage
V., , of the light-emitting part ELP and the threshold voltage
V,, of the drive transistor T,,. That is, the light-emission
amount (luminance) of the light-emitting part ELP is not
affected by the threshold voltage V , ., of the light-emitting
part ELP and the threshold voltage V;, of the drive transistor
Tp,, In addition, the occurrence of variation in the drain
current I ;, attributed to variation in the mobility p of the drive
transistor T, can be suppressed.

[0181] The light-emission state of the light-emitting part
ELP is continued until the end of the (m+m'-1)-th horizontal

scanning period. This timing is equivalent to the end of [pe-
riod-TP(4)_,].
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[0182] Through the above-described steps, the light-emis-
sion operation of the organic EL element 10 (the (n, m)-th
sub-pixel (organic EL element 10)) is completed.

[0183] The 3Tr/1C drive circuit will be described below.
[3Tt/1C Drive Circuit]
[0184] FIGS. 12 and 13 are equivalent circuit diagrams of

the 3Tr/1C drive circuit. FIG. 14 is a conceptual diagram of a
display including the 3Tr/1C drive circuits. FIG. 15 is a sche-
matic timing chart showing the driving of the 3Tr/1C drive
circuit. FIGS. 16A to 161 schematically show the on/off-
states of the respective transistors and so on.

[0185] This 3Tt/1C drive circuit is obtained by omitting
two transistors of the first-node initialization transistor Ty,
and the second-node initialization transistor T,,,, from the
above-described 5Tr/1C drive circuit. Specifically, this 3Tr/
1C drive circuit includes three transistors of the video signal
write transistor T, the light-emission control transistor
Tg,  and the drive transistor T ,,.,.. Furthermore, this circuit
includes one capacitor C, .

[Light-Emission Control Transistor T, ]

[0186] Theconfiguration of the light-emission control tran-
sistor T; . is the same as that of the light-emission control
transistor Tp; .~ described for the 5Tt/1C drive circuit, and
therefore, the detailed description thereof is omitted.

[Drive Transistor Tp,, ]

[0187] The configuration of the drive transistor T,,,, is the
same as that of the drive transistor T,, described for the
5Tr/1C drive circuit, and therefore, the detailed description
thereof is omitted.

[Video Signal Write Transistor Tg;,]

[0188] The configuration of the video signal write transis-
tor Tg, is the same as that of the video signal write transistor
Ty, described for the 5Tt/1C drive circuit, and therefore, the
detailed description thereof is omitted. However, to one
source/drain region of the video signal write transistor Tg;,,
which is connected to the data line DTL, not only the drive
signal (luminance signal) V,, for controlling the luminance
of the light-emitting part ELP but also voltages V4 ,, and
V o551, for initializing the gate electrode of the drive transistor
T,,,, are supplied from the video signal output circuit 102.
This feature is different from the operation of the video signal
write transistor Tg;, described for the 5Tr/1C drive circuit.
Signals and voltages other than Vg, and Vo 1/Vop 7 (€.8. 2
signal for precharge driving) may be supplied from the video
signal output circuit 102 via the data line DTL to one source/
drain region. Examples of the values of the voltages Vo z
and V., are, but not limited to, the following values.
[0189] V4. =about 30 volts

[0190] V. =about O volt

[Relationship Between Capacitances of C,; and C, |

[0191] As described later, in the 3Tr/1C drive circuit, the
potential of the second node ND, is changed by using the data
line DTL. For the above-described 5Tr/1C drive circuit and
4Tr/1C drive circuit, the explanation has been made without
taking into consideration the change of the potential of the
source region of the drive transistor T, (second node ND,)
based on the change (V,,—V oz) of the potential of the gate
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electrode of the drive transistor T ,,,, based on the assumption
that the capacitance c; (and the capacitance cg,,, of the aux-
iliary capacitor Cg,,,, in the case of a drive circuit connected to
the auxiliary capacitor Cg,,) is sufficiently higher than the
capacitance ¢, and the capacitance c,,. In contrast, in the
3Tr/1C drive circuit, the capacitance c, is set higher than that
in the other drive circuits in design (for example, the capaci-
tance c, is set to about ¥4 to %5 of the capacitance c;, and in
the case of a drive circuit connected to the auxiliary capacitor
Cs,.», the total value of the capacitance c,, of the auxiliary
capacitor Cg,,,, and the capacitance ¢, is set to about %4 to %3 of
the capacitance c,;). Accordingly, compared with the other
drive circuits, the potential change of the second node ND,
arising due to the potential change of the first node ND, is
larger. Therefore, in the description of the 3Tr/1C drive cir-
cuit, the potential change of the second node ND, arising due
to the potential change of the first node ND, is taken into
consideration. The driving timing chart of FIG. 15 is also
shown in consideration of the potential change of the second
node ND, arising due to the potential change of the first node
ND,.

[Light-Emitting Part ELP]

[0192] The configuration of the light-emitting part ELP is
the same as that of the light-emitting part ELP described for
the 5Tr/1C drive circuit, and therefore, the detailed descrip-
tion thereof is omitted.

[0193] The operation of the 3Tr/1C drive circuit will be
described below.

[Period-TP(3)_,] (See FIG. 16A)

[0194] [period-TP(3)_,] corresponds to the operation in the
previous display frame, for example. In this period, substan-
tially the same operation as that in [period-TP(5)],
described for the 5Tr/1C drive circuit, is carried out.

[0195] The period from [period-TP(3),] to [period-TP(3),]
shown in FIG. 15 is equivalent to the period from [period-TP
(5),] to [period-TP(5),] shown in FIG. 5, and is the operation
period until the timing immediately before the start of the next
write processing. Furthermore, in this period from [period-
TP(3),] to [period-TP(3),], the (n, m)-th organic EL element
10 is in the non-light-emission state, similar to the 5Tr/1C
drive circuit. However, the operation of the 3Tr/1C drive
circuit is different from the operation of the 5Tr/1C drive
circuit, in that the period from [period-TP(3),] to [period-TP
(3),] in addition to the period from [period-TP(3)s] to [pe-
riod-TP(3)4] is included in the m-th horizontal scanning
period, as shown in FIG. 15. For convenience of explanation,
the following description is based on the assumption that the
start timing of [period-TP(3), ] and the end timing of [period-
TP(3)¢] correspond with the start timing and end timing of the
m-th horizontal scanning period, respectively.

[0196] The respective periods of [period-TP(3),] to [pe-
riod-TP(3),] will be described below. Similar to the 5Tr/1C
drive circuit, the lengths of the respective periods of [period-
TP(3),] to [period-TP(3),] are properly defined depending on
the design of the organic EL display.

[Period-TP(3),] (See FIG. 16B)

[0197] [period-TP(3),] corresponds to the operation for the
transition from the previous display frame to the current
display frame, for example. In this period, substantially the
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same operation as that in [period-TP(5),] described for the
5Tr/1C drive circuit is carried out.

[Period-TP(3),] (See FIG. 16C)

[0198] The m-th horizontal scanning period in the current
display frame starts. At the start of [period-TP(3), ], the poten-
tial of the data line DTL is set to the voltage V4 5 for
initializing the gate electrode of the drive transistor T,
based on the operation of the video signal output circuit 102.
Subsequently, the video signal write transistor Tg;, is turned
to the on-state by switching the scan line SCL to the high level
based on the operation of the scan circuit 101. As a result, the
potential of the first node ND, becomes V . ,,. Because the
capacitance ¢, of the capacitor C, is set higher than that in the
other drive circuits in design, as described above, the potential
of the source region (the potential of the second node ND,)
rises. As a result, the potential difference between both ends
ofthe light-emitting part ELP surpasses the threshold voltage
V.21, and thus the light-emitting part ELP enters the con-
ductive state. However, the potential of the source region of
the drive transistor T, immediately decreases to (V,, g+
V ¢..) again. In this process, the light-emitting part ELP pos-
sibly emits light. However, this light emission is instanta-
neous and hence results in no problem in practical use. On the
other hand, the potential of the gate electrode of the drive
transistor T ,,, is kept at the voltage V oz 7.

[Period-TP(3),] (See FIG. 16D)

[0199] Based on the operation of the video signal output
circuit 102, the potential of the data line DTL is changed from
the voltage V4 4, for initializing the gate electrode of the
drive transistor Tj,,, to the voltage Vo4 ;. This changes the
potential of the first node ND, to V4 ;. In linkage with the
potential decrease of the first node ND,, the potential of the
second node ND, also decreases. Specifically, charges based
on the change (V. =V os.) 0f the potential of the gate
electrode of the drive transistor T ,,, are distributed into the
capacitor C,, the parasitic capacitor C,; of the light-emitting
part ELP, the auxiliary capacitor Cg,, (in the case of a drive
circuit connected to the auxiliary capacitor Cg,,), and the
parasitic capacitor between the gate electrode and source
region of the drive transistor T,,,. As the premise of the
operation in [period-TP(3),] to be described later, the poten-
tial of the second node ND, should be lower than V-V,
at the end timing of [period-TP(3),]. The values of V. ,,and
so on are so designed as to satisfy this condition. That is, due
to the above-described processing, the potential difference
between the gate electrode and source region of the drive
transistor T,,,, becomes equal to or larger than'V,,, so that the
drive transistor T ,,,, enters the on-state.

[Period-TP(3),] (See FIG. 16E)

[0200] Subsequently, the threshold voltage cancel process-
ing is executed. Specifically, with the video signal write tran-
sistor Tg;, kept at the on-state, the light-emission control
transistor T, . is turned to the on-state by switching the
light-emission control transistor control line CL;, . to the
high level based on the operation of the light-emission control
transistor control circuit 103. As a result, the potential of the
second node ND, in the floating state rises up whereas the
potential of the first node ND, does not change (but is kept at
Vos.z=0 volt), so that the potential difference between the
first node ND, and the second node ND, approaches the
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threshold voltage V,;, of the drive transistor T,,. When the
potential difference between the gate electrode and source
region of the drive transistor T, has reached V,,, the drive
transistor T, is turned to the off-state. Specifically, the
potential of the second node ND, in the floating state
approaches (Vo4 ~V,;,==3 volts), and eventually becomes
(Vos.z=Vs). At this time, the light-emitting part ELP does
not emit light as long as the above-described Inequality (2) is
assured, in other words, as long as the potentials are so
selected and determined as to satisfy Inequality (2).

[0201] In[period-TP(3),], the potential of the second node
ND, eventually becomes (V o5.,-V ), for example. Specifi-
cally, the potential of the second node ND, is determined
depending only on the threshold voltage V,, of the drive
transistor Tp,, and the voltage V o4 ; for initializing the gate
electrode of the drive transistor T .. Furthermore, the poten-
tial is irrespective of the threshold voltage V,, ., of the light-
emitting part ELP.

[Period-TP(3),] (See FIG. 16F)

[0202] With the video signal write transistor T§,, kept at the
on-state, the light-emission control transistor T, is turned
to the off-state by switching the light-emission control tran-
sistor control line CL; -to the low level based on the opera-
tion of the light-emission control transistor control circuit
103. As a result, the potential of the first node ND, is not
changed (but kept at V o4 ;=0 volt), and the potential of the
second node ND, in the floating state is also not changed but
keptat (Vo5 =V, ==3 volts).

[0203] The respective periods of [period-TP(3),] to [pe-
riod-TP(3),] will be described below. In these periods, sub-
stantially the same operations as those in the periods of [pe-
riod-TP(5)5] to [period-TP(5),] described for the 5Tr/1C
drive circuit are carried out.

[Period-TP(3),] (See FIG. 16G)

[0204] The write processing for the drive transistor T, is
executed. Specifically, in the state in which the video signal
write transistor T, is kept at the on-state, whereas the light-
emission control transistor T, . is kept at the off-state, the
potential of the data line DTL is set to the drive signal (lumi-
nance signal) Vg, for controlling the luminance of the light-
emitting part ELP, based on the operation of the video signal
output circuit 102. As a result, the potential of the first node
ND, rises to V.. The following procedure is also available
for the write processing. Specifically, after the video signal
write transistor Tg,, is temporarily turned to the off-state, in
the state in which the video signal write transistor T, and the
light-emission control transistor Tp; . are kept at the off-
state, the potential of the data line DTL is changed to the drive
signal (luminance signal) Vg, for controlling the luminance
of the light-emitting part ELP. Thereafter, with the light-
emission control transistor T, . kept at the off-state, the
video signal write transistor TSI.; is turned to the on-state by
switching the scan line SCL to the high level.

[0205] In [period-TP(3)], the potential of the first node
ND rises up fromV o ; to Vg,.. Thus, in view of the potential
change of the second node ND, arising due to the potential
change of'the first node ND, the potential of the second node
ND, also rises slightly. Specifically, the resulting potential of
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the second node ND, can be represented as Vi =V +0
(Vsig=V o). o satisties the inequality O<o<1 and is defined
depending on the capacitances of the capacitor C,, the para-
sitic capacitor Cp; of the light-emitting part ELP (and the
auxiliary capacitor Cg,,, in the case of a drive circuit con-
nected to the auxiliary capacitor Cg,,), and so on.

[0206] Due to the write processing, similar to the 5Tr/1C
drive circuit, the value described with Equation (3') shown
below can be obtained as the potential difference between the
first node ND, and the second node ND,, i.e., the potential
difference V between the gate electrode and source region
of the drive transistor T ...

Ve Vs Vopa=Va) - (Vsig=Vopr) (3"

[0207] Specifically, also in the 3Tr/1C drive circuit, the
potential difference V, resulting from the write processing
for the drive transistor T, depends only on the drive signal
(luminance signal) Vg, for controlling the luminance of the
light-emitting part ELP, the threshold voltage V,,, of the drive
transistor Tp,,, and the voltage V 4, for initializing the gate
electrode of the drive transistor T, Furthermore, the poten-
tial difference V,, is irrespective of the threshold voltage
V_ _ of the light-emitting part ELP.

th-EL

[Period-TP(3),] (See FIG. 16H)

[0208] Correction of the potential of the source region of
the drive transistor T, (second node ND,) based on the
magnitude of the mobility p of the drive transistor T, (mo-
bility correction processing) is carried out. Specifically, the
same operation as that in [period-TP(5)4] described for the
5Tr/1C drive circuit is carried out. The predetermined time
(the total time to of [period-TP(3),]) for executing the mobil-
ity correction processing is determined as a design value in
advance at the time of the designing of the organic EL display.

[Period-TP(3),] (See FIG. 16I)

[0209] Through the above-described operation, the thresh-
old voltage cancel processing, the write processing, and the
mobility correction processing are completed. Subsequently,
the same processing as that in [period-TP(5),] described for
the 5Tr/1C drive circuit is executed, so that the potential of the
second node ND, rises up and surpasses (V,;, o, +V ). Thus,
the light-emitting part ELP starts light emission. The value of
the current that flows through the light-emitting part ELP at
this time can be obtained from the above-described Equation
(5). Therefore, the current I, that flows through the light-
emitting part ELP does not depend on the threshold voltage
V., , of the light-emitting part ELP and the threshold voltage
V,, of the drive transistor Tp,,. That is, the light-emission
amount (luminance) of the light-emitting part ELP is not
affected by the threshold voltage V ,, ., of the light-emitting
part ELP and the threshold voltage V ,;, of the drive transistor
Tp,,. In addition, the occurrence of variation in the drain
current I, attributed to variation in the mobility p of the drive
transistor T, can be suppressed.

[0210] The light-emission state of the light-emitting part
ELP is continued until the end of the (m+m'-1)-th horizontal
scanning period. This timing is equivalent to the end of [pe-
riod-TP(3)_,].
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[0211] Through the above-described steps, the light-emis-
sion operation of the organic ELL element 10 (the (n, m)-th
sub-pixel (organic EL element 10)) is completed.

[0212] The 2Tr/1C drive circuit will be described below.
[2Tr/1C Drive Circuit]
[0213] FIGS. 17 and 18 are equivalent circuit diagrams of

the 2Tr/1C drive circuit. FIG. 19 is a conceptual diagram of a
display including the 2Tr/1C drive circuits. FIG. 20 is a sche-
matic timing chart showing the driving of the 2Tr/1C drive
circuit. FIGS. 21A to 21F schematically show the on/oft-
states of the respective transistors and so on.

[0214] This 2Tr/1C drive circuit is obtained by omitting
three transistors of the first-node initialization transistor
Typy» the light-emission control transistor T, ., and the
second-node initialization transistor T,,,, from the above-
described 5Tr/1C drive circuit. Specifically, this 2Tr/1C drive
circuit includes two transistors of the video signal write tran-
sistor Tg;, and the drive transistor T,,. Furthermore, this
circuit includes one capacitor C,.

[Drive Transistor T, ]

[0215] The configuration of the drive transistor T, is the
same as that of the drive transistor T, described for the
5Tr/1C drive circuit, and therefore, the detailed description
thereof is omitted. However, the drain region of the drive
transistor T,,, is connected to the current supply unit 100.
From the current supply unit 100, a voltage V.. ,, for con-
trolling the light emission of the light-emitting part ELP and
a voltage V., for controlling the potential of the source
region of the drive transistor T ,,, are supplied. Examples of
the values of the voltages V.~ and V. ; are as follows.
[0216] V. 720 volts

[0217] Ve =-10volts

[0218] However, the voltage values are not limited thereto.

[Video Signal Write Transistor Tg;,]

[0219] The configuration of the video signal write transis-
tor Tg;, is the same as that of the video signal write transistor
Ty, described for the STt/1C drive circuit, and therefore, the
detailed description thereof is omitted.

[Light-Emitting Part ELP]

[0220] The configuration of the light-emitting part ELP is
the same as that of the light-emitting part ELP described for
the 5Tr/1C drive circuit, and therefore, the detailed descrip-
tion thereof is omitted.

[0221] The operation of the 2Tr/1C drive circuit will be
described below.

[Period-TP(2)_,] (See FIG. 21A)

[0222] [period-TP(2)_,] corresponds to the operation in the
previous display frame, for example. In this period, substan-
tially the same operation as that in [period-TP(5)_, ] described
for the 5Tr/1C drive circuit is carried out.

[0223] The period from [period-TP(2),] to [period-TP(2),]
shown in FIG. 20 is equivalent to the period from [period-TP
(5),] to [period-TP(5),] shown in FIG. 5, and is the operation
period until the timing immediately before the start of the next
write processing. Furthermore, in this period from [period-
TP(2),] to [period-TP(2),], the (n, m)-th organic EL element
10 is in the non-light-emission state, similar to the 5Tr/1C



US 2008/0218455 Al

drive circuit. However, the operation of the 2Tr/1C drive
circuit is different from the operation of the 5Tr/1C drive
circuit, in that the period from [period-TP(2),] to [period-TP
(2),] in addition to [period-TP(2),] is included in the m-th
horizontal scanning period as shown in FIG. 20. For conve-
nience of explanation, the following description is based on
the assumption that the start timing of [period-TP(2), ] and the
end timing of [period-TP(2);] correspond with the start tim-
ing and end timing of the m-th horizontal scanning period,
respectively.

[0224] The respective periods of [period-TP(2),] to [pe-
riod-TP(2),] will be described below. Similar to the 5Tr/1C
drive circuit, the lengths of the respective periods of [period-
TP(2),] to [period-TP(2),] are properly defined depending on
the design of the organic EL display.

[Period-TP(2),] (See FIG. 21B)

[0225] [period-TP(2),] corresponds to the operation for the
transition from the previous display frame to the current
display frame, for example. Specifically, this [period-TP(2),]
is the period from the start of the (m+m')-th horizontal scan-
ning period in the previous display frame to the end of the
(m-1)-th horizontal scanning period in the current display
frame. In [period-TP(2),], the (n, m)-th organic EL element
10 is in the non-light-emission state. At the timing of the
transition from [period-TP(2)_,] to [period-TP(2),], the volt-
age supplied from the current supply unit 100 is switched
from Vo, 10 Vo ,. As a result, the potential of the second
node ND, (the source region of the drive transistor T ,,, and
the anode electrode of the light-emitting part ELP) decreases
t0 Ve g, so that the light-emitting part ELP enters the non-
light-emission state. Furthermore, the potential of the first
node ND, (the gate electrode of the drive transistor Tp,,,) in
the floating state also decreases in such a manner as to follow
the potential decrease of the second node ND,.

[Period-TP(2),] (See FIG. 21C)

[0226] The m-th horizontal scanning period in the current
display frame starts. At the start of [period-TP(2), ], the video
signal write transistor Tg;, is turned to the on-state by switch-
ing the scan line SCL to the high level based on the operation
ofthe scan line 101. As a result, the potential of the first node
ND, becomes V , (e.g. 0 volt). The potential of the second
node ND, is kept at V., (e.g. =10 volts).

[0227] Duetotheabove-described processing, the potential
difference between the gate electrode and source region of the
drive transistor Tp,,, becomes equal to or larger than V;,, so
that the drive transistor T, enters the on-state.

[Period-TP(2),] (See FIG. 21D)

[0228] Subsequently, the threshold voltage cancel process-
ing is executed. Specifically, the voltage supplied from the
current supply unit 100 is switched fromV o ; t0V o 5, With
the video signal write transistor T, kept at the on-state. As a
result, the potential of the second node ND, in the floating
state rises up whereas the potential of the first node ND, does
not change (but is kept at V,,=0 volt), so that the potential
difference between the first node and the second node
approaches the threshold voltage of the drive transistor. When
the potential difference between the gate electrode and source
region of the drive transistor T, has reached V,,, the drive
transistor T, is turned to the off-state. Specifically, the
potential of the second node ND, in the floating state
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approaches (V,_-V,=-3 volts), and eventually becomes
Vop—Va) At this time, the light-emitting part ELP does not
emit light as long as the above-described Inequality (2) is
assured, in other words, as long as the potentials are so
selected and determined as to satisfy Inequality (2).

[0229] In[period-TP(2),], the potential of the second node
ND, eventually becomes (V,4-V,,), for example. Specifi-
cally, the potential of the second node ND, is determined
depending only on the threshold voltage V,, of the drive
transistor Tp,, and the voltage Vo for initializing the gate
electrode of the drive transistor T,,,. Furthermore, the poten-
tial is irrespective of the threshold voltage V,;, ., of the light-
emitting part ELP.

[Period-TP(2),] (See FIG. 21E)

[0230] Write processing for the drive transistor T, and
correction of the potential of the source region of the drive
transistor Tp,,,, (second node ND,) based on the magnitude of
the mobility p of the drive transistor T ., (mobility correction
processing) are carried out. Specifically, with the video signal
write transistor Tg, Kkept at the on-state, the potential of the
dataline DTL is set to the drive signal (luminance signal) V,,
for controlling the luminance of the light-emitting part ELP,
based on the operation of the video signal output circuit 102.
As aresult, the potential of the first node ND, rises to V,,, so
that the drive transistor T, enters the on-state. Specifically,
after the video signal write transistor Tg;, is temporarily
turned to the off-state, the potential of the data line DTL is
changed to the drive signal (luminance signal) Vg, for con-
trolling the luminance of the light-emitting part ELP. There-
after, the video signal write transistor Tg;, is turned to the
on-state by switching the scan line SCL to the high level, to
thereby turn the drive transistor T,,,, to the on-state.

[0231] Unlike the 5Tr/1C drive circuit, the potential of the
source region of the drive transistor T ,,,., rises up because the
potential V -z is applied from the current supply unit 100 to
the drain region of the drive transistor T, . After the elapse of
a predetermined time (t,), the video signal write transistor
Tng is turned to the off-state by switching the scan line SCL to
the low level, to thereby turn the first node ND, (the gate
electrode of the drive transistor Tj,,) to the floating state. At
the time of the designing of the organic EL display, the total
time to of [period-TP(2),] is so determined as a design value
in advance that the potential of the second node ND, will
become (V 4~V +AV) as a result of the operation in [pe-
riod-TP(2),].

[0232] Also in [period-TP(2),], when the mobility p1 of the
drive transistor T, is high, the rise amount AV of the poten-
tial of the source region of the drive transistor T, is large. In
contrast, when the mobility p of the drive transistor T, is
low, the rise amount AV of the potential of the source region
of the drive transistor T, ,, is small.

[Period-TP(2),] (See FIG. 21F)

[0233] Through the above-described operation, the thresh-
old voltage cancel processing, the write processing, and the
mobility correction processing are completed. Subsequently,
the same processing as that in [period-TP(5),] described for
the 5Tr/1C drive circuit is executed, so that the potential of the
second node ND, rises up and surpasses (V,;,_z;+V c,,)- Thus,
the light-emitting part ELP starts light emission. The value of
the current that flows through the light-emitting part ELP at
this time can be obtained from the above-described Equation
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(5). Therefore, the current I, that flows through the light-
emitting part ELP does not depend on the threshold voltage
V., , of the light-emitting part ELP and the threshold voltage
V,, of the drive transistor T,,,,. That is, the light-emission
amount (luminance) of the light-emitting part ELP is not
affected by the threshold voltage V , ., of the light-emitting
part ELP and the threshold voltage V ;, of the drive transistor
Tp,,- In addition, the occurrence of variation in the drain
current I, attributed to variation in the mobility p of the drive
transistor T, can be suppressed.

[0234] The light-emission state of the light-emitting part
ELP is continued until the end of the (m+m'-1)-th horizontal
scanning period. This timing is equivalent to the end of [pe-
riod-TP(2)_,].

[0235] Through the above-described steps, the light-emis-
sion operation of the organic EL element 10 (the (n, m)-th
sub-pixel (organic EL element 10)) is completed.

[0236] This is the end of the description of preferred
embodiments of the present invention. The invention however
is not limited to these embodiments. The configurations and
structures of the various components of the organic EL dis-
plays described for the embodiments are merely examples
and can be arbitrarily changed.

[0237] For example, the operation of the 2Tr/1C drive cir-
cuit may be modified as follows. Specifically, [period-TP(2)
5] is divided into two periods of [period-TP(2),] and [period-
TP(2);]. In [period-TP(2),], as described above, after the
video signal write transistor T, is temporarily turned to the
off-state, the potential of the data line DTL is changed to the
drive signal (luminance signal) Vg, for controlling the lumi-
nance of the light-emitting part ELP. Thereafter, in [period-
TP(2)'5], the video signal write transistor T, is turned to the
on-state by switching the scan line SCL to the high level, to
thereby turn the drive transistor T, to the on-state. A timing
chart corresponding to this modification is schematically
shown in FIG. 22.

[0238] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factor in so far as they are within the scope of the
appended claims or the equivalents thereof.

1. An organic electroluminescence display including a plu-
rality of pixels, each pixel being composed of a plurality of
sub-pixels, each of the sub-pixels comprising:

an organic electroluminescence element configured to

have a structure arising from stacking a drive circuit and
an organic electroluminescence light-emitting part con-
nected to the drive circuit; wherein
an auxiliary capacitor connected in parallel to the organic
electroluminescence light-emitting part of the drive cir-
cuit is connected to the drive circuit of one sub-pixel of
the plurality of sub-pixels included in one pixel, and

the auxiliary capacitor is provided in the same plane as that
of the drive circuit.

2. The organic electroluminescence display according to
claim 1, wherein

in the plurality of sub-pixels included in one pixel, sizes of

the drive circuits of the plurality of sub-pixels are iden-
tical to each other.

3. The organic electroluminescence display according to
claim 1, wherein

the drive circuit includes:

(A) a drive transistor having source/drain regions, a chan-

nel forming region, and a gate electrode;
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(B) a video signal write transistor having source/drain
regions, a channel forming region, and a gate electrode;
and

(C) a capacitor having a pair of electrodes;

regarding the drive transistor,

(A-1) one source/drain region of the drive transistor is
connected to a current supply unit,

(A-2) the other source/drain region of the drive transistor
is connected to an anode electrode of the organic
electroluminescence light-emitting part and one elec-
trode of the capacitor, and is equivalent to a second
node, and

(A-3) the gate electrode of the drive transistor is con-
nected to the other source/drain region of the video
signal write transistor and the other electrode of the
capacitor, and is equivalent to a first node,

regarding the video signal write transistor,

(B-1) one source/drain region of the video signal write
transistor is connected to a data line, and

(B-2) the gate electrode of the video signal write tran-
sistor is connected to a scan line.

4. An organic electroluminescence display including a plu-
rality of pixels, each pixel being composed of a plurality of
sub-pixels, each of the sub-pixels comprising:

an organic electroluminescence element configured to
have a structure arising from stacking a drive circuit and
an organic electroluminescence light-emitting part con-
nected to the drive circuit; wherein

in the plurality of sub-pixels included in one pixel, a size of
one drive circuit of the drive circuits of the plurality of
sub-pixels is larger than sizes of the other drive circuits,
and

the one drive circuit is provided with an auxiliary capacitor
connected in parallel to the organic electroluminescence
light-emitting part of the drive circuit.

5. The organic electroluminescence display according to

claim 4, wherein

the drive circuit includes:

(A) a drive transistor having source/drain regions, a chan-
nel forming region, and a gate electrode;

(B) a video signal write transistor having source/drain
regions, a channel forming region, and a gate electrode;
and

(C) a capacitor having a pair of electrodes;

regarding the drive transistor,

(A-1) one source/drain region of the drive transistor is
connected to a current supply unit,

(A-2) the other source/drain region of the drive transistor
is connected to an anode electrode of the organic
electroluminescence light-emitting part and one elec-
trode of the capacitor, and is equivalent to a second
node, and

(A-3) the gate electrode of the drive transistor is con-
nected to the other source/drain region of the video
signal write transistor and the other electrode of the
capacitor, and is equivalent to a first node,

regarding the video signal write transistor,

(B-1) one source/drain region of the video signal write
transistor is connected to a data line, and

(B-2) the gate electrode of the video signal write tran-
sistor is connected to a scan line.
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