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(57) ABSTRACT

Disclosed herein is an organic EL display device in which
pixels each including an organic EL element formed by inter-
posing an organic layer between an anode electrode and a
cathode electrode are arranged in a matrix, the organic EL
display device including: a common layer configured to be
included in the organic EL element and be formed in the
organic layer in common to the pixels; and a metal intercon-
nect configured to surround periphery of the anode electrode
and be electrically connected to the organic layer, wherein
potential of the metal interconnect is set to a potential lower
than potential of the anode electrode in a non-light-emission
state of the organic EL element.
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ORGANIC EL DISPLAY DEVICE AND
ELECTRONIC APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a Continuation Application of U.S. patent
application Ser. No. 13/305,308, filed Nov. 28, 2011, now
U.S. Pat. No. 8,581,275, to be issued Nov. 12, 2013, which in
turn claims priority from Japanese Application No. 2011-
013049, filed on Jan. 25, 2011, the entire contents of which
are incorporated herein by reference.

BACKGROUND

[0002] The present disclosure relates to an organic EL dis-
play device and electronic apparatus.

[0003] As one of planar type (flat panel type) display
devices, there is a display device in which a so-called current-
driven electrooptical element whose light emission lumi-
nance changes depending on the value of the current flowing
through the element is used as a light emitter (light emitting
element) of the pixel. As the current-driven electrooptical
element, an organic EL element is known. The organic EL
element utilizes electroluminescence (EL) of an organic
material and uses a phenomenon in which an organic thin film
emits light when an electric field is applied thereto.

[0004] The organic EL display device using the organic EL
element as the light emitter of the pixel has the following
features. Specifically, the organic EL element has low power
consumption because it can be driven by an applied voltage of
10 V or lower. The organic EL element is a self-luminous
element and therefore provides high image visibility com-
pared with a liquid crystal display device. In addition, the
organic EL element easily allows reduction in the weight and
thickness of the display device because it does not require an
illuminating component such as a backlight. Moreover, the
organic EL element has a very high response speed of several
microseconds and therefore a residual image in moving
image displaying does not occur.

[0005] As the organic EL display device, a display device
of a so-called RGB mask separate-application system
obtained by separately applying organic EL. materials of red
(R), green (G), and blue (B) by evaporation with use of a mask
is generally known. In contrast, there is a display device that
is obtained without the RGB mask separate-applicationand is
based on a system in which the respective color light beams of
RGB are obtained by the combination of an organic EL ele-
ment that emits white light (hereinafter, referred to as “white
organic EL element”) and a color filter for the purpose of
increase in the size and definition of the display device (refer
to e.g. Japanese Patent Laid-open No. 2003-123971).

SUMMARY

[0006] In the above-described organic EL display device
based on the combination of the white organic EL element
and the color filter, acommon layer formed in common to the
respective pixels exists. The existence of the common layer
among the pixels causes the following problem. Specifically,
leakage to a pixel that adjoins occurs through this common
layer and the pixel that adjoins (hereinafter, referred to as
“adjacent pixel”) also emits light slightly due to this leakage.
Therefore, the color reproducibility (color purity) is deterio-
rated.

[0007] This problem is not limited to the organic EL display
device based on the combination of the white organic EL
element and the color filter. Specifically, the same problem
occurs also in e.g. an organic EL display device of the mask
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separate-application system as long as acommon layer exists
among the pixels because leakage to the adjacent pixel occurs
through this common layer.

[0008] Thereis a need for a technique to provide an organic
EL display device capable of eliminating the problem of
leakage to the adjacent pixel to achieve favorable color repro-
ducibility (color purity) and electronic apparatus having this
organic EL display device.

[0009] According to one embodiment of the present disclo-
sure, there is provided an organic EL display device in which
pixels each including an organic EL element formed by inter-
posing an organic layer between an anode electrode and a
cathode electrode are arranged in a matrix. The organic EL
display device includes a common layer configured to be
included in the organic EL element and be formed in the
organic layer in common to the pixels, and a metal intercon-
nect configured to surround the periphery of the anode elec-
trode and be electrically connected to the organic layer. The
potential of the metal interconnect is set to a potential lower
than the potential of the anode electrode in the non-light-
emission state of the organic EL element.

[0010] In the organic EL display device having the above-
described configuration, the metal interconnect electrically
connected to the organic layer is formed around the anode
electrode. Due to this feature, even when a leakage current
flows in the lateral direction through the common layer in the
organic layer, this leakage current flows to the metal inter-
connect side. This can reduce the leakage current flowing into
an adjacent pixel and thus suppress light emission in the
adjacent pixel.

[0011] According to the embodiment of the present disclo-
sure, light emission in the adjacent pixel can be suppressed
even when a leakage current flows in the lateral direction
through the common layer in the organic layer. Thus, favor-
able color reproducibility (color purity) can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a system configuration diagram showing
the schematic configuration of an active-matrix organic EL
display device to which one embodiment of the present dis-
closure is applied;

[0013] FIG. 2 is a circuit diagram showing one example of
the specific circuit configuration of a pixel (pixel circuit);
[0014] FIG. 3is a timing waveform diagram for explaining
the basic circuit operation of the organic EL display device to
which one embodiment of the present disclosure is applied;
[0015] FIGS. 4A to 4D are operation explanatory diagrams
(first diagrams) of the basic circuit operation of the organic
EL display device to which one embodiment of the present
disclosure is applied,

[0016] FIGS.5A to 5D are operation explanatory diagrams
(second diagrams) of the basic circuit operation of the organic
EL display device to which one embodiment of the present
disclosure is applied;

[0017] FIGS. 6A and 6B are characteristic diagram FIG.
6A for explaining a problem attributed to variation in the
threshold voltage V, of a drive transistor and a characteristic
diagram FIG. 6B for explaining a problem attributed to varia-
tion in the mobility u of the drive transistor;

[0018] FIG. 7is a sectional view showing one example of a
pixel structure of a system of the combination of a white
organic EL element and a color filter;

[0019] FIG. 8is a sectional view of the major part showing
one example of the structure of a white organic EL element
having a typical tandem structure;

[0020] FIG. 9 is a circuit diagram showing the equivalent
circuit of a display panel emploving the system of the com-
bination of the white organic EL element and the color filter;
[0021] FIG. 10 is asectional view ofthe major part showing
one example of a pixel structure including a white organic EL
element having a tandem structure according to an embodi-
ment of the present disclosure;



US 2014/0124765 Al

[0022] FIG. 11 is a planar pattern diagram showing anode
electrodes and the periphery thereof;

[0023] FIG. 12 is an explanatory diagram about the opera-
tion and effect of the embodiment;

[0024] FIG. 13 is a circuit diagram showing the equivalent
circuit of the display panel having the pixel structure accord-
ing to the embodiment;

[0025] FIG.14isasectional view ofthe majorpart showing
one example of a pixel structure employing an RGB mask
separate-application system;

[0026] FIG. 15 is a perspective view showing the appear-
ance of a television set to which one embodiment of the
present disclosure is applied;

[0027] FIGS. 16A and 16B are perspective views showing
the appearance of a digital camera to which one embodiment
of the present disclosure is applied: FIG. 16A is a perspective
view of the front side and FIG. 16B is a perspective view of
the back side;

[0028] FIG. 17 is a perspective view showing the appear-
ance of a notebook personal computer to which one embodi-
ment of the present disclosure is applied,;

[0029] FIG. 18 is a perspective view showing the appear-
ance of a video camcorder to which one embodiment of the
present disclosure is applied; and

[0030] FIGS. 19A to 19G are appearance diagrams show-
ing a cellular phone to which one embodiment of the present
disclosure is applied: FIG. 19A is a front view of the opened
state, FIG. 19B is a side view of the opened state, FIG. 19C is
a front view of the closed state, FIG. 19D is a left side view,
FIG. 19E is aright side view, FIG. 19F is a top view, and FIG.
19G is a bottom view.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0031] A mode for carrying out the technique of the present
disclosure (hereinafter, referred to as “embodiment”) will be
described in detail below with reference to the drawings. The
order of the description is as follows.

1. Organic EL Display Device to Which Embodiment of
Present Disclosure Is Applied

1-1. System Configuration
1-2. Basic Circuit Operation

1-3. System of Combination of White Organic EL. Element
and Color Filter

1-4. Problem of Leakage Current Due to Existence of
Common Layer

2. Description of Embodiment
2-1. Pixel Structure to Reduce Leakage Current
2-2. Operation and Effect of Embodiment

3. Modification Example

[0032] 4. application Examples (Electronic Apparatus)
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1. Organic EL Display Device to which Embodiment
of Present Disclosure is Applied

1-1. System Configuration

[0033] FIG. 1 is a system configuration diagram showing
the schematic configuration of an active-matrix organic EL
display device to which one embodiment of the present dis-
closure is applied.

[0034] The active-matrix organic EL display device is a
display device that controls the current flowing through an
organic EL element, which is a current-driven electrooptical
element, by an active element provided in the same pixel as
that of this organic EL element, e.g. an insulated-gate field
effect transistor. As the insulated-gate field effect transistor,
typically a thin film transistor (TFT) is used.

[0035] AsshowninFIG. 1, an organic EL display device 10
according to the present application example has plural pixels
20 each including an organic EL element, a pixel array section
30in which these pixels 20 are two-dimensionally arranged in
amatrix, and a drive circuit section disposed around this pixel
array section 30. The drive circuit section is composed of a
write scan circuit 40, a power supply scan circuit 50, a signal
output circuit 60, and so forth and drives the respective pixels
20 of the pixel array section 30.

[0036] If the organic EL display device 10 is for color
displaying, one pixel serving as the unit to form a color image
(unit pixel) is composed of plural sub-pixels and each of the
sub-pixels is equivalent to the pixel 20 in FIG. 1. Specifically,
in the display device for color displaying, one pixel is com-
posedofe.g. three sub-pixels, a sub-pixel toemitred (R)light,
a sub-pixel to emit green (G) light, and a sub-pixel to emit
blue (B) light.

[0037] However, the configuration of one pixel is not lim-
ited to the combination of sub-pixels of three primary colors
of RGB and itis also possible to configure one pixel by further
adding a sub-pixel of one color or plural colors to the sub-
pixels of three primary colors. Specifically, for example it is
also possible to configure one pixel by adding a sub-pixel to
emit white (W) light for luminance enhancement and to con-
figure one pixel by adding at least one sub-pixel to emit
complementary-color light for widening of the color repro-
duction range.

[0038] Inthe pixel array section 30, for the arrangement of
the pixels 20 on m rows and n columns, scan lines 31, to 31,
and power supply lines 32, to 32, are wired along the row
direction (arrangement direction of the pixels on the pixel
row) on each pixel row basis. Furthermore, for the arrange-
ment of the pixels 20 on m rows and n columns, signal lines
33, to 33, are wired along the column direction (arrangement
direction of the pixels on the pixel column) on each pixel
column basis.

[0039] Each ofthe scan lines 31, to 31, is connected to the
output terminal of the write scan circuit 40 for the correspond-
ing row. Each of the power supply lines 32, to 32,, is con-
nected to the output terminal of the power supply scan circuit
50 for the corresponding row. Each of the signal lines 33, to
33,, is connected to the output terminal of the signal output
circuit 60 for the corresponding column.

[0040] The pixel array section 30 is normally formed on a
transparent insulating substrate such as a glass substrate.
Thus, the organic EL display device 10 has a planar type (flat
type) panel structure. The drive circuits of the respective
pixels 20 of the pixel array section 30 can be formed by using
an amorphous silicon TFT or a low-temperature poly-silicon
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TFT. If a low-temperature poly-silicon TFT is used, the write
scan circuit 40, the power supply scan circuit 50, and the
signal output circuit 60 can also be mounted on a display
panel (substrate) 70, which forms the pixel array section 30,
as shown in FIG. 1.

[0041] The write scan circuit 40 is configured with a shift
register circuit that sequentially shifts (transfers) a start pulse
sp in synchronization with a clock pulse ck, and so forth. In
writing of the signal voltage of'a video signal to the respective
pixels 20 of the pixel array section 30, this write scan circuit
40 sequentially supplies a write scan signal WS (WS, to
WS,,) to the scan line 31 (31, to 31,) to thereby scan the
respective pixels 20 of the pixel array section 30 in turn on a
row-by-row basis (line-sequential scanning).

[0042] The power supply scan circuit 50 is configured with
ashift register circuit that sequentially shifts the start pulse sp
in synchronization with the clock pulse ck, and so forth. This
power supply scan circuit 50 supplies, to the power supply
line 32 (32, to 32,,), a supply potential DS (DS, to DS,)
capable of being switched between a first supply potential
V.., and a second supply potential V,,, lower than the first
supply potential V_,, in synchronization with the line-se-
quential scanning by the write scan circuit 40. As described
later, light-emission/non-light-emission of the pixel 20 is
controlled by the switching of V_/V,,, of the supply poten-
tial DS.

[0043] The signal output circuit 60 selectively outputs a
reference voltage V. and a signal voltage V,, of the video
signal corresponding to luminance information supplied
from a signal supply source (not shown) (hereinafter, it will
be often referred to simply as “signal voltage™). The reference
voltage V. i3 the potential serving as the basis of the signal
voltage V,, of the video signal (e.g. potential equivalent to
the black level of the video signal) and is used in threshold
correction processing to be described later.

[0044] The signal voltage V, /reference voltage V4 out-
put from the signal output circuit 60 is written to the respec-
tive pixels 20 of the pixel array section 30 via the signal line
33 (33, t0 33,) in units of the pixel row selected by scanning
by the write scan circuit 40. That is, the signal output circuit
60 employs the driving form of line-sequential writing to
write the signal voltage V. in units of the row (line).

ini

(Pixel Circuit)

[0045] FIG. 2 is a circuit diagram showing one example of
the specific circuit configuration of the pixel (pixel circuit)
20. The light emitter of the pixel 20 is formed of an organic EL
element 21, which is a current-driven electrooptical element
whose light emission luminance changes depending on the
value of the current flowing through the element.

[0046] As shown in FIG. 2, the pixel 20 is configured with
the organic EL, element 21 and the drive circuit that drives the
organic EL element 21 by applying a current to the organic EL
element 21. The cathode electrode of the organic EL element
21 is connected to a common power supply line 34 wired in
common to all pixels 20 (so-called blanket interconnect).
[0047] The drive circuit to drive the organic EL element 21
has a drive transistor 22, a write transistor 23, hold capaci-
tance 24, and auxiliary capacitance 25. N-channel TFTs can
be used as the drive transistor 22 and the write transistor 23.
However, this combination of the conductivity type of the
drive transistor 22 and the write transistor 23 is merely one
example and the combination of the conductivity type is not
limited thereto.
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[0048] One electrode (source/drain electrode) of the drive
transistor 22 is connected to the power supply line 32 (32, to
32,) and the other electrode (drain/source electrode) is con-
nected to the anode electrode of the organic EL element 21.
[0049] One electrode (source/drain electrode) of the write
transistor 23 is connected to the signal line 33 (33, t0 33, ) and
the other electrode (drain/source electrode) is connected to
the gate electrode of the drive transistor 22. The gate electrode
of the write transistor 23 is connected to the scan line 31 (31,
to31,).

[0050] Inthe drive transistor 22 and the write transistor 23,
one electrode refers to the metal interconnect electrically
connected to the source/drain region and the other electrode
refers to the metal interconnect electrically connected to the
drain/source region. Depending on the potential relationship
between one electrode and the other electrode, possibly one
electrode serves as either the source electrode or the drain
electrode and the other electrode serves as either the drain
electrode or the source electrode.

[0051] One electrode of the hold capacitance 24 is con-
nected to the gate electrode of the drive transistor 22 and the
other electrode is connected to the other electrode of the drive
transistor 22 and the anode electrode of the organic EL ele-
ment 21.

[0052] One electrode of the auxiliary capacitance 25 is
connected to the anode electrode of the organic EL element
21 and the other electrode is connected to the common power
supply line 34. This auxiliary capacitance 25 is provided
according to need in order to compensate for insufficiency of
the capacitance of the organic EL element 21 and enhance the
gain of writing of the video signal to the hold capacitance 24.
That is, the auxiliary capacitance 25 is not an essential con-
stituent element and can be omitted if the equivalent capaci-
tance of the organic EL element 21 is sufficiently high.
[0053] In this example, the other electrode of the auxiliary
capacitance 25 is connected to the common power supply line
34. However, the connection subject of the other electrode is
not limited to the common power supply line 34 as long as the
connection subject is a node at a fixed potential. Connecting
the other electrode of the auxiliary capacitance 25 to the node
of a fixed potential allows achievement of the desired pur-
poses of compensating for insufficiency of the capacitance of
the organic EL element 21 and enhancing the gain of writing
of the video signal to the hold capacitance 24.

[0054] 1Inthe pixel 20 having the above-described configu-
ration, the write transistor 23 becomes the conductive state in
response to the High-active write scan signal WS applied
from the write scan circuit 40 to the gate electrode via the scan
line 31. Thereby, the write transistor 23 performs sampling of
the signal voltage V, of the video signal corresponding to
luminance information or the reference voltage V4, supplied
from the signal output circuit 60 via the signal line 33, and
writes it in the pixel 20. This written signal voltage V., or
reference voltage V. is applied to the gate electrode of the
drive transistor 22 and held in the hold capacitance 24.
[0055] When the supply potential DS of the power supply
line 32 (32, to 32,) is the first supply potential V_,, one
electrode of the drive transistor 22 serves as the drain elec-
trode and the other electrode serves as the source electrode
and the drive transistor 22 operates in the saturation region.
Thereby, the drive transistor 22 receives supply of a current
from the power supply line 32 and drives light emission of the
organic EL element 21 based on current driving. Specifically,
the drive transistor 22 operates in the saturation region to
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thereby supply, to the organic EL element 21, a drive current
having the current value depending on the voltage value of the
signal voltage V,_ held in the hold capacitance 24 and make
the organic EL element 21 emit light by current driving
thereof.

[0056] When the supply potential DS is switched from the
first supply potential V, to the second supply potential V.,
one electrode of the drive transistor 22 serves as the source
electrode and the other electrode serves as the drain electrode
and the drive transistor 22 operates as a switching transistor.
Thereby, the drive transistor 22 stops the supply of the drive
current to the organic EL element 21 and turns the organic EL
element 21 to the non-light-emission state. That is, the drive
transistor 22 has also a function as a transistor to control
light-emission/non-light-emission of the organic EL element
21.

[0057] This switching operation of the drive transistor 22
can set the period during which the organic EL element 21 is
in the non-light-emission state (non-light-emission period)
and control the ratio between the light-emission period and
the non-light-emission period of the organic EL element 21
(duty). By this duty control, the residual image blur accom-
panying the light emission of the pixel over one display frame
period can be reduced and thus particularly the image quality
of moving images can be made more excellent.

[0058] Of the first and second supply potentials V., and
V,,; selectively supplied from the power supply scan circuit
50 via the power supply line 32, the first supply potential V.,
is a supply potential for supplying the drive current for light
emission driving of the organic EL element 21 to the drive
transistor 22. The second supply potential V., is a supply
potential for applying a reverse bias to the organic EL element
21. This second supply potential V, , is set to a potential lower
than the reference voltage V4, €.g. a potential lower than
Vo=V when the threshold voltage of the drive transistor 22
is V,,, preferably to a potential sufficiently lower than V-
V.

1-2. Basic Circuit Operation

[0059] Thebasic circuit operation of the organic EL display
device 10 having the above-described configuration will be
described below based on a timing waveform diagram of FIG.
3 with use of operation explanatory diagrams of FIGS. 4A to
5D. Inthe operation explanatory diagrams of FIGS. 4A to 5D,
the write transistor 23 is shown by a switch symbol for sim-
plification of the drawings. Furthermore, the auxiliary capaci-
tance 25 of the organic EL element 21 is also shown.

[0060] The timing waveform diagram of FIG. 3 shows
change in each of the potential (write scan signal) WS of the
scan line 31, the potential (supply potential) DS of the power
supply line 32, the potential (V,, /V ) of the signal line 33,
and the gate potential V,, and the source potential V of the
drive transistor 22.

(Light-Emission Period of Previous Display Frame)

[0061] In the timing waveform diagram of FIG. 3, the
period before a time t,, is the light-emission period of the
organic EL element 21 in the previous display frame. In this
light-emission period of the previous display frame, the
potential DS of the power supply line 32 is the first supply
potential (hereinafter, referred to as “higher potential”) V.,
and the write transistor 23 is in the non-conductive state.
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[0062] Thedrive transistor 22 is so designed as to operate in
the saturation region at this time. Thus, as shown in FIG. 4A,
the drive current (drain-source current) I ,. depending on the
gate-source voltage V. of the drive transistor 22 is supplied
from the power supply line 32 to the organic EL element 21
via the drive transistor 22. Therefore, the organic EL element
21 emits light with the luminance depending on the current
value of the drive current I .

(Threshold Correction Preparation Period)

[0063] Atthetimet,, anew display frame (present display
frame) of the line-sequential scanning starts. At this time, as
shown in FIG. 4B, the potential DS of the power supply line
32 is switched from the higher potential V,,, 1o the second
supply potential (hereinafter, referred to as “lower potential™)
V.. sufficiently lower than V .-V, with respect to the ref-
erence voltage YV, of the signal line 33.

[0064] Here, the threshold voltage of the organic EL ele-
ment 21 is defined as V,,,, and the potential of the common
power supply line 34 (cathode potential) is defined as V ;.. If
the lower potential V,,, is so set as to satisfy a relationship of
Vi<V o1 +V . the organic EL element 21 becomes the
reverse-biased state and stops its light emission because the
source potential V_ of the drive transistor 22 becomes almost

equal to the lower potential V.

[0065] Next, the potential WS of the scan line 31 is shifted
from the lower-potential side to the higher-potential side at a
time t,,. Thereby, the write transistor 23 becomes the con-
ductive state as shown in FIG. 4C. At this time, the reference
voltage V. is supplied from the signal output circuit 60 to the
signal line 33 and therefore the gate potential V,, of the drive
transistor 22 becomes the reference voltage V.. The source
potential V_ ofthe drive transistor 22 is a potential sufficiently
lower than the reference voltage Vs i.e. the lower potential
A\

[0066] At this time, the gate-source voltage V., of the drive
transistor 228 V,=V,,,. Unless V .-V, , is higher than the
threshold voltage V,,, of the drive transistor 22, the threshold
correction processing to be described later cannot be
executed. Therefore, a potential relationship of V.-V, >V,
should be set.

[0067] This processing of initializing the potentials by fix-
ing the gate potential V, of the drive transistor 22 to the
reference voltage V  and fixing (settling) the source poten-
tial V_ to the lower potential V,,, in this manner is preparation
(threshold correction preparation) processing preceding the
threshold correction processing (threshold correction opera-
tion) to be described later. Therefore, the reference voltage
V., and the lower potential V,,, serve as the initialization
potential for the gate potential V, and the source potential V,
respectively, of the drive transistor 22.

(Threshold Correction Period)

[0068] Next, at a time t,5, the potential DS of the power
supply line 32 is switched from the lower potential V,, , to the
higher potential V__, as shown in FIG. 4D. Thereupon, the
threshold correction processing is started, with the gate
potential V, of the drive transistor 22 kept at the reference
voltage V. Specifically, the source potential V, of the drive
transistor 22 starts to rise toward the potential obtained by
subtracting the threshold voltage V , of the drive transistor 22

from the gate potential V.
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[0069] Here, for convenience, the processing in which the
initialization potential V  for the gate potential V, of the
drive transistor 22 is used as the basis and the source potential
V. is changed toward the potential obtained by subtracting the
threshold voltage V,,, of the drive transistor 22 from this
initialization potential V_ is called the threshold correction
processing. Along with the progression of this threshold cor-
rection processing, the gate-source voltage V,; of the drive
transistor 22 converges on the threshold voltage V,, of the
drive transistor 22 in due course. The voltage equivalent to
this threshold voltage V,, is held in the hold capacitance 24.

[0070] Inorder that the current may flow exclusively to the
hold capacitance 24 and be prevented from flowing to the
organic EL element 21 in the period of the threshold correc-
tion processing (threshold correction period), the potential
V e of the common power supply line 34 is so set that the
organic EL, element 21 is kept at the cut-off state in this
period.

[0071] Next, the potential WS of the scan line 31 is shifted
to the lower-potential side at a time t, ,. Thereby, the write
transistor 23 becomes the non-conductive state as shown in
FIG. 5A. At this time, the gate electrode of the drive transistor
22 is electrically isolated from the signal line 33 to thereby
become the floating state. However, because the gate-source
voltage Vs equal to the threshold voltage V,, of the drive
transistor 22, the drive transistor 22 is in the cut-off state.
Therefore, the drain-source current I ;. does not flow through
the drive transistor 22.

(Signal Writing and Mobility Correction Period)

[0072] Next, at a time t, 5, the potential of the signal line 33
is switched from the reference voltage V,,  to the signal volt-
age V. of the video signal as shown in FIG. 5B. Subse-
quently, at a time t,;, the potential WS of the scan line 31 is
shifted to the higher-potential side. Thereby, as shown in FIG.
5C, the write transistor 23 becomes the conductive state to
performsampling of the signal voltage V , of the video signal
and write it in the pixel 20.

[0073] Due to this writing of the signal voltage V by the
write transistor 23, the gate potential V., of the drive transistor
22 becomes the signal voltage V.. In driving of the drive
transistor 22 based on the signal voltage V. of the video
signal, the threshold voltage V,,, of the drive transistor 22 is
canceled out by the voltage equivalent to the threshold volt-
age V,;, held in the hold capacitance 24. Details of the prin-
ciple of this threshold cancel will be described later.

[0074] At this time, the organic EL element 21 is in the
cut-off state (high-impedance state). Therefore, the current
(drain-source current I ;) flowing from the power supply line
32 to the drive transistor 22 depending on the signal voltage
Ve Of the video signal flows into the equivalent capacitance
of the organic EL element 21 and the auxiliary capacitance
25. Thereby, the charge of the equivalent capacitance of the
organic EL element 21 and the auxiliary capacitance 25 is
started.

[0075] Due to the charge of the equivalent capacitance of
the organic EL element 21 and the auxiliary capacitance 25,
the source potential V. of the drive transistor 22 rises over
time. At this time, variation in the threshold voltage V,, of the
drive transistor 22 from pixel to pixel has been already can-
celed and the drain-source current I ;, of thedrive transistor 22
depends on the mobility u of the drive transistor 22. The
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mobility p of the drive transistor 22 is the mobility of the
semiconductor thin film configuring the channel of the drive
transistor 22.

[0076] Here, suppose that the ratio of the held voltage V_, of
the hold capacitance 24 to the signal voltage V ;,, of the video
signal, 1.e. a writing gain G, is one (ideal value). In this case,
due to the rise of the source potential V of the drive transistor
22 to a potential of V.-V, +AV, the gate-source voltage V,
of the drive transistor 22 becomes V, =V +V,, ~AV.
[0077] Specifically, the rise component AV of the source
potential V of the drive transistor 22 acts in such a manner as
to be subtracted from the voltage (V,, .~V 4 +V ;) held in the
hold capacitance 24, i.e. as to discharge the charge accumu-
lated in the hold capacitance 24. In other words, the rise
component AV of the source potential V, means negative
feedback to the hold capacitance 24. Therefore, the rise com-
ponent AV of the source potential V is equivalent to the
feedback amount of the negative feedback.

[0078] By applying negative feedback to the gate-source
voltage V. with the feedback amount AV depending on the
drain-source current I, flowing through the drive transistor
22 in this manner, the dependence of the drain-source current
1, of the drive transistor 22 on the mobility p can be canceled.
This cancel processing is the mobility correction processing
to correct variation in the mobility p of the drive transistor 22
from pixel to pixel.

[0079] Specifically, when the signal amplitude V,,, (=V, -
V) of the video signal written to the gate electrode of the
drive transistor 22 is higher, the drain-source current I is
larger and thus the absolute value of the feedback amount AV
of the negative feedback is also larger. Therefore, the mobility
correction processing depending on the light emission lumi-

nance level is executed.
[0080] Ifthe signal amplitude V,, of the video signal is set

constant, when the mobility p of the drive transistor 22 is
higher, the absolute value of the feedback amount AV of the
negative feedback is also larger. Thus, variation in the mobil-
ity u from pixel to pixel can be eliminated. Therefore, the
feedback amount AV of the negative feedback can be
regarded also as the correction amount of the mobility cor-
rection processing. Details of the principle of the mobility
correction will be described later.

(Light-Emission Period)

[0081] Next, the potential WS of the scan line 31 is shifted
to the lower-potential side at a time t,,. Thereby, the write
transistor 23 becomes the non-conductive state as shown in
FIG. 5D. Thus, the gate electrode of the drive transistor 22 is
electrically isolated from the signal line 33 and therefore
becomes the floating state.

[0082] When the gate electrode of the drive transistor 22 is
in the floating state. the gate potential V, also changes in
conjunction with change in the source potential V  of the drive
transistor 22 because the hold capacitance 24 is connected
between the gate and source of the drive transistor 22. The
operation of this change in the gate potential V, of the drive
transistor 22 in conjunction with the change in the source
potential V_is bootstrap operation by thehold capacitance 24.
[0083] The gate electrode of the drive transistor 22
becomes the floating state and simultaneously the drain-
source current I ;, of the drive transistor 22 starts to flow to the
organic EL element 21. Thereby, the anode potential of the
organic EL element 21 rises depending on this current I ;..
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[0084] When the anode potential of the organic EL element
21 surpasses V ;1 +V ., the drive current starts to flow to the
organic EL element 21 and thus the organic EL element 21
starts light emission. The rise of the anode potential of the
organic EL element 21 is nothing more or less than the rise of
the source potential V, of the drive transistor 22. When the
source potential V, of the drive transistor 22 rises, the gate
potential V,, of the drive transistor 22 also rises in conjunction
with this source potential rise due to the bootstrap operation
of the hold capacitance 24.

[0085] At this time, the amount of rise of the gate potential
V, is equal to that of rise of the source potential V if it is
assumed that the bootstrap gain is one (ideal value). There-
fore, during the light-emission period, the gate-source volt-
ageV, of thedrive transistor 22 is kept constantatV,, =V, .+
V,,—~AV. At a time t,,, the potential of the signal line 33 is
switched from the signal voltage V., of the video signal to the
reference voltage V .

[0086] In the above-described series of circuit operation,
the respective processing operations of the threshold correc-
tion preparation, the threshold correction, the writing of the
signal voltage V. (signal writing), and the mobility correc-
tion are carried out in one horizontal scanning period (1H).
Furthermore, the respective processing operations of the sig-
nal writing and the mobhility correction are carried out in
parallel in the period from the time t, 4 to the time t,,.

[Divided Threshold Correction]

[0087] The above description is made by taking as an
example the case of employing the driving method in which
the threshold correction processing is executed only once.
However, this driving method is merely one example and the
driving method is not limited thereto. For example, it is also
possible to employ a driving method in which so-called
divided threshold correction is performed, i.e. the threshold
correction processing is executed plural times in a divided
manner over plural horizontal scanning periods preceding the
1H period in which the threshold correction processing is
executed together with the mobility correction and signal
writing processing in addition to this 1H period.

[0088] If this driving method with the divided threshold
correction is employed, a sufficient time can be ensured as the
threshold correction period over plural horizontal scanning
periods even if the time allocated as one horizontal scanning
period becomes short due to increase in the number of pixels
in association with enhancement in the definition. Therefore,
even if the time allocated as one horizontal scanning period
becomes short, the threshold correction processing can be
surely executed because a sufficient time can be ensured as
the threshold correction period.

[Principle of Threshold Cancel]

[0089] The principle of the threshold cancel (i.e. threshold
correction) for the drive transistor 22 will be described below.
The drive transistor 22 is so designed as to operate in the
saturation region and therefore operates as a constant current
source. Thus, the constant drain-source current (drive cur-
rent) 1, given by the following equation (1) is supplied from
the drive transistor 22 to the organic EL element 21.

LIV, 0
[0090] Inthis equation, W is the channel width of the drive

transistor 22. L is the channel length. C, is the gate capaci-
tance per unit area.
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[0091] FIG. 6A shows the characteristic of drain-source
current I, vs. gate-source voltage V,; of the drive transistor
22. As shown in the characteristic diagram of FIG. 6A, unless
the cancel processing (correction processing) for variation in
the threshold voltage V,,, of the drive transistor 22 from pixel
to pixel is executed, the drain-source current I, correspond-
ing to the gate-source voltage V,, is 1,,; when the threshold
voltage V,, is V.

[0092] On theother hand, when the threshold voltage V , is
Vo V>V ,), the drain-source current I, corresponding
to the same gate-source voltage V,, is I, ; (I;,<I,,)- That s,
ifthe threshold voltage V,, of the drive transistor 22 varies, the
drain-source current I, varies even when the gate-source
voltage V  is constant,

[0093] In the pixel (pixel circuit) 20 having the above-
described configuration, the gate-source voltage V,, of the
drive transistor 22 in light emission is V=V +V,~AV as
described above. Therefore, if this voltage V, is substituted
in equation (1), the drain-source current I, is represented by
the following equation (2).

L= (A) HOVLYC (Vi V op=AV ) @

[0094] That is, the term of the threshold voltage V ;, of the
drive transistor 22 is canceled, so that the drain-source current
1, supplied from the drive transistor 22 to the organic EL
element 21 does not depend on the threshold voltage V,, of the
drive transistor 22. As a result, even when the threshold volt-
ageV , of the drive transistor 22 varies from pixel to pixel due
to variation in the manufacturing process of the drive transis-
tor 22, change over time, and so forth, the drain-source cur-
rent I ;;, does not vary and thus the light emission luminance of
the organic EL element 21 can be kept constant.

[Principle of Mobility Correction]

[0095] The principle of the mobility correction for the drive
transistor 22 will be described below. FIG. 6B shows charac-
teristic curves with comparison between pixel A in which the
mobility p of the drive transistor 22 is relatively higher and
pixel B in which the mobility p of the drive transistor 22 is
relatively lower. If the drive transistor 22 is configured by a
poly-silicon thin film transistor or the like, inevitably the
mobility p varies among the pixels like pixel A and pixel B.
[0096] A consideration will be made below about the case
in which the mobility p varies between pixels A and Band e.g.
the signal amplitude V,, (=V, =V ) at the same level is
written to the gate electrode of the drive transistor 22 of both
pixels A and B. In this case, if correction of the mobility 1 is
not performed at all, large difference arises between a drain-
source current I,," flowing in pixel A having the higher
mobility p and a drain-source current 1.’ flowing in pixel B
having the lower mobility p. If large difference in the drain-
source current [, arises among the pixels attributed to varia-
tion in the mobility 1 among the pixels in this manner, the
uniformity (evenness) of the screen is spoiled.

[0097] As is apparent from the transistor characteristic
expression of the above-described equation (1), the higher
mobility p yields the larger drain-source current I ;.. There-
fore, the higher the mobility u is, the larger the feedback
amount AV of negative feedback is. As shown in FIG. 6B, a
feedback amount AV in pixel A having the higher mobility p
is larger than a feedback amount AV, in pixel B having the
lower mobility p.

[0098] So,if negative feedbackis applied to the gate-source
voltage V, with the feedback amount AV depending on the
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drain-source current I, ofthe drive transistor 22 by the mobil-
ity correction processing, the extent of this negative feedback
is larger when the mobility p is higher. As a result, the varia-
tion in the mobility 1 from pixel to pixel can be suppressed.

[0099] Specifically, when correction with the feedback
amount AV, is performed in pixel A having the higher mobil-
ity p, the drain-source current I, greatly drops from 1" to
141 In contrast, the feedback amount AV, in pixel B having
the lower mobility p is small. Therefore, the drain-source
current I ,, does not drop so greatly, 1.e. the drop is from 1 ;'
to I ;. As a result, the drain-source current I, of pixel A is
almost equal to the drain-source current I ;, of pixel B, so that
the variation in the mobility p from pixel to pixel is corrected.
[0100] In conclusion, when there are pixel A and pixel B
having the different mobility 1, the feedback amount AV in
pixel A having the higher mobility p is larger than the feed-
back amount AV, in pixel B having the lower mobility 1. That
is, the feedback amount AV is larger and the amount of
decrease in the drain-source current 1, is larger in the pixel
having the higher mobility p.

[0101] Therefore, by applying negative feedback to the
gate-source voltage V- with the feedback amount AV
depending on the drain-source current I, of the drive transis-
tor 22, the current value of the drain-source current 1, of the
pixels having the different mobility p is made uniform. As a
result, variation in the mobility p from pixel to pixel can be
corrected. That is, the mobility correction processing is the
processing of applying negative feedback to the gate-source
voltage V., of the drive transistor 22, i.¢. the hold capacitance
24, with the feedback amount (correction amount) AV
depending on the current (drain-source current 1) flowing
through the drive transistor 22.

1-3. System of Combination of White Organic EL
Element and Color Filter

[0102] Inthe organic EL display device 10 according to the
above-described present application example, the RGB mask
separate-application system is not employed and a system in
which the respective color light beams of RGB are obtained
by the combination of a white organic EL element 21,,and a
color filter 80 as shown in FIG. 7 is employed. The RGB mask
separate-application system is a system in which organic EL
materials of RGB are separately applied by evaporation with
use of a mask. The system of the combination of the white
organic EL element 21, and the color filter 80 is suitable for
increase in the size and definition of the display panel 70.

(White Organic EL Element Having Tandem Structure)

[0103] Asthewhite organic EL element 21, an organic EL
element having a tandem structure is widely known. For
example, the tandem structure is formed by coupling (stack-
ing) plural units (light emitting units) of an organic layer
including the respective light emitting layers of RGB in a
series (tandem) manner with the intermediary of connecting
layers. From the white organic EL element having this tan-
dem structure, white light is obtained through superposition
of the light emission of the respective light emitting units of
RGB.

[0104] FIG. 81s a sectional view of the major part showing
one example of the structure of the white organic EL element
having a typical tandem structure. Here, a three-stage tandem
structure is taken as one example and a basic structure is
shown in a simplified manner for simplification of the dia-
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gram. Furthermore, FIG. 8 shows the pixel structure of two
sub-pixels of RG among three sub-pixels of RGB.

[0105] Referring to FIG. 8, anode electrodes 211 (211,
211, 211;) are provided on a pixel-by-pixel basis at the
bottom of a recess 71, of a window insulating film 71. An
organic layer 213 is provided in common to all pixels between
the anode electrodes 211 and a cathode electrode 212 pro-
vided in common to all pixels, so that the white organic EL
element 21, is configured. An interlayer insulating film 72 is
stacked on the cathode electrode 212 and the color filter 80 is
formed on this interlayer insulating film 72 in an on-chip form
(on-chip color filter).

[0106] In the white organic EL element 21, the organic
layer 213 is formed by sequentially depositing a charge injec-
tion layer 214, a light emitting layer 215, of R, a connecting
layer 216, a light emitting layer 215 ; of G, a connecting layer
217, and a light emitting layer 2155 of B over the anode
electrodes 211 in common to all pixels, as one example.
Under current driving by the drive transistor 22 in FIG. 2, a
current flows from the drive transistor 22 to the organic layer
213 via the anode electrode 211. Thereby, recombination of
electrons and holes occurs in the respective light emitting
layers 215, 2155, and 215, in the organic layer 213. In this
recombination, light emission occurs.

[0107] At this time, the light emission colors of the respec-
tivelight emitting layers 215,, 215, and 215, of R, G, and B
are superimposed on (combined with) each other to become
white light. The white light emitted from the white organic EL
element 21,;, on a pixel-by-pixel basis is transmitted through
the color filter 80. By combining the white organic EL ele-
ment 21 ;,with the color filter 80 in this manner, the respective
color light beams of R, G, and B can be obtained from the
white light.

1-4. Problem of Leakage Current Due to Existence
of Common Layer

[0108] In the organic EL display device 10 formed by dis-
posing the pixels (sub-pixels) including the white organic EL
element 21 having the above-described tandem structure, a
common layer formed in common to the respective pixels
exists. Specifically, as is apparent from FIG. 8 particularly,
the charge injection layer 214, the connecting layer 216, and
the connecting layer 217 are the common layers formed in
common to the respective pixels.

[0109] A consideration will be made about a problem of
leakage current due to the existence of the common layer
(leakage current flowing through the common layer) by tak-
ing as an example the case in which only the pixel (sub-pixel)
of R emits light in FIG. 8. FIG. 9 shows the equivalent circuit
of the display panel 70 in the case of employing the system of
the combination of the white organic EL element 21,, and the
color filter 80.

[0110] Inthe display panel 70 employing the system of the
combination of the white organic EL element 21, and the
color filter 80, leakage in the lateral direction occurs in layers
(common layers) having comparatively-low impedance, such
as the charge injection layer 214 and the connecting layers
216 and 217. The lateral direction refers to the flow direction
of the leakage current when the flow direction of the current
flowing in the white organic EL element 21,15 defined as the
vertical direction. Due to this leakage current, an area outside
the anode electrode 211 also emits light.

[0111] No problem is caused if the distance between adja-
cent pixels is sufficiently long (separate). However, if the
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distance between adjacent pixels is short and the leakage
current flows into the adjacent pixel, the area of light emission
accompanying the leakage current ranges to the adjacent
pixel. As a result, the adjacent pixel also emits light. In FIG.
8, the size of the arrow representing the light emission color
conceptually indicates the intensity of this light. In the case of
the present example, the pixel of G adjacent to the pixel of R
that should emit light originally also emits light. This dete-
riorates the color reproducibility (color purity). Although the
light emitting layers 215;, 215, and 215 are also common
layers, generally they are free from the problem of the leakage
because the impedance thereof is high compared with the
charge injection layer 214, the connecting layers 216 and 217,
and so forth.

2. Description of Embodiment

[0112] In the present embodiment, in order to solve the
problem of the leakage current due to the existence of the
common layer in an organic EL display device including at
least one common layer formed in an organic layer in com-
mon to the pixels, a metal interconnect electrically connected
to the organic layer is so formed as to surround the periphery
of the anode electrode. Furthermore, the present embodiment
employs a configuration in which the potential of this metal
interconnect is set to a potential lower than the potential of the
anode electrode in the non-light-emission state of the organic
EL element.

[0113] Due to the characteristic that the metal interconnect
electrically connected to the organic layer is formed around
the anode electrode, even when a leakage current flows in the
lateral direction through the common layer in the organic
layer, this leakage current flows to the metal interconnect
side. This can reduce the leakage current flowing into the
adjacent pixel and thus can suppress light emission in the
adjacent pixel. As a result, favorable color reproducibility
(color purity) can be achieved.

2-1. Pixel Structure to Reduce Leakage Current

[0114] A pixel structure to reduce the leakage current flow-
ing through the common layer in the organic layer will be
specifically described below.

[0115] FIG.101isasectional view ofthe majorpart showing
one example of the pixel structure including a white organic
EL element having a tandem structure according to the
embodiment. In FIG. 10, the part equivalent to that in FIG. 8
is given the same numeral. FIG. 11 shows a planar pattern
diagram of the anode electrodes and the periphery thereof.
Here, a three-stage tandem structure is taken as one example
and a basic structure is shown in a simplified manner for
simplification of the diagram. Furthermore, FIG. 10 shows
the pixel structure of two sub-pixels of RG among three
sub-pixels of RGB.

[0116] Regarding the basic structure, the white organic EL,
element having the tandem structure according to the present
embodiment is the same as the above-described white organic
EL element having the typical tandem structure. Specifically,
as shown in FIG. 10, the anode electrodes 211 (2115, 211,
211;) are provided on a pixel-by-pixel basis at the bottom of
the recess 71, of the window insulating film 71. The organic
layer 213 is provided in common to all pixels between the
anode electrodes 211 and the cathode electrode 212 provided
in common to all pixels, so that the white organic EL element
21 1s configured.
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[0117] In the white organic EL element 21, the organic
layer 213 is formed by sequentially depositing the charge
injection layer 214, the light emitting layer 215, of R, the
connecting layer 216, the light emitting layer 215 of G, the
connecting layer 217, and the light emitting layer 2155 of B
over the anode electrodes 211 in common to all pixels, as one
example. The interlayer insulating film 72 is stacked on the
cathode electrode 212 and the color filter 80 is formed on this
interlayer insulating film 72 in an on-chip form.

[0118] Inthe pixel structure including the white organic EL
element 21, having the tandem structure with the above-
described configuration, the present embodiment has the fol-
lowing features. First, a metal interconnect 90 is so formed as
to surround the periphery of the anode electrodes 211 (211,
211, 211;) formed on a pixel-by-pixel basis, specifically at
the same layer as that of the anode electrodes 211.

[0119] Furthermore, to this metal interconnect 90, a poten-
tial lower than the potential of the anode electrode 211 in the
non-light-emission state of the white organic ELL element
21, e.g. the potential of the cathode electrode 212 (cathode
potential V__ ), is given. Using the cathode potential V__, as
the potential of the metal interconnect 90 provides an advan-
tage that the potential used exclusively for the metal intercon-
nect 90 does not need to be prepared.

[0120] It is preferable to use, as the material of the metal
interconnect 90, the same material as that of the anode elec-
trode 211, e.g. an interconnect material such as aluminum
(Al) orsilver (Ag). This is because using the same material as
that of the anode electrode 211 as the material of the metal
interconnect 90 provides an advantage that the metal inter-
connect 90 can be formed in the same step as that of the anode
electrode 211 and thus the number of steps does not need to be
increased. Forming the metal interconnect 90 at the same
layer as that of the anode electrode 211 is also because of the
same reason.

[0121] A contact hole 71, is formed at the site between the
pixels in the window insulating film 71, i.e. the site at which
the metal interconnect 90 is formed. Via this contact hole 71,
the metal interconnect 90 is electrically connected to the
organic layer 213, specifically the charge injection layer 214
as the lowermost layer of the organic layer 213 in the present
example.

2-2. Operation and Effect of Embodiment

[0122] The following operation and effect can be achieved
by forming the metal interconnect 90 electrically connected
to the organic layer 213 in such a manner that the metal
interconnect 90 surrounds the periphery of the anode elec-
trode 211 and setting the potential of the metal interconnect
90 to the cathode potential V ,,, as described above. Specifi-
cally, when a leakage current flows in the lateral direction
through the common layer in the organic layer 213, specifi-
cally through the charge injection layer 214 and the connect-
ing layers 216 and 217 in the present example, the leakage
current flows into the metal interconnect 90 through the site of
the contact hole 715 (hereinafter, referred to as “contact part
71;”) as shown in FIG. 12.

[0123] Thus, the leakage current flowing through the
charge injection layer 214 completely flows into the metal
interconnect 90 because this charge injection layer 214 is
electrically connected to the metal interconnect 90. That is,
the leakage current flowing in the lateral direction through the
charge injection layer 214 is completely blocked from flow-
ing to the adjacent pixel side by the contact part 71 .
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[0124] The leakage current flowing in the lateral direction
through the connecting layers 216 and 217 is divided into a
component flowing into the contact part 71, a component
flowing into the adjacent pixel side, and a component con-
tributing to light emission. Therefore, the leakage current
flowing through the connecting layers 216 and 217 can also
be reduced compared with the case in which the metal inter-
connect 90 is not provided. In FIG. 12, the size of the arrow
representing the light emission color conceptually indicates
the intensity of this light. FIG. 13 shows the equivalent circuit
ofthe display panel having the pixel structure according to the
embodiment.

[0125] In this manner, the leakage current flowing into the
adjacent pixel side can be reduced even when the leakage
current flows in the lateral direction through the charge injec-
tionlayer 214 and the connecting layers 216 and 217. This can
suppress light emission in the adjacent pixel attributed to the
leakage current and thus can achieve favorable color repro-
ducibility (color purity).

[0126] In the present embodiment, the metal interconnect
90 surrounding the periphery of the anode electrode 211 is
formed at the common layer with the anode electrode 211.
However, the configuration is not limited thereto. Specifi-
cally, the layer at which the metal interconnect 90 is formed
may be any layer as long as it is a layer that can be electrically
connected to the organic layer 213 of the white organic EL
element 21

[0127] Furthermore, the potential of the metal interconnect
90 surrounding the periphery of the anode electrode 211 is set
to the cathode potential V_,,, in the present embodiment.
However, the potential is not limited to the cathode potential
V.., but may be any potential as long as it is a potential lower
than the potential of the anode electrode 211 in the non-light-
emission state of the white organic EL element 21 ;.

3. Modification Example

[0128] The above-described embodiment is explained by
taking as an example the case of employing the system in
which the respective color light beams of RGB are obtained
by the combination of the white organic EL element 21, and
the color filter 80 and applying the system to the pixel struc-
ture (display panel) of the tandem structure. However, the
present disclosure is not limited to this application example.
Specifically, embodiments of the present disclosure can be
applied to the overall organic EL display devices that do not
employ the configuration of the tandem structure but have a
pixel structure including at least one common layer formed in
an organic layer in common to the pixels.

[0129] However, in the case of the pixel structure of the
tandem structure, the connecting layers 216 and 217 to couple
the light emitting units including the light emitting elements
of the respective color light beams exist and a leakage current
flows through these connecting layers 216 and 217. Thus, the
problem associated with the leakage current is significant.
Therefore, it can be said that the advantageous effects of the
technique of the present disclosure are extremely large when
an embodiment of the present disclosure is applied to the
pixel structure of the tandem structure particularly.

[0130] Examples of other pixel structures including at least
one common layer in an organic layer include a pixel struc-
ture employing the RGB mask separate-application system,
in which organic EL. materials of RGB are separately applied
by evaporation with use of a mask. This pixel structure will be
described with use of FIG. 14.
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[0131] Referring to FIG. 14, the charge injection layer 214
is formed as a common layer on the anode electrodes 211,
211, and 211, formed on a pixel-by-pixel basis and the
window insulating film 71, and organic EL elements 21,,
21, and 21, 0fR, G, and B are formed on the charge injection
layer 214. Furthermore, the cathode electrode 212 is formed
on the organic EL elements 21, 21, and 21, in common to
all pixels, and the color filter 80 is formed in an on-chip form
over the cathode electrode 212 with the intermediary of the
interlayer insulating film 72.

[0132] Inthe case ofthe pixel structure employing the RGB
mask separate-application system, the organic EL elements
21,, 21, and 21, 0of R, G, and B themselves emit the respec-
tive color light beams. Therefore, originally the color filter 80
is unnecessary. However, using the color filter 80 in combi-
nation provides an advantage that the color purity can be
enhanced.

[0133] Also in the pixel structure employing the above-
described RGB mask separate-application system, because of
the existence of a common layer common to the pixels, spe-
cifically the charge injection layer 214 in the present example,
the occurrence of the problem associated with a leakage cur-
rent flowing into an adjacent pixel through this charge injec-
tion layer 214 is inevitable. Therefore, the above-described
embodiment can be similarly applied also to a pixel structure
that employs the RGB mask separate-application system and
has a common layer among the pixels.

[0134] Specifically, in the pixel structure employing the
RGB mask separate-application system shown in FIG. 14, a
metal interconnect electrically connected to the organic layer
(charge injection layer 214) is so formed as to surround the
periphery of the anode electrodes 211, 211 ;, and 211 In
addition, the potential of this metal interconnect is set to a
potential lower than the potentials of the anode electrodes
211,, 211, and 211, in the non-light-emission state of the
organic EL elements 21,, 21, and 21. Thereby, operation
and effect similar to those of the above-described embodi-
ment can be achieved.

4. Electronic Apparatus

[0135] The organic EL display device according to the
above-described embodiment of the present disclosure can be
applied to a display section (display device) of electronic
apparatus in every field that displays a video signal input to
the electronic apparatus or a video signal generated in the
electronic apparatus as image or video. As one example,
embodiments of the present disclosure can be applied to
display sections of various pieces of electronic apparatus
shown in FIG. 15 to FIG. 19G, specifically e.g. digital cam-
era, notebook personal computer, portable terminal device
such as a cellular phone, and video camcorder.

[0136] By using the organic EL display device according to
one embodiment of the present disclosure as the display sec-
tion of electronic apparatus in every field in this manner, the
display quality of various kinds of electronic apparatus can be
enhanced. Specifically, as is apparent from the explanation of
the above-described embodiment, the organic EL display
device according to one embodiment of the present disclosure
can suppress light emission in an adjacent pixel even when a
leakage current flows in the lateral direction through a com-
mon layer in an organic layer, and thus can achieve favorable
color reproducibility (color purity). As a result, favorable
displayed images having high quality can be achieved in
various kinds of electronic apparatus.
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[0137] Thedisplay device according to one embodiment of
the present disclosure includes also a display device having a
module shape based on a sealed configuration. As one
example, a display module formed by applying an opposed
section such as transparent glass to a pixel array section
corresponds to such a display device. The display module
may be provided with a circuit section, a flexible printed
circuit (FPC), etc. for input/output of a signal and so forth
from the external to the pixel array section.

[0138] Specific examples of the electronic apparatus to
which one embodiment of the present disclosure is applied
will be described below.

[0139] FIG. 15 is a perspective view showing the appear-
ance of a television set to which one embodiment of the
present disclosure is applied. The television set according to
the present application example includes a video display
screen section 101 composed of a front panel 102, a filter
glass 103, etc. and is fabricated by using the organic EL
display device according to one embodiment of the present
disclosure as the video display screen section 101.

[0140] FIG. 16 is a perspective view showing the appear-
ance of a digital camera to which one embodiment of the
present disclosure is applied. FIG. 16A is a perspective view
of the front side and FIG. 16B is a perspective view of the
back side. The digital camera according to the present appli-
cation example includes alight emitter 111 for flash, a display
section 112, a menu switch 113, a shutter button 114, etc. and
is fabricated by using the organic EL display device accord-
ing to one embodiment of the present disclosure as the display
section 112.

[0141] FIG. 17 is a perspective view showing the appear-
ance of a notebook personal computer to which one embodi-
ment of the present disclosure is applied. The notebook per-
sonal computer according to the present application example
includes, in its main body 121, a keyboard 122 operated when
characters and so forth are input, a display section 123 that
displays images, etc. and is fabricated by using the organic EL
display device according to one embodiment of the present
disclosure as the display section 123.

[0142] FIG. 18 is a perspective view showing the appeat-
ance of a video camcorder to which one embodiment of the
present disclosure is applied. The video camcorder according
to the present application example includes a main body
section 131, alens 132 that exists on the front side and is used
for subject photographing, a start/stop switch 133 operated in
photographing, a display section 134, etc. and is fabricated by
using the organic FL display device according to one embodi-
ment of the present disclosure as the display section 134.

[0143] FIGS. 19A to 19G are appearance diagrams show-
ing a cellular phone as an example of a portable terminal
device to which one embodiment of the present disclosure is
applied: FIG. 19A is a front view of the opened state, FIG.
19Bisaside view ofthe opened state, FIG. 19C is a front view
of the closed state, FIG. 19D is a left side view, FIG. 19E is a
right side view, FIG. 19F is a top view, and FIG. 19G is a
bottom view. The cellular phone according to the present
application example includes an upper chassis 141, a lower
chassis 142, a connecting part (in this example, hinge part)
143, a display 144, a sub-display 145, a picture light 146, a
camera 147, etc. The cellular phone according to the present
application example is fabricated by using the organic EL
display device according to one embodiment of the present
disclosure as the display 144 and the sub-display 145.
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[0144] The present disclosure contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
tion JP 2011-013049 filed in the Japan Patent Office on Jan.
25, 2011, the entire content of which is hereby incorporated
by reference.

[0145] 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 factors in so far as they are within the scope of the
appended claims or the equivalents thereof.

1-13. (canceled)

14. An organic electroluminescence display device com-

prising:

a plurality of anode electrodes arranged in a matrix;

a physically-unitary common layer having a plurality of
light emission regions respectively corresponding to
each of the anode electrodes, the physically-unitary
common layer being formed on the anode electrodes and
including at least one constituent-layer made of an
organic material;

adriving circuitry configured to selectively provide driving
current to the anode electrodes such that each ofthe light
emission regions selectively emits light;

a metal interconnect directly electrically connected to the
physically-unitary common layer;

a common cathode electrode formed on the physically-
unitary common layer,

wherein the driving circuitry is configured to:

apply a first potential to the common cathode electrode,
and

apply a second potential to the metal interconnect, where
the second potential is set such that, when the second
potential is applied to the anode electrode correspond-
ing to a given one of the light emission regions and the
first potential is applied to the common cathode elec-
trode, the given one of the light emission regions does
not emit light.

15. The display device according to claim 14, wherein the
metal interconnect is disposed between two of the anode
electrodes.

16. The display device according to claim 14, wherein the
metal interconnect is disposed so as to surround each of the
anode electrodes.

17. The display device according to claim 14, wherein the
metal interconnect is disposed on a same layer as the anode
electrodes.

18. The display device according to claim 14, wherein the
constituent-layer is alight emission layer and each of the light
emission regions is configured to emit light of substantially
the same color as one another.

19. The display device according to claim 18, further com-
prising a plurality of color filters respectively disposed so as
to correspond to each of the light emission regions.

20. The display device according to claim 14, wherein the
physically-unitary common layer includes a plurality of light
emission layers stacked in a thickness direction, respectively
configured to emit light of different colors.

21. The display device according to claim 20, wherein the
physically-unitary common layer further includes an inter-
mediate conductive layer disposed between the light emission
layers.
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22. An organic electroluminescence display device com-
prising:

a plurality of pixel electrodes,

a common organic layer continuously formed on the pixel
electrodes, the common organic layer having a plurality
of light emission regions configured to selectively emit
light of substantially the same color as one another, each
of the emission regions respectively corresponding to
each of the pixel electrodes,

a conductive layer formed on the common organic layer;

a driving circuitry configured to drive each of the pixel
electrodes; and

a metal interconnect directly electrically connected to the
common organic layer.

23. The display device according to claim 29, wherein the

driving circuitry is configured to:

apply a first potential to the conductive layer, and

apply a second potential to the metal interconnect, where
the second potential is set such that, when the second
potential is applied to the pixel electrode corresponding
to a given one of the light emission regions and the first
potential is applied to the conductive layer, the given one
of the light emission regions does not emit light.

24. The display device according to claim 22, further com-
prising a plurality of color filters respectively disposed so as
to correspond to each of the light emission regions.

25. The display device according to claim 22, wherein the
common organic layer includes a plurality of light emission
layers stacked in a thickness direction, respectively config-
ured to emit light of different colors.

26. The display device according to claim 25, wherein the
common organic layer further includes an intermediate con-
ductive layer disposed between the light emission layers.

27. The display device according to claim 22, wherein the
metal interconnect is disposed between two of the pixel elec-
trodes.

28. An organic electroluminescence electronic apparatus
comprising:

a plurality of first electrodes;

a physically-unitary common layer having a plurality of
light emission regions respectively corresponding to
each of the first electrodes, the physically-unitary com-
mon layer being formed on the first electrodes and
including at least one constituent-layer made of an
organic material;

adriving circuitry configured to selectively provide driving
current to the first electrodes such that each of the light
emission regions emits light;

a metal interconnect directly electrically connected to the
physically-unitary common layer;
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a second electrode formed commonly on the physically-
unitary common layer,

wherein the driving circuitry is configured to:

apply a first potential to the common cathode electrode,
and

apply a second potential to the metal interconnect, where
the second potential is set such that, when the second
potential is applied 1o the first electrode correspond-
ing to a given one of the light emission regions and the
first potential is applied to the second electrode, the
given one of the light emission regions does not emit
light.

29. The electronic apparatus according to claim 28,
wherein the physically-unitary common layer includes a plu-
rality of light emission layers stacked in a thickness direction,
respectively configured to emit light of different colors.

30. The electronic apparatus according to claim 29,
wherein the physically-unitary common layer further
includes an intermediate conductive layer disposed between
the light emission layers.

31. The electronic apparatus according to claim 28,
wherein the electronic apparatus is a device selected from a
group consisting of a digital camera, a notebook personal
computer, a portable terminal device and a video camcorder.

32. An organic electroluminescence display device com-
prising:
a plurality of pixel electrodes,

a common organic layer continuously formed on the pixel
electrodes, the common organic layer having a plurality
of light emission regions configured to selectively emit
light of substantially the same color as one another, each
of the emission regions respectively corresponding to
each of the pixel electrodes,

a conductive layer formed on the common organic layer;

a driving circuitry configured to drive each of the pixel
electrodes,

a drainage electrode disposed in direct contact with the
common organic layer, and configured to absorb charge
that is provided from a given one of the pixel electrodes
and is flowing through the common organic layer.

33. The display device according to claim 32, wherein the
drainage electrode is configured to prevent a current flowing
from the given one of the pixel electrodes to an adjacent one
of the light emission regions by absorbing the charge.
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