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(57) ABSTRACT

A display device including a pixel array unit having a matrix
of pixels each configured such that an anode electrode of an
organic electroluminescent element is connected to a source
electrode of a drive transistor, a gate electrode of the drive
transistor is connected to a source or drain electrode of a
writing transistor, and a storage capacitor is connected
between the gate and source electrodes of the drive transistor,
scanning lines and power supply lines for individual pixel
rows, and signal lines for individual pixel columns. A video
signal reference potential is supplied to the signal lines for a
period during which a scanning signal is supplied to the
scanning lines during driving of pixels in a preceding row.
During threshold correction for the drive transistor in a cur-
rent pixel, the video signal reference potential and a potential
of the cathode electrode of the organic electroluminescent
element are equal.
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DISPLAY DEVICE, METHOD FOR DRIVING
THE SAME, AND ELECTRONIC APPARATUS

RELATED APPLICATION DATA

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/926,655 filed on Jun. 25, 2013, which
is a continuation of U.S. patent application Ser. No. 12/632,
330filed Dec. 7, 2009, now U.S. Pat. No. 8,570,245 issued on
Oct. 29, 2013, the entireties of which are incorporated herein
by reference to the extent permitted by law. The present
application claims the benefit of priority to Japanese Patent
Applications No. JP 2008-315467 filed on Dec. 11, 2008 and
Japanese Patent Application No. JP 2008-316551 filed on
Dec. 12, 2008 in the Japan Patent Office, the entireties of
which are incorporated by reference herein to the extent per-
mitted by law.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display device, a
method for driving the same, and an electronic apparatus.
More specifically, the present invention relates to a planar
(flat panel) display device having a matrix of pixels each
including an electro-optical element, a method for driving the
display device, and an electronic apparatus.

[0004] 2. Description of the Related Art

[0005] In recent years, in the fields of display devices for
displaying images, the prevalence of planar display devices
having a matrix of pixels (pixel circuits) each including a
light-emitting element has been rapidly increasing. Planar
display devices, for example, organic electroluminescent
(EL) display devices including organic EL elements that uti-
lize a phenomenon in which the application of an electric field
to an organic thin film induces light emission, have been
developed and are being commercialized.

[0006] Since organic EL elements can be driven with an
applied voltage of 10V or less, power consumption is low. In
addition, due to the self-emitting characteristics, organic EL
elements do not use a light source (backlight) which is nec-
essary for liquid crystal display devices. Furthermore, due to
the response speed as high as about several of microseconds,
organic EL elements cause no afterimages during the display
of moving images.

[0007] As in liquid crystal display devices, organic EL
display devices can use simple (passive) matrix and active
matrix driving schemes. In recent years, the development of
active-matrix display devices including pixel circuits having
active elements, for example, insulated gate field effect tran-
sistors (in general, thin film transistors (TFTs)), has been
greatly accelerated.

[0008] Ingeneral,itis commonknowledge that the current-
voltage characteristic (I-V characteristic) of organic EL ele-
ments deteriorates with time (called deterioration over time).
Furthermore, a threshold voltage Vth of a drive transistor or
the mobility p of a semiconductor thin film forming a channel
in the drive transistor (hereinafter referred to as the “mobility
p of the drive transistor”) changes with time or differs from
pixel to pixel due to the variations in the fabrication process.
[0009] Accordingly, in order to maintain the light emission
luminance of organic EL elements at a constant level without
suffering from the above influence, each of the pixel circuits
is configured to have a function for compensating for charac-
teristic changes in the organic EL elements, and also correc-
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tion functions for correcting the change in the threshold volt-
age Vth of a drive transistor (hereinafter referred to as a
“threshold correction”) and correcting the change in the
mobility p of a drive transistor (hereinafter referred to as
“mobility correction”) (see, for example, Japanese Unexam-
ined Patent Application Publication No. 2006-133542).

SUMMARY OF THE INVENTION

[0010] Inthe potential setting in a pixel circuit of the related
art, however, a short between the gate and cathode of a driving
transistor in a pixel causes non-light emission of a defective
pixel. In addition, another problem occurs in that an area
where luminance changes (hereinafter referred to as a “lumi-
nance change area”) in several pixels before the transfer is
perceived as a linear defect. In terms of visibility, the provi-
sion of a standard based on the number of non-light emitting
pixels in the display area is not permitted for a change in
luminance. In particular, for an increase in luminance, even
one non-light emitting pixel is not permitted. Particular, if
luminance increases in the display area, there is a problem in
that a linear defect is perceived.

[0011] In a pixel circuit of the related art, furthermore, a
storage capacitor and an auxiliary capacitor are arranged
adjacent to each other, and wirings connected to those capaci-
tors are provided in the same layer. There is a risk of the
wirings in the same layer being shorted to each other during
the fabrication process due to dust or the like thereon. A short
between the wirings causes a short between the gate of the
driving transistor and the cathode of the organic EL element,
which are brought into conduction with the wirings. A short
between the gate of the drive transistor and the cathode of the
organic EL element involves problems in that a defective
pixel where the short has occurred is not illuminated and a
luminance change area in several pixels preceding in the
transfer direction is perceived as a linear defect. In terms of
visibility, the provision of a standard based on the number of
non-light emitting pixels in the display area is not permitted
for a change in luminance. In particular, for luminance
increase, even one non-light emitting pixel is not permitted.
Particular, if luminance increases in the display area, there is
a problem in that a linear defect is perceived.

[0012] It is therefore desirable that even if the gate of a
driving transistor and a cathode are electrically shorted to
each other within a pixel, a luminance change area not be
perceived as a linear defect although a defective pixel may not
be illuminated.

[0013] Itis also desirable to prevent an electric short from
occurring between the gate electrode of a driving transistor
and a cathode electrode so that due to the short, a non-light
emitting pixel and a luminance change area may not be per-
ceived as linear defects.

[0014] An embodiment of the present invention provides a
display device including a pixel array unit having pixels
arranged in a matrix, each pixel having a circuit configuration
including an organic electroluminescent element, a drive
transistor, a writing transistor, and a storage capacitor,
wherein an anode electrode of the organic electroluminescent
element is connected to a source electrode of the drive tran-
sistor, a gate electrode of the drive transistor is connected to a
source electrode or drain electrode of the writing transistor,
and the storage capacitor is connected between the gate and
source electrodes of the drive transistor; scanning lines dis-
posed for individual rows of the pixels in the pixel array unit
and configured to supply a scanning signal to the gate elec-
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trodes of the writing transistors; power supply lines disposed
for the individual rows of the pixels in the pixel array unit and
configured to selectively supply a first potential and a second
potential lower than the first potential to the drain electrodes
of the drive transistors; and signal lines disposed for indi-
vidual columns of the pixels in the pixel array unit and con-
figured to selectively supply a video signal and a video signal
reference potential to the drain electrodes or source elec-
trodes of the writing transistors. The video signal reference
potential is supplied to the signal lines for a period during
which the scanning signal is supplied to the scanning lines
during driving of pixels in a preceding row, and when thresh-
old correction for the drive transistor in a current pixel is
performed, the video signal reference potential and a poten-
tial of a cathode electrode of the organic electroluminescent
element are equal to each other.

[0015] The embodiment of the present invention also pro-
vides a method for driving the display device, for setting the
video signal reference potential and a potential of the cathode
electrode of the organic electroluminescent element so as to
have a same potential value.

[0016] The embodiment of the present invention also pro-
vides an electronic apparatus including the display device
described above, which is provided in a housing of the elec-
tronic apparatus.

[0017] Inthe embodiment of the present invention, a video
signal reference potential and a potential of a cathode elec-
trode are set to have a same potential value, whereby even
with the occurrence of an electrical short between the gate
electrode of a driving transistor and a cathode electrode
within a pixel, the reference potentials of pixels in the pre-
ceding pixel row can be made constant.

[0018] Another embodiment of the present invention pro-
vides a display device including a pixel array unit having
pixels arranged in a matrix, each pixel having a circuit con-
figuration including an electro-optical element, a drive tran-
sistor, a writing transistor, a storage capacitor, and an auxil-
iary capacitor, wherein a first electrode of the electro-optical
element is connected to a source electrode of the drive tran-
sistor, a gate electrode of the drive transistor is connected to a
source electrode or drain electrode of the writing transistor,
the storage capacitor is connected between the gate and
source electrodes of the drive transistor, and the auxiliary
capacitor is connected between the first electrode of the elec-
tro-optical element and a second electrode of the electro-
optical element. The storage capacitor and the auxiliary
capacitor are arranged adjacent to each other. A wiring of the
storage capacitor, which is brought into conduction with the
gate electrode of the drive transistor, and a wiring of the
auxiliary capacitor, which is brought into conduction with the
second electrode of the electro-optical element, are provided
in different layers.

[0019] The embodiment of the present invention also pro-
vides an electronic apparatus including the display device
described above, which is provided in a housing of the elec-
tronic apparatus.

[0020] Intheembodiment of the present invention, a wiring
of a storage capacitor, which is brought into conduction with
the gate electrode of a drive transistor, and a wiring of an
auxiliary capacitor, which is brought into conduction with a
second electrode of an electro-optical element, are provided
in different layers. This can effectively avoid the occurrence
of a short between the wirings.
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[0021] An electro-optical element may be an organic EL
element having a first electrode serving as an anode electrode
and a second electrode serving as a cathode electrode. Wit-
ings provided indifferent layers may be principal wirings that
are disposed on a flat surface of a substrate and a flat surface
ofaninsulating film on the substrate, and contacts and the like
provided between the layers are not included.

[0022] According to an embodiment of the present inven-
tion, even if the gate and cathode of a driving transistor are
electrically shorted to each other, a luminance change area
can be prevented from being perceived as a linear defect
although a defective pixel may not be illuminated.

[0023] According to another embodiment of the present
invention, the occurrence of an electrical short between the
gate electrode of a drive transistor and a second electrode of
an electro-optical element can be effectively avoided. There-
fore, a luminance change area can be prevented from being
perceived as a linear defect although a defective pixel may not
be illuminated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1is a system configuration diagram schemati-
cally showing the configuration of an active-matrix organic
EL display device according to an embodiment of the present
invention;

[0025] FIG. 2 is a circuit diagram showing a specific
example configuration of a pixel (pixel circuit);

[0026] FIG. 3 is a timing waveform diagram illustrating the
operation of the active-matrix organic EL display device
according to the embodiment of the present invention;
[0027] FIGS. 4A to 4D are diagrams (first part) illustrating
the circuit operation of the active-matrix organic EL display
device according to the embodiment of the present invention;
[0028] FIGS.5A to 5D are diagrams (second part) illustrat-
ing the circuit operation of the active-matrix organic EL dis-
play device according to the embodiment of the present
invention;

[0029] FIGS. 6A to 6C are diagrams (third part) illustrating
the circuit operation of the active-matrix organic EL display
device according to the embodiment of the present invention;
[0030] FIGS.7A and 7B are diagrams illustrating the effect
of a short on a drive transistor;

[0031] FIG. 8isa timing waveform diagram when a defect
has occurred;
[0032] FIGS.9A and 9B are circuit diagrams illustrating an

example of the setting of a pixel potential according to the
present embodiment;

[0033] FIG. 10 is a system configuration diagram showing
an example of a display device according to the present
embodiment;

[0034] FIG. 11 is a timing waveform diagram illustrating a
method for driving a display device according to the present
embodiment;

[0035] FIG. 12 is atiming waveform diagram when a defect
has occurred in the pixel configuration according to the
present embodiment;

[0036] FIG. 13 is a perspective view showing the appear-
ance of atelevision set according to an application example of
the present embodiment;

[0037] FIGS. 14A and 14B are perspective views showing
the appearance of a digital camera according to another appli-
cation example of the present embodiment and showing the
front and rear of the digital camera, respectively;
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[0038] FIG. 15 is a perspective view showing the appear-
ance of a notebook-sized personal computer according to
another application example of the present embodiment;
[0039] FIG. 16 is a perspective view showing the appear-
ance of a video camera according to another application
example of the present embodiment;

[0040] FIGS. 17A to 17G are external views showing a
mobile phone according to another application example of
the present embodiment, in which FIGS. 17A and 17B are a
front view and a side view of the mobile phone which is in its
open state, respectively, and FIGS. 17C, 17D, 17E, 17F, and
17G are a front view, a left side view, a right side view, a top
view, and a bottom view of the mobile phone which is in its
closed state, respectively;

[0041] FIGS.18A to 18C are diagrams illustrating a wiring
structure of a pixel, in which FIG. 18A is a plan view of the
pixel and FIGS. 18B and 18C are cross-sectional views taken
along the lines XVIIIB-XVIIIB and XVIIC-XVIIIC of FIG.
18A,

[0042] FIGS. 19A to 19C are diagrams (first part) illustrat-
ing an example wiring structure according to the present
embodiment; and

[0043] FIG. 20 is a diagram (second part) illustrating the
example wiring structure according to the present embodi-
ment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0044] Anembodimentofthe present invention will now be
described. The description will be given in the following
order:

[0045] 1. Display Device according to Present Embodi-
ment (System Configuration, Pixel Circuit, and Circuit
Operation)

[0046] 2.Problems Caused by Short between Gate of Drive
Transistor and Cathode (Equivalent Circuit and Timing
Waveform Diagram)

[0047] 3. Example Configuration according to Present
Embodiment (Pixel Circuit, System Configuration, and Driv-
ing Method)

[0048] 4. Application Examples (Various Examples of
Application in Electronic Apparatuses)

[0049] 5. Example Configuration according to Present
Embodiment (Pixel Circuit, System Configuration, Wiring
Structure, and Driving Method)

1. Display Device According to Present Embodiment
System Configuration

[0050] FIG.1is a system configuration diagram schemati-
cally showing the configuration of an active-matrix display
device according to the present embodiment.

[0051] A description will now be given of a current-driven
electro-optical element whose light emission luminance
changes in accordance with a current value of a current flow-
ing in the device, for example, an active-matrix organic EL
display device in which an organic EL element is used as a
light-emitting element of a pixel (pixel circuit), by way of
example.

[0052] As shown in FIG. 1, an organic EL display device
100 is configured to include a pixel array unit 102 having
pixels (PXLC) 101 arranged in a two-dimensional matrix,
and a driving unit arranged around the pixel array unit 102 to
drive the pixels 101. The driving unit for driving the pixels
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101 includes, for example, a horizontal drive circuit 103, a
write scanning circuit 104, and a power supply scanning
circuit 105.

[0053] The pixel array unit 102 has scanning lines WSL-1
to WSL-m, power supply lines DSL-1 to DSL-m, and signal
lines DTL-1 to DTL-n for the m-row n-column pixel array.
The scanning lines WSL-1 to WSL-m and the power supply
lines DSL-1 to DSL-m are disposed for the individual rows,
and the signal lines DTL-1 to DTL-n are disposed for the
individual pixel columns.

[0054] The pixel array unit 102 is typically defined on a
transparent insulating substrate such as a glass substrate, and
has a planar (flat) panel structure. Each of the pixels 101 in the
pixel array unit 102 can be formed using an amorphous sili-
con thin film transistor (TFT) or a low-temperature polysili-
con TFT. In a case where low-temperature polysilicon TFTs
are used, the horizontal drive circuit 103, the write scanning
circuit 104, and the power supply scanning circuit 105 can
also be mounted on the display panel (substrate) on which the
pixel array unit 102 is defined.

[0055] The write scanning circuit 104 may be formed of a
shift register for sequentially shifting (transferring) a start
pulse sp in synchronization with a clock pulse ck, or any other
suitable device. In order to write a video signal in the pixels
101 in the pixel array unit 102, the write scanning circuit 104
sequentially supplies write pulses (scanning signals) WS1 to
WSm to the scanning lines WSL-1 to WSL-m. Accordingly,
the pixels 101 in the pixel array unit 102 are scanned in
row-by-row order (line sequentially scanned).

[0056] The power supply scanning circuit 105 may be
formed of a shift register for sequentially shifting the start
pulse sp in synchronization with the clock pulse ck, or any
other suitable device. In synchronization with line sequen-
tially scanning performed by the write scanning circuit 104,
the power supply scanning circuit 105 selectively supplies
power supply line potentials DS1to DSm, which are switched
between a first potential Vee_H and a second potential Vec_LL
lower than the first potential Vee_H, to the power supply lines
DSL-1 to DSL-m. Accordingly, light emission/non-light
emission of the pixels 101 can be controlled.

[0057] The horizontal drive circuit 103 appropriately
selects one of a signal voltage Vsig of a video signal corre-
sponding to luminance information, which is supplied from a
signal supply source (not shown) (hereinafter also referred to
simply as a “signal voltage”), and a signal line reference
potential Vo, and writes the selected one in the pixels 101 in
the pixel array unit 102 via the signal lines DTL-1 to DTL-n,
for example, on a row-by-row basis. In other words, the
horizontal drive circuit 103 adopts a line sequential write
drive mode in which a signal voltage Vin of a video signal is
written row by row (line by line).

[0058] The signal line reference potential Vo is a voltage
(for example, a voltage corresponding to black level) which
the signal voltage Vin of the video signal is based on. Further,
the second potential Vee_L is set to a potential lower than the
signal line reference potential Vo, for example, a potential
lower than a potential Vo-Vth where Vth denotes the thresh-
old voltage of a drive transistor, preferably, a potential suffi-
ciently lower than the potential Vo-Vth.

Pixel Circuit

[0059] FIG. 2 is a circuit diagram showing a specific
example configuration of each of the pixels (pixel circuits)
101.
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[0060] As shown in FIG. 2, the pixel 101 has a current-
driven electro-optical element whose light emission lumi-
nance changes in accordance with a current value of a current
flowing in the device, for example, an organic EL element 1D,
as a light-emitting element. The pixel 101 has a pixel con-
figuration including, in addition to the organic EL element
1D, a drive transistor 1B, a writing transistor 1A, and a stor-
age capacitor 1C, that is, a 2Tt/1C pixel configuration having
two transistors (Tr) and one capacitor (C).

[0061] In the pixel 101 having the above configuration,
each of the drive transistor 1B and the writing transistor 1A is
implemented using an N-channel TFT. However, the conduc-
tor combination of transistors used herein, namely, the drive
transistor 1B and the writing transistor 1A, is merely an
example, and any other combination of transistors may be
employed.

[0062] The organic EL element 1D has a cathode electrode
connected to a common power supply line 1H that is com-
monly disposed for all the pixels 101. The drive transistor 1B
has a source electrode connected to an anode electrode of the
organic EL element 1D, and a drain electrode connected to the
power supply line DSL (DSL-1 to DSL-m).

[0063] The writing transistor 1A has a gate electrode con-
nected to the scanning line WSL (WSL-1 to WSL-m), one
electrode (source electrode or drain electrode) connected to
the signal line DTL (DTL-1 to DTL-n), and the other elec-
trode (drain electrode or source electrode) connected to a gate
electrode of the drive transistor 1B.

[0064] The storage capacitor 1C has one electrode con-
nected to the gate electrode of the drive transistor 1B, and the
other electrode connected to the source electrode of the drive
transistor 1B (the anode electrode of the organic EL element
1D).

[0065] Inthe pixel 101 having a 2Tr/1C pixel configuration,
the writing transistor 1A is brought into a conducting state in
response to a scanning signal WS applied to the gate electrode
from the write scanning circuit 104 via the scanning line
WSL. Thus, the signal voltage Vin of the video signal corre-
sponding to the luminance information, which is supplied
from the horizontal drive circuit 103 via the signal line DTL,
or the signal line reference potential Vo is sampled and written
in the pixel 101.

[0066] The written signal voltage Vin or signal line refer-
ence potential Vo is applied to the gate electrode of the drive
transistor 1B and is also stored in the storage capacitor 1C.
When the potential DS of the power supply line DSL (DSL-1
to DSL-m) is set to the first potential Vec_H, the drive tran-
sistor 1B is supplied with a current from the power supply line
DSL and supplies a driving current of the current value cor-
responding to the voltage value of the signal voltage Vin
stored in the storage capacitor 1C to the organic EL element
1D to drive the organic EL element 1D to emit light.

Circuit Operation of Organic EL Display Device

[0067] Next, the circuit operation of the organic EL display
device 100 having the above configuration will be described
with reference to a timing waveform diagram shown in FIG.
3 and operation-explaining diagrams shown in FIG. 4A to
FIG. 6C. In the operation-explaining diagrams shown in
FIGS. 4A to 6C, for simplicity of illustration, the writing
transistor 1A is represented by the symbol of switch. Since
the organic EL element 1D has a capacitive component, an EL
capacitor 11 is also illustrated.
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[0068] The timing waveform diagram shown in FIG. 3
illustrates changes in the potential (write pulse) WS of the
scanning line WSL (WSL-1 to WSL-m), changes in the
potential DS (Vee_H or Vee_L) of the power supply line DSL
(DSL-1 to DSL-m), and changes in gate potential Vg and
source potential Vs of the drive transistor 1B.

(Light-Emission Period)

[0069] In the timing waveform diagram shown in FIG. 3,
the organic EL element 1D is in a light emitting state prior to
time t1 (light-emission period). In the light-emission period,
the potential DS of the power supply line DSL is set to the first
potential Vec_H and the writing transistor 1A is in a non-
conducting state.

[0070] During thisperiod, the drive transistor 1B is set so as
to operate in the saturation region. Thus, as shown in F1G. 4A,
a driving current (drain-source current) Ids corresponding to
a gate-source voltage Vgs of the drive transistor 1B is sup-
plied to the organic EL element 1D from the power supply
line DSL through the drive transistor 1B. Therefore, the
organic EL element 1D emits light with a luminance corre-
sponding to the current value of the driving current Ids.

(Threshold Correction Preparation Period)

[0071] A new field of line sequentially scanning begins at
time t1. As shown in FIG. 4B, the potential DS of the power
supply line DSL is switched from the first potential (herein-
after referred to as a “high potential”) Vee_H to the second
potential (hereinafter referred to as a “low potential”) Vee_L
sufficiently lower than the signal line reference potential Vo-
Vth of the signal line DTL.

[0072] Here, the organic EL element 1D has a threshold
voltage Vel and the common power supply line 1H has a
potential Vecath. Ifthe low potential Vec_L satisfies condition
Vee_L<Vel+Vcath, then, the source potential Vs of the drive
transistor 1B is substantially equal to the low potential Vec_
L. Thus, the organic EL element 1D enters the reverse biased
state and light is extinguished.

[0073] Then, at time t2, a transition of the potential WS of
the scanning line WSL from the low-potential side to the
high-potential side brings the writing transistor 1A into the
conducting state, as shown in FIG. 4C. At this time, since the
signal line reference potential Vo is supplied from the hori-
zontal drive circuit 103 to the signal line DTL, the gate poten-
tial Vg of the drive transistor 1B is set to the signal line
reference potential Vo. Further, the source potential Vs of the
drive transistor 1B is set to the potential Vec_L, which is
sufficiently lower than the signal line reference potential Vo.
[0074] At this time, the gate-source voltage Vgs of the drive
transistor 1B is set to a potential Vo-Vcc_L. Here, it is nec-
essary to establish potential relationship Vo-Vee_L>Vth
because the threshold correction operation described below is
not performed unless the potential Vo-Vee_L is greater than
the threshold voltage Vth of the drive transistor 1B. Accord-
ingly, an operation of performing initialization with the gate
potential Vg of the drive transistor 1B fixed (set) to the signal
line reference potential Vo and the source potential Vs to the
low potential Vec_L is an operation for preparing threshold
correction.

(First Threshold Correction Period)

[0075] Then, at time t3, as shown in FIG. 4D, the potential
DS of the power supply line DSL is switched from the low
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potential Vee_L to the high potential Vec_H. Then, the source
potential Vs of the drive transistor 1B starts to increase, and a
first threshold correction period begins. The increase in the
source potential Vs of the drive transistor 1B during the first
threshold correction period allows the gate-source voltage
Vgs of the drive transistor 1B to have a predetermined poten-
tial Vx1. The potential Vx1 is stored in the storage capacitor
1C.

[0076] Subsequently, at time t4 with which the second half
of this horizontal period (1H) begins, as shown in FIG. 5A,
the signal voltage Vin of the video signal is supplied from the
horizontal drive circuit 103 to the signal line DTL., thus caus-
ing a transition of the potential ofthe signalline DTL from the
signal line reference potential Vo to the signal voltage Vin.
During this period, the signal voltage Vin is written in pixels
in another row.

[0077] At this time, in order to prevent the signal voltage
Vin from being written in pixels in the current row, a transi-
tion of the potential WS of the scanning line WSL from the
high-potential side to the low-potential side brings the writing
transistor 1A into the non-conducting state. Thus, the gate
electrode of the drive transistor 1B is separated from the
signal line DTL and becomes floating.

[0078] When the gate electrode of the drive transistor 1B is
floating, because of the storage capacitor 1C connected
between the gate and the source of the drive transistor 1B, if
the source potential Vs of the drive transistor 1B changes, the
gate potential Vg of the drive transistor 1B also changes in
accordance with (or following) the change in the source
potential Vs. This is called a bootstrap operation based on the
storage capacitor 1C.

[0079] Even after time t4, the source potential Vs of the
drive transistor 1B continues increasing and finally increases
by Val (Vs=Vo-Vx1+Val). At this time, due to the bootstrap
operation, the gate potential Vg of the drive transistor 1B also
increases by Val (Vg=Vo+Val) in accordance with the
increase in the source potential Vs.

(Second Threshold Correction Period)

[0080] At time t5, the next horizontal period begins, and, as
shown in FIG. 5B, a transition of the potential WS of the
scanning line WSL from the low-potential side to the high-
potential side brings the writing transistor 1A into the con-
ducting state. At the same time, the signal line reference
potential Vo instead of the signal voltage Vin is supplied from
the horizontal drive circuit 103 to the signal line DTL, and a
second threshold correction period begins.

[0081] During the second threshold correction period,
since the writing transistor 1A is brought into the conducting
state, the signal line reference potential Vo is written. Thus,
the gate potential Vg of the drive transistor 1B is initialized
again to the signal line reference potential Vo. At this time, in
accordance with the drop of the gate potential Vg, the source
potential Vs also decreases. Then, the source potential Vs of
the drive transistor 1B again starts to increase.

[0082] Then, the increase in the source potential Vs of the
drive transistor 1B during the second threshold correction
period allows the gate-source voltage Vgs of the drive tran-
sistor 1B to have a predetermined potential Vx2. The potential
Vx2 is stored in the storage capacitor 1C.

[0083] Subsequently, at time t6 with which the second half
of this horizontal period (1H) begins, as shown in FIG. 5C, the
signal voltage Vin of the video signal is supplied from the
horizontal drive circuit 103 to the signal line DTL, thus caus-
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ing a transition of the potential ofthe signalline DTL from the
offset voltage Vo to the signal voltage Vin. During this period,
the signal voltage Vin is written in pixels in another row (row
subsequent to the row where the previous writing has been
performed).

[0084] At this time, in order to prevent the signal voltage
Vin in pixels from being written in the current row, a transi-
tion of the potential WS of the scanning line WSL from the
high-potential side to the low-potential side brings the writing
transistor 1A into the non-conducting state. Thus, the gate
electrode of the drive transistor 1B is separated from the
signal line DTL and becomes floating.

[0085] Even after time t6, the source potential Vs of the
drive transistor 1B continues increasing and finally increases
by Va2 (Vs=Vo-Vx1+Va2). At this time, due to the bootstrap
operation, the gate potential Vg of the drive transistor 1B also
increases by Va2 (Vg=Vo+Va2) in accordance with the
increase in the source potential V.

(Third Threshold Correction Period)

[0086] Attime t7, the next horizontal period begins, and, as
shown in FIG. 5D, a transition of the potential WS of the
scanning line WSL from the low-potential side to the high-
potential side brings the writing transistor 1A into the con-
ducting state. At the same time, the signal line reference
potential Vo instead of the signal voltage Vin is supplied from
the horizontal drive circuit 103 to the signal line DTL, and a
third threshold correction period begins.

[0087] During the third threshold correction period, since
the writing transistor 1A is brought into the conducting state,
the signal line reference potential Vo is written. Thus, the gate
potential Vg of the drive transistor 1B is initialized again to
the signal line reference potential Vo. At this time, in accor-
dance with the drop of the gate potential Vg, the source
potential Vs also decreases. Then, the source potential Vs of
the drive transistor 1B again starts to increase.

[0088] The increase in the source potential Vs of the drive
transistor 1B allows the gate-source voltage Vgs of the drive
transistor 1B to converge to the threshold voltage Vth of the
drive transistor 1B. Thus, the voltage corresponding to the
threshold voltage Vith is stored in the storage capacitor 1C.
[0089] The threshold correction operation performed three
times as described above allows the detection ofthe threshold
voltage Vth of the drive transistor 1B of each of the pixel and
the storage of the voltage corresponding to the threshold
voltage Vth in the storage capacitor 1C. In order to prevent a
current from flowing in the organic EL element 1D while
causing a current to flow in the storage capacitor 1C during
the three threshold correction periods, the potential Vcath of
the common power supply line 1H is set so that the organic EL
element 1D can be rendered into a cut-off state.

(Signal Writing Period & Mobility Correction Period)

[0090] Then, at time t8, a transition of the potential WS of
the scanning line WSL to the low-potential side brings the
writing transistor 1A into the non-conducting state, as shown
in FIG. 6A. At the same time, the potential of the signal line
DTL is switched from the offset voltage Vo to the signal
voltage Vin of the video signal.

[0091] Since the writing transistor 1A is brought into the
non-conducting state, the gate electrode of the drive transistor
1B becomes floating. However, the gate-source voltage Vgs is
equal to the threshold voltage Vth of the drive transistor 1B
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and therefore the drive transistor 1B is rendered into a cut-off
state. Thus, the drain-source current Ids does not flow in the
drive transistor 1B.

[0092] Subsequently, at time t9, a transition of the potential
WS of'the scanning line WSL to the high-potential side brings
the writing transistor 1A into the conducting state, as shown
in FIG. 6B. Thus, the signal voltage Vin of the video signal is
sampled and written in the pixel 101. The writing of the signal
voltage Vin by the writing transistor 1A allows the gate poten-
tial Vg of the drive transistor 1B to increase by the signal
voltage Vin.

[0093] Then, when the drive transistor 1B is driven by the
signal voltage Vin of the video signal, the threshold voltage
Vth of the drive transistor 1B is canceled out with the voltage
corresponding to the threshold voltage Vth stored in the stor-
age capacitor 1C, thereby performing threshold correction. A
principle of threshold correction will be described below.
[0094] At this time, since the organic EL element 1D is
initially in the cut-off state (high-impedance state), the cur-
rent (drain-source current Ids), which flows in the drive tran-
sistor 1B from the power supply line DSL in accordance with
the signal voltage Vin of the video signal, flows in the EL
capacitor 1I of the organic EL element 1D. Therefore, the
charging of the EL capacitor 11 is started.

[0095] Due to the charging of the EL capacitor 11, the
source potential Vs of the drive transistor 1B increases with
time. Since the variation of the threshold voltage Vth of the
drive transistor 1B has already been corrected (threshold cor-
rection) at this time, the drain-source current Ids in the drive
transistor 1B depends on the mobility p1 of the drive transistor
1B.

[0096] Afterwards, when the source potential Vs of the
drive transistor 1B increases up to a potential Vo-Vth+AV, the
gate-source voltage Vgs of the drive transistor 1B is given by
Vin+Vth-AV. That is, the amount of increase of the source
potential Vs, AV, is subtracted from the voltage stored in the
storage capacitor 1C (Vin+Vth-AV), in other words, the
charge in the storage capacitor 1C is discharged. Thus, a
negative feedback is applied. The amount of increase AV of
the source potential Vs therefore represents the amount of
negative feedback.

[0097] Accordingly, the drain-source current Ids flowing in
the drive transistor 1B is input to the gate of the drive transis-
tor 1B, that is, the drain-source current Ids is negatively fed
back to the gate-source voltage Vgs, thereby canceling the
dependency of the drain-source current Ids of the drive tran-
sistor 1B upon the mobility . That is, mobility correction for
correcting the variation in the mobility p for each pixel is
performed.

[0098] More specifically, the higher the signal voltage Vin
of the video signal, the greater the drain-source current Ids
and therefore the larger the absolute value of the amount of
negative feedback (amount of correction) AV. Accordingly,
mobility correction can be performed in accordance with the
light emission luminance level. When the signal voltage Vin
of the video signal is kept constant, the higher the mobility p
of the drive transistor 1B, the larger the absolute value of the
amount of negative feedback AV. Thus, the variation of the
mobility p for each pixel can be removed. A principle of
mobility correction will be described below.

(Light-Emission Period)

[0099] Then, at time t10, a transition of the potential WS of
the scanning line WSL to the low-potential side brings the
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writing transistor 1A into the non-conducting state, as shown
in FIG. 6C. Thus, the gate electrode of the drive transistor 1B
is separated from the signal line DTL and becomes floating.
[0100] The gate electrode of the drive transistor 1B
becomes floating and, at the same time, the drain-source
current Ids in the drive transistor 1B starts to flow in the
organic EL element 1D. Thus, the anode potential of the
organic EL element 1D increases in accordance with the
drain-source current Ids in the drive transistor 1B.

[0101] Theincrease in the anode potential of the organic EL
element 1D is equivalent to the increase in the source poten-
tial Vs of the drive transistor 1B. As the source potential Vs of
the drive transistor 1B increases, the gate potential Vg of the
drive transistor 1B also increases in accordance therewith due
to the bootstrap operation of the storage capacitor 1C.
[0102] At this time, if it is assumed that the bootstrap gain
is 1 (ideal value), the amount of increase in the gate potential
Vg is equal to the amount of increase in the source potential
Vs. Therefore, the gate-source voltage Vgs of the drive tran-
sistor 1B during the light-emission period is kept at a constant
value given by Vin+Vth—-AV. Then, at time t11, the potential
of the signal line DTL is switched from the signal voltage Vin
of the video signal to the signal line reference potential Vo.
[0103] As canbe understood from the operations described
above, in the present example, threshold correction periods
are provided over a total of 3H periods, that is, a 1H period
during which signal writing and mobility correction are pet-
formed and 2H periods preceding the 1H period. Thus, a
sufficient period of time can be ensured as threshold correc-
tion periods. This ensures that the threshold voltage Vth of the
drive transistor 1B can be detected and stored in the storage
capacitor 1C, and also ensures that the threshold correction
operation can reliably be performed.

[0104] While threshold correction periods are provided
over 3H periods, this is merely an example. If a sufficient
length of threshold correction period can be ensured within a
1H period during which signal writing and mobility correc-
tion are performed, it is not necessary to set a threshold
correction period over preceding horizontal periods. Con-
versely, if the length of 1H period is short due to the improved
definition and even if threshold correction periods provided
over 3H periods are not sufficient, threshold correction peri-
ods can be set over 4H periods or more.

2. Problems Caused by Short Between Gate of Drive
Transistor and Cathode

Equivalent Circuit

[0105] FIG. 7A shows an equivalent circuit of the pixel
circuit shown in FIG. 2 in which the gate g of the drive
transistor 1B and the cathode 1H are electrically shorted to
each other. At this operation timing, by way of example, as
shown in FIGS. 4D, 5B, and 5D, the video signal reference
potential Vo is written.

[0106] Inthis manner,an electrical short between the gate g
of the drive transistor 1B and the cathode 1H wired so as to
have a low impedance causes conduction between the video
signal line DTL, the gate g of the drive transistor 1B, and a
cathode 1H when the writing transistor 1A is turned on.
Therefore, the video signal reference potential Vo supplied to
the video signal lines DTL is drawn to the cathode potential
Vcath.

[0107] FIG. 7B is a schematic diagram showing a display
state where the defect shown in FIG. 7A has occurred. A
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defective pixel, that is, a pixel in which, as shown in FIG. 7A,
the gate g of the drive transistor 1B and the cathode 1H are
electrically shorted to each other, is not illuminated. Further,
several pixels preceding in the transfer direction form a lumi-
nance change area. The luminance change area depends on
the transfer direction, and occurs on the side preceding in the
transfer direction all the time.

[0108] Timing Waveform Diagram

[0109] FIG. 8 is a timing waveform diagram when the
defect shown in FIG. 7A has occurred. Further, in FIG. 7A,
the relationship Vo>Vcath holds by way of example. In the
timing waveform diagram shown in FIG. 8, the timings of the
scanning lines having scanning line numbers are represented
in association with pixels Vn—6 to Vn+2, and the pixel Vn is
a defective pixel. Changes in video signal potential are rep-
resented using DTL. In FIG. 8, each of periods (A) to (L)
corresponds to one horizontal period (1H).

[0110] As shown in FIG. 7A, if the gate g of the drive
transistor 1B and the cathode 1H are electrically shorted to
each other, a problem occurs in the periods (F) to (J) shown in
FIG. 8. Within those periods, at the time of a transition of the
scanning line WSL corresponding to the defective pixel Va to
the high-potential side, the potential supplied to the video
signal line DTL is drawn to the cathode potential Veath.
[0111] Consequently, in each of the pixels Vn—4 to Vn-1,
the video signal reference potential Vo immediately before
the sampling of the video signal potential is drawn to the
cathode potential Vcath. Thus, the input signal to the gate g of
the drive transistor 1B has an amplitude given by Vin'=Vsig—
Veath instead of Vin=Vsig-Vo.

[0112] In FIG. 8, since Vo>Vcath holds, a signal with a
higher amplitude is equivalently written in each of the pixels
Vn-4 to Vn-1 than that based on the video signal reference
potential Vo. This leads to increased luminance levels in the
pixels Vn—4 to Vn-1. Consequently, luminance increases in
several pixels preceding the defective pixel, which is per-
ceived as a linear luminance increasing area. In the defective
pixel Vn, the video signal potential Vsig is also drawn to the
cathode potential Vcath, resulting in no light emission there-
from.

3. Example Configuration According to Present
Embodiment Pixel Circuit

[0113] FIG. 9Ais a circuit diagram illustrating an example
of the setting of a pixel potential according to the present
embodiment. The pixel circuit includes an organic EL ele-
ment 1D, a drive transistor 1B, a writing transistor 1A, and a
storage capacitor 1C.

[0114] Specifically, an anode electrode of the organic EL
element 1D is connected to a source electrode of the drive
transistor 1B, and a gate electrode of the drive transistor 1B is
connected to a source electrode or drain electrode of the
writing transistor 1A. The storage capacitor 1C is further
connected between the gate and source electrodes of the drive
transistor 1B.

[0115] The signal line DTL is connected to the drain elec-
trode or source electrode of the writing transistor 1A. A gate
electrode of the writing transistor 1A is connected to a scan-
ning line (not shown), and is given a predetermined timing. A
power supply line DSL is connected to the drain electrode of
the drive transistor 1B.

[0116] Inthe above configuration of the pixel circuit, in the
present embodiment, the video signal reference potential Vo
applied to the signal line DTL and the potential (cathode
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potential) Vcath of a cathode electrode of the organic EL
element 1D have a same potential, namely, a potential Va.
Thus, the video signal reference potential Vo is not drawn to
a potential higher or lower than the potential Va even within
the periods (F) to (I) shown in FIG. 8. This can prevent a
luminance change area from occurring across the preceding
pixels.

[0117] Note that the video signal reference potential Vo and
the cathode potential Vcath not be set to desired values with
respect to the other driving potentials, and satisfy the driving
conditions such as threshold correction operations shown in
FIG. 3. In order to set the video signal reference potential Vo
and the cathode potential Vcath to the same potential value, in
addition to adjusting the video signal reference potential Vo
so as to be equal to the cathode potential Vcath, the cathode
potential Vcath may also be adjusted so as to be equal to the
video signal reference potential Vo. Alternatively, the video
signal reference potential Vo and the cathode potential Veath
may be adjusted so as to be equal to any other constant
potential. Preferably, the potential Va is set to the existing
setting potential Vo or Vcath, thereby satisfying the driving
conditions shown in FIG. 3.

System Configuration

[0118] FIG. 10 is a system configuration diagram showing
an example of the present embodiment. As shown in FIG. 10,
an organic EL display device 100 is configured to include a
pixel array unit 102 having pixels (PXLC) 101 arranged in a
two-dimensional matrix, and a driving unit arranged around
the pixel array unit 102 to drive the pixels 101. The driving
unit for driving the pixels 101 includes, for example, a hori-
zontal drive circuit 103, a write scanning circuit 104, and a
power supply scanning circuit 105.

[0119] The pixel array unit 102 has scanning lines WSL-1
to WSL-m, power supply lines DSL-1 to DSL-m, and signal
lines DTL-1 to DTL-n for the m-row n-column pixel array.
The scanning lines WSL-1 to WSL-m and the power supply
lines DSL-1 to DSL-m are disposed for the individual rows,
and the signal lines DTL-1 to DTL-n are disposed for the
individual pixel columns. The above configuration is the
same as the system configuration shown in FIG. 1.

[0120] Inthe present embodiment, a video signal reference
potential Vo applied to the pixels 101 from the signal lines
DTL-1 to DTL-n and the potential of the cathode electrode
(cathode potential) of the organic EL element in each of the
pixels 101 are set to the same potential, Va.

[0121] The cathode potential is supplied as a common
potential to the organic EL elements of the individual pixels
101. Thus, the potential Va is supplied to a common wiring
COM which is brought into conduction with the cathode
electrodes of the organic EL elements in the individual pixels
101.

[0122] The video signal reference potential Vo supplied
from the signal lines DTL-1 to DTL-n is also set to the
potential Va. The horizontal drive circuit 103 selectively sup-
plies a signal potential Vin and the video signal reference
potential Vo to the signal lines DTL-1 to DTL-n. Thus, the
horizontal drive circuit 103 performs control so as to supply
the potential Va when selecting the video signal reference
potential Vo.

[0123] Thus, a video signal reference potential is supplied
to a signal line for a period during which a scanning signal is
supplied to a scanning line during the driving of the preceding
pixel row, thus preventing the video signal reference potential
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from being drawn to a potential higher or lower than the
potential Va for a period during which threshold correction is
performed on a drive transistor in the current pixel. That is,
even when a gate of a drive transistor and a cathode of an
organic EL element are electrically shorted to each other, a
luminance change area can be prevented from occurring
across the preceding pixels. Driving Method

[0124] FIG. 11 is a timing waveform diagram illustrating a
method for driving a display device according to the present
embodiment. The timing waveform diagram shown in FIG.
11 is similar to the timing waveform diagram shown in FIG.
3inthat a light-emission period, threshold correction periods,
and a sampling period & mobility correction period are
repeated, but is different in that a video signal reference
potential supplied to a signal line is set to the potential Va,
which is the same as the cathode potential.

[0125] The video signal line potential (DTL) is selectively
switched between the video signal Vin and the video signal
reference potential Va. The video signal reference potential is
set to the potential Va, thereby setting the gate potential (Vg)
of the drive transistor to the potential Va within the threshold
correction periods. Since all the pixels are based on the same
potential Va, uniformity in luminance can be maintained.
[0126] FIG.12is atiming waveform diagram when a defect
has been caused in the pixel configuration shown in FIG. 9A
according to the present embodiment due to an electrical
short between the gate g of the drive transistor 1B and the
cathode 1H. In the timing waveform diagram shown in FIG.
12, the timings of the scanning lines having scanning line
numbers are represented in association with pixels Vn-6 to
Vn+2, and the pixel Vn is a defective pixel. Changes in video
signal potential are represented using DTL. In FIG. 12, each
of periods (A) to (L) corresponds to one horizontal period
(1H).

[0127] As shown in FIG. 9A, if the gate g of the drive
transistor 1B and the cathode 1H are electrically shorted to
each other, an existing configuration may cause a problem in
the periods (F) to (J) shown in FIG. 12. That is, within those
periods, at the time of a transition of the scanning line WSL
corresponding to the defective pixel Vn to the high-potential
side, the potential supplied to the video signal line DTL is
drawn to the cathode potential Veath (see portions indicated
by broken lines shown in FIG. 12).

[0128] In the configuration of the present embodiment, in
contrast, the video signal reference potential Vo applied to the
video signal line DTL is equal to the potential Va, and the
cathode potential Vcath is equal to the potential Va. That is,
control is performed so that the video signal reference poten-
tial Vo and the cathode potential Vcath are set to the same
potential Va.

[0129] Consequently, ineach of the pixels Vn-4 to Vn-1,the
video signal reference potential Vo immediately before the
sampling of the video signal potential is equal to the potential
Va, thus providing the same criterion as that of the other
pixels. Thus, the input signal to the gate g of the drive tran-
sistor 1B has an amplitude given by Vin=Vsig-Va, resulting
in no increase in luminance of several pixels preceding the
defective pixel Vn.

[0130] Inthe embodiment described above, the application
to an organic EL display device including organic EL ele-
ments as electro-optical elements of the pixels 101 has been
described by way of example. However, embodiments of the
present invention are not limited to this application example,
and can be applied to any display device including a current-
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driven electro-optical element (light-emitting element)
whose light emission luminance changes in accordance with
the current value of a current flowing in the device.

[0131] Furthermore, the pixels 101 each having a 2Tr/1C
pixel configuration including two transistors (Ir) and one
capacitor (C) by way of example. However, embodiments of
the present invention are not limited thereto, and can also be
applied to any other pixel configuration such as a 4Tr/1C pixel
configuration including four transistors (Tr) and one capaci-
tor (C).

4. Application Examples

[0132] Thedisplay device according to the present embodi-
ment described above can be applied in various electronic
apparatuses shown in FIGS. 13 to 17G, by way of example.
The display device can be applied to display devices used in
electronic apparatuses in any field that is configured such that
a video signal input to an electronic apparatus or a video
signal generated in an electronic apparatus can be displayed
as an image or video, such as a digital camera, a notebook-
sized personal computer, a mobile terminal device such as a
mobile phone, and a video camera.

[0133] The use of the display device according to the
present embodiment as a display device in electronic appara-
tuses in any field provides improved quality of a displayed
image. Therefore, advantageously, various electronic appara-
tuses allow the high-quality display of images.

[0134] Thedisplay device according to the present embodi-
ment may also include a module having a sealed configura-
tion. For example, a display module may be formed so as to be
attached to a transparent facing portion of glass or the like that
faces the pixel array unit 102. The transparent facing portion
may have a color filter, a protective film, and the like, and may
also have a light shielding film. The display module may have
a circuit unit configured to input or output a signal or the like
to a pixel array unit from the outside, a flexible printed circuit
(FPC), and the like.

[0135] Specific examples of electronic apparatuses in
which the display device of the present embodiment can be
applied will be described.

[0136] FIG. 13 is a perspective view showing the appear-
ance of atelevision set according to an application exaniple of
the present embodiment. The television set according to the
application example includes a video display screen unit 107
having a front panel 108, a glass filter 109, and the like. The
video display screen unit 107 can be implemented by using
the display device according to the present embodiment.

[0137] FIGS. 14A and 14B are perspective views showing
the appearance of a digital camera according to another appli-
cation example of the present embodiment and showing the
front and rear of the digital camera, respectively. The digital
camera according to the present application example includes
alight emitting unit 111 for emitting flash light, a display umt
112, amenu switch 113, and a shutter button 114. The display
unit 112 can be implemented by using the display device
according to the present embodiment.

[0138] FIG. 15 is a perspective view showing the appear-
ance of a notebook-sized personal computer according to an
application example of the present embodiment. The note-
book-sized personal computer according to the present appli-
cation example has a main body 121 including a keyboard
122 which is operated to enter characters or the like, and a



US 2015/0311270 Al

display unit 123 for displaying animage. The display unit 123
can be implemented by using the display device according to
the present embodiment.

[0139] FIG. 16 is a perspective view showing the appear-
ance of a video camera according to an application example
of the present embodiment. The video camera according to
the present application example includes a main unit 131, a
lens 132 disposed on a side surface of the video camera so as
to be directed toward the front and configured to photograph
a subject, a start/stop switch 133 which is operated for pho-
tographing, and a display unit 134. The display unit 134 can
be implemented by using the display device according to the
present embodiment.

[0140] FIGS. 17A to 17G are external views showing a
mobile terminal device according to an application example
of the present embodiment, for example, a mobile phone.
FIGS. 17A and 17B are a front view and a side view of the
mobile phone which is in its open state, respectively. FIGS.
17C, 17D, 17E, 17F, and 17G are a front view, a left side view,
aright side view, a top view, and a bottom view of the mobile
phone which is in its closed state, respectively. The mobile
phone according to the present application example includes
an upper housing 141, a lower housing 142, a connection
portion (here, a hinge portion) 143, a display 144, a sub-
display 145, a picture light 146, and a camera 147. The dis-
play 144 or the sub-display 145 can be implemented by using
the display device according to the present embodiment.
[0141] A description will now be given of other features of
the embodiment of the present invention for avoiding an
electrical short between a gate electrode of a drive transistor
and a second electrode of an electro-optical element.

[0142] FIGS.18A to 18C are diagrams illustrating a wiring
structure of a pixel. FIG. 18A is a plan view of the pixel, and
FIGS. 18B and 18C are cross-sectional views taken along the
lines XVIIIB-XVIIIB and XVIIIC-XVIIIC of FIG. 18A. As
in a pattern layout shown in FIG. 18A, a storage capacitor 1C
and an auxiliary capacitor 1] are generally arranged so that, in
terms of the area occupied thereby and pattern layout effi-
ciency, at least one side of the storage capacitor 1C and at least
one side of the auxiliary capacitor 1J are adjacent to each
other.

[0143] As shown in the cross-sectional view of FIG. 18B,
the storage capacitor 1C and the auxiliary capacitor 1J are
arranged so that first electrodes D1 are adjacent to each other
on a glass substrate and second electrodes are integrally
formed into a polysilicon electrode p-Si with a gate insulating
film M1 between the first electrodes D1 and the second elec-
trodes. When a polysilicon electrode p-Si is formed using a
low-temperature polysilicon process, the storage capacitor
1C and the auxiliary capacitor 1J are formed of parallel flat
plates in such a manner that the first electrodes D1 are formed
as first metal wirings and the second electrodes are formed as
a polysilicon electrode p-Si.

[0144] In FIG. 18C, in order to illustrate the relationship
shown in FIG. 18B between the wiring layout and the upper
and lower electrodes serving as the storage capacitor 1C and
the auxiliary capacitor 1J shown in FIG. 7A, the numbers in
the parentheses in FIG. 18C represent the reference numerals
of the electrodes shown in FIG. 7A. The first metal wiring
serving as the first electrode D1(g) of the storage capacitor 1C
is connected to the gate g of the drive transistor 1B, and the
polysilicon electrode p-Si(s) serving as the second electrode
is connected to the source s of the drive transistor 1B. Further,
the first metal wiring serving as the first electrode D1(1H) of
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the auxiliary capacitor 1] is connected to the cathode 1H of
the organic EL element 1D, and the polysilicon electrode
p-Si(s) serving as the second electrode is connected to the
source s of the drive transistor 1B.

[0145] 1In the low-temperature polysilicon process, how-
ever, since it is difficult to perfectly avoid the occurrence of
pattern defects due to dust or the like generated during the
manufacturing process, laser repair techniques in the TFT
manufacturing process are also employed. In particular, a
short due to a pattern defect in wirings in the same layer
occurs at a significantly higher rate than that of a short in
interlayer wirings.

[0146] Thatis, in FIGS. 18A to 18C, the first electrodes D1
of the storage capacitor 1C and the auxiliary capacitor 1] are
provided adjacent to each other in the same layer (first metal
wirings). Thus, dust or the like is likely to be attached to
wirings in the manufacturing process, resulting in a risk of a
short occurring therebetween. The short between the wirings
corresponds to a short shown in FIG. 7A between the gate g of
the drive transistor 1B and the cathode of the organic EL
element 1D (the source s of the drive transistor 1B), and may
cause a change in the luminance of a defective pixel and
pixels preceding in the transfer direction.

5. Example Configuration According to Present
Embodiment Pixel Circuit

[0147] FIG. 9B is a circuit diagram illustrating the setting
of a pixel potential. The pixel circuit includes an organic EL
element 1D, a drive transistor 1B, a writing transistor 1A, and
a storage capacitor 1C.

[0148] Specifically, an anode electrode of the organic EL
element 1D is connected to a source electrode of the drive
transistor 1B, and a gate electrode of the drive transistor 1B is
connected to a source electrode or drain electrode of the
writing transistor 1A. The storage capacitor 1C is further
connected between the gate and source electrodes of the drive
transistor 1B. In addition, an auxiliary capacitor 1J is con-
nected between the anode (first electrode) and cathode (sec-
ond electrode) of the organic EL element 1D.

[0149] The signal line DTL is connected to the drain elec-
trode or source electrode of the writing transistor 1A. A gate
electrode of the writing transistor 1A is connected to a scan-
ning line (not shown), and is given a predetermined timing. A
power supply line DSL is connected to the drain electrode of
the drive transistor 1B.

[0150] Inthe above configuration of the pixel circuit, in the
present embodiment, the storage capacitor 1C and the auxil-
iary capacitor 1] are arranged adjacent to each other, and the
wiring of the storage capacitor 1C, which is brought into
conduction with the gate electrode of the drive transistor 1B,
and the wiring of the auxiliary capacitor 1], which is brought
into conduction with the cathode electrode of the organic EL
element 1D, are provided in different layers, which consti-
tutes a feature.

[0151] Furthermore, in the present embodiment, in the
above configuration of the pixel circuit, the wiring of the
storage capacitor 1C, which is brought into conduction with
the source electrode of the drive transistor 1B, and the wiring
ofthe auxiliary capacitor 1J, which is brought into conduction
with the anode electrode of the organic EL element 1D, are
provided in different layers.

[0152] Therefore, since the wiring of the storage capacitor
1C, which is brought into conduction with the gate electrode
of the drive transistor 1B, and the wiring of the auxiliary
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capacitor 1J, which is brought into conduction with the cath-
ode electrode of the organic EL element 1D, are provided in
different layers, the occurrence of a short between the wirings
can be more effectively avoided as compared with the case
where they are provided in the same layer.

[0153] Here, the above wirings are principal wirings that
are disposed on a flat surface of a substrate and a flat surface
on an insulating film on the substrate, and contacts and the
like provided between layers are not included. In the present
embodiment, one of the above wirings is formed of a first
metal wiring and the other is formed of polysilicon, which is
formed with respect to the first metal wiring with a gate
insulating film therebetween.

System Configuration

[0154] FIG. 10 is a system configuration diagram showing
an example of the present embodiment. As shown in FIG. 10,
an organic EL display device 100 is configured to include a
pixel array unit 102 having pixels (PXLC) 101 arranged in a
two-dimensional matrix, and a driving unit arranged around
the pixel array unit 102 to drive the pixels 101. The driving
unit for driving the pixels 101 includes, for example, a hori-
zontal drive circuit 103, a write scanning circuit 104, and a
power supply scanning circuit 105.

[0155] The pixel array unit 102 has scanning lines WSL-1
to WSL-m, power supply lines DSL-1 to DSL-m, and signal
lines DTL-1 to DTL-n for the m-row n-column pixel array.
The scanning lines WSL-1 to WSL-m and the power supply
lines DSL-1 to DSL-m are disposed for the individual rows,
and the signal lines DTL-1 to DTL-n are disposed for the
individual pixel columns. The above configuration is the
same as the system configuration shown in FIG. 1.

Wiring Structure

[0156] FIGS. 19A to 20 are diagrams illustrating an
example wiring structure according to the present embodi-
ment. FIG. 19A is a plan view, and FIGS. 19B and 19C are
cross-sectional views taken along the lines XIXB-XIXB and
XIXC-XIXC of FIG. 19A, respectively. FIG. 20 is a cross-
sectional view taken along the line XX-XX of FIG. 19A. As
in a pattern layout shown in FIG. 19A, the storage capacitor
1C and the auxiliary capacitor 1] are arranged so that, interms
of the area occupied thereby and pattern layout efficiency, at
least one side of the storage capacitor 1C and at least one side
of the auxiliary capacitor 1] are adjacent to each other.
[0157] The storage capacitor 1C is formed as a parallel flat
plate having a first electrode D1 and a polysilicon electrode
p-Si serving as a second electrode, and the auxiliary capacitor
1] is formed as a parallel flat plate having a first electrode D1
and a polysilicon electrode p-Si' serving as a second elec-
trode. In the present embodiment, therefore, the second elec-
trodes of the storage capacitor 1C and the auxiliary capacitor
1] are implemented by using separate polysilicon electrodes
instead of an integrated electrode.

[0158] Furthermore, the electrode of the storage capacitor
1C, which is brought into conduction with the gate g of the
drive transistor 1B, and the electrode of the auxiliary capaci-
tor 1J, which is brought into conduction with the cathode 1H
ofthe organic EL element 1D, are provided in different wiring
layers. That is, one of the electrode of the storage capacitor
1C, which is brought into conduction with the gate g of the
drive transistor 1B, and the electrode of the auxiliary capaci-
tor 1J, which is brought into conduction with the cathode 1H
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of the organic EL element 1D, is defined in the layer of a first
metal wiring, and the other is defined in the layer of a poly-
silicon electrode p-Si.

[0159] FIGS. 19B and 19C show specific examples of wir-
ings. In the figures, the numerals in the parentheses corre-
spond to the numerals of the electrode shown in FIG. 9B.

[0160] First, in the specific example shown in FIG. 19B, the
storage capacitor 1C s configured such that the first electrode
D1(g) serving as the first metal wiring is connected to the gate
g of the drive transistor 1B and the polysilicon electrode
p-Si(s) serving as the second electrode is connected to the
source s of the drive transistor 1B. The auxiliary capacitor 1J
is configured such that the first electrode D1(s) serving as the
first metal wiring is connected to the source s of the drive
transistor 1B and the polysilicon electrode p-Si'(1H) serving
as the second electrode is connected to the cathode 1H of the
organic EL element 1D.

[0161] Accordingly, the electrode D1(g) of the storage
capacitor 1C, which is brought into conduction with the gate
g of the drive transistor 1B, and the electrode (polysilicon
electrode p-Si'(1H)) of the auxiliary capacitor 1], which is
brought into conduction with the cathode 1H of the organic
EL element 1D, are provided in different wiring layers. Since
these wirings are not in the same layer, a structure in which a
short is less likely to occur due to dust or the like generated
during the manufacturing process can be realized.

[0162] Inthe above wiring structure, furthermore, the sec-
ond electrodes of the storage capacitor 1C and the auxiliary
capacitor 1] are also provided in different wiring layers. Since
the layers are positioned with an insulating layer diagonally
held therebetween, the risk of a pattern short can be signifi-
cantly reduced as compared with the case where the second
electrodes are provided in the same layer.

[0163] Next, inthe specific example shown in FIG. 19C, the
storage capacitor 1C1s configured such that the first electrode
D1(s) serving as the first metal wiring is connected to the
source s of the drive transistor 1B and the polysilicon elec-
trode p-Si(g) serving as the second electrode is connected to
the gate g of the drive transistor 1B. The auxiliary capacitor 1]
is configured such that the first electrode D1(1H) serving as
the first metal wiring is connected to the cathode 1H of the
organic EL element 1D and the polysilicon electrode p-Si'(s)
serving as the second electrode is connected to the source s of
the drive transistor 1B. In other words, the wiring structure
shown in FIG. 19C has an opposite connection relationship to
the connection relationship between the wirings of the elec-
trodes of the respective capacitors shown in FIG. 19B.

[0164] Accordingly, the electrode D1(g) of the storage
capacitor 1C, which is brought into conduction with the gate
g of the drive transistor 1B, and the electrode (polysilicon
electrode p-Si'(1H)) of the auxiliary capacitor 11, which is
brought into conduction with the cathode 1H of the organic
EL element 1D, are provided in different wiring layers. Since
these wirings are not in the same layer, a structure in which a
short is less likely to occur due to dust or the like generated
during the manufacturing process can be realized.

[0165] Inthe above wiring structure, furthermore, the sec-
ond electrodes of the storage capacitor 1C and the auxiliary
capacitor 1] are also provided in different wiring layers. Since
the layers are positioned with an insulating layer diagonally
held therebetween, the risk of a pattern short can be signifi-
cantly reduced as compared with the case where the second
electrodes are provided in the same layer.
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[0166] FIG.20 is across-sectional view taken along the line
XX-XX of FIG. 19A. In FIG. 20, the wiring relationship
between the electrodes shown in FIG. 19B is illustrated. As
described earlier, the electrode (polysilicon electrode p-Si(s))
of the storage capacitor 1C, which is brought into conduction
with the source s of the drive transistor 1B, and the electrode
D1(s) of the auxiliary capacitor 1], which is brought into
conduct with the anode of the organic EL element 1D (that is,
the source s of the drive transistor 1B), are provided in dif-
ferent wiring layers. However, it is desirable that the respec-
tive electrodes be brought into conduction with each other
because the electrodes represent the same node.

[0167] Therefore, as shown in FIG. 20, a contact hole CH1
extending through the interlayer insulating films M1 and M2
is connected to the electrode D1(s) of the auxiliary capacitor
1J, and a contact hole CH2 extending through the interlayer
insulating film M2 is connected to the electrode (polysilicon
electrode p-Si(s)) of the storage capacitor 1C. The contact
holes CH1 and CH2 are brought into conduction with each
other using a second metal wiring D2.

[0168] A similar structure having an opposite connection
relationship to the connection relationship between the elec-
trodes of the storage capacitor 1C and the auxiliary capacitor
1J shown in FIG. 20 can be applied to the wiring relationship
between the electrodes shown in FIG. 19C.

Driving Method

[0169] FIG. 11 is a timing waveform diagram illustrating a
method for driving a display device according to the present
embodiment. The timing waveform diagram shown in FIG.
11 is similar to the timing waveform diagram shown in FIG.
3inthata light-emission period, threshold correction periods,
and a sampling period & mobility correction period are
repeated.

[0170] In the pixel layout (wiring structure) according to
the present embodiment described above, although the stor-
age capacitor 1C and the auxiliary capacitor 1] are adjacent to
each other, a short is less likely to occur between the gate g of
the drive transistor 1B and the cathode 1H of the organic EL
element 1D, thus reducing the occurrence of a defective pixel.
Therefore, the driving method described above is performed
to prevent the occurrence of a defective pixel incapable of
emitting light shown in FIG. 8 so that the potential of the
video signal line DTL is not drawn to the cathode potential
Vceath during the periods (F) to (J) shown in FIG. 8 or no
pixels whose luminance increases are generated.

[0171] Inthe embodiment described above, the application
to an organic EL display device including organic EL ele-
ments as electro-optical elements of the pixels 101 has been
described by way of example. However, embodiments of the
present invention are not limited to this application example,
and can be applied to any display device including a current-
driven electro-optical element (light-emitting element)
whose light emission luminance changes in accordance with
the current value of a current flowing in the device.

[0172] Furthermore, the pixels 101 each having a 2Tr/1C
pixel configuration including two transistors (Ir) and one
capacitor (C) by way of example. However, embodiments of
the present invention are not limited thereto, and can also be
applied to any other pixel configuration such as a4Tr/1C pixel
configuration including four transistors (Tr) and one capaci-
tor (C).

[0173] The present application contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
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tions JP 2008-315467 filed in the Japan Patent Office on Dec.
11,2008 and 2008-316551 filed in the Japan Patent Office on
Dec. 12, 2008, the entire content of which is hereby incorpo-
rated by reference.
[0174] Tt 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 insofar as they are within the scope of the
appended claims or the equivalents thereof.
What is claimed is:
1. A display device comprising a pixel array unit having
pixels arranged in a matrix, each pixel having a circuit con-
figuration including an electro-optical element having a first
electrode and a second electrode, a transistor, a first element,
and a second element,
wherein:
the first element has a first wiring and a second wiring
overlapped with the first wiring partly,

the second element has a third wiring and a fourth wiring
overlapped with the third wiring partly,

the first wiring and the third wiring are disposed in a first
layer,

the second wiring and the fourth wiring are disposed in
a second layer which is different from the first layer,

the second wiring is connected to the third wiring via a
fifth wiring in a third layer, the third layer being above
the first layer and the second layer, and

in cross section, the fifth wiring has a tapered shape and
is thicker than each of the first wiring, the second
wiring, the third wiring, and the fourth wiring.
2. The display device according to claim 1, further com-
prising:
a firstinsulating film between the first layer and the second
layer, and a second insulating film between the second
layer and the third layer,
wherein:
the third wiring is connected to the fifth wiring viaa first
contact extending through the first insulating film and
the second insulating film, and

the second wiring is connected to the fifth wiring via a
second contact extending through the second insulat-
ing film.

3. The display device according to claim 2, wherein the
second wiring and the fourth wiring comprise polysilicon.

4. The display device according to claim 1, wherein:

the electro-optical element is an organic electrolumines-
cent element,

the first electrode is an anode, and

the second electrode is a cathode.

5. The display device according to claim 1, wherein:

the first wiring is in electrical communication with a gate
electrode of the transistor, and

the fourth wiring is in electrical communication with the
second electrode of the electro-optical element.

6. The display device according to claim 1, wherein:

the second wiring is in electrical communication with the
source electrode of the transistor, and

the third wiring is in electrical communication with the first
electrode of the electro-optical element.

7. An electronic apparatus comprising a display device
provided in a housing of the electronic apparatus, and a flex-
ible printed circuit configured to input a video signal supplied
to the electronic apparatus or generated in the electronic
apparatus, the display device including:
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a pixel array unit having pixels arranged in a matrix, each
pixel having a circuit configuration including an electro-
optical element having a first electrode and a second
electrode, a transistor, a first element, and a second ele-
ment,
wherein,
the first element has a first wiring and a second wiring
overlapped with the first wiring partly,

the second element has a third wiring and a fourth wiring
overlapped with the third wiring partly,

the first wiring and the third wiring are disposed in a first
layer,

the second wiring and the fourth wiring are disposed in
a second layer which is different from the first layer,

the second wiring is connected to the third wiring via a
fifth wiring in a third layer, the third layer being above
the first layer and the second layer, and

in cross section, the fifth wiring has a tapered shape and
is thicker than each of the first wiring, the second
wiring, the third wiring, and the fourth wiring.
8. An electronic device comprising;
a display device including a pixel array unit having pixels
arranged in a matrix, each pixel having a circuit configu-
ration including an electro-optical element having a first
electrode and a second electrode, a transistor, a first
element, and a second element,
wherein:
the first element has a first wiring and a second wiring
overlapped with the first wiring partly,

the second element has a third wiring and a fourth wiring
overlapped with the third wiring partly,

the first wiring and the third wiring are disposed in a first
layer,

the second wiring and the fourth wiring are disposed in
a second layer which is different from the first layer,

the second wiring is connected to the third wiring via a
fifth wiring in a third layer, the third layer being above
the first layer and the second layer, and

in cross section, the fifth wiring has a tapered shape and
is thicker than each of the first wiring, the second
wiring, the third wiring, and the fourth wiring.
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9. The electronic device of claim 8, wherein the electronic
device is a mobile-phone.

10. The electronic device of claim 8, wherein the electronic
device is a camera.

11. The electronic device of claim 8, wherein the electronic
device is a portable computer.

12. The electronic device ofclaim 8, wherein the electronic
device is a television.

13. A display device comprising a pixel array unit having
pixels, each pixel including an organic electroluminescent
element, a first element, and a second element,

wherein,

the first element has a first portion and a second portion
overlapped with the first portion partly,

the second element has a third portion and a fourth
portion overlapped with the third portion partly,

the first portion and the third portion are disposed in a
first layer,

the second portion and the fourth portion are disposed in
a second layer which is different from the first layer,

the second portion is connected to the third portion viaa
wiring in a third layer, the third layer being above the
first layer and the second layer, and

in cross section, the wiring has a tapered shape and is
thicker than each of the first portion, the second por-
tion, the third portion, and the fourth portion.

14. The display device according to claim 13, further com-
prising:

a firstinsulating film between the first layer and the second

layer; and

a second insulating film between the second layer and the

third layer,

wherein,

the third portion is connected to the wiring via a first
contact extending through the first insulating film and
the second insulating film, and

the second portion is connected to the wiring via a sec-
ond contact extending through the second insulating
film.

15. The display device according to claim 14, wherein the
second portion and the fourth portion comprise polysilicon.
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