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DISPLAY DEVICE AND ELECTRONIC
DEVICE

TECHNICAL FIELD

[0001] The present disclosure relates to a display device
and an electronic device including the display device.

BACKGROUND ART

[0002] As one of display devices, there is an organic
electroluminescence (hereinafter, referred to as “EL”) dis-
play device using an organic EL element using an EL that is
an organic material as a light emitting unit. The organic EL.
display device has a lower power consumption characteris-
tic, since the organic EL element forming the light emitting
unit is a self-light emitting element. The organic EL element
has a structure in which an organic layer formed by stacking
an organic hole transporting layer and an organic light
emitting layer is provided between a first electrode and a
second electrode. Then, in the organic EL display device,
gradation of coloring is obtained by controlling the current
value flowing through the organic EL element.

[0003] Among organic EL display devices using an
organic EL element as a light emitting unit, in an active
matrix type organic EL display device, a drive circuit (pixel
circuit) including a plurality of transistors and a capacitor
element is provided for each pixel, and driving of the organic
EL element is performed by this drive circuit.

[0004] In an organic EL display device, due to process
fluctuations or the like, characteristics such as a threshold
voltage and mobility of a driving transistor that drives an
organic EL element vary for each pixel. Then, if the tran-
sistor characteristics of the driving transistor are different for
each pixel, the current value flowing in the driving transistor
varies for each pixel, so that, even if the same voltage is
applied to the pixels of the gate electrode of the driving
transistor, the light emission luminance of the organic ELL
element varies for each pixel. As a result, the uniformity of
a display screen is impaired. Therefore, in the organic EL
display device, processing (operation) for correcting varia-
tions in the characteristics of the driving transistor is per-
formed (see, for example, Patent Document 1).

CITATION LIST

Patent Document

[0005] Patent Document 1: Japanese Patent Application
Laid-Open No. 2008-33193

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0006] Meanwhile, in ultra-compact display devices in
which an interval between pixels decreases due to higher
definition, or ultra-compact display devices called micro
display, parasitic capacitance generated between adjacent
wirings cannot be disregarded. In other words, there is a
problem that, parasitic capacitance generated between adja-
cent wirings causes deterioration in display quality, more
specifically, display unevenness occurs by coupling noise or
the like due to parasitic capacitance.

[0007] Accordingly, an object of the present disclosure is
to provide a display device capable of suppressing display
unevenness caused by coupling due to parasitic capacitance
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caused by reducing parasitic capacitance between adjacent
wirings, and an electronic device including the display
device.

Solutions to Problems

[0008] A display device of the present disclosure for
achieving the object described above includes:

[0009] pixels including a light emitting unit and a plurality
of transistors, the pixels being two-dimensionally arranged
in a matrix; and

[0010] gate wirings of the plurality of transistors formed
along a row direction of a pixel array,

[0011] in which, among the plurality of transistors, a gate
wiring of a switching transistor connected to an anode
electrode of the light emitting unit is formed in a wiring
layer different from a gate wiring of another transistor.
Furthermore, an electronic device of the present disclosure
for achieving the object described above is characterized by
including the display device having the above-described
configuration.

[0012] In the display device having the above-described
configuration or the electronic device including the display
device, the switching transistor is connected to the anode
electrode of the light emitting unit, so that fluctuation in the
potential of the gate wiring adversely affects the light
emitting operation of the light emitting unit. Here, the gate
wiring of the switching transistor is formed in a wiring layer
different from the gate wiring of the another transistor, so
that the wiring interval between the gate wirings of both
transistors is larger than that in a case where both wirings are
formed in the same wiring layer. As a result, the parasitic
capacitance generated between the adjacent wirings can be
reduced as compared with the case where both wirings are
formed in the same wiring layer, so that it is possible to
suppress the influence of coupling due to the parasitic
capacitance with respect to the gate wiring of the switching
transistor from the gate wiring of the another transistor.

Effects of the Invention

[0013] According to the present disclosure, parasitic
capacitance between adjacent wirings can be reduced, so
that it is possible to suppress display unevenness caused by
coupling due to parasitic capacitance from another gate
wiring with respect to the gate wiring of the switching
transistor.

[0014] Note that, the effect is not necessarily limited to the
effect described herein, and any of the effects described in
this specification may be used. Furthermore, the effects
described in this specification are merely examples, and the
present invention is not limited thereto, and may have
additional effects.

BRIEF DESCRIPTION OF DRAWINGS

[0015] FIG. 1 is a system configuration diagram schemati-
cally showing a configuration of an active matrix type
organic EL display device of the present disclosure.

[0016] FIG. 2 is a circuit diagram showing an example of
a circuit configuration of a pixel (pixel circuit) in the active
matrix type organic EL display device of the present dis-
closure.

[0017] FIG. 3 is a timing waveform diagram for explain-
ing basic operation of the active matrix type organic EL
display device.
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[0018] FIG. 4A is a plan view showing a gate wiring
structure according to a conventional example, and FIG. 4B
is a cross-sectional view taken along line A-A of FIG. 4A.
[0019] FIG. 5A is a plan view showing a gate wiring
structure according to a first embodiment, and FIG. 5B is a
cross-sectional view taken along line B-B of FIG. 5A.
[0020] FIG. 6A is a plan view showing a gate wiring
structure according to a second embodiment, and FIG. 6B is
a cross-sectional view taken along line C-C of FIG. 6A.
[0021] FIG. 7A is a plan view showing a gate wiring
structure according to a third embodiment, and FIG. 7B is a
cross-sectional view taken along line D-D of FIG. 7A.
[0022] FIG. 8A and FIG. 8B are a front view and a rear
view of a lens interchangeable single lens reflex type digital
still camera.

[0023] FIG. 9 is an external view of a head mounted
display.

MODE FOR CARRYING OUT THE INVENTION

[0024] Hereinafter, modes (hereinafter, referred to as
“embodiments™) for implementing the technology of the
present disclosure will be described in detail with reference
to the drawings. The technology of the present disclosure is
not limited to the embodiments. In the following description,
the same reference numerals will be used for the same
elements or elements having the same function, and redun-
dant description will be omitted. Note that the description
will be given in the following order.

[0025] 1. General explanation of display device and elec-
tronic device of the present disclosure

[0026] 2. Active matrix type organic EL display device
[0027] 2-1. System configuration

[0028] 2-2. Pixel circuit

[0029] 2-3. Basic circuit behavior

[0030] 2-4. Parasitic capacitance between wirings

[0031] 2-4-1. Example in which adjacent gate wirings are

formed in the same wiring layer

[0032] 2-4-2. First embodiment (example in which gate
wiring of switching transistor is formed in wiring layer
different from gate wiring of another transistor)

[0033] 2-4-3. Second embodiment (modification of first
embodiment: example in which power supply wiring is
formed over gate wiring of switching transistor)

[0034] 2-4-4. Third embodiment (modification of second
embodiment: example in which power supply wiring is
formed below gate wiring of switching transistor)

[0035] 3. Modification

[0036] 4. Electronic device of the present disclosure
[0037] 4-1. Specific example 1 (example of digital still
camera)

[0038] 4-2. Specific example 2 (example of head mounted
display)

[0039] 5. Configuration that the present disclosure can
have

[0040] <General Explanation of Display Device and Elec-

tronic Device of the Present Disclosure>

[0041] Inadisplay device and an electronic device accord-
ing to the present disclosure, a switching transistor can be
configured to control a potential of an anode electrode of a
light emitting unit to set the light emitting unit to a non-light
emitting state.

[0042] In the display device and the electronic device of
the present disclosure including the preferable configuration
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described above, a power supply wiring of a fixed potential
can be formed over or below a gate wiring of the switching
transistor.

[0043] Moreover, in the display device and the electronic
device of the present disclosure having the preferable con-
figuration described above, the another transistor can be a
writing transistor for writing a video signal to the gate
electrode of a driving transistor for driving the light emitting
unit. Furthermore, in the pixels, processing for correcting
variations in characteristics of the driving transistor can be
performed during a non-light emitting period of the light
emitting unit in which the switching transistor is in a
conductive state.

[0044] Moreover, in the display device and the electronic
device of the present disclosure having the preferable con-
figuration described above, a substrate on which the pixels
are two-dimensionally arranged can be a semiconductor
substrate. Furthermore, the light emitting unit can include an
organic electroluminescence element.

[0045] <Active Matrix Type Display Device>

[0046] The display device of the present disclosure is an
active matrix type display device in which a current flowing
through an electrooptic element is controlled by an active
element provided in the same pixel circuit as the electrooptic
element, for example, an insulated gate field effect transistor.
As the insulated gate type field effect transistor, typically, a
metal oxide semiconductor (MOS) transistor and a thin film
transistor (TFT) can be exemplified.

[0047] Here, described as an example is an active matrix
type organic EL display device using an organic EL element
that is a current driven type electrooptic element whose light
emission luminance changes according to a current value
flowing in the device, as a light emitting unit (light emitting
element) of a pixel circuit. Hereinafter, the “pixel circuit”
may be simply described as “pixel”.

[0048] [System Configuration]

[0049] FIG. 1 is a system configuration diagram schemati-
cally showing a configuration of the active matrix type
organic EL. display device of the present disclosure. As
shown in FIG. 1, an organic EL display device 10 of the
present disclosure includes a pixel array unit 30 in which a
plurality of pixels 20 including organic EL elements are
two-dimensionally arranged in a matrix, and a peripheral
circuit unit arranged in a periphery of the pixel array unit 30.
For example, the peripheral circuit unit includes a writing
scanning unit 40 equipped on a display panel 70 that is the
same as where the pixel array unit 30, a first driving
scanning unit 50A, a second driving scanning unit 50B, a
signal output unit 60, and the like, and drives each pixel 20
of the pixel array unit 30. Note that, any or all of the writing
scanning unit 40, the first driving scanning unit 50A, the
second driving scanning unit 50B, and the signal output unit
60 can be provided outside the display panel 70.

[0050] The organic EL display device 10 can be config-
ured to be compatible with monochrome (black and white)
display, or can be configured to be compatible with color
display. In a case where the organic EL display device 10 is
compatible with color display, one pixel (unit pixel/pixel) as
a unit for forming a color image includes a plurality of sub
pixels. At this time, each of the subpixels corresponds to the
pixel 20 in FIG. 1. More specifically, in a display device
compatible with color display, one pixel includes, for
example, three sub pixels, that is, a sub pixel that emits red
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(R) light, a sub pixel that emits green (G) light, and a sub
pixel that emits blue (B) light.

[0051] However, the one pixel is not limited to a combi-
nation of sub pixels of three primary colors of RGB, and it
is also possible to form one pixel by further adding sub
pixels of one or more colors to the sub pixels of three
primary colors. More specifically, for example, in order to
improve the luminance, a sub pixel emitting white (W) light
can be added to form one pixel, or at least one sub pixel
emitting complementary color light for enlarging the color
reproduction range can be added to form one pixel.

[0052] In the pixel array unit 30, scanning lines 31 (31, to
31,,), first driving lines 32 (32, to 32,,), and second driving
lines 33 (33, to 33,,) are wired for each pixel row along the
row direction (pixel array direction of pixel rows) with
respect to the array of the pixels 20 of m rows and n
columns. Moreover, signal lines 34 (34, to 34,) are wired for
each pixel column along the column direction (pixel array
direction of pixel columns) with respect to the array of the
pixels 20 of m rows and n columns.

[0053] The scanning lines 31, to 31,, are respectively
connected to output ends of the corresponding rows of the
writing scanning unit 40. The first driving lines 32, to 32,
are respectively connected to output ends of the correspond-
ing rows of the first driving scanning unit 50A. The second
driving lines 33, to 33,, are respectively connected to output
ends of the corresponding rows of the second driving
scanning unit 50B. The signal lines 34, to 34, are respec-
tively connected to output ends of the corresponding col-
umns of the signal output unit 60.

[0054] The writing scanning unit 40 includes a shift reg-
ister circuit or the like. When writing a signal voltage of a
video signal to each pixel 20 of the pixel array unit 30, the
writing scanning unit 40 sequentially supplies writing scan-
ning signals WS (WS, to WS, ) to the scanning lines 31 (31,
to 31,,), so that each pixel 20 of the pixel array unit 30 is
sequentially scanned in units of row, that is, so-called line
sequential scanning is performed.

[0055] As similar to the writing scanning unit 40, the first
driving scanning unit 50A includes a shift register circuit or
the like. In synchronization with the line sequential scanning
by the writing scanning unit 40, the first driving scanning
unit 50A supplies light emission control signals DS (DS, to
DS,,) to the first driving lines 32 (32, to 32,,) to control
emission/non-emission (extinction) of the pixel 20.

[0056] As similar to the writing scanning unit 40, the
second driving scanning unit 50B includes a shift register
circuit or the like. In synchronization with the line sequential
scanning by the writing scanning unit 40, the second driving
scanning unit 50B supplies drive signals AZ (AZ, to AZ,)
to the second driving lines 33 (33, to 33,) to control the
pixel 20 not to emit light in the non-light emitting period.

[0057] The signal output unit 60 selectively outputs a
signal voltage (hereinafter, sometimes referred to simply as
“signal voltage”) V,, of a video signal corresponding to
luminance information supplied from a signal supply source
(not shown), and a reference voltage V.. Here, the refer-
ence voltage V  is a voltage as a reference of the signal
voltage V. of the video signal (for example, a voltage
corresponding to the black level of the video signal), or a
voltage in the vicinity thereof. The reference voltage V 4 is
used as an initialization voltage when correction operation
as described later is performed.
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[0058] The signal voltage V, /reference voltage V4 alter-
natively output from the signal output unit 60 is written to
each pixel 20 of the pixel array unit 30 via the signal lines
34 (34, to 34,) in units of pixel rows selected by line
sequential scanning by the writing scanning unit 40. In other
words, the signal output unit 60 adopts a line sequential
writing drive mode in which the signal voltage Vs, is written
in units of pixel rows (lines).

[0059] [Pixel Circuit]

[0060] FIG. 2 is a circuit diagram showing an example of
a circuit configuration of a pixel (pixel circuit) in the active
matrix type organic EL display device 10 of the present
disclosure. The light emitting unit of the pixel 20 includes an
organic EL. element 21. The organic EL element 21 is an
example of a current driven type electrooptic element in
which the light emission luminance changes according to a
current value flowing in the device.

[0061] As shown in FIG. 2, the pixel 20 includes an
organic EL. element 21 and a drive circuit for driving the
organic EL element 21 by applying a current to the organic
EL element 21. In the organic EL element 21, a cathode
electrode is connected to a common power supply line 35
wired in common for all the pixels 20.

[0062] The drive circuit for driving the organic EL ele-
ment 21 has a configuration of a 4Tr (transistor)/2C (capaci-
tor element) including a driving transistor 22, a writing
transistor (sampling transistor) 23, a light emission control
transistor 24, a switching transistor 25, a holding capacitor
26, and an auxiliary capacitor 27. Note that, in this example,
the pixel (pixel circuit) 20 is formed not on an insulator such
as a glass substrate but on a semiconductor such as silicon.
In other words, the substrate on which the pixels 20 are
two-dimensionally arranged is a semiconductor substrate.
Then, the driving transistor 22 includes a p-channel type
transistor.

[0063] Furthermore, in this example, the writing transistor
23, the light emission control transistor 24, and the switch-
ing transistor 25 also adopt a configuration using a p-channel
type transistor as similar to the driving transistor 22. Accord-
ingly, the driving transistor 22, the writing transistor 23, the
light emission control transistor 24, and the switching tran-
sistor 25 do not have a configuration of three terminals, that
is, source/gate/drain, but have a configuration of four ter-
minals, that is, source/gate/drain/back gate. A power supply
voltage V., on the high potential side is applied to the back
gate of each transistor.

[0064] Each gate electrode of the writing transistor 23, the
light emission control transistor 24, and the switching tran-
sistor 25 is connected to the scanning line 31, the first
driving line 32, and the second driving line 33 formed along
the row direction of the pixel array in units of pixel rows.
Therefore, the scanning line 31, the first driving line 32, and
the second driving line 33 can be referred to as the gate
wirings of the light emission control transistor 24 and the
switching transistor 25.

[0065] In the pixel 20 having the above configuration, the
writing transistor 23 samples the signal voltage V,, supplied
from the signal output unit 60 through the signal line 34 to
write the signal voltage V. to the gate electrode of the
driving transistor 22. The light emission control transistor 24
is connected between the node of the power supply voltage

V.., and the source electrode of the driving transistor 22,
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and controls the light emission/non-light emission of the
organic EL element 21 under the drive by the light emission
control signal DS.

[0066] The switching transistor 25 is connected between
an anode electrode of the organic EL element 21 and a power
supply voltage V. (for example, ground potential) on the
low potential side, and is driven by the drive signal AZ so
as to control the potential of the anode electrode of the
organic EL element 21 to set the organic EL element 21 to
a non-light emitting state. More specifically, the switching
transistor 25 enters a conductive state in response to the
drive signal AZ, thereby applying the power supply voltage
V,, on the low potential side to the anode electrode of the
organic EL element 21, to control the organic EL element 21
not to emit light during the non-light emitting period of the
organic EL element 21.

[0067] The holding capacitor 26 is connected between the
gate electrode and the source electrode of the driving
transistor 22, and holds the signal voltage V., written by
sampling by the writing transistor 23. The driving transistor
22 applies a driving current corresponding to the holding
voltage of the holding capacitor 26 to the organic EL
element 21 to drive the organic EL element 21. The auxiliary
capacitor 27 is connected between the source electrode of
the driving transistor 22 and a node of a fixed potential (for
example, a node of the power supply voltage V., on the
high potential side). The auxiliary capacitor 27 has an action
of suppressing the fluctuation of the source voltage of the
driving transistor 22 when the signal voltage V,_ is written,
and an action of setting a gate-source voltage V., of the
driving transistor 22 to a threshold voltage V,, of the driving
transistor 22.

[0068]

[0069] Here, the basic circuit behavior of the active matrix
type organic EL display device 10 having the above con-
figuration will be described with reference to the timing
waveform diagram of FIG. 3.

[0070] The timing waveform diagram of FIG. 3 shows the
changes of the light emission control signal DS, the writing
scanning signal WS, the drive signal AZ, the potential
V/ Vg of the signal line 34, and the source voltage V_ and
the gate voltage V, of the driving transistor 22.

[0071] Note that, since the writing transistor 23, the light
emission control transistor 24, and the switching transistor
25 are p-channel type transistors, the low level state of the
writing scanning signal WS, the light emission control signal
DS, and the drive signal AZ corresponds to an active state,
and the high level state thereof corresponds to an inactive
state. Then, the writing transistor 23, the light emission
control transistor 24, and the switching transistor 25 enter a
conductive state in the active state of the writing scanning
signal WS, the light emission control signal DS, the drive
signal AZ, and enter a non-conductive state in the inactive
state thereof.

[0072] At time t,, the writing scanning signal WS transits
from the high level to the low level, so that the writing
transistor 23 enters a conductive state. At this time, the
reference voltage V4 is in the state of being output from the
signal output unit 60 to the signal line 34. Accordingly, since
the reference voltage V  is written into the gate electrode
of the driving transistor 22 by sampling by the writing
transistor 23, the gate voltage V,, of the driving transistor 22
becomes the reference voltage V.

[Basic Circuit Behavior]
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[0073] Furthermore, at time t,, since the light emission
control signal DS is in the low level state, the light emission
control transistor 24 is in a conductive state. Accordingly,
the source voltage V of the driving transistor 22 is the power
supply voltage V., on the high potential side. At this time,
the gate-source voltage V., of the driving transistor 22 is
Vgs:Vo fs_Vccp .

[0074] Here, in order to perform threshold correction
operation (threshold correction processing), it is necessary
to make the gate-source voltage V, of the driving transistor
22 larger than the threshold voltage V,, of the driving
transistor 22. Therefore, each voltage value is set so that
IV =1V 5=V, 21V, | is satisfied.

[0075] In this manner, the initialization operation of set-
ting the gate voltage V, of the driving transistor 22 to the
reference voltage V. and setting the source voltage V, of
the driving transistor 22 to the power supply voltage V., is
operation of preparation before the next threshold correction
operation is performed (preparation for threshold correc-
tion). Accordingly, the reference voltage V,; and the power
supply voltage V__, are initialization voltages of the gate
voltage V,, and the source voltage V of the driving transistor
22.

[0076] Next, at time t,, when the light emission control
signal DS transits from the low level to the high level, and
the light emission control transistor 24 enters the non-
conductive state, the source electrode of the driving transis-
tor 22 enters a floating state, and the threshold correction
operation is started in a state where the gate voltage V,, of the
driving transistor 22 is kept at the reference voltage V 4. In
other words, the source voltage V, of the driving transistor
22 starts decreasing (being reduced) toward the voltage
obtained by subtracting the threshold voltage V, from the
gate voltage V, of the driving transistor 22 (V,=V ).
[0077] In the basic operation, with the initialization volt-
age V. of the gate voltage V,, of the driving transistor 22
taken as a reference, the operation of changing the source
voltage V of the driving transistor 22 toward the voltage
obtained by subtracting the threshold voltage V,, of the
driving transistor 22 from the initialization voltage V.
(Vg=V,,) is the threshold correcting operation. As the thresh-
old correction operation progresses, the gate-source voltage
V., of the driving transistor 22 eventually converges to the
threshold voltage V,, of the driving transistor 22. A voltage
corresponding to this threshold voltage V,, is held in the
holding capacitor 26.

[0078] Then, at time t;, the writing scanning signal WS
transits from the low level to the high level, and when the
writing transistor 23 enters a non-conductive state, the
threshold correction period ends. Thereafter, at time t,, the
signal voltage V. of the video signal is output from the
signal output unit 60 to the signal line 34, and the potential
of the signal line 34 is switched from the reference voltage
Vs to the signal voltage V.
[0079] Next, at time t5, the writing scanning signal WS
transits from the high level to the low level, so that the
writing transistor 23 enters a conductive state, samples the
signal voltage V., and writes the signal voltage V,, in the
pixel 20. By the writing operation of the signal voltage V.
by the writing transistor 23, the gate voltage V,_ of the
driving transistor 22 enters the signal voltage V.
[0080] The auxiliary capacitor 27 connected between the
source electrode of the driving transistor 22 and the node of
the power supply voltage V., has an action of suppressing
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the fluctuation of the source voltage V, of the driving
transistor 22 at the time of writing of the signal voltage V.
of this video signal. Then, when the driving transistor 22 is
driven by the signal voltage V,,, of the video signal, the
threshold voltage V,, of the driving transistor 22 is canceled
out by the voltage corresponding to the threshold voltage V,,
held in the holding capacitor 25.

[0081] At this time, the gate-source voltage V., of the
driving transistor 22 opens (increases) according to the
signal voltage V,,, but the source voltage V, of the driving
transistor 22 is still in a floating state. Therefore, the charged
electric charge of the holding capacitor 26 is discharged
according to the characteristics of the driving transistor 22.
Then, at this time, the current flowing through the driving
transistor 22 starts charging an equivalent capacitance C,; of
the organic EL element 21.

[0082] As the equivalent capacitance C,, of the organic EL.
element 21 is charged, the source voltage V of the driving
transistor 22 gradually decreases as time elapses. At this
time, the variation of the threshold voltage V,,, of the driving
transistor 22 for each pixel has already been canceled, and
the drain-source current 1, of the driving transistor 22 is
dependent on mobility p of the driving transistor 22. Note
that the mobility p of the driving transistor 22 is the mobility
of the semiconductor thin film forming the channel of the
driving transistor 22.

[0083] Here, the descending portion of the source voltage
V, of the driving transistor 22 acts to discharge the charged
electric charge of the holding capacitor 26. In other words,
anegative feedback is applied to the holding capacitor 26 for
the amount of the descending portion (change amount) of
the source voltage V of the driving transistor 22. Accord-
ingly, the descending portion of the source voltage V of the
driving transistor 22 is the feedback amount of the negative
feedback.

[0084] In this manner, negative feedback is applied to the
holding capacitor 26 with a feedback amount corresponding
to the drain-source current I,, flowing through the driving
transistor 22, so that the dependence on the mobility p of the
drain-source current I, of the driving transistor 22 can be
cancelled. This canceling operation (canceling processing)
is mobility correction operation (mobility correction pro-
cessing) for correcting the variation of the mobility p of the
driving transistor 22 for each pixel.

[0085] More specifically, since the drain-source current [ ;,
increases as signal amplitude V,, (=V_,~V ) of the video
signal written to the gate electrode of the driving transistor
22 increases, the absolute value of the feedback amount of
the negative feedback also increases. Accordingly, mobility
correction processing is performed according to the signal
amplitude V,,, of the video signal, in other words, the light
emission luminance level. Furthermore, in a case where the
signal amplitude V,,, of the video signal is constant, as the
mobility p of the driving transistor 22 is larger, the absolute
value of the feedback amount of the negative feedback is
also larger, so that it is possible to eliminate the variation in
the mobility p for each pixel.

[0086] At time t,, the writing scanning signal WS transits
from the low level to the high level, and the writing
transistor 23 enters a non-conductive state, so that the signal
write and mobility correction period ends. After the mobility
correction is performed, at time t,, the light emission control
signal DS transits from the high level to the low level, so that
the light emission control transistor 24 enters the conductive
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state. As a result, a current is supplied from the power supply
voltage V., node to the driving transistor 22 through the
light emission control transistor 24.

[0087] At this time, since the writing transistor 23 is in the
non-conductive state, so that the gate electrode of the driving
transistor 22 is electrically disconnected from the signal line
34 and is in a floating state. Here, when the gate electrode
of the driving transistor 22 is in a floating state, since the
holding capacitor 26 is connected between the gate and the
source of the driving transistor 22, the gate voltage V, also
fluctuates in conjunction with the fluctuation of the source
voltage V, of the driving transistor 22.

[0088] In other words, the source voltage V and the gate
voltage V_ of the driving transistor 22 rise while holding the
gate-source voltage V, held in the holding capacitor 26.
Then, the source voltage V of the driving transistor 22 rises
to the light emission voltage V _,; of the organic EL element
21 according to the saturation current of the transistor.
[0089] In this manner, the operation in which the gate
voltage V, of the driving transistor 22 fluctuates in conjunc-
tion with the fluctuation of the source voltage V  is bootstrap
operation. In other words, the bootstrap operation is opera-
tion in which, while the gate-source voltage V, held in the
holding capacitor 26, that is, the voltage across the holding
capacitor 26 is held, the gate voltage V, and the source
voltage V of the driving transistor 22 fluctuate.

[0090] Then, the drain-source current I, of the driving
transistor 22 starts flowing to the organic EL element 21, so
that the anode voltage V., of the organic EL element 21
rises according to the current I ;.. Eventually, when the anode
voltage V,,, of the organic EL element 21 exceeds the
threshold voltage V,,., of the organic EL element 21, a
driving current starts to flow to the organic EL element 21,
so that the organic EL element 21 starts emitting light.
[0091] On the other hand, the second driving scanning unit
50B sets the drive signal AZ to the active state (low level
state) in the period from time t,, that is before time t, to time
t, that is after time t,. The period from time t, to time t; is
the non-light emitting period of the organic EL element 21.
In this non-light emitting period, the drive signal AZ
becomes active, so that the switching transistor 25 enters a
conductive state in response thereto.

[0092] When the switching transistor 25 enters a conduc-
tive state, the power supply voltage V, on the low potential
side is applied to the anode electrode (the drain electrode of
the driving transistor 22) of the organic EL element 21 via
the switching transistor 25. As a result, in the non-light
emitting period of the organic EL element 21, the switching
transistor 25 can control the organic EL element 21 not to
emit light. Incidentally, in one horizontal period (1H) in
which threshold correction and signal writing are performed,
the drive signal AZ becomes active, but in the subsequent
light emitting period, the drive signal AZ becomes inactive.
[0093] Here, attention is paid to the operation point from
the threshold correction preparation period to the threshold
correction period (time t; to time t5) in the pixel configura-
tion not having the switching transistor 25. As is clear from
the above explanation of the operation, in order to perform
the threshold correction operation, it is necessary to make
the gate-source voltage V of the driving transistor 22 larger
than the threshold voltage V,, of the driving transistor 22.
[0094] When the gate-source voltage V. is larger than the
threshold voltage V,,, a current flows through the driving
transistor 22. Then, the anode voltage V ,, of the organic ELL



US 2019/0197957 Al

element 21 temporarily exceeds the threshold voltage V.,
of the organic EL element 21 from the threshold correction
preparation period to a part of the threshold correction
period. As a result, since a current flows from the driving
transistor 22 to the organic EL element 21, regardless of the
non-light emitting period, the organic EL element 21 emits
light at constant luminance for each frame regardless of the
gradation of the signal voltage V.. As a result, the contrast
of the display panel 70 is lowered.
[0095] On the other hand, in the pixel configuration hav-
ing the switching transistor 25, the above described action of
the switching transistor 25 can prevent the current flowing
through the driving transistor 22 from flowing into the
organic EL element 21 during the non-light emitting period
of the organic EL. element 21. This makes it possible to
suppress light emission of the organic EL element 21 in the
non-light emitting period, so that it is possible to achieve a
higher contrast of the display panel 70 than a pixel configu-
ration not having the switching transistor 25.

[0096] In the series of basic circuit behavior described
above, each operation (processing) of threshold correction,
writing (signal writing) of the signal voltage V,, of the
video signal, and mobility correction is performed in one
horizontal period (1H), for example. More specifically, in
one horizontal period, each operation is performed in a
period t,-tg in which the drive signal AZ enters an active
state (low level state) and the switching transistor 25 enters
a conductive state, in other words, in a non-light emitting
period of the organic EL element 21.

[0097] [Parasitic Capacitance Between Wirings|

[0098] In the above-described active matrix type organic
EL display device 10, gate wirings of the writing transistor
23, the light emission control transistor 24, and the switch-
ing transistor 25, in other words, the scanning line 31, the
first driving line 32, and the second driving line 33 are
formed along the row direction of the pixel array as
described above.

[0099] Here, as the number of pixels increases with higher
definition, the interval between the pixels 20 becomes
smaller. Furthermore, in a microdisplay (ultra-compact dis-
play device), as a matter of course, the interval between the
pixels 20 is smaller than that in a general display for
application as a monitor. As described above, when the
interval between the pixels 20 becomes smaller, the parasitic
capacitance formed along the row direction of the pixel
array and occurring between adjacent gate wirings cannot be
disregarded.

[0100] (Example in which Adjacent Gate Wirings are
Formed in the Same Wiring Layer)

[0101] Here, a case where gate wirings of the writing
transistor 23, the light emission control transistor 24, and the
switching transistor 25 are formed in the same wiring layer
will be considered as a conventional example. FIG. 4A is a
plan view of the gate wiring structure of the writing tran-
sistor 23, the light emission control transistor 24, and the
switching transistor 25 according to the conventional
example, and FIG. 4B is a cross-sectional view taken along
line A-A of FIG. 4A.

[0102] Regarding the driving transistor 22, the first driving
line 32 that is a gate wiring of the light emission control
transistor 24, is formed on one side of the driving transistor
22, and the scanning line 31 that is a gate wiring of the
writing transistor 23, and the second driving line 33 that is
a gate wiring of the switching transistor 25 are formed on the
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other side of the driving transistor 22, along the row direc-
tion. The first driving line 32, the scanning line 31, and the
second driving line 33 are all formed in the first wiring layer,
in other words, in the same wiring layer.

[0103] To the first driving line 32, a gate electrode 24 of
the light emission control transistor 24 is connected by a
contact 24 . To the scanning line 31, a gate electrode 23 of
the writing transistor 23 is connected by a contact 23.. To
the second driving line 33, a gate electrode 25, of the
switching transistor 25 is connected by a contact 25.
[0104] In the gate wiring structure described above, the
scanning line 31 and the second driving line 33 are formed
adjacent to each other and parallel along the row direction.
Therefore, when the interval between the pixels 20 becomes
small, the capacitance value of the parasitic capacitance C,
between the gate wirings increases. Here, the switching
transistor 25 having the second driving line 33 as a gate
wiring is connected to the anode electrode of the organic EL,
element 21 (see FIG. 2). Accordingly, when the potential of
the second driving line 33 fluctuates by coupling due to the
parasitic capacitance C, in the potential fluctuation of the
scanning line 31 that is an adjacent gate wiring, potential
fluctuation of the second driving line 33 adversely affects the
light emitting operation of the organic EL element 21, which
may cause display unevenness.

First Embodiment

[0105] A first embodiment is example in which the gate
wiring of the switching transistor 25 is formed in the wiring
layer different from a gate wiring of another transistor. FIG.
5A is a plan view of the gate wiring structure of the writing
transistor 23, the light emission control transistor 24, and the
switching transistor 25 according to the first embodiment,
and FIG. 5B is a cross-sectional view taken along line B-B
of FIG. 5A.

[0106] In the gate wiring structure according to the first
embodiment, the second driving line 33 that is the gate
wiring of the switching transistor 25 is formed in the first
wiring layer, the scanning line 31 and the first driving line
32 that are the gate wirings of the writing transistor 23 and
the light emission control transistor 24, respectively, are
formed in the second wiring layer.

[0107] Then, the gate electrode 24 of the light emission
control transistor 24 is connected to the first driving line 32
formed in the second wiring layer by the contact 24 via an
island shaped relay electrode 41 formed in the first wiring
layer. Similarly, the gate electrode 23 of the writing tran-
sistor 23 is connected to the scanning line 31 formed in the
second wiring layer by the contact 23~ via an island shaped
relay electrode 4142 formed in the first wiring layer.
[0108] Note that, although the gate wiring structure in
which both the scanning line 31 and the first driving line 32
are formed in the second wiring layer has been illustrated
here, any gate wiring structures may be used as long as the
scanning line 31 adjacent to at least the second driving line
33 is formed in the second wiring layer. Furthermore, the
gate wiring structure may be a structure in which the second
driving line 33 is formed in the second wiring layer, and the
scanning line 31, or the scanning line 31 and the first driving
line 32 are formed in the first wiring layer.

[0109] In this way, the second driving line 33 that is the
gate wiring of the switching transistor 25 is formed in a
wiring layer different from the adjacent scanning line 31, so
that a wiring interval between the second driving line 33 and
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the scanning line 31 are larger than that in a case where both
gate wirings are formed in the same wiring layer. Accord-
ingly, a parasitic capacitance C, generated between the
second driving line 33 and the scanning line 31 can be
reduced as compared with the parasitic capacitance C, in a
case where both gate wirings are formed in the same wiring
layer. As a result, when the potential of the scanning line 31
fluctuates, the influence of coupling due to the parasitic
capacitance C, to the second driving line 33 from the
scanning line 31 can be suppressed, so that it is possible to
suppress the display unevenness caused by the fluctuation of
the potential of the second driving line 33 generated by
coupling noise or the like.

Second Embodiment

[0110] A second embodiment is a modification of the first
embodiment, and is an example in which power supply
wiring of a fixed potential is formed over the second driving
line 33 that is the gate wiring of the switching transistor 25.
FIG. 6A is a plan view of the gate wiring structure of the
writing transistor 23, the light emission control transistor 24,
and the switching transistor 25 according to the second
embodiment, and FIG. 6B is a cross-sectional view taken
along line C-C of FIG. 6A.

[0111] In the gate wiring structure according to the second
embodiment, the second driving line 33 that is the gate
wiring of the switching transistor 25 is formed in a wiring
layer different from the adjacent scanning line 31, and then
a power supply wiring 36 of the power supply voltage V_,
is formed over the second driving line 33 (in this embodi-
ment, the second wiring layer). As a result, a parasitic
capacitance C; is formed between the second driving line 33
and the power supply wiring 36 over the second driving line
33.

[0112] According to the gate wiring structure according to
the second embodiment, as similar to the case of the first
embodiment, in addition to being able to suppress the
influence of the coupling due to the parasitic capacitance C,
with respect to the second driving line 33 from the scanning
line 31, the potential of the second driving line 33 can be
further stabilized by the action of the parasitic capacitance
C,. As aresult, the potential of the second driving line 33 can
be made less susceptible to influence from other gate wir-
ings, so that display unevenness due to the fluctuation of the
potential of the second driving line 33 can be suppressed.

Third Embodiment

[0113] A third embodiment is a modification of the third
embodiment, and is an example in which a power supply
wiring of a fixed potential is formed below the second
driving line 33 that is the gate wiring of the switching
transistor 25. FIG. 7A is a plan view of the gate wiring
structure of the writing transistor 23, the light emission
control transistor 24, and the switching transistor 25 accord-
ing to the third embodiment, and FIG. 7B is a cross-sectional
view taken along line D-D of FIG. 7A.

[0114] In the gate wiring structure according to the third
embodiment, the second driving line 33 that is the gate
wiring of the switching transistor 25 is formed in a wiring
layer different from the adjacent scanning line 31, and then
a power supply wiring 36 of the power supply voltage V.,
is formed below the second driving line 33 (in this embodi-
ment, the first wiring layer). As a result, a parasitic capaci-
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tance C; is formed between the second driving line 33 and
the power supply wiring 36 below the second driving line
33.

[0115] With the gate wiring structure according to the third
embodiment, similar operation and effect to those in the case
of the second embodiment can be obtained. In other words,
as similar to the case of the first embodiment, in addition to
being able to suppress the influence of the coupling due to
the parasitic capacitance C, with respect to the second
driving line 33 from the scanning line 31, the potential of the
second driving line 33 can be further stabilized by the action
of the parasitic capacitance C;. As a result, the potential of
the second driving line 33 can be made less susceptible to
influence from other gate wirings, so that display uneven-
ness due to the fluctuation of the potential of the second
driving line 33 can be suppressed.

[0116] <Modification>

[0117] Although the technology of the present disclosure
has been described above on the basis of the preferred
embodiments, the technique of the present disclosure is not
limited to the embodiments. The configuration and structure
of'the display device described in each of the above embodi-
ments are illustrative and can be changed as appropriate. For
example, in each of the above embodiments, the gate wiring
(scanning line 31) of the writing transistor 23 is exemplified
as the gate wiring of another transistor, but the gate wiring
of another transistor is not limited thereto. For example, in
the pixel circuit shown in FIG. 2, the gate wiring (first
driving line 32) of the light emission control transistor 24
can be used as the gate wiring of another transistor.

[0118] <Electronic Device of the Present Disclosure>
[0119] The display device according to the present disclo-
sure described above can be used as a display unit (display
device) of an electronic device in any fields that displays a
video signal input to an electronic device or a video signal
generated in the electronic device as an image or video.
Examples of the electronic device can include a television
set, a notebook personal computer, a digital still camera, a
mobile terminal device such as a mobile phone, a head
mount display, and the like. However, the electronic device
is not limited to these.

[0120] As described above, the following effects can be
obtained by using the display device of the present disclo-
sure as a display unit in electronic devices of any fields. In
other words, according to the display device of the present
disclosure, it is possible to suppress display unevenness
caused by the fluctuation of the potential of the gate wiring
of the switching transistor 25. Accordingly, the display
device of the present disclosure is used as a display unit
(display device) of the electronic device, and thereby, the
display quality of the display image can be improved.
[0121] The display device of the present disclosure also
includes a module shape of a sealed configuration. Examples
of'such a display device include a display module formed by
affixing a facing unit such as transparent glass to a pixel
array unit. Note that the display module may be provided
with a circuit unit for inputting and outputting a signal or the
like from the outside to the pixel array unit, a flexible printed
circuit (FPC), or the like. Hereinafter, a digital still camera
and a head mounted display will be exemplified as specific
examples of the electronic device using the display device of
the present disclosure. However, the specific examples illus-
trated here are merely examples, and the present invention
is not limited thereto.
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Specific Example 1

[0122] FIG. 8 is an external view of a lens interchangeable
single lens reflex type digital still camera, FIG. 8A is a front
view thereof, and FIG. 8B is a rear view thereof. A lens
interchangeable single lens reflex type digital still camera
has, for example, an interchangeable photographic lens unit
(interchangeable lens) 112 on the front right side of a camera
body unit (camera body) 111, and a grip unit 113 that is
gripped by a photographer on the front left side.

[0123] Then, a monitor 114 is provided substantially at the
center of the rear surface of the camera body unit 111. An
electronic view finder (eyepiece window) 115 is provided on
the upper portion of the monitor 114. By looking into an
electronic view finder 115, the photographer can visually
recognize an optical image of a subject introduced from the
photographing lens unit 112 and determine the composition.

[0124] In the lens interchangeable single lens reflex type
digital still camera having the above configuration, the
display device of the present disclosure can be used as the
electronic view finder 115. In other words, the lens inter-
changeable single lens reflex type digital still camera
according to the present example is manufactured by using
the display device of the present disclosure as the electronic
view finder 115.

Specific Example 2

[0125] FIG. 9 is an external view of a head mounted
display. The head mount display has, for example, an ear
hanger 212 worn in the head of a user, on both sides of a
glasses-shaped display unit 211. In this head mounted dis-
play, the display device of the present disclosure can be used
as the display unit 211. In other words, the head mounted
display according to the present example is manufactured by
using the display device of the present disclosure as the
display unit 211.

[0126] <Configuration that the Present Disclosure can
Have>
[0127] Note that, the present disclosure can also have the

following configuration.
[0128]

[0129] pixels including a light emitting unit and a plurality
of transistors, the pixels being two-dimensionally arranged
in a matrix; and

[0130] gate wirings of the plurality of transistors formed
along a row direction of a pixel array,

[0131] in which, among the plurality of transistors, a gate
wiring of a switching transistor connected to an anode
electrode of the light emitting unit is formed in a wiring
layer different from a gate wiring of another transistor.

[1] A display device including:

[0132] [2] The display device described in [1] above, in
which
[0133] the switching transistor controls a potential of the

anode electrode of the light emitting unit to set the light
emitting unit to a non-light emitting state.

[0134] [3] The display device described in [1] or [2]
above, in which

[0135] a power supply wiring of a fixed potential is

formed over or below the gate wiring of the switching
transistor.
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[0136] [4] The display device described in any of [1] to [3]
above, in which

[0137] the another transistor is a writing transistor for
writing a video signal with respect to a gate electrode of a
driving transistor that drives the light emitting unit.

[0138] [5] The display device described in [4] above, in
which,
[0139] inthe pixels, processing for correcting variations in

characteristics of the driving transistor is performed during
anon-light emitting period of the light emitting unit in which
the switching transistor is in a conductive state.

[0140] [6] The display device described in any of [1] to [5]
above, in which

[0141] a substrate on which the pixels are two-dimension-
ally arranged is a semiconductor substrate.

[0142] [7] The display device described in any of [1] to [6]
above, in which

[0143] the light emitting unit includes an organic elec-
troluminescence element.

[0144] [8] An electronic device including a display device,
the display device including:

[0145] pixels including a light emitting unit and a plurality
of transistors and two-dimensionally arranged in a matrix;
and gate wirings of the plurality of transistors formed along
a row direction of a pixel array,

[0146] in which, among the plurality of transistors, a gate
wiring of a switching transistor connected to an anode
electrode of the light emitting unit is formed in a wiring
layer different from a gate wiring of another transistor.

REFERENCE SIGNS LIST

[0147] 10 Organic EL display device
[0148] 20 Pixel (pixel circuit)

[0149] 21 Organic EL element

[0150] 22 Driving transistor

[0151] 23 Writing transistor

[0152] 24 Light emission control transistor
[0153] 25 Switching transistor

[0154] 26 Holding capacitor

[0155] 27 Auxiliary capacitor

[0156] 30 Pixel array unit

[0157] 31 (31, to 31,,) Scanning line
[0158] 32 (32, to 32,,) First driving line
[0159] 33 (33, to 33,,) Second driving line
[0160] 34 (34, to 34,) Signal line

[0161] 35 Common power supply line
[0162] 36 Power wiring

[0163] 40 Writing scanning unit

[0164] 50A First driving scanning unit
[0165] 50B Second driving scanning unit
[0166] 60 Signal output unit

[0167] 70 Display panel

1. A display device comprising:

pixels including a light emitting unit and a plurality of
transistors, the pixels being two-dimensionally
arranged in a matrix; and

gate wirings of the plurality of transistors formed along a
row direction of a pixel array,

wherein, among the plurality of transistors, a gate wiring
of a switching transistor connected to an anode elec-
trode of the light emitting unit is formed in a wiring
layer different from a gate wiring of another transistor.

2. The display device according to claim 1, wherein

the switching transistor controls a potential of the anode
electrode of the light emitting unit to set the light
emitting unit to a non-light emitting state.
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3. The display device according to claim 1, wherein

a power supply wiring of a fixed potential is formed over
or below the gate wiring of the switching transistor.

4. The display device according to claim 1, wherein

the another transistor is a writing transistor for writing a
video signal with respect to a gate electrode of a driving
transistor that drives the light emitting unit.

5. The display device according to claim 4, wherein,

in the pixels, processing for correcting variations in
characteristics of the driving transistor is performed
during a non-light emitting period of the light emitting
unit in which the switching transistor is in a conductive
state.

6. The display device according to claim 1, wherein

a substrate on which the pixels are two-dimensionally
arranged is a semiconductor substrate.

7. The display device according to claim 1, wherein

the light emitting unit comprises an organic electrolumi-
nescence element.

8. An electronic device comprising a display device, the

display device comprising:

pixels including a light emitting unit and a plurality of
transistors, the pixels being two-dimensionally
arranged in a matrix; and

gate wirings of the plurality of transistors formed along a
row direction of a pixel array,

wherein, among the plurality of transistors, a gate wiring
of a switching transistor connected to an anode elec-
trode of the light emitting unit is formed in a wiring
layer different from a gate wiring of another transistor.

#* #* #* #* #*
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