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ELECTRO-OPTICAL DEVICE AND
ELECTRONIC APPARATUS

[0001] This is a Continuation of application Ser. No.
14/678,552, filed Apr. 3, 2015, which is a Continuation of
application Ser. No. 13/848,323 filed Mar. 21, 2013, which
claims priority of Japanese Patent Application No. 2012-
084743, filed Apr. 3, 2012. The disclosures of the prior appli-
cations are hereby incorporated by reference herein in their
entirety.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to an electro-optical

device and an electronic apparatus.

[0004] 2. Related Art

[0005] In recent years, various types of electro-optical
devices that display images using light-emitting elements
such as organic light-emitting diode (hereinafter referred to as
“OLED”) elements have been proposed. In such electro-op-
tical devices, pixel circuits that include light-emitting ele-
ments, transistors and the like are provided to correspond to
the pixels of images that are to be displayed. More specifi-
cally, a configuration in which, in addition to a plurality of
pixel circuits that correspond to the pixels of images that are
to be displayed being provided in matrix form, a control line
such as a scanning line is provided in each row in order to
drive the plurality of pixel circuits, is common (for example,
refer to JP-A-2007-316462).

SUMMARY

[0006] However, in recent years, there are many cases in
which a smaller display size and a higher definition of display
is required in electro-optical devices. In such cases, a control
line with a narrower pitch is necessary in order to dispose
pixel circuits at high density.

[0007] An advantage of some aspects of the invention is
that it is possible to realize a high density wiring of a plurality
of control lines that include a plurality of scanning lines and
to realize a higher definition of display or a smaller display
size.

[0008] Inordersolvethe abovementioned problem, accord-
ing to an aspect of the invention, there is provided an electro-
optical device which is provided with a scanning line, a data
line that intersects the scanning line and a pixel circuit that is
provided to correspond to the intersection of the scanning line
and the data line, in which the pixel circuit has a drive tran-
sistor, a write-in transistor with a gate which is electrically
connected to the scanning line, a first storage capacity that
stores a charge that depends on a data signal that is supplied
through the data line and the write-in transistor, and a light-
emitting element that emits light at a brightness that depends
on the size of a current that is supplied through the drive
transistor, and the scanning line and the gate of the drive
transistor overlap when viewed from a direction that is per-
pendicular to a surface of a substrate on which the pixel circuit
is formed.

[0009] According to this aspect of the invention, since the
scanning line is wired on the gate of the drive transistor, in
comparison with a case in which the scanning line is wired not
to intersect the gate of the drive transistor, the restrictions on
space can be relaxed when providing the scanning line. As a
result of this configuration, a scanning line with a narrower
pitch and higher density of wiring are possible. That is,
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according to the aspect of the invention, it is possible to
dispose a plurality of pixel circuits at a higher density, and a
higher definition of display and a smaller display size are
possible. Additionally, in the aspect of the invention, the
write-in transistor may, for example, be electrically con-
nected between the gate of the drive transistor and the data
line.

[0010] In addition, the electro-optical device according to
the aspect of the invention is provided with one or more
control lines that include a scanning line, a data line that
intersects the scanning line and a pixel circuit that is provided
to correspond to the intersection of the scanning line and the
data line, the pixel circuit has a drive transistor, a write-in
transistor with a gate which is electrically connected to the
scanning line, a first storage capacity that stores a charge that
depends on a data signal that is supplied through the data line
and the write-in transistor, and a light-emitting element that
emits light at a brightness that depends on the size of a current
that is supplied through the drive transistor, and a control line
which overlaps the gate of the drive transistor when viewed
from a direction that is perpendicular to a surface of a sub-
strate on which the pixel circuit is formed is included in the
one or more control lines.

[0011] According to this aspect of the invention, since the
control line is wired on the gate of the drive transistor, in
comparison with a case in which the control line is wired not
to intersect the gate of the drive transistor, the restrictions on
space can be relaxed when providing the control line. As a
result of this configuration, a control line with a narrower
pitch and higher density of wiring are possible. That is,
according to the aspect of the invention, it is possible to
dispose a plurality of pixel circuits at a higher density, and a
higher definition of display and a smaller display size are
possible.

[0012] In addition, it is preferable that the abovementioned
electro-optical device be further provided with a scanning
line drive circuit that controls the operation of the pixel cir-
cuit, the write-in transistor is turned on in a case in which the
scanning line drive circuit supplies a first potential to the
scanning line and is turned off in a case in which the scanning
line drive circuit supplies a second potential to the scanning
line, the scanning line and the gate of the drive transistor
overlap when viewed from a direction that is perpendicular to
a surface of a substrate on which the pixel circuit is formed,
and when the scanning line drive circuit sets a period in which
the potential that is supplied to the scanning line switches
from the second potential to the first potential as a first switch-
ing period, and the scanning line drive circuit sets a period in
which the potential that is supplied to the scanning line
switches from the first potential to the second potential as a
second switching period, it is preferable that the duration of
the second switching period be longer than the duration of the
first switching period.

[0013] Inacasein which the gate of the drive transistor and
the scanning line intersect in a plan view, the capacity is
leeched between the gate of the drive transistor and the scan-
ning line. Further, in a case in which the potential of the
scanning line fluctuates rapidly, the fluctuation in potential
affects the gate of the drive transistor and the potential of the
gate of the drive transistor changes.

[0014] The drive transistor supplies a current of a size that
depends on the voltage between a determined gate and source
to the light-emitting element when the write-in transistor is
turned off, and the light-emitting element emits light at a
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brightness that depends on the size of the current. Therefore,
if the potential of the gate of the drive transistor changes when
the write-in transistor is turned off (that is, after the write-in
transistor has been established as a voltage that defines the
brightness of the light-emitting element), the light-emitting
element emits light at a brightness that is different from the
defined brightness, and the display quality of the electro-
optical device is reduced.

[0015] In contrast to this, the scanning line drive circuit
according to an aspect of the invention causes the change in
potential of the scanning line when the write-in transistor is
turned off to change gradually in comparison with the change
in potential when the write-in transistor is turned on. Accord-
ing to this configuration, the fluctuation in the potential of the
scanning line when the write-in transistor is turned off pre-
vents propagation to the gate of the drive transistor, and it is
possible for the light-emitting element to emit light at a
defined brightness. That is, according to the electro-optical
device of the aspect of the invention, it is possible to realize a
control line with a narrower pitch without causing a deterio-
ration in display integrity.

[0016] In addition, the pixel circuit may be provided with a
first switching transistor that is electrically connected
between the gate and the drain of the drive transistor, and the
one or more control lines may include a first control line that
is electrically connected to the gate of the first switching
transistor.

[0017] Insuch acase, it is preferable that the first switching
transistor be turned on in a case in which the scanning line
drive circuit supplies a first potential to the first control line,
turned off in a case in which the scanning line drive circuit
supplies a second potential to the first control line, the first
control line and the gate of the drive transistor overlap when
viewed from a direction that is perpendicular to a surface of a
substrate on which the pixel circuit is formed, and if the
scanning line drive circuit sets a period in which the potential
that is supplied to first control line switches from the second
potential to the first potential as a third switching period, and
the scanning line drive circuit sets a period in which the
potential that is supplied to the first control line switches from
the first potential to the second potential as a fourth switching
period, it is preferable that the duration of the fourth switch-
ing period be longer than the duration of the third switching
period.

[0018] Ina casein which the gate of the drive transistor and
the first switching transistor intersect in a plan view, the
capacity is leeched between the gate of the drive transistor and
the first control line. Further, in a case in which the potential
of the first control line fluctuates rapidly, the fluctuation in
potential affects the gate of the drive transistor and the poten-
tial of the gate of the drive transistor changes.

[0019] Incidentally, in a case in which the first switching
transistor is turned on, the gate of the drive transistor and the
source thereof are electrically connected, and the voltage
between the gate and source of the drive transistor is estab-
lished as a value that compensates for variation in the thresh-
old voltage of each pixel circuit. Therefore, if the potential of
the gate of the drive transistor changes when the first switch-
ing transistor is turned off (that is, after threshold compensa-
tion has been performed), it is no longer possible to compen-
sate for variation in the threshold voltage of the drive
transistor of each pixel circuit, and display uniformity is lost.
[0020] In contrast to this, the scanning line drive circuit
according to this aspect causes the change in potential of the
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first control line when the first switching transistor is turned
off to change gradually in comparison with the change in
potential when the write-in transistor is turned on. According
to this configuration, the fluctuation in the potential of the first
control line when the first switching transistor is turned off
prevents propagation to the gate of the drive transistor, and
prevents the potential of the gate of the drive transistor from
changing from the potential at which threshold compensation
is performed. That is, according to the electro-optical device
of'the invention, since it is even possible to prevent the occur-
rence or the like of display unevenness like the impairment of
display uniformity in a case in which the first control line is
disposed on the gate of the drive transistor, both a smaller
electro-optical device and higher definition of display, and a
high integrity display are possible.

[0021] In addition, the pixel circuit may be provided with a
second switching transistor that is electrically connected
between the drive transistor and the light-emitting element,
and the one or more control lines may include a second
control line that is electrically connected to the gate of the
second switching transistor.

[0022] Insuchacase,itis preferablethatthe second switch-
ing transistor be turned on in a case in which the scanning line
drive circuit supplies a first potential to the second control
line, turned off in a case in which the scanning line drive
circuit supplies a second potential to the second control line,
the second control line and the gate of the drive transistor
overlap when viewed from a direction that is perpendicular to
a surface of a substrate on which the pixel circuit is formed,
and if the scanning line drive circuit sets a period in which the
potential that is supplied to second control line switches from
the second potential to the first potential as a fifth switching
period, and the scanning line drive circuit sets a period in
which the potential that is supplied to the second control line
switches from the first potential to the second potential as a
sixth switching period, it is preferable that the duration of the
fifth switching period be longer than the duration of the sixth
switching period.

[0023] According to this aspect, it is possible for the fluc-
tuation in the potential of the second control line when the
second switching transistor is turned on to prevent propaga-
tion to the gate of the drive transistor. According to this
configuration, it is possible to realize a control line with a
narrower pitch without causing a deterioration in display
integrity.

[0024] In addition, the pixel circuit may be provided with a
third switching transistor that is electrically connected
between a feed line that is supplied with a predetermined reset
potential and the light-emitting element, and the one or more
control lines may include a third control line that is electri-
cally connected to the gate of the third switching transistor.
[0025] Insuch a case, it is preferable that the third switch-
ing transistor be turned on in a case in which the scanning line
drive circuit supplies a first potential to the third control line,
turned off in a case in which the scanning line drive circuit
supplies a second potential to the third control line, the third
control line and the gate of the drive transistor overlap when
viewed from a direction that is perpendicular to a surface of a
substrate on which the pixel circuit is formed, and when the
scanning line drive circuit sets a period in which the potential
that is supplied to the third control line switches from the
second potential to the first potential as a seventh switching
period, and the scanning line drive circuit sets a period in
which the potential that is supplied to the third control line
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switches from the first potential to the second potential as an
eighth switching period, it is preferable that the duration of
the eighth switching period be longer than the duration of the
seventh switching period.

[0026] According to this aspect, it is possible for the fluc-
tuation in the potential of the third control line when the third
switching transistor is turned off to prevent propagation to the
gate of the drive transistor. According to this configuration, it
is possible to realize a control line with a narrower pitch
without causing a deterioration in display integrity.

[0027] Inaddition, it is preferable that the abovementioned
electro-optical device be provided with a data line drive cir-
cuit that is electrically connected to the data line, a control
circuit that controls the operations of the scanning line drive
circuit and the data line drive circuit, and a second storage
capacity that is provided to correspond to the data line and
stores the potential of the data line, the data line drive circuit
be provided with a first potential line to which a predeter-
mined initial potential is supplied from the control circuit, a
second potential line to which a reference potential is sup-
plied from the control circuit and a level shift circuit which is
provided to correspond to the data line, the level shift circuit
be provided with a third storage capacity, a first electrode of
which is electrically connected to the data line, a first transis-
tor which is electrically connected between the first electrode
of the third storage capacity and the first potential line and a
second transistor which is electrically connected between the
second electrode of the third storage capacity and second
potential line, the control circuit maintain the first transistor in
an on state in a first period, the scanning line drive circuit
maintain the write-in transistor in an on state and the control
circuit maintain the second transistor in an on state in addition
to maintaining the first transistor in an off state in a second
period that starts after the first period has finished, and the
scanning line drive circuit maintain the write-in transistor in
an on state, the control circuit maintain the first transistor and
the second transistor in an off state and the second electrode
of the third storage capacity be supplied with a potential on
the basis of an image signal that defines the brightness of the
light-emitting element in a third period that starts after the
second period has finished.

[0028] According to this aspect of the invention, the data
line is connected to the second storage capacity and the third
storage capacity, and the second electrode of the third storage
capacity supplies a potential on the basis of an image signal
that defines the brightness of the light-emitting element.
Therefore, the width of a fluctuation in the potential of the
data line becomes a width of the fluctuation in the potential
that is supplied to the second electrode of the third storage
capacity that is compressed depending on the capacity ratio of
the second storage capacity and the third storage capacity.
That is, the range of the fluctuation in the potential of the data
line is narrowed in comparison with the range of the fluctua-
tion of the potential based on the image signal. As a result of
this, it is even possible to set the potential of the gate of the
drive transistor with a fine degree of accuracy when the image
signal is not recorded with a fine degree of accuracy. There-
fore, it is possible to supply a current to the light-emitting
element with a high degree of accuracy, and a high integrity
display is possible. In addition, since it is possible to suppress
the width ofthe change in potential of the data line to be small,
it is possible to prevent the occurrence of crosstalk, uneven-
ness and the like that are caused by fluctuations in the poten-
tial of the data line.
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[0029] Additionally, the electro-optical device according to
the aspect of the invention determines the potential of the gate
of'the drive transistor by supplying a charge to the first storage
capacity and the second storage capacity through the data line
from the first electrode of the third storage capacity. More
specifically, the potential of the gate of the drive transistor is
decided by the capacitance value of the first storage capacity,
the capacitance value of the second storage capacity and the
quantity of the charge that the third storage capacity supplies
to the first storage capacity and the second storage capacity. In
a hypothetical case in which the electro-optical device is not
provided with the second storage capacity, the potential of the
gate of the drive transistor is decided by the capacitance value
of the first storage capacity and the charge that the third
storage capacity supplies. Accordingly, in a case in which the
capacitance value of the first storage capacity has relative
variation between each pixel circuit caused by accidental
errors in the semiconductor process thereof, the potential of
the gate of the drive transistor also has variation in each pixel
circuit thereof. In such a case, display unevenness occurs and
the display quality is reduced.

[0030] In contrast to this, an aspect of the invention is
provided with a second storage capacity that stores the poten-
tial of the data line. Since the second storage capacity is
provided to correspond to each data line, in comparison with
the first storage capacity that is provided inside the pixel
circuit, it is possible to configure the second storage capacity
to have an electrode with a large area. Therefore, in compari-
son with the first storage capacity, the second storage capacity
has less relative variation in capacitance value caused by
accidental errors in the semiconductor process thereof.
According to this configuration, it is possible to prevent varia-
tion in the potential in each pixel circuit of the gate of the drive
transistor, and a high integrity display in which the occur-
rence of display unevenness is prevented is possible.

[0031] Inaddition, it is preferable that the level shift circuit
be provided with a fourth storage capacity, a potential that
shows the image signal be supplied to the first electrode of the
fourth storage capacity in at least a portion of a period from
the start of the first period to the start of the third period, and
the first electrode of the fourth storage capacity be electrically
connected to the second electrode of the third storage capac-
ity in the third period.

[0032] According to this aspect of the invention, the image
signal is supplied to the first electrode of the fourth storage
capacity in the first period and the second period, and in
addition to being stored temporarily, the image signal is sup-
plied to the gate of the drive transistor through the third
storage capacity in the third period.

[0033] In a hypothetical case in which the electro-optical
device is not provided with the fourth storage capacity, all of
the operations that supply a potential that shows the image
signal to the gate of the drive transistor have to be performed
in the third period, and it is necessary set the third period to be
sufficiently long.

[0034] Incontrasttothis, sinceinan aspect of the invention,
an image signal supply operation and a data line or the like
initialization operation are performed in parallel in the first
period and the second period, it is possible to relax the restric-
tions on time of the operations that are to be executed in a
single horizontal scan period. According to this configura-
tion, in addition to a reduction in the speed of the image signal
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supply operation being possible, it is possible to sufficiently
secure a period in which the initialization of the data line or
the like is performed.

[0035] Inaddition, according to this aspect of the invention,
since the size of the fluctuation in potential based on the
image signal is compressed using the fourth storage capacity
in addition to the first storage capacity, the second storage
capacity and the third storage capacity, it is possible to supply
a current to the light-emitting element with a fine degree of
accuracy.

[0036] In addition, it is preferable that the scanning line
drive circuit maintain the first switching transistor in an on
state in the second period, maintain the first switching tran-
sistor in an off state in periods other than the second period,
and maintain the second switching transistor in an off state in
addition to maintaining the third switching transistor in an on
state in the first period, the second period and the third period.
[0037] According to this aspect of the invention, it is pos-
sible to set the potential of the gate of the drive transistor to a
potential that corresponds to the threshold voltage of the drive
transistor by setting the first switching transistor to an on state
in the second period, and it is possible to compensate for
variation in the threshold voltage of the drive transistor of
each pixel circuit.

[0038] Inaddition, according to this aspect of the invention,
it is possible to suppress the effect of the stored voltage of the
capacity that leeches to the light-emitting element by setting
the third switching transistor to an on state in the first period
to the third period.

[0039] Additionally, in addition to an electro-optical
device, it is possible for an aspect of the invention to be an
electronic apparatus that has the electro-optical device.
Examples of the electronic apparatus typically include dis-
play devices such as head-mounted displays (HMDs) and
electronic viewfinders.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0041] FIG.1is a perspective view that shows the configu-
ration of an electro-optical device according to an embodi-
ment of the invention.

[0042] FIG. 2 is a view that shows the configuration of the
same electro-optical device.

[0043] FIG. 3 isaview that shows a data line drive circuitin
the same electro-optical device.

[0044] FIG.4 is aview thatshows a pixel circuitin the same
electro-optical device.

[0045] FIG.5 isaplan view that shows the configuration of
the pixel circuit in the same electro-optical device.

[0046] FIG. 6 is a partial cross-sectional view that shows
the configuration of the pixel circuit in the same electro-
optical device.

[0047] FIG. 7 is a timing chart that shows the operations of
the same electro-optical device.

[0048] FIG. 8 is an operation explanatory view of the same
electro-optical device.

[0049] FIGS. 9A and 9B are views that describe changes in
the potentials of gate nodes of the same electro-optical
device.

[0050] FIG.101is anexplanatory view that shows amplitude
compression of a data signal in the same electro-optical
device.
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[0051] FIG. 11 is an explanatory view that shows the char-
acteristics of a transistor in the same electro-optical device.
[0052] FIG. 12 is a plan view that shows the configuration
of a pixel circuit in an electro-optical device according to
modification example 1.

[0053] FIG. 13 is atiming chart that shows the operations of
the same electro-optical device.

[0054] FIG. 14 is a plan view that shows the configuration
of a pixel circuit in an electro-optical device according to
modification example 2.

[0055] FIG. 15 is atiming chart that shows the operations of
the same electro-optical device.

[0056] FIG. 16 is a perspective view that shows an HMD
that uses the electro-optical device according to the embodi-
ment and the like.

[0057] FIG. 17 is a view that shows the optical configura-
tion of the HMD.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0058] Hereinafter, embodiments of the invention will be
described with reference to the drawings.

Embodiment

[0059] FIG. 1is a perspective view that shows the configu-
ration of an electro-optical device 1 according to an embodi-
ment of the invention. The electro-optical device 1 is for
example, a micro display that displays images in a head-
mounted display.

[0060] As shown in FIG. 1, the electro-optical device 1 is
provided with a display panel 2 and a control circuit 3 that
controls the operation of the display panel 2. The display
panel 2 is provided with a plurality of pixel circuits and a drive
circuit that drives the pixel circuits. In the present embodi-
ment, the plurality of pixel circuits and the drive circuit that
the display panel 2 is provided with are formed on a silicon
substrate and an OLED, which is an example of a light-
emitting element is used in the pixel circuits. In addition, the
display panel 2 is for example, connected to a terminal of an
FPC (Flexible Printed Circuit) substrate 84 in addition to
being accommodated in a frame-like case 82 that is open in a
display section thereof.

[0061] Inaddition to a semiconductor chip control circuit 3
being mounted in the FPC substrate 84 using COF (Chip On
Film) technology, a plurality of terminals 86 are provided and
connected to an upper level circuit that is not shown in the
drawing.

[0062] FIG. 2 is a block view that shows the configuration
of' the electro-optical device 1 according to the embodiment.
As described above, the electro-optical device 1 is provided
with a display panel 2 and a control circuit 3.

[0063] Digital image data Video is supplied from the upper
level circuit that is not shown in the drawing to the control
circuit 3 in synchronization with a synchronizing signal. In
this case, the image data Video is for example, data that
defines the gradation level of the pixels of an image that is to
be displayed on the display panel 2 (strictly speaking, a dis-
play section 100 that will be described later) in 8 bits. In
addition, the synchronizing signal is a signal that includes a
vertical synchronizing signal, a horizontal synchronizing sig-
nal and a dot clock signal.

[0064] The control circuit 3 generates various control sig-
nals and supplies the foregoing to the display panel 2 on the
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basis of the synchronizing signal. More specifically, the con-
trol circuit 3 supplies a control signal Ctr, a negative logic
control signal /Gini, a positive logic control signal Gref, a
positive logic control signal Gepl, a negative logic control
signal /Gepl that has a logically inverted relationship with the
positive logic control signal Gepl, control signals Sel (1), Sel
(2) and Sel (3), and control signals /Sel (1), /Sel (2) and /Sel
(3) that have logically inverted relationships with the control
signals Sel (1), Sel (2) and Sel (3) to the display panel 2. In this
case, the control signal Ctr is a signal that includes a plurality
of'signals such as a pulse signal, a clock signal and an enable
signal. Additionally, there are cases in which the control
signals Sel (1), Sel (2) and Sel (3) are referred to as a control
signal Sel and those in which the control signals /Sel (1), /Sel
(2) and /Sel (3) are referred to as a control signal /Sel.
[0065] In addition, the control circuit 3 supplies various
potentials to the display panel 2. More specifically, the control
circuit 3 supplies a predetermined reset potential Vorst, a
predetermined initial potential Vini, a predetermined refer-
ence potential Vref and the like to the display panel 2.
[0066] Furthermore, the control circuit 3 generates an ana-
log image signal Vid on the basis of the image data Video.
More specifically, a look-up table in which a potential that
shows the image signal Vid, and a brightness of the light-
emitting element (an OLED 130 to be described later) that the
display panel 2 is provided with are associated and stored, is
provided in the control circuit 3. Further, the control circuit 3
generates an image signal Vid that shows a potential that
corresponds to the brightness of the light-emitting element
that is defined by image data Video by referring to the look-up
table, and supplies the image signal Vid to the display panel 2.
[0067] As shown in FIG. 2, the display panel 2 is provided
with a display section 100, and drive circuits (a data line drive
circuit 10 and a scanning line drive circuit 20) that drives the
display section 100.

[0068] Pixel circuits 110 that correspond to the pixels of an
image to be displayed are arranged in matrix form in the
display section 100. In more detail, in the display section 100,
m rows of scanning lines 12 are provided to extend in the
horizontal direction (the X direction) in the drawing, and in
addition, (3n) columns of data lines 14 that are grouped every
three columns are provided to extend in the vertical direction
(theY direction) in the drawing and to have mutual electrical
insulation from each scanning line 12. Further, pixel circuits
110 are provided to correspond to the intersecting sections of
mrows of scanning lines 12 and (3n) columns of data lines 14.
Therefore, in the embodiment, the pixel circuits 110 are
arranged in matrix from with m vertical rowsx(3n) horizontal
columns.

[0069] In this case, m and n are both positive integers. In
order to discriminate the rows among the matrix of the scan-
ning lines 12 and the pixel circuits 110, there are cases in
which the foregoing are calledrows 1, 2,3, ..., (m-1) and m
in order from the top of the drawing. In the same manner, in
order to discriminate the columns of the matrix of the data
lines 14 and the pixel circuits 110, there are cases in which the
foregoing are called columns 1, 2, 3, ..., (3n-1), and (3n) in
order from the left of the drawing. In addition, in order to
normalize and describe the groups of data lines 14, if a j
integers that are one or more and n or less are used, counting
from the left, the data lines 14 of a (3j-2)" column, a (3j-1)"*
column and a (3j)” column belong to a j* group.

[0070] Additionally, three pixel circuits 110 that corre-
spond to the intersections of scanning lines 12 of the same
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row and three columns of data lines 14 that belong to the same
group respectively correspond to pixels of R (red), G (green)
and B (blue), and these three pixels represent 1 dot of a color
image that is to be displayed. That is, a configuration that
represents the color of a dot using the light emission of an
OLED that corresponds to R, G and B with additive color
mixing is used in the embodiment.

[0071] Inaddition, as shownin FIG. 2, (3n) columns of feed
lines 16 are provided in the display section 100 to extend in
the vertical direction and to have mutual electrical insulation
from each scanning line 12. The predetermined reset potential
Vorst is mutually fed to each feed line 16. In this case, in order
to discriminate the columns of the feed lines 16, there are
cases in which the foregoing are called the 1, 2,3, . .., (3n),
and (3n+1)” column of the feed lines 16 in order from the left
of the (3n)” drawing. Each feed lines 16 from a 1* column to
acolumn is provided to correspond to each data line 14 ofa 1%
column to a (3n)” column.

[0072] Inaddition, (3n) storage capacities 50 are provided
in the display panel 2 to correspond to each data line 14 of the
1* column to the (3n)” column. The storage capacities 50
have two electrodes. A first electrode of each storage capacity
50 is connected to a data line 14 and a second electrode is
connected to a feed line 16. That is, the storage capacities 50
function as second storage capacities that store the potential
of each data line 14. Additionally, it is preferable that the
storage capacities 50 be formed by sandwiching an insulating
body (a dielectric body) between mutually adjacent feed lines
16 and data lines 14. In such a case, the distance between the
mutually adjacent feed lines 16 and data lines 14 is estab-
lished so as to obtain a capacity of a necessary size. Addition-
ally, hereinafter, the capacitance value of the storage capaci-
ties 50 is given as Cdt.

[0073] InFIG. 2, the storage capacities 50 are provided on
the outside of the display section 100, but this is an equivalent
circuit, and the storage capacities 50 may be provided on the
inside of the display section 100. In addition, the storage
capacities 50 may be provided to span from the inside of the
display section 100 to the outside.

[0074] Inaccordance with the control signal Ctr, the scan-
ning line drive circuit 20 generates scanning signals Gwr for
scanning each row of the scanning lines 12 in order during a
period of a frame. In this case, the scanning signals Gwr that
are suppliedtothe 1,2,3, . ..., and m™ scanning lines 12 are
respectively given as Gwr(1), Gwr(2), Gwr(3), . . . , Gwr(m-
1), and Gwr(m).

[0075] Additionally, in addition to the scanning signals
Gwr(1) to Gwr(m) the scanning line drive circuit 20 generates
various control signals for each row in synchronization with
the scanning signals Gwr and supplies the foregoing to the
display section 100, but this is not shown in FIG. 2. In addi-
tion, the period of a frame may be a period necessary for the
electro-optical device 1 to display one cut (coma) of image,
for example, if the frequency of the vertical synchronizing
signal that is included in the synchronizing signal is 120 Hz,
the period of a frame is 8.3 milliseconds, the period of one
cycle thereof.

[0076] The data line drive circuit 10 is provided with (3n)
level shift circuits LS that are provided to have a one-to-one
correspondence with each (3n) columns of data lines 14, n
demultiplexers DM that are provided for each three columns
of data lines 14 that configure each group and a data signal
supply circuit 70.
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[0077] The data signal supply circuit 70 generates data
signals Vd(1), Vd(2), ..., and Vd(n) on the basis of the image
signal Vid and the control signal Ctr that are supplied from the
control circuit 3. That is, the data signal supply circuit 70
generates data signals Vd(1), Vd(2), . . . ., and Vd(n) on the
basis of an image signal Vid which time-division multiplexes
the data signals Vd(1), Vd(2), . . ., and Vd(n). Further, the data
signal supply circuit 70 respectively supplies the data signals
vd(), VdQ2), . . ., and Vd(n) to demultiplexers DM that
correspond to the 1, 2, . . ., and n” groups. In addition, the
maximum possible value of the potential of the data signals
Vd(1) to Vd(n) is set as Vmax and the minimum possible
value as Vmin.

[0078] FIG. 3 is a circuit diagram for describing the con-
figuration of a demultiplexer DM and a level shift circuit LS.
FIG. 3 shows a demultiplexer DM that belongs to a j* group
and three level shift circuits LS that are connected to the
demultiplexer DM as representative examples. Additionally,
hereinafter, there are cases in which the demultiplexer DM
that belongs to the j* group is given as DM(j).

[0079] Hereinafter, the configuration of a demultiplexer
DM and a level shift circuit LS will be described with refer-
ence to FIG. 3 as well as FIG. 2.

[0080] As shown in FIG. 3, the demultiplexer DM is an
assembly of transmission gates 34 that are provided for each
column, and supplies a data signal in order to the three col-
umns that configure each group. In this case, input ends of the
transmission gates 34 that correspond to the columns (3j-2),
(3j-1) and (3j) that belong to the j” group are mutually inter-
connected, and a data signal Vd(j) is supplied to a common
terminal thereof. The transmission gate 34 that is provided in
the (3j-2) column, which is the left end column in the j*
group, is on (conductive) when the control signal Sel(1) is at
an H level (when the control signal /Sel(1) is at an L. level). In
the same manner, the transmission gate 34 that is provided in
the (3j-1) column, which is the central column in the j*
group, is on when the control signal Sel(2) is at an H level
(when the control signal /Sel(2) is at an L level), and the
transmission gate 34 that is provided in the (3j) column,
which is the right end column in the j* group, is on when the
control signal Sel(3) is at an H level (when the control signal
/Sel(3) is at an L level).

[0081] The level shift circuit LS has a set of a storage
capacity 41, a storage capacity 44, a P channel MOS-type
transistor 45 (first transistor), an N channel MOS-type tran-
sistor 43 (second transistor), and a transmission gate 42 for
each column, and shifts the potential of the data signal that is
output from the output end of the transmission gate 34 of each
column.

[0082] In this case, the storage capacity 44 has two elec-
trodes. A first electrode of the storage capacity 44 is electri-
cally connected to a corresponding column of a data line 14
and either one of the source and the drain of the transistor 45.
In addition, a second electrode of the storage capacity 44 is
electrically connected the output end of the transmission gate
42 and either one of the source and the drain of the transistor
43 through a node hl. That is, the storage capacity 44 func-
tions as third storage capacity, the first electrode of which is
electrically connected to the data line 14. Additionally, the
capacitance value of the storage capacity 44 is set as Crfl.
[0083] The other of one of the source and the drain of the
transistor 45 of each column is electrically connected to a feed
line 61 (first potential line). In addition, the control circuit 3
commonly supplies control signals /Gini to the gate of the
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transistor 45 of each column. Therefore, the transistor 45 is
electrically connected to the first electrode of the storage
capacity 44 (and the data line 14) and the feed line 61 when
the control signal /Gini is at an L. level and is not electrically
connected when the control signal /Gini is at an H level.
Additionally, the predetermined initial potential Vini is sup-
plied to the feed line 61 from the control circuit 3.

[0084] The other of one of the source and the drain of the
transistor 43 of' each column is electrically connected to a feed
line 62 (second potential line). In addition, the control circuit
3 commonly supplies control signals Gref to the gate of the
transistor 43 of each column. Therefore, the transistor 43 is
electrically connected to the second electrode of the storage
capacity 44, the node hi and the feed line 62 when the control
signal Gref is at an H level and is not electrically connected
when the control signal Gref'is at an L. level. Additionally, the
reference potential Vref is supplied to the feed line 62 from
the control circuit 3.

[0085] The storage capacity 41 has two electrodes. A first
electrode of the storage capacity 41 is electrically connected
to an input end of the transmission gate 42 through a node h2.
In addition, the output end of the transmission gate 42 is
electrically connected to a second electrode of the storage
capacity 44 through the node hl.

[0086] The control circuit 3 commonly supplies control
signals Gepl and control signals /Gepl to the transmission
gate 42 of each column. Therefore, the transmission gate 42
of'each column is simultaneously on when the control signal
Gepl is at an H level (when the control signal /Geplis atan L.
level).

[0087] The first electrode of the storage capacity 41 of each
column is electrically connected to output end of the trans-
mission gate 34 and the input end of the transmission gate 42
through the node h2. Further, when the transmission gate 34
is on, the data signal Vd(j) is supplied to the first electrode of
the storage capacity 41 through the output end of the trans-
mission gate 34. That is, the storage capacity 41 functions as
a fourth storage capacity, the first electrode of which is sup-
plied with the data signal Vd(j). In addition, the second elec-
trode of the storage capacity 41 of each column is commonly
connected to a feed line 63 to which a potential Vs, which is
a fixed potential, is supplied. In this case, the potential Vss
may be a logic signal that corresponds to an L level of a
scanning signal or a control signal. Additionally, the capaci-
tance value of the storage capacity 41 is set as Crf2.

[0088] The pixel circuits 110 will be described with refer-
ence to FIG. 4. Since each pixel circuit 110 has the same
configuration from an electrical point of view, in this case, the
pixel circuits 110 will be described using a pixel circuit 110 of
row i, column (3j-2), which is positioned in the i row, and
the (3j-2)" column of the left end column among the j*
group, as an example. Additionally, i is a symbol that com-
monly shows the rows in which pixel circuits 110 are
arranged, and is an integer that is 1 or more and m or less.
[0089] As shown in FIG. 4, the pixel circuit 110 includes P
channel MOS-type transistors 121 to 125, an OLED 130 and
a storage capacity 132. The scanning signal Gwr(i), and con-
trol signals Gemp(i), Gel(i) and Gorst(i) are supplied to the
pixel circuit 110. In this case, the scanning signal Gwr(i), and
the control signals Gemp(i), Gel(i) and Gorst(i) are respec-
tively supplied by a scanning line drive circuit 20 that corre-
sponds to the i row.

[0090] Additionally, although not shown in FIG. 2, m rows
of control lines 143 (first control lines) that extend in the
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horizontal direction (the X direction) in FIG. 2, m rows of
control lines 144 (second control lines) that extend in the
horizontal direction and m rows of control lines 145 (third
control lines) that extend in the horizontal direction are pro-
vided in the display panel 2 (display section 100). Further, the
scanning line drive circuit 20 respectively supplies control
signals Gemp(1), Gemp(2), Gemp(3), . . . and Gemp(m) to the
1,2,3,...and m” rows of control lines 143, respectively
supplies control signals Gel(1), Gel(2), Gel(3), . . . , and
Gel(m)tothe1,2,3,...and m” rows of control lines 144, and
respectively supplies control signals Gorst(1), Gorst(2),
Gorst(3), . . . and Gorst(m) to the 1, 2, 3, . . . and m™ rows of
control lines 145. That is, the scanning line drive circuit 20
commonly supplies the scanning signal Gwr(i), and the con-
trol signals Gel(i), Gemp(i) and Gorst(i) to (3n) pixel circuits
110 positioned in the i” row through the scanning line 12 and
the control lines 143, 144 and 145 of the i” row respectively.
Hereinafter, there are cases in which the scanning line 12, the
control line 143, the control line 144 and the control line 145
are referred to as “the control line”. That is, four control lines
that include the scanning line 12 are provided in each row in
the display panel 2 according to the embodiment.

[0091] The gate of the transistor 122 is electrically con-
nected to the scanning line 12 of the i” row, and either one of
the source and the drain thereof is electrically connected to
the data line 14 of the (3j-2)” column. In addition, the storage
capacity 132 has two electrodes. The other one of the source
and the drain of the transistor 122 is respectively electrically
connected to the gate of the transistor 121, the first electrode
of' the storage capacity 132, and either one of the source and
the drain of the transistor 123. That is, the transistor 122 is
electrically connected between the transistor 121 and the data
line 14 and functions as a write-in transistor that controls the
electrical connection between the gate of the transistor 121
and the data line 14. Additionally, hereinafter, there are cases
in which the wiring that electrically connects the gate of the
transistor 121, the other one of the source and the drain of the
transistor 122, one of the source and the drain of the transistor
123 and the first electrode of storage capacity 132 is referred
to as a gate node g (of the transistor 121).

[0092] The source of the transistor 121 is electrically con-
nected to a feed line 116, and the drain thereof is electrically
connected to the other one of the source and the drain of the
transistor 123 and the source of the transistor 124. In this case,
apotential Vel, which is on the high side of a power supply in
the pixel circuit 110, is supplied to the feed line 116. This
transistor 121 functions as a drive transistor that flows a
current that depends on the voltage between the gate and the
source of the transistor 121.

[0093] The gate of the transistor 123 is electrically con-
nected to the control line 143, and the control signal Gemp(i)
is supplied thereto. This transistor 123 functions as a first
switching transistor that controls the electrical connection
between the gate and the drain of the transistor 121.

[0094] The gate of the transistor 124 is electrically con-
nected to the control line 144, and the control signal Gel(i) is
supplied thereto. In addition, the drain of the transistor 124 is
respectively electrically connected to the source of the tran-
sistor 125 and an anode 130a of the OLED 130. This transis-
tor 124 functions as a second switching transistor that con-
trols the electrical connection between the drain of the
transistor 121 and the anode of the OLED 130.

[0095] The gate of the transistor 125 is electrically con-
nected to the control line 145, and the control signal Gorst(i)
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is supplied thereto. In addition, the drain of the transistor 125
is electrically connected to the feed line 16 of the (3j-2)”
column and keeps the reset potential Vorst. This transistor 125
functions as a third switching transistor that controls the
electrical connection between the feed line 16 and the anode
130a of the OLED 130.

[0096] Since the display panel 2 in the embodiment is
formed on a silicon substrate, the substrate potentials of the
transistors 121 to 125 are set as the potential Vel.

[0097] Additionally, the abovementioned sources and
drains of the transistors 121 to 125 may be exchanged
depending on the channel type and the relationship of the
potentials of the transistors 121 to 125. In addition, the tran-
sistors may be thin film transistors or electric field effect
transistors.

[0098] The first electrode of the storage capacity 132 is
electrically connected to the gate of the transistor 121 and the
second electrode thereof is electrically connected to the feed
line 116. Therefore, the storage capacity 132 functions as a
first storage capacity that stores the voltage between the gate
and the source of the transistor 121. Additionally, the capaci-
tance value of the storage capacity 132 is given as Cpix. At
this time, the capacitance value Cdt of the storage capacity 50,
the capacitance value Crfl of the storage capacity 44 and the
capacitance value Cpix of the storage capacity 132 are set so
as to satisty

Cdt>Crf1>>Cpix.

That is, the capacitance values are set so that Cdt is greater
than Crf1, and Cpix is sufficiently smaller than Cdt and Crfl.
Additionally, as the storage capacity 132, a capacity that
leeches to the gate node g of the transistor 121 may be used or
a capacity that is formed by sandwiching an insulating layer
between mutually different conductive layers on a silicon
substrate, may be used.

[0099] The anode 130a of the OLED 130 is a pixel elec-
trode that is individually provided for each pixel circuit 110.
In contrast to this, a cathode of the OLED 130 is a common
electrode 118 that is commonly provided to span all of the
pixel circuits 110, and keeps a potential Vct, which is on the
low side of a power supply in the pixel circuit 110. The OLED
130 is an element in which a white organic EL layer is sand-
wiched between the anode 130a and a light transmissive
cathode on the abovementioned silicon base. Further, color
filters that correspond to one of RGE are overlapped on the
outgoing side (cathode side) of the OLED 130.

[0100] Inthistype of OLED 130, when a current flows from
the anode 130a to the cathode, holes injected from the anode
130a and electrons injected from the cathode recombine in
the organic EL layer, generate excitons and white light is
created. The white light created at this time is configured to
pass through the cathode on the opposite side from the silicon
substrate (anode 130a) and be visible on an observer’s side
after undergoing coloration by the color filters.

[0101] Next, the configuration of a pixel circuit 110 will be
described with reference to FIGS. 5 and 6.

[0102] FIG. 5isaplan view that shows the configuration of
the pixel circuit 110 of row i, column (3j-2). This FIG. §
shows the wiring structure in a case in which a pixel circuit
110 with a top emission structure is viewed in plan view from
the observation side thereof, but in order to simplify the view,
the structures formed in areas other than the anode 130a ofthe
OLED 130 have been omitted. In addition, FIG. 6 is a partial
cross-sectional view that has been cut at line VI-VIin FIG. 5.
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In FIG. 6, the area up to the anode 130a of the OLED 130 is
shown and other structures have been omitted. Additionally,
in FIGS. 5 and 6, there are cases in which each layer, each
member, each region and the like are shown at different scales
in order to show the foregoing at recognizable sizes.

[0103] AsshowninFIG. 6, each component that configures
the pixel circuit 110 is formed on a silicon substrate 150. In
the embodiment, a P-type semiconductor substrate is used as
the silicon substrate 150. An N well 160 is formed across
almost the entire surface of the silicon substrate 150. Addi-
tionally, in FIG. 5, in order to easily understand the regions in
which the transistors 121 to 125 are provided when viewed in
plan view, among the N well 160, only the regions in which
the transistors 121 to 125 are provided and the vicinities
thereof are shown with hatching.

[0104] The potential Vel is supplied to the N well 160
through an N-type diffusion layer (not shown). Therefore, the
substrate potentials of the transistors 121 to 125 are the poten-
tial Vel.

[0105] As shown in FIGS. 5 and 6, a plurality of P-type
diffusion layers are formed on the surface of the N well 160 as
a result of doping with ions. More specifically, 9 P-type
diffusion layers P1 to P9 are formed on the surface of the N
well 160 for each pixel circuit 110. These P-type diffusion
layers P1 to P9 function as the sources and the drains of the
transistors 121 to 125. In addition, gate insulation layers L0
are formed on the surfaces of the N well 160 and the P-type
diffusion layers P1 to P9, and gate electrodes G1 to G5 are
formed on the surfaces of the gate insulation layers 1.0 using
patterning. These gate electrodes G1 to G5 function as the
gates of the transistors 121 to 125.

[0106] As shown in FIG. 5, the transistor 121 has the gate
electrode G1, the P-type diffusion layer P1 and the P-type
diffusion layer P2. Among these, the P-type diffusion layer P1
functions as the source of the transistor 121 and the P-type
diffusion layer P2 functions as the drain of the transistor 121.
[0107] Inaddition, the transistor 122 has the gate electrode
G2, the P-type diffusion layer P3 and the P-type diffusion
layer P4. Among these, the P-type diffusion layer P3 func-
tions as either one of the source and the drain of the transistor
122 and the P-type diffusion layer P4 functions as the other
one of the source and the drain of the transistor 122.

[0108] The transistor 123 has the gate electrode G3, the
P-type diffusion layer P4 and the P-type diffusion layer P5.
Amongthese, the P-type diffusion layer P4 functions as either
one of the source and the drain of the transistor 123 and the
P-type diffusion layer P5 functions as the other one of the
source and the drain of the transistor 123. That is, the P-type
diffusion layer P4 functions as either one of the source and the
drain of the transistor 123 in addition to functioning as the
other one of the source and the drain of the transistor 122.
[0109] The transistor 124 has the gate electrode G4, the
P-type diffusion layer P6 and the P-type diffusion layer P7.
Among these, the P-type diffusion layer P6 functions as the
source of the transistor 124 and the P-type diffusion layer P7
functions as the drain of the transistor 124.

[0110] Additionally, in the embodiment, the drain of the
transistor 121, the other one of the source and the drain of the
transistor 123 and the source of the transistor 124 are respec-
tively configured by the individual P-type diffusion layers P2,
P5 and P6, but may be configured by a single P-type diffusion
layer. In such a case, it is not necessary to provide a relay node
N13 that will be described later.
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[0111] The transistor 125 has the gate electrode G5, the
P-type diffusion layer P8 and the P-type diffusion layer P9.
Among these, the P-type diffusion layer P8 functions as the
source of the transistor 125 and the P-type diffusion layer P9
functions as the drain of the transistor 125.

[0112] AsshowninFIG. 6, a firstinterlayer insulation layer
L1 is formed to cover the gate electrodes G1 to G5 and the
gate insulation layers L0.

[0113] Inadditionto a scanning line 12, a feed line 116 and
control lines 143 to 145 being respectively formed on the
surface of the first interlayer insulation layer L1 for each row
through patterning of a conductive wiring layer made of alu-
minum or the like, relay nodes N11 to N16 and a branched
section 1164 are respectively formed thereon for each pixel
circuit 110. Additionally, there are cases in which these wir-
ing layers that are formed on the surface of the first interlayer
insulation layer L1 are referred to as a first wiring layer.
[0114] As shown in FIG. 5, the feed line 116 has a section
(the branched section 116a) that is branched in the Y direction
for each pixel circuit 110 in addition to extending in X direc-
tion that intersects the Y direction. The branched section 116a
is provided so that a portion of the branched section 116a and
the P-type diffusion layer P1 mutually overlap each other
when viewed in plan view (that is, when the pixel circuit 110
is viewed from a direction that is perpendicular to a surface of
the silicon substrate 150 on which the pixel circuit 110 is
formed). In addition, as shown in FIGS. 5 and 6, the branched
section 116a electrically connected to the P-type diffusion
layer P1 through a contact hole Hal that penetrates the first
interlayer insulation layer [L1. Additionally, in FIG. 5, the
contact hole is shown with portions in which heterogeneous
wiring layers overlap as portions with an “x” symbol on a “[]”
symbol.

[0115] Asshown in FIG. 5, the scanning line 12 is provided
to intersect the gate electrode G1 and the gate electrode G2
when viewed in plan view in addition to extending in the X
direction. That is, when viewed in plan view, at least a portion
of the scanning line 12 and at least a portion of the gate
electrode G1 overlap. In addition, the scanning line 12 is
electrically connected to the gate electrode G2 through a
contact hole Ha5.

[0116] The control line 143 is provided to intersect the gate
electrode G1 and the gate electrode G3 when viewed in plan
view in addition to extending in the X direction. In addition,
the control line 143 is electrically connected to the gate elec-
trode G3 through a contact hole Hal.

[0117] The control line 144 is provided to intersect the gate
electrode G4 when viewed in plan view in addition to extend-
ing in the X direction, and is electrically connected to the gate
electrode G4 through a contact hole Hal0. The control line
145 is provided to intersect the gate electrode G5 when
viewed in plan view in addition to extending in the X direc-
tion, and is electrically connected to the gate electrode G5
through a contact hole Hal4.

[0118] As shown in FIGS. 5 and 6, the relay node N11 is
electrically connected to the P-type diffusion layer P4
through a contact hole Haé in addition to being electrically
connected to the gate electrode G1 through a contact hole
Ha2. That is the relay node N11 corresponds to a gate node g
that is electrically connected to the gate of the transistor 121,
the other one of the source and the drain of the transistor 122
and either one of the source and the drain of the transistor 123.
[0119] The relay node N16 is provided so that the relay
node N16 and a portion of the gate electrode G1 mutually
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overlap when viewed in plan view. Further, the storage capac-
ity 132 is formed by first interlayer insulation layer [.1 being
sandwiched by the relay node N16 and the gate electrode G1.
That is, the gate electrode G1 corresponds to the first elec-
trode of the storage capacity 132, and the relay node N16
corresponds to the second electrode of the storage capacity
132.

[0120] The relay node N12 is electrically connected to the
P-type diftusion layer P3 through a contact hole Had. The
relay node N13 is electrically connected to the P-type diffu-
sion layer P5 through a contact hole Ha8 and electrically
connected to the P-type diffusion layer P6 through a contact
hole Hag in addition to being electrically connected to the
P-type diftusion layer P2 through a contact hole Hal. The
relay node N14 is electrically connected to the P-type diffu-
sion layer P8 through a contact hole Hal2 in addition to being
electrically connected to the P-type diffusion layer P7
through a contact hole Hall. The relay node N15 is electri-
cally connected to the P-type diffusion layer P9 through a
contact hole Hal3.

[0121] As shown in FIG. 6, a second interlayer insulation
layer 1.2 is formed to cover the first wiring layer and the first
interlayer insulation layer 1.

[0122] Inaddition to a data line 14 and a feed line 16 being
respectively formed on the surface of the second interlayer
insulation layer L2 for each column through patterning of a
conductive wiring layer made of aluminum or the like, relay
nodes N21 and N22 are respectively formed thereon for each
pixel circuit 110. Additionally, there are cases in which these
wiring layers that are formed on the surface of the second
interlayer insulation layer 1.2 are referred to as a second
wiring layer.

[0123] As shown in FIG. 5, the data line 14 is electrically
connected to the relay node N12 through a contact hole Hb2.
According to this configuration, the P-type diftusion layer P3
is electrically connected to the data line 14 through the relay
node N12. The feed line 16 is electrically connected to the
relay node N15 through a contact hole Hb3. According to this
configuration, the P-type diffusion layer P9 is electrically
connected to the feed line 16 through the relay node N15. The
relay node N21 is electrically connected to the relay node N16
(the second electrode of the storage capacity 132) through a
contact hole Hb4 in addition to being electrically connected
to the feed line 116 through a contact hole Hb1. According to
this configuration, the relay node N16 is electrically con-
nected to the feed line 116 through the relay node N21 and
keeps the potential Vel.

[0124] In addition, as shown in FIG. 6, the relay node N22
is electrically connected to the relay node N14 through a
contact hole Hb5.

[0125] As shown in FIG. 6, a third interlayer insulation
layer L3 is formed to cover the second wiring layer and the
second interlayer insulation layer [.2. The anode 130q of the
OLED 130 is formed on the surface of the third interlayer
insulation layer [.3 through patterning of a conductive wiring
layer made of aluminum, ITO (Indium Tin Oxide) or the like.
The anode 130a of the OLED 130 is an individual pixel
electrode for each pixel circuit 110, and is connected to the
relay node N22 through a contact hole Hct that penetrates the
third interlayer insulation layer [.3. That is, the anode 130a of
the OLED 130 is electrically connected to the P-type diffu-
sion layer P7 (that is, the drain of the transistor 124) and the
P-type diffusion layer P8 (that is, the source of the transistor
125) through the relay node N22 and the relay node N14.

Aug. 25,2016

[0126] In addition, although not shown in the drawing, a
light-emitting layer formed from an organic ELL material that
is divided for each pixel circuit 110 is laminated on the anode
130a of the OLED 130. Further, a cathode (common elec-
trode 118), which is a common transparent electrode that
spans all of the plurality of pixel circuits 110, is provided on
the light-emitting layer. That is, the OLED 130 emits light at
a brightness that depends on a current that flows from the
anode toward the common electrode 118 by sandwiching the
light-emitting layer with an anode and a cathode that face one
another. Among the light that the OLED 130 emits, the light
that is emitted toward the direction opposite the silicon sub-
strate 150 (that is, the upward direction in FIG. 6) is visible by
an observer as a picture (top emission structure). In addition
to this, a sealing material or the like for shielding the light-
emitting layer from the atmosphere is provided, but the
description thereof has been omitted.

Operations of the Embodiment

[0127] The operation of the electro-optical device 1 will be
described with reference to FIG. 7. FIG. 7 is a timing chart for
describing the operations of each section in the electro-opti-
cal device 1. As shown in this drawing, the scanning line drive
circuit 20 scans the 1° to m™ scanning lines 12 in order in the
period of 1 frame for each horizontal scanning period (h) by
sequentially switching the scanning signals Gwr(1) to Gwr
(m) to an L level. The operation in a single horizontal scan-
ning period (h) common across each row of pixel circuits 110.
Considering this, hereinafter, the operation will be described
focusing on a scanning period in which the i? row, in particu-
lar, the pixel circuit 110 of row i, column (3j-2) is horizon-
tally scanned.

[0128] In the embodiment, the scanning period of the i
row is separated into an initialization period that is shown as
(b) in FIG. 7, a compensation period that is shown as (c), and
a write-in period that is shown as (d). Further, after the write-
in period of (d), there is a light emission period shown as (a)
and after the period of one frame has passed, there is another
scanning period of the i” row. Therefore, if considered in
chronological order, the scanning period is a repetition of the
cycle (light emission period)—initialization
period—compensation period—write-in  period—(light
emission period).

[0129] Additionally, in FIG. 7, each of the scanning signal
Gwr(i-1) and control signals Gel(i-1), Gemp(i-1) and Gorst
(i-1) that correspond to the (i-1)” row that is one row before
the i” row forms a wave profile in which the foregoing respec-
tively precede the scanning signal Gwr(i) and control signals
Gel(i), Gemp(i) and Gorst(i) that correspond to the i row by
a single horizontal scanning period (h) in terms of time.

Light Emission Period

[0130] For convenience of description, the light emission
period will be described from the light emission period that
comes before the initialization period. In the light emission
period of the i” row, the scanning line drive circuit 20 supplies
a predetermined second potential V2 to the scanning line 12
ofthe i row, supplies a predetermined first potential V1 to the
control line 144 of the i” row, supplies the second potential
V2 to the control line 143 of the i row and supplies the
second potential V2 to the control line 145 of the i” row.
Additionally, in the embodiment, the first potential V1 is set to
be lower than the second potential V2. For example, the first
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potential V1 may be a potential that corresponds to an L level
of'the control signal (control signal Gref and the like) that the
control circuit 3 supplies, and the second potential V2 may be
apotential that corresponds to an H level of the control signal
that the control circuit 3 supplies. That is, as shown in FIG. 7,
in the light emission period of the i row, the scanning signal
Gwr(i) is set to an H level, the control signal Gel(i) is set to an
L level, the control signal Gemp(i) is set to an H level and the
control signal Gorst(i) is set to an H level.

[0131] Therefore, as shown in FIG. 8, in the pixel circuit
110 of row i, column (3j-2), the transistor 124 is turned on,
and the transistors 122, 123 and 125 are turned off. Therefore,
the transistor 121 supplies a current Ids that depends on a
voltage Vgs between the gate and the source thereof to the
OLED 130. As will be described later, in the embodiment, the
voltage Vgs of the light emission period is a level-shifted
value of the potential of the data signal. Therefore, a current
that depends on gradation level is supplied to the OLED 130
in a state in which the threshold voltage of the transistor 121
has been compensated for.

[0132] Additionally, since the light emission period of the
i row is a period in which rows other than the i” row are
horizontally scanned, the potential of the data line 14 fluctu-
ates as appropriate. However, since the transistor 122 in the
pixel circuit 110 of the i” row is turned off, fluctuations in the
potential of the data line 14 are not taken into consideration in
this case. In addition, in FIG. 8, a pathway that is important in
the description of the operations in the light emission period
is shown with a thick line.

Initialization Period

[0133] Next, at the start of the scanning period of the i row,
firstly, the initialization period of (b) is started as a first period.
In the initialization period of the i” row, as shown in FIG. 7,
the scanning line drive circuit 20 supplies the second potential
V2 to the scanning line 12 of the i” row and sets the scanning
signal Gwr(i) to an H level, supplies the second potential V2
to the control line 144 of the i” row and sets the control signal
Gel(i) to an H level, supplies the second potential V2 to the
control line 143 of the i” row and sets the control signal
Gemp(i) to an Hlevel, and supplies the first potential V1 to the
control line 145 of the i” row and sets the control signal
Gorst(i) to an L level. Therefore, in the pixel circuit 110 of
row i, column (3j-2), the transistor 124 is turned off and the
transistor 125 is turned on. As a result, the anode 130a of the
OLED 130 is set as a reset potential Vorst in addition to the
pathway of the current that is supplied to the OLED 130 being
blocked.

[0134] Since the OLED 130 has a configuration in which,
as described above, an organic EL layer is sandwiched
between the anode 130qa and the cathode, a capacity is leeched
in parallel between the anode and the cathode. When a current
flows to the OLED 130 in the light emission period, the
voltages of both ends between the anode and the cathode of
the OLED 130 are stored by the capacity that is leeched in
parallel between the anode and the cathode, but this stored
voltage is reset by the transistor 125 being turned on. There-
fore, in the embodiment, when another current flows to the
OLED 130 in a subsequent light emission period, it is
unlikely that the voltage stored by the capacity that is leeched
in parallel between the anode and the cathode will have an
effect.

[0135] Inmoredetail, for example, when the display state is
switched from a high brightness to a low brightness, since the
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high voltage from when the brightness is high (a large current
flows) is stored if a configuration which does not reset is used,
even if an attempt to flow a small current is made subse-
quently, an excess current flows, and it is no longer possible to
display at a low brightness. In contrast to this, in the embodi-
ment, since the potential of the anode 130a of the OLED 130
is reset as a result of the transistor 125 being turned on, it is
possible to improve the reproducibility of the low brightness
side. Additionally, in the embodiment, the reset potential
Vorst is set so that the difference between the reset potential
Vorst and a potential Vct of the common electrode 118 falls
below the light emission threshold voltage of the OLED 130.
Therefore, in the initialization period (the compensation
period and the write-in period that will be explained next) the
OLED 130 is in an off (non-emission) state.

[0136] Meanwhile, in the initialization period of the i row,
as shown in FIG. 7, the control circuit 3 respectively sets the
control signal /Gini to an L level, the control signal Gref'to an
H level and the control signal Gepl to an L level. Therefore,
the transistor 43 and the transistor 45 are in on states. Accord-
ing to this configuration, the first electrode of the storage
capacity 44 and the feed line 61 are electrically connected,
and the first electrode of the storage capacity 44 (and the data
line 14) is initialized to the initial potential Vini. In addition,
the second electrode of the storage capacity 44 and the feed
line 62 are electrically connected, and the second electrode of
the storage capacity 44 (and the node h1) is initialized to the
reference potential Vref.

[0137] The initial potential Vini in the embodiment is set so
that (Vel-Vini) is greater than the threshold voltage of the
transistor 121 |Vthl. Additionally, since the transistor 121 is a
P-channel type, the threshold voltage Vth that uses the poten-
tial of the source as a reference is negative. Therefore, in order
to prevent confusion in the explanation of the high and low
relationship, the threshold voltage is expressed using an abso-
lute value of IVthl, and defined using a large and small rela-
tionship.

[0138] Asshown in FIG. 7, the data signal supply circuit 70
respectively supplies the data signals Vd(1), Vd(2),. .., Vd(n)
to each demultiplexer DM(1), DM(2), . .., DM(n) in a period
from after the start of the scanning period of the i row to the
start of the write-in period. That is, in terms of the j group,
the data signal supply circuit 70 switches the data signal Vd(j)
to a potential that depends on the gradation level of the pixels
of row i, column (3j-2), row i, column (3j-1) and row i,
column (3j) in order.

[0139] Meanwhile, control circuit 3 exclusively sets the
control signals Sel(1), Sel(2) and Sel(3) to an H level in order
in conformity with the switch in potential of the data signal.
According to this configuration, the three transmission gates
34 provided in each demultiplexer DM are respectively
turned on in order from the left end column, the central
column and the right end column.

[0140] Inthis case, in a case in which the transmission gate
34 of the left end column that belongs to the i” group is turned
on by the control signal Sel(1) in the initialization period,
since the data signal Vd(j) is supplied to the first electrode of
the storage capacity 41, the data signal Vd(j) is stored by the
storage capacity 41.

Compensation Period

[0141] Next, in the scanning period of the i row, the com-
pensation period of (c) is performed as the second period. In
the compensation period of the i” row, as shown in FIG. 7, the
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control circuit 3 respectively sets the control signal /Gini to an
H level, the control signal Grefto an H level and the control
signal Gepl to an L level. Therefore, while the transistor 43 is
turned into an on state, the transistor 45 is turned into an off
state. According to this configuration, the second electrode of
the storage capacity 44 and the feed line 62 are electrically
connected, and the node h1 is set as the reference potential
Vref.

[0142] Inaddition, in the compensation period, in a case in
which the transmission gate 34 of the left end column that
belongs to the i” group is turned on by the control signal
Sel(1) in the compensation period, the data signal Vd(j) is
supplied to the first electrode of the storage capacity 41.
[0143] Additionally, in a case in which the transmission
gate 34 of the left end column that belongs to the j* group has
already been turned on by the control signal Sel(1) in the
initialization period, the transmission gate 34 does not turn
on, but the data signal Vd(j) that was supplied when the
transmission gate 34 of the left end column was turned on is
stored by the storage capacity 41.

[0144] In addition, in the compensation period of the i”
row, as shown in FIG. 7, the scanning line drive circuit 20
supplies the first potential V1 to the scanning line 12 of the i
row and sets the scanning signal Gwr(i) to an L. level, supplies
the second potential V2 to the control line 144 of the i row
and sets the control signal Gel(i) to an H level, supplies the
first potential V1 to the control line 143 of the i row and sets
the control signal Gemp(i) to an L. level, and supplies the first
potential V1 to the control line 145 of the i row and sets the
control signal Gorst(i) to an L level. Therefore, since the
transistor 123 is turned on, the transistor 121 becomes a diode
connection. According to this configuration, a drain current
flows to the transistor 121, and the gate node g and data line 14
are charged. In more detail, the current flows along a pathway
from the feed line 116—the transistor 121—the transistor
123—>the transistor 122—>the data line 14 of the (3j-2)”
column. Therefore, the data line 14 and the gate node g that
are in a mutually connected state as a result of the transistor
121 being turned on rise from the initial potential Vini. How-
ever, since the current that flows along the abovementioned
pathway flows less easily as the gate node g approaches the
potential (Vel-IVthl) the data line 14 and the gate node g are
saturated with the potential (Vel-I1Vthl) until the end of the
compensation period is reached.

[0145] Therefore, the storage capacity 132 stores the
threshold voltage | Vthl of the transistor 121 at the end of the
compensation period. Additionally, hereinafter, there are
cases in which the potential (Vel-IVthl) is given as potential
Vp.

[0146] When the compensation period finishes, the scan-
ning line drive circuit 20 updates the control signal Gemp(i)
from an L level to an H level by switching the potential that is
supplied to the control signal 143 from the first potential V1 to
the second potential V2. According to this configuration, the
diode connection of the transistor 121 is removed.

[0147] Additionally, the scanning line drive circuit 20
switches the potential that is supplied to the control line 143
s0 as to make the waveform when the control signal Gemp(i)
is changed from an . level to an H level gradual in comparison
with the change from an H level to an L level. That is, as
shown in FIG. 7, the scanning line drive circuit 20 sets the
period in which the potential that is supplied to the control
line 143 is switched from the second potential V2 to the first
potential V1 as a third switching period T3, and sets the period
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in which the potential is switched from the first potential V1
to the second potential V2 as a fourth switching period T4. At
this time, the scanning line drive circuit 20 changes the poten-
tial that is supplied to the control line 143 so that the duration
of' the fourth switching period T4 is sufficiently long in com-
parison with the duration of the third switching period T3.
[0148] Asdescribed above, the control line 143 and the gate
electrode G1 (the gate of the transistor 121) intersect when
viewed in plan view. Therefore, there is a parasitic capacity
between the control line 143 and the gate electrode G1.
Accordingly, in a hypothetical case in which the duration of
the fourth switching period T4 is shortened to be the same as
the third switching period T3, and the control signal Gemp(i)
is rapidly raised from an L. level to an H level, the effect of the
high-frequency component of the control signal Gemp(i) in
the control line 143 is received, and the potential of the gate
electrode G1 is changed.

[0149] This will be described in more detail later, but the
potential of the gate node g (the potential of the gate electrode
(1) at the end of the compensation period is established as a
potential in which the variation in the threshold voltage of the
transistor 121 for each pixel circuit 110 has been compen-
sated for. However, in a case in which the potential of the gate
node g is changed after the end of the compensation period,
since it is no longer possible to compensate for the variation
in the threshold voltage for each pixel circuit 110, a problem
in which display unevenness such as the impairment of dis-
play screen uniformity become more pronounced.

[0150] In contrast to this, in the embodiment, the duration
of the fourth switching period T4 is made to be sufficiently
longer than the duration of the third switching period T3, and
propagation of the fluctuation in potential of the control line
143 to the gate node g (gate electrode G1) is prevented by
making the waveform when the control signal Gemp(i)
changes from an L level to an H level a gradual waveform.
According to this configuration, the variation in the threshold
voltage of each pixel circuit 110 can be compensated for, and
a high integrity display in which evenness in the display is
secured is possible.

[0151] Additionally, the duration of the third switching
period T3 is effectively sufficiently short so that it is possible
to consider the foregoing as “0”. That is, the waveform when
the control signal Gemp(i) is lowered from an H level to an L
level, may be, for example, a waveform that is equivalent to
the waveform when the control signal Gref'is lowered from an
H level to an L level. However, in FIG. 7, for convenience of
description, in order to show the third switching period T3,
the waveform of the rise in the control signal Gemp(i) is
recorded as a gradual waveform in comparison with the effec-
tive waveform thereof.

[0152] In addition, once the compensation period has fin-
ished, since the control circuit 3 updates the control signal
Gref from an H level to an L level, the transistor 43 is turned
off. Therefore, although the pathway to the gate node g in the
pixel circuits 110 from the (3j-2)” row of the data line 14 to
row 1, column (3j-2) becomes a floating state, the potential of
the pathway is preserved at (Vel-1Vthl) by the storage capaci-
ties 50 and 132.

Write-In Period

[0153] Afterthe initialization period, the write-in period of
(d) is performed as the third period. As shown in FIG. 7, in the
write-in period of the i? row, the scanning line drive circuit 20
supplies the first potential V1 to the scanning line 12 of the i
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row and sets the scanning signal Gwr(i) to an L. level, supplies
the second potential V2 to the control line 144 of the i row
and sets the control signal Gel(i) to an H level, supplies the
second potential V2 to the control line 143 of the i” row and
sets the control signal Gemp(i) to an H level, and supplies the
first potential V1 to the control line 145 of the i row and sets
the control signal Gorst(i) to an L level. According to this
configuration, the diode connection of the transistor 121 is
removed.

[0154] In addition, as shown in FIG. 7, in the write-in
period of the i row, the control circuit 3 respectively sets the
control signal /Gini to an H level, the control signal Grefto an
L level and the control signal Gepl to an H level. Therefore,
since the transistor 42 is turned on, the data signal Vd(j) that
was stored in the storage capacity 41 is supplied to the second
electrode of the storage capacity 44 through the node hl.
According to this configuration, the node hl and the second
electrode of the storage capacity 44 are changed from the
reference potential Vref in the compensation period. The
amount of the change in potential of the node h1 at this time
is expressed as AVh. In addition, there are cases in which the
potential of the node h1 in the write-in period (Vref+AVh) is
expressed as a potential Vh.

[0155] Additionally, in a case in which the potential of the
node hi is changed from the reference potential Vref to the
potential Vh by AVh only, the potentials of the gate node gand
the data line 14 also change from the potential Vp=(Vel-
[Vthl) set in the compensation period. The amount of the
change in potential of the gate node g at this time is expressed
as AVg. In addition, there are cases in which the potential of
the gate node g in the write-in period (Vp+AVg) is expressed
as a potential Vgate.

[0156] Hereinafter, the changes in the potentials of the gate
node g and the node h1 before and after the start of the write-in
period will be described while referring to FIGS. 9A and 9B.

[0157] FIG. 9A is an explanatory view for describing the
changes in the potentials of the node hl and the gate node g
before and after the start of the write-in period. In the draw-
ing, (A-1)represents the potentials of the node h1 and the gate
node g before the start of the write-in period, and (A-2)
represents the potentials of the node h1 and the gate node g
after the start of the write-in period (that is, after the trans-
mission gate 42 has been turned on). Additionally, in the
compensation period and the write-in period, since the stor-
age capacity 50 and the storage capacity 132 are electrically
connected in parallel, the capacitance value C0 of a combined
capacity 501 of the storage capacity 50 and the storage capac-
ity 132 is expressed by the following equation (1).

CO=Cpix+Cdt o)

[0158] If the charge that is accumulated in the combined
capacity 501 before the start of the write-in period is set as
QO0g and the charge that is accumulated in the combined
capacity 501 after the start of the write-in period is set as Q05,
the charge that flows out from the combined capacity 501
before and after the start of the write-in period (Q0a-Q05) is
expressed by the following equation (2). In the same manner,
if the charge that is accumulated in the storage capacity 44
before the start of the write-in period is set as Qla and the
charge that is accumulated in the storage capacity 44 after the
start of the write-in period is set as Q15, the charge that flows
into the storage capacity 44 before and after the start of the
write-in period (Q15-Qla) is expressed by the following
equation (3). Since the charge that flows out of the combined
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capacity 501 before and after the start of the write-in period
and the charge that flows into the storage capacity 44 before
and after the start of the write-in period are equal, the follow-
ing equation (4) is established.

00a-Q0b=CO*(Vp-Veate) 2
O1b-01a=Crfl*{(Veate- Vh)—(Vp-Vief)} 3)
Q0a-Q0b=01b-Qla @
[0159] It is possible to calculate the potential Vgate of the

gate node g in the write-in period using equation (2) to equa-
tion (4). More specifically, the potential Vgate is expressed by
the following equation (5).

Vgate={Crf1/(Crf1+CO0) } *{ Vh-Vrel}+Vp &)

[0160] Inthis case, a capacity ratio k1 shown in the follow-
ing equation (6) is introduced. At this time, using the capacity
ratiokl, it is possible to express the potential Vgate of the gate
node g in the write-in period with the following equation (7),
and using the capacity ratio k1, it is possible to express the
amount of the change in potential AVg of the gate node g
before and after the write-in period with the following equa-
tion (8).

kl = Crf1/(Crf 1 + Cdt + Cpix) 6)
Vgate = k1 = (Vi — Vref) + Vp €]
=kl=AVA+ Vp
AVg = Vgate— Vp ®
=k1+AVh
[0161] Inthis manner the potential of the gate node g in the

write-in period changes from a potential Vp=(Vel-IVthl) in
the compensation period to a potential Vgate=(Vel-IVthl+
k1*AVh) which is shifted in the upward direction by the
product of the amount of the change in potential of the node
h1 AVh and the capacity ratio k1 (k1*AVh). At this time, as
shown in the following equation (9), the absolute value IV gs|
of'the voltage Vgs of the transistor 121 becomes a value from
which the rise in potential of the gate node g from the thresh-
old voltage [Vthlthereof has been subtracted.

|Vgs|=|Vih|-k1*AVh ©)

[0162] FIG. 9B is an explanatory view for describing the
changes in the potentials of the node hl and the gate node h2
before and after the start of the write-in period. In the draw-
ing, (B-1) represents the potentials of the node hl and the
node h2 before the start of the write-in period, and (B-2)
represents the potentials of the node hl and the node h2 after
the start of the write-in period (that is, after the transmission
gate 42 has been turned on). Additionally, in the compensa-
tion period and the write-in period, since the combined capac-
ity 501 of the storage capacity 50 and the storage capacity 132
and the storage capacity 41 are electrically connected in
series, the capacitance value C1 of a combined capacity 502
of the storage capacity 50, the storage capacity 132 and the
storage capacity 44 is expressed by the following equation
(10).

C1=(CO*Cr)/(CO+Crfl) (10)

[0163] Tf the charge that is accumulated in the combined
capacity 502 before the start of the write-in period is set as
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Qlc and the charge that is accumulated in the combined
capacity 502 after the start of the write-in period is set as Q1d,
the charge that flows out from the combined capacity 502
before and after the start of the write-in period (Q1¢-Q14d) is
expressed by the following equation (11). In the same man-
ner, if the charge that is accumulated in the storage capacity
41 before the start of the write-in period is set as Q2¢ and the
charge that is accumulated in the storage capacity 41 after the
start of the write-in period is set as Q2d, the charge that flows
into the storage capacity 41 before and after the start of the
write-in period (Q2d-Q2c) is expressed by the following
equation (12). Since the charge that flows out of the combined
capacity 502 before and after the start of the write-in period
and the charge that flows into the storage capacity 41 before
and after the start of the write-in period are equal, the follow-
ing equation (13) is established.

Qlc-Q1d=C1*{ Vref-Vh} (11
Q2d-Q2c=Crf2*{Vh-Vd(j)} (12)
Qle-Q1d=02d-Q2¢ 13)
[0164] Therefore, itis possible to calculate the potential Vh

of the node h1 in the write-in period using equation (11) to
equation (13). More specifically, the potential Vh is expressed
by the following equation (14). In addition, the amount of the
change in potential in the node hl AVh is expressed by the
following equation (15).

Vh={C1/(Cl + Crf2)} = (Vref) + {Crf2/ (C1 + Crf2)} = {Vd( ))} (14

AVh=Vh— Vref (15)
={Crf2/(C1 + Crf2)} ={Vd(j) - Vref}

[0165] In this case, if a capacity ratio k2 shown in the
following equation (16) is introduced, the amount of the
change in potential AVh can also be expressed by the follow-
ing equation (17).

2=Cr2/(C1+Crf2) (16)
AVR=k2*{Vd(j)-Vref} 17
[0166] By substituting the equation (17) into the equation

(7), it is possible to express the potential Vgate of the gate
node g in the write-in period using the following equation
(18). Accordingly, it is possible to express the amount of the
change in potential AVg of the gate electrode G before and
after the start of the write-in period using the following equa-
tion (19).

Vgate=k1*k2*{ Vd(j)- Vref}+Vp (18)
AVg=k1*k2*{ Vd(j)- Vief} (19)
[0167] Inthis manner, the potential of the node h1 is shifted

from a potential that shows the data signal Vd(j) by the ref-
erence potential Vref, and the resulting potential is changed
by a value AVh that is compressed by the capacity ratio k2.
According to this configuration, the potential Vgate of the
gate node g is changed by a value in which the amount of
change in the potential of the node h1 AVh has been further
compressed by the capacity ratio k1. That is, as shown in
equation (18), in the write-in period, the potential Vgate of the
gate node g is shifted from the data signal Vd(j) by the refer-
ence potential Vref, and a potential that is compressed, by the
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multiplying the shifted potential by the capacity ratio
k3=k2*k1, which is established on the basis of the capaci-
tance values Cdt, Crfl, Crf2 and Cpix, is supplied.

[0168] FIG. 10 is a view that shows the relationship
between the potential of the data signal Vd(j) and the potential
Vgate of the gate node g in the write-in period. As described
above, the range of the potential of the data signal Vd(j) that
is created on the basis of the image signal Vid supplied from
the control circuit 3 can be from a minimum value Vmin to a
maximum value Vmax that depend on the gradation level of
the pixels. Further, as described above, the data signal Vd(j) is
shifted by the reference potential Vref, and the potential
Vgate that has been compressed by the capacity ratio k3 is
written into the gate node g. At this time, as shown in the
following equation (20), the range of the potential AVgate of
the gate node g is compressed by the product of the range of
the potential AVdata(=Vmax-Vmin) of the data signal and
the capacity ratio k3.

AVgate=k3*AVdata (20)

[0169] In addition, as is clear from equation (18), it is
possible to establish the direction and extent of the shift of the
range of the potential AVgate of the gate node g in contrast
with the range of the potential AVdata of the data signal onthe
basis of the potential Vp(=Vel-IVthl) and the reference
potential Vref.

[0170] After the write-in period has finished, the scanning
line drive circuit 20 updates the scanning signal Gwr(i) from
an L level to an H level by switching the potential that is
supplied to the scanning line 12 from the first potential V1 to
the second potential V2. According to this configuration,
since the transistor 122 is turned off, the potential of the gate
node g is preserved as potential Vgate=[{Vel-IVth-}+
k3-{Vd(j)-Vref}].

[0171] Additionally, the scanning line drive circuit 20
switches the potential that is supplied to the scanning line 12
s0 as to make the waveform when the scanning signal Gwr(i)
is changed from an L. level to an H level gradual in comparison
with the change from an H level to an L level. That is, as
shown in FIG. 7, the scanning line drive circuit 20 sets the
period in which the potential that is supplied to the scanning
line 12 is switched from the second potential V2 to the first
potential V1 as a first switching period T1, and sets the period
in which the potential is switched from the first potential V1
to the second potential V2 as a second switching period T2. At
this time, the scanning line drive circuit 20 changes the poten-
tial that is supplied to the scanning line 12 so that the duration
of the second switching period T2 is sufficiently long in
comparison with the duration of the first switching period T1.
[0172] As described above, the scanning line 12 and the
gate electrode G1 (the gate of the transistor 121) intersect
when viewed in plan view. Therefore, there is a parasitic
capacity between the scanning line 12 and the gate electrode
G1. Accordingly, in a hypothetical case in which the duration
of'the second switching period T2 is shortened to be the same
as the first switching period T1, and the scanning signal
Gwr(i) is rapidly raised from an L level to an H level, the
effect of the high-frequency component of the scanning sig-
nal Gwr(i) in the scanning line 12 is received, and the poten-
tial of the gate electrode G1 is changed.

[0173] In the abovementioned manner, at the end of the
write-in period, the potential of the gate node g (the potential
of'the gate electrode G1) is established as the potential Vgate
onthebasis ofthe data signal Vd(j) (the image signal Vid) that
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defines the brightness of the OLED 130. However, in a case in
which the potential of the gate node g is changed after the end
of the write-in period, the potential of the gate node g
becomes a potential that is different from the potential Vgate
that is established on the basis of the data signal Vd(j). In this
case, each pixel displays a gradation that is different from the
gradation the defines the image signal Vid and the display
quality is reduced.

[0174] In contrast to this, in the embodiment, the duration
of the second switching period T2 is made to be sufficiently
longer than the duration of the first switching period T1, and
propagation of the fluctuation in potential of the scanning line
12 to the gate node g (gate electrode G1) is prevented by
making the waveform when the scanning signal Gwr(i)
changes from an L level to an H level a gradual waveform.
According to this configuration, it is possible to accurately
display each pixel with the gradation that defines the image
signal Vid, and a high integrity display is possible.

[0175] Additionally, the duration of the first switching
period T1 is effectively sufficiently short so that it is possible
to consider the foregoing as “0”. That is, the waveform when
the scanning signal Gwr(i) is lowered from an H level to an L
level, may be, for example, a waveform that is equivalent to
the waveform when the control signal Gref'is lowered from an
H level to an L level. However, in FIG. 7, for convenience of
description, in order to show the first switching period T1, the
waveform of the rise in the scanning signal Gwr(i) is recorded
as a gradual waveform in comparison with the effective wave-
form thereof.

Light Emission Period

[0176] After the write-in period of the i” row has finished,
the light emission period is started. In the embodiment, after
the write-in period of the i” row has finished, the light emis-
sion period is started after an interval of 1 horizontal scanning
period. In the light emission period, as described above, since
the scanning line drive circuit 20 sets the scanning signal
Gwr(i) to an H level, the transistor 122 is turned off, and the
gate node g is preserved at the potential Vgate=[{Vel-[Vth } +
k3-{Vd(j)-Vref}]. In addition, in the light emission period,
since the scanning line drive circuit 20 sets the control signal
Gel(i) to an LL level, in the pixel circuit 110 of row i, column
(3j-2), the transistor 124 is turned on. Since the voltage Vgs
between the gate and the source thereof is [IVthI-k3-{Vd(j)-
Vref}], as shown in earlier FIG. 8, a current that depends on
gradation level is supplied to the OLED 130 in a state in which
the threshold voltage of the transistor 121 has been compen-
sated for.

[0177] Inthescanning period ofthe i” row, in terms of time,
this kind of operation is also executed in parallel in the pixel
circuits 110 of the i” row other than the pixel circuit 110 of the
(3j-2)" row. Furthermore, this kind of operation of the i” row
is effectively repeated for each frame in addition to being
executed in rows 1, 2, 3, . . ., (m-1) and m in order in the
period of one frame.

Effects of the Embodiment

[0178] According to the embodiment, the scanning line 12
and the control line 143 are provided in positions that inter-
sects the gate of the transistor 121 (gate electrode G1) when
viewed in plan view. Therefore, in comparison with a case in
which the scanning line 12 and the control line 143 are pro-
vided not to intersect the gate of the transistor 121, it is
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possible to wire a plurality of control lines (the scanning line
12 and the control lines 143, 144 and 145) that extend in the
X direction at high density, and control lines with a narrower
pitch are possible. That is, according to the embodiment, by
wiring control lines at high density, pixel circuits 110 with a
narrower pitch are possible, and as a result of this, a smaller
electro-optical device 1 (display section 100) and higher defi-
nition of display are possible.

[0179] According to the embodiment, the scanning line
drive circuit 20 changes the potential that is supplied to the
scanning line 12 so as to make the waveform when the scan-
ning signal Gwr(i) is changed from an L level to an H level
gradual in comparison with the change from an H level to an
L level. According to this configuration, since propagation of
the fluctuation in the potential of the scanning signal Gwr(i) to
the gate of the transistor 121 is even prevented in a case in
which the scanning line 12 and the gate of the transistor 121
intersect when viewed in plan view, it is possible to accurately
display each pixel with the gradation that defines the image
signal Vid.

[0180] According to the embodiment, the scanning line
drive circuit 20 changes the potential that is supplied to the
control line 143 so as to make the waveform when the control
signal Gemp(i) is changed from an L level to an H level
gradual in comparison with the change from an H level to an
L level. According to this configuration, since propagation of
the fluctuation in the potential of the control signal Gemp(i) to
the gate of the transistor 121 is even prevented in a case in
which the control line 143 and the gate of the transistor 121
intersect when viewed in plan view, a high integrity display in
which evenness in the display is secured is possible.

[0181] According to the embodiment, since the range ofthe
potential AVgate in the gate node g is narrowed in contrast
with the range of the potential AVdata of the data signal, it is
even possible to apply a voltage that reflects gradation level
between the gate and the source of the transistor 121 when the
data signal is not recorded with a fine degree of accuracy.
Therefore, it is even possible to control the current that is
supplied to the OLED 130 with a high degree of accuracy in
cases in which the very small current that flows to the OLED
130 has a relatively large change in contrast with the change
in the voltage Vgs between the gate and the source of the
transistor 121 in the pixel circuit 110.

[0182] In addition, as shown by the broken line in FIG. 4,
there are cases in which a capacity Cprs is leeched between
the data line 14 and the gate node g in the pixel circuit 110. In
this case, if the width of the change in the potential of the data
line 14 is large, the foregoing propagates to the gate node g
through the capacity Cprs, so called crosstalk, unevenness or
the like occurs and the integrity of the display is reduced. The
effect of the capacity Cprs appears notably when the pixel
circuit 110 is miniaturized.

[0183] In contrast to this, in the embodiment, since the
range of the change in the potential of the data line 14 is also
narrowed in contrast with the range of the potential of the data
signal AVdata, it is possible to suppress the effect through the
capacity Cprs.

[0184] Inaddition, according to the embodiment, the effect
of the threshold voltage in the current Ids that is supplied to
the OLED 130 by the transistor 121 is cancelled out. There-
fore, according to the embodiment, since variation is com-
pensated for and a current that depends on gradation level is
even supplied to the OLED 130 when there is variation in the
threshold voltage of the transistor 121 of each pixel circuit
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110, a high integrity display is possible as a result of being
able to suppress the occurrence of unevenness such as impair-
ment of display screen uniformity.

[0185] This cancelling out will be explained with reference
to FIG. 11. As shown in the drawing, since the transistor 121
controls the very small current that is supplied to the OLED
130, the foregoing acts on a weak inversion region (a sub-
threshold region).

[0186] In the drawing, A shows a relationship between the
gate potential in a transistor in which the threshold voltage
[Vthl is large and the current that is supplied to the transistor,
and B shows a relationship between the gate potential in a
transistor in which the threshold voltage I Vthl is small and the
current that is supplied to the transistor. Additionally, in FIG.
11, the voltage Vgs between the gate and the source is the
difference between the solid line and the potential Vel. In
addition, in FIG. 11, the current of the vertical axis is shown
as a logarithm in which the direction from the source toward
the drain in set as negative (downwards).

[0187] In the compensation period, the gate node g
becomes the potential (Vel-Vthl) from the initial potential
Vini. Therefore, while the operating point of the transistor in
which the threshold voltage | Vthl is large, which is expressed
by solid line A, moves from S to Aa, the operating point of the
transistor in which the threshold voltage [Vthl is small, which
is expressed by solid line B, moves from S to Ba.

[0188] Next, in a case in which the potentials of the data
signals to the pixel circuit 110 to which the two transistors
belong are the same, that is, a case in which the same grada-
tion levels are specified, in the write-in period, the amounts of
the shifts in potential from the operating points Aa and Bb are
k1*AVh that are identical. Therefore, the operating point of
the transistor which is expressed by solid line A moves from
Aa to Ab, and the operating point of the transistor which is
expressed by solid line B moves from Ba to Bb, but the current
in the operating point after the shift in potential has an almost
identical Ids in both transistors.

[0189] According to the embodiment, the operation of stor-
ing the data signal that is supplied from the control circuit 3
through the demultiplexer DM in the storage capacity 41 is
executed from the initialization period to the compensation
period. That is, according to the embodiment, in addition to
the operation of initializing the potential of the anode 1304 to
the reset potential Vorst and the operation of storing the data
signal in the storage capacity 41 being executed in parallel in
the initialization period, the operation of compensating for
variation in the threshold voltage of the transistor 121 and the
operation of storing the data signal in the storage capacity 41
are executed in parallel in the compensation period. There-
fore, it is possible to relax the restrictions on time of the
operations that are to be executed in a single horizontal scan
period, and it is possible to reduce the speed of the supply
operation of the data signal in the data signal supply circuit
70.

MODIFICATION EXAMPLES

[0190] The embodiment is not limited to the abovemen-
tioned embodiment, and for example, the various modifica-
tions that will be described below are possible. In addition, it
is possible to arbitrarily combine one or multiple aspects of
the modifications that will be described below as appropriate.
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Modification Example 1

[0191] Inthe abovementioned embodiment, each pixel cir-
cuit 110 had a configuration in which the scanning line 12 and
the control line 143 intersect the gate electrode G1 when
viewed in plan view, but a configuration in which the control
line 144 intersects the gate electrode G1 in addition to the
scanning line 12 and the control line 143 may be used.

[0192] FIG. 12 is a plan view that shows the configuration
of a pixel circuit 110 according to modification example 1.
Apart from the feature of the control line 144 and the gate
electrode G1 intersecting when viewed in plan view and a
feature of the control line 144 having a branched section 1424
that is branched in the Y direction for each pixel circuit 110,
the pixel circuit 110 according to modification example 1 is
configured in the same manner as the pixel circuit 110 accord-
ing to the embodiment shown in FIG. 5.

[0193] According to this configuration, in comparison with
a case in which the control line 144 is provided not to intersect
the gate of the transistor 121, it is possible to wire the plurality
of control lines that extend in the X direction (the scanning
line 12 and the control lines 143, 144 and 145) at a high
density, and control lines with a narrower pitch are possible.
As a result of this, a smaller electro-optical device (display
section) and higher definition of display are possible.

[0194] In addition, in a case in which the control line 144
and the gate electrode G1 intersect, the scanning line drive
circuit 20 may switch the potential that is supplied to the
control line 144 so as to make the waveform when the control
signal Gel(i) is changed from an H level to an L. level gradual
in comparison with the change from an L level to an H level.

[0195] FIG. 13 is a timing chart for describing the opera-
tions of an electro-optical device according to modification
example 1. As shown in FIG. 13, the scanning line drive
circuit 20 according to modification example 1 changes the
potential that is supplied to the control line 144 so that the
duration of a fifth switching period T5, in which the potential
that is supplied to the control line 144 is switched from the
second potential V2 to the first potential V1, is sufficiently
long in comparison with the duration of a sixth switching
period T6, in which the potential is switched from the first
potential V1 to the second potential V2.

[0196] As described above, the potential of the gate elec-
trode G1 (the gate node g of the transistor 121) is established
as the potential Vgate that defines the brightness of the OLED
130 in the write-in period that precedes the fifth switching
period T5. Therefore, in a case in which the potential of the
control line 144 changes rapidly in the fifth switching period
T5 and the fluctuations in potential propagate to the gate
electrode G1, it is not possible to accurately display each
pixel with the gradation that defines the image signal Vid.

[0197] In contrast to this, the scanning line drive circuit 20
according to modification example 1 makes the duration of
the fifth switching period T5 sufficiently longer than the dura-
tion of the sixth switching period T6, and prevents propaga-
tion of the fluctuation in potential of the control line 144 to the
gate node g (gate electrode G1) by making the waveform
when the control signal Gel(i) changes from an H level to an
L level gradual. According to this configuration, it is possible
to accurately display each pixel with the gradation that
defines the image signal Vid, and a high integrity display is
possible.
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Modification Example 2

[0198] Inthe abovementioned embodiment, each pixel cir-
cuit 110 had a configuration in which the scanning line 12 and
the control line 143 intersect the gate electrode G1 when
viewed in plan view, but a configuration in which the control
line 145 intersects the gate electrode G1 in addition to the
scanning line 12 and the control line 143 may be used.
[0199] FIG. 14 is a plan view that shows the configuration
of a pixel circuit 110 according to modification example 2.
Apart from a feature of the control line 145 and the gate
electrode G1 intersecting when viewed in plan view and a
feature of the control line 145 having a branched section 1454
that is branched in the Y direction for each pixel circuit 110,
the pixel circuit 110 according to modification example 2 is
configured in the same manner as the pixel circuit 110 accord-
ing to the embodiment shown in FIG. 5.

[0200] According to this configuration, in comparison with
a case in which the control line 145 is provided not to intersect
the gate of the transistor 121, it is possible to wire the plurality
of control lines that extend in the X direction (the scanning
line 12 and the control lines 143, 144 and 145) at a high
density, and control lines with a narrower pitch are possible.
As a result of this, a smaller electro-optical device (display
section) and higher definition of display are possible.

[0201] In addition, as shown in FIG. 15, in a case in which
the control line 145 and the gate electrode G1 intersect, the
scanning line drive circuit 20 may switch the potential that is
supplied to the control line 145 so as to make the waveform
when the control signal Gorst(i) is changed from an L. level to
an H level gradual in comparison with the change from an H
level to an L level.

[0202] FIG. 15 is a timing chart for describing the opera-
tions of an electro-optical device according to modification
example 2. As shown in FIG. 15, the scanning line drive
circuit 20 according to modification example 2 changes the
potential that is supplied to the control line 145 so that the
duration of an eighth switching period T8, in which the poten-
tial that is supplied to the control line 145 is switched from the
first potential V1 to the second potential V2, is sufficiently
long in comparison with the duration of a seventh switching
period T7, in which the potential is switched from the second
potential V2 to the first potential V1. In this case, after the
potential of the gate node g (the gate electrode G1) of the
transistor 121 has been established as the potential Vgate that
defines the brightness of the OLED 130, it is possible to
accurately display each pixel with the gradation that defines
the image signal Vid by preventing propagation of the fluc-
tuations in potential in the control line 145 to the gate elec-
trode G1.

Modification Example 3

[0203] In the abovementioned embodiment and modifica-
tion examples, each pixel circuit 110 was provided with the
transistors 121 to 125, the OLED 130 and the storage capacity
132, but the pixel circuit 110 may be provided with at least the
transistor 121, the transistor 122 and the OLED 130. In this
case, among the plurality of control lines that extend in the X
direction (the scanning line 12 and the control lines 143, 144
and 145) provided in the display section 100 in the above-
mentioned embodiment and modification examples, the dis-
play section 100 may be provided with only those that corre-
spond to the transistors that the pixel circuit 110 of
modification example 3 is provided with in each row. That is,
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the display section 100 according to modification example 3
may be provided with one or more control lines that include
the scanning line 12 in each row. For example, in a case in
which the pixel circuit 110 is provided with the transistor 121,
the transistor 122, the OLED 130 and the storage capacity
132, as the control lines that correspond to each row, only the
scanning line 12 would be provided. In addition, each pixel
circuit 110 may be provided with transistors other than the
transistors 121 to 125, and in such a case, the display section
100 is provided with control lines that correspond to the
transistors.

[0204] In a case in which one or more control lines that
include the scanning line 12 are provided in each row, at least
one control line among the 1 or more control lines that are
provided in each row and extend in the X direction are pro-
vided to intersect the gate node g (gate electrode G1) of the
transistor 121 in plan view. According to this configuration, it
is possible to wire the control lines that extend in the X
direction at a high density, a smaller electro-optical device
(display section) and higher definition of display are possible.
[0205] Furthermore, in a case in which the scanning line
drive circuit 20 changes the potential of at least one control
line that intersects the gate electrode G1 in plan view from
among the one or more control lines provided in each row in
the interval from the end of the compensation period to the
start of the subsequent scanning period, it is preferable that
the waveform of the change in potential be gradual. For
example, in a case in which the gate electrode G1 and the
scanning line 12 intersect, the scanning line drive circuit 20
may change the potential that is supplied to the scanning line
12 so that the duration of the second switching period T2, in
which the potential that is supplied to the scanning line 12 is
switched from the first potential V1 to the second potential
V2, is sufficiently long in comparison with the duration of the
first switching period T1, in which the potential is switched
from the second potential V2 to the first potential V1. Accord-
ing to this configuration, it is possible to prevent propagation
of'the change in the potential of the control line that intersects
the gate electrode G1 to the gate electrode G1, and it is
possible to accurately display each pixel with the gradation
that defines the image signal Vid.

[0206] Furthermore, even in a case in which the scanning
line drive circuit 20 changes the potential of the control line
which is not to intersect the gate electrode G1 when viewed in
plan view in the interval from the end of the compensation
period to the start of the subsequent scanning period, the
waveform of the change in potential may be gradual. Even in
acase in which the control line is provided not to intersect the
gate electrode G1, there is a parasitic capacity between the
control line and the gate electrode G1. Accordingly, propa-
gation of the change in potential of the control line to the gate
electrode G1 can be prevented by making the waveform
gradual when the potential of the control line changes.

Modification Example 4

[0207] In the abovementioned embodiment and modifica-
tion examples, each level shift circuit LS is provided with a
storage capacity 41, a storage capacity 44, a transistor 45, a
transistor 43 and a transistor 42, but the level shift circuit LS
may be provided with at least the storage capacity 44, the
transistor 43 and the transistor 45. In this case, the data signal
supply circuit 70 and the demultiplexer DM may supply the
data signal Vd(j) to the second electrode of the storage capac-
ity 44 in the write-in period.
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[0208] Even in a case in which the level shift circuit LS is
not provided with the storage capacity 41, the data signal
Vd(j) that is supplied to the second electrode of the storage
capacity 44 is supplied to the gate node g after being com-
pressed by the capacity ratio k1. As a result of this, since it is
even possible to set the potential of the gate node of the drive
transistor with a fine degree of accuracy when the data signal
is not recorded with a fine degree of accuracy, it is possible to
supply the current to the light-emitting element with a high
degree of accuracy and a high integrity display is possible.

Modification Example 5

[0209] In the abovementioned embodiment and modifica-
tion examples, the data line drive circuit 10 is provided with
the level shift circuit LS, the demultiplexer DM and the data
signal supply circuit 70, but the data line drive circuit 10 may
be provided with at least the data signal supply circuit 70. In
this case the data line drive circuit 10 supplies the data signal
Vd(j) to the gate node g directly.

[0210] Furthermore, in the abovementioned embodiment
and modification examples, the display panel 2 is provided
with a storage capacity 50 in each row, but the display panel
2 may be provided without this component.

Modification Example 6

[0211] In the abovementioned embodiment and modifica-
tion examples, the control circuit 3 and the display panel 2
were separate entities, but the control circuit 3 and the display
panel 2 may be formed on the same substrate. For example,
the control circuit 3 may be integrated onto the silicon sub-
strate in addition to the display section 100, the data line drive
circuit 10, the scanning line drive circuit 20 and the like.

Modification Example 7

[0212] In the abovementioned embodiment and modifica-
tion examples, the electro-optical device 1 had a configura-
tion in which the foregoing was integrated onto a silicon
substrate, but a configuration in which the electro-optical
device 1 is integrated onto a different semiconductor sub-
strate may be used. For example, an SOI substrate may be
used. In addition, the electro-optical device 1 may be formed
on a glass substrate or the like using a polysilicon process or
the like. Regardless of the substrate used, the invention is
effective in a configuration in which the pixel circuit 110 is
miniaturized and the drain current in the transistor 121 is
changed in an exponentially large manner with respect to the
change in the gate voltage Vgs.

[0213] Inaddition, it is also possible to apply the invention
in cases in which miniaturization of the pixel circuit is not
required.

Modification Example 8

[0214] In the abovementioned embodiment and modifica-
tion examples, a configuration in which the data lines 14 were
grouped every three columns in addition to a data signal being
supplied by selecting a data line 14 in each group in order, was
used, but the number of data lines that configures a group may
be a predetermined number that is “2” or more and “3n” or
less. For example, the number of data lines that configures a
group may be “2” and may be “4” or more.

[0215] In addition, a configuration without grouping, that
is, a configuration in which the data signal is supplied to the
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data lines 14 of each column concurrently in line sequence
without using a demultiplexer DM may be used.

Modification Example 9

[0216] In the abovementioned embodiment and modifica-
tion examples, the transistors 121 to 125 in the pixel circuit
110 were all P-channel types, but the foregoing may all be
N-channel types. In addition, a combination of P-channel
types and N-channel types may be used as appropriate.

[0217] Forexample, in acase in which the transistors 121 to
125 are all N-channel types, the data signal Vd(j) in the
abovementioned embodiment and modification examples
may supply a potential in which the positive and negative
polarities have been reversed to each pixel circuit 110. In
addition, in this case, the sources and the drains of the tran-
sistors 121 to 125 have the opposite relationships to those in

the abovementioned embodiment and modification
examples.
[0218] Inaddition, inthe abovementioned embodiment and

modification examples, the transistor 45 was a P-channel type
and the transistor 43 was an N-channel type, but the above-
mentioned transistors may both be P-channel types or
N-channel types. Further, the transistor 45 may be an N-chan-
nel type and the transistor 43 may be a P-channel type.
[0219] Inaddition, inthe abovementioned embodiment and
modification examples, each transistor was a MOS-type tran-
sistor, but the foregoing may be a thin film transistor.

Modification Example 10

[0220] In the abovementioned embodiment and modifica-
tion examples, an OLED that is a light-emitting element was
exemplified as the electro-optical element, but for example,
an inorganic light-emitting diode, and LED (Light Emitting
Diode) or the like that emit light depending on a current.

APPLICATION EXAMPLE

[0221] Next, an electronic apparatus in which the electro-
optical device 1 according to the embodiment and the like and
an application example will be described. The electro-optical
device 1 is suited to an application in which pixels are dis-
played with at high definition with a small size. Considering
this, description is made using a head-mounted display as an
example of an electronic apparatus.

[0222] FIG. 16 is a perspective view that shows the exterior
of'a head-mounted display and FIG. 17 is a view that shows
the optical configuration thereof.

[0223] Firstly, as shown in FIG. 16, the exterior of a head-
mounted display 300 has a temple 310, a bridge 320, and
lenses 3011 and 301R in the same manner as a common pair
of glasses. In addition, as shown in FIG. 17, the head-
mounted display 300 is provided with a left eye electro-
optical device 1L and a right eye electro-optical device 1R in
the corner (the bottom in the drawing) of the lenses 3011 and
301R that is in the vicinity of the bridge 320.

[0224] The image display screen of the electro-optical
device 1L is disposed to be on the left side in FIG. 17. As a
result of this, a display image that results from the electro-
optical device 1L is output in the direction of 9 o’clock in the
drawing through an optical lens 302L. A half mirror 303L
reflects a display image that results from the electro-optical
device 1L in the direction of 6 o’clock and allows light that
enters from the direction of 12 o’clock to pass therethrough.
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[0225] The image display screen of the electro-optical
device 1R is disposed to be on the right side that is opposite
the electro-optical device 1. As a result of this, a display
image that results from the electro-optical device 1R is output
in the direction of 3 o’clock in the drawing through an optical
lens 302R. A half mirror 303R reflects a display image that
results from the electro-optical device 1R in the direction of 6
o’clock and allows light that enters from the direction of 12
o’clock to pass therethrough.

[0226] In this configuration, a user of the head-mounted
display 300 can observe display images that result from the
electro-optical devices 1L and 1R in a see-through state
superimposed on an external state.

[0227] In addition, in this head-mounted display 300,
among the images in both eyes that involve parallax, if the left
eyeimage is displayed in the electro-optical device 11 and the
right eye image is displayed in the electro-optical device 1R,
it is possible for the user to perceive a displayed image as if
the image had depth and a stereoscopic effect 3D display).
[0228] Additionally, in addition to a head-mounted display
300, the electro-optical device 1 may be used in electronic
viewfinders in video cameras, digital cameras with inter-
changeable lenses and the like.

[0229] Theentire disclosure of Japanese Patent Application
No.2012-084743, filed Apr. 3, 2012 is expressly incorporated
by reference herein.

What is claimed is:

1. An electro-optical device comprising:

a light emitting element;

a feed line;

adriving transistor electrically connected between the feed
line and the light emitting element;

a first transistor having a first gate electrode, the first tran-
sistor being electrically connected between the light
emitting element and the driving transistor;

a first wiring provided to intersect the first gate electrode
when viewed in plan view;

an insulating layer disposed between the first wiring and
the first gate electrode; and
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a first contact hole formed in the insulating layer through
which the first gate electrode is electrically connected to
the first wiring.

2. The electro-optical device according to claim 1,

wherein the first transistor has a drain and source that are
arranged in a first direction, and

the first wiring extends in a second direction different from
the first direction.

3. The electro-optical device according to claim 1,

wherein the first contact hole overlaps the first gate elec-
trode when viewed in plan view.

4. The electro-optical device according to claim 1, further
comprising a second transistor having a second gate elec-
trode,

wherein the first wiring is provide to intersect the second
gate electrode when viewed in plan view.

5. The electro-optical device according to claim 1, further

comprising:

a third transistor having a third gate electrode, the third
transistor being electrically connected between a first
terminal of the driving transistor and a gate electrode of
the driving transistor;

a second wiring provided to intersect the third gate elec-
trode when viewed in plan view; and

a second contact hole formed in the insulating layer
through which the third gate electrode is electrically
connected to the third wiring.

6. An electronic apparatus comprising the electro-optical

device according to claim 1.

7. An electronic apparatus comprising the electro-optical
device according to claim 2.

8. An electronic apparatus comprising the electro-optical
device according to claim 3.

9. An electronic apparatus comprising the electro-optical
device according to claim 4.

10. An electronic apparatus comprising the electro-optical
device according to claim 5.
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