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(57) ABSTRACT

A display device includes: a plurality of light-emitting ele-
ments, each light-emitting element having a light-emitting
unit and a driving circuit for driving the light-emitting unit.
The driving circuit at least includes (A) a drive transistor
having source/drain regions, a channel forming region, and a
gate electrode, (B) a video signal write transistor having
source/drain regions, a channel forming region, and a gate
electrode, and (C) a capacitive unit. In the drive transistor,
(A-1) one of the source/drain regions is connected to the
corresponding current supply line, (A-2) the other region of
the source/drain regions is connected to the light-emitting
unit and connected to one end of the capacitive unit, and
forms a second node, and (A-3) the gate electrode is con-

(30) Foreign Application Priority Data nected to the other region of the source/drain regions of the
video signal write transistor and connected to the other end of
Aug. 23,2011 (JP) oo 2011-181797 the capacitive unit, and forms a first node.
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[DISPLAY DEVICE OF 5Tr/1C DRIVING CIRCUIT CONFIGURATION]
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[5Tr/1C DRIVING CIRCUIT]
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[5Tr/1C DRIVING CIRCUIT]

FIG. 8A

[TP

ofs Vee

TNDZ

FIG. 8B

[TP(5) 4
Vors

i TND1 ‘ TeLc

VSS _VCat
FIG. 8D
[TP(5) 6]

US 2015/0235592 A1



US 2015/0235592 A1

Aug. 20,2015 Sheet 9 of 23

Patent Application Publication

[DISPLAY DEVICE OF 4Tr/1C DRIVING CIRCUIT CONFIGURATION]
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FIG.14

[DISPLAY DEVICE OF 3Tt/1C DRIVING CIRCUIT CONFIGURATION]
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[3Tr/1C DRIVING CIRCUIT]
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EL DISPLAY DEVICE AND ELECTRONIC
APPARATUS TO COMPENSATE BACK-GATE
EFFECT ON LIGHT-EMITTING UNIT DRIVE

TRANSISTOR

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a Continuation application of U.S. patent
application Ser. No. 13/588,495, filed on Aug. 17, 2012,
which claims priority from Japanese Application JP 2011-
181797, filed in the Japan Patent Office on Aug. 23,2011, the
entire contents of which being incorporated herein by refer-
ence.

FIELD

[0002] The present disclosure relates to a display device
and an electronic apparatus.

BACKGROUND

[0003] In recent years, as a display device which is repre-
sented by a liquid crystal display, an organic electrolumines-
cence display device (hereinafter, simply abbreviated as
“organic EL display device”) using an organic electrolumi-
nescence element (hereinafter, simply abbreviated as
“organic EL element”) is attracting attention. The organic EL
display device is of a self-luminous type, and has a charac-
teristic of low power consumption. It is considered that the
organic EL display has sufficient responsiveness to a high-
definition and high-speed video signal, and the development
for practical use and commercialization are closely proceed-
ing.

[0004] The organic EL. display device has a plurality of
light-emitting elements each of which includes a light-emit-
ting unit ELP and a driving circuit for driving the light-
emitting unit ELP. For example, FIG. 23A is an equivalent
circuit diagram of the light-emitting element which includes
the driving circuit having two transistors and one capacitive
unit (for example, see JP-A-2007-310311). The driving cir-
cuit has a drive transistor T ,,,, which includes source/drain
regions, a channel forming region, and a gate electrode, a
video signal write transistor T,, which includes source/drain
regions, a channel forming region, and a gate electrode, and a
capacitive unit C,. Reference numeral C; represents para-
sitic capacitance of the light-emitting unit C,.

[0005] Inthedrivetransistor T, ., oneregion of the source/
drain regions is connected to a current supply line CSL, and
the other region ofthe source/drain regions is connected to the
light-emitting unit ELP and also connected to one end of the
capacitive unit C, to constitute a second node ND,. The gate
electrode of the drive transistor T ,,,, is connected to the other
region of the source/drain regions of the video signal write
transistor T, and also connected to the other end of the
capacitive unit C, to constitute a first node ND,.

[0006] In the video signal write transistor T, , one region
of the source/drain regions is connected to a data line DTL,
and the gate electrode is connected to a scanning line SCL.
[0007] The current supply line CSL is connected to the
current supply unit 100, the data line DTL is connected to the
video signal output circuit 102, and the scanning line SCL is
connected to the scanning circuit 101. At the time of light
emission of the light-emitting unit ELP (that is, before and
after light emission of the light-emitting unit ELP), a current
flows from the current supply unit 100 to the light-emitting
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unit ELP through the current supply line CSL and the drive
transistor T ,,,, and the potential of the anode electrode (cor-
responding to the second node ND,,) of the light-emitting unit
ELP rises until the operation point corresponding to the cur-
rent value is reached.

SUMMARY

[0008] On the other hand, when a driving circuit having an
n-channel drive transistor T, is formed within a p-type well
provided in the silicon semiconductor substrate, for stable
operation, a configuration in which the p-type well is at a
constant potential, for example, the p-type well is grounded is
considered. In other words, when the drive transistor T,,,,, is
regarded as a 4-terminal transistor, a configuration in which a
back gate terminal is grounded is considered. However, when
this configuration is used, the following problems may occur.
That is, at the time of light emission of the light-emitting unit
ELP using this driving circuit, as described above, the poten-
tial of the second node ND, rises. Incidentally, since there is
no change in the potential of the p-type well, the potential V,
between the p-type well and the source region of the drive
transistor T, rises, and a current [ ;. which flows in the drive
transistor T,,, decreases due to a so-called back gate effect.
As aresult, luminance of the light-emitting unit ELP becomes
lower than desired luminance. Accordingly, in order to solve
this phenomenon, it is necessary to increase the value of a
signal which is output from the video signal output circuit 102
in prospect of the back gate effect, causing a problem in that
power consumption of the organic EL display device
increases. When the light-emitting unit ELP is deteriorated,
as shown in a schematic view of FI1G. 23B, the I-V character-
istic of the light-emitting unit ELP is deteriorated. Accord-
ingly, in order that the same current as before deterioration
flows in the light-emitting unit ELP, it is necessary to further
increase the potential of the anode electrode. Incidentally,
when the potential of the anode electrode (corresponding to
the second node ND,) is further increased, the same problem
as described above occurs due to the back gate effect.
[0009] It is therefore desirable to provide a display device
having a configuration or structure which is capable of sup-
pressing the occurrence of the back gate effect, and an elec-
tronic apparatus including the display device.

[0010] Anembodiment of the present disclosure is directed
to a display device including a plurality of light-emitting
elements, each light-emitting element having a light-emitting
unit and a driving circuit for driving the light-emitting unit.
The driving circuit at least includes (A) a drive transistor
having source/drain regions, a channel forming region, and a
gate electrode, (B) a video signal write transistor having
source/drain regions, a channel forming region, and a gate
electrode, and (C) a capacitive unit. In the drive transistor,
(A-1) one region of the source/drain regions is connected to
the corresponding current supply line, (A-2) the other region
of the source/drain regions is connected to the light-emitting
unit and connected to one end of the capacitive unit, and
forms a second node, and (A-3) the gate electrode is con-
nected to the other region of the source/drain regions of the
video signal write transistor and connected to the other end of
the capacitive unit, and forms a first node. In the video signal
write transistor, (B-1) one region of the source/drain regions
is connected to the corresponding data line, and (B-2) the gate
electrode is connected to the corresponding scanning line.
The drive transistor is formed within a first conduction-type
second well whichis formed within a second conduction-type
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first well in a first conduction-type silicon semiconductor
substrate, the video signal write transistor is formed in the
first conduction-type silicon semiconductor substrate, and the
other region of the source/drain regions of the drive transistor
and the second well are electrically connected together.
[0011] Another embodiment of the present disclosure is
directed to an electronic apparatus including the above-de-
scribed display device according to the embodiment of the
present disclosure.

[0012] In the display device according to the embodiment
of the present disclosure or the display device of the elec-
tronic apparatus according to another embodiment of the
present disclosure, the other region of the source/drain
regions of the drive transistor and the second well are electri-
cally connected together. For this reason, when the potential
of the other region of the source/drain regions of the drive
transistor rises or the voltage increases, the potential of the
second well also rises or the voltage increases. Accordingly, it
is possible to suppress the occurrence of the back gate effect
(also referred to as a substrate bias effect), to attain stable
operation of the driving circuit, and to suppress an increase in
power consumption of the display device or the electronic
apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a schematic partial sectional view of a
light-emitting element including a driving circuit in a display
device of Example 1 or a display device of an electronic
apparatus.

[0014] FIGS.2A and 2B are respectively schematic partial
sectional views of an extracted portion of a drive transistor
and a video signal write transistor which constitute a driving
circuit in a display device of Examples 1 and 2 or a display
device of an electronic apparatus.

[0015] FIG. 3 is a schematic partial sectional view of a
light-emitting element including a modification of a driving
circuit in a display device of Example 1 or a display device of
an electronic apparatus.

[0016] FIG. 4 is a conceptual diagram of a circuit which
constitutes a display device of Example 3 or a display device
of an electronic apparatus.

[0017] FIG. S5 is an equivalent circuit diagram of a 5Tr/1C
driving circuit of Example 3.

[0018] FIG. 6 is a schematic driving timing chart of a 5Tt/
1C driving circuit of Example 3.

[0019] FIGS. 7A to 7D are diagrams schematically show-
ing the on/off state and the like of each transistor which
constitutes a STr/1C driving circuit of Example 3.

[0020] FIGS. 8A to 8E are diagrams, subsequent to FIG.
7D, schematically showing the on/off state and the like of
each transistor which constitute a STr/1C driving circuit of
Example 3.

[0021] FIG. 9 is a conceptual diagram of a circuit which
constitutes a display device of Example 4 or a display device
of an electronic apparatus.

[0022] FIG.10 is an equivalent circuit diagram of'a 4Tr/1C
driving circuit of Example 4.

[0023] FIG. 11 is a schematic driving timing chart of a
4Tr/1C driving circuit of Example 4.

[0024] FIGS. 12A to 12D are diagrams schematically
showing the on/off state and the like of each transistor which
constitutes a 4Tr/1C driving circuit of Example 4.
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[0025] FIGS.13A to 13D are diagrams, subsequent to FIG.
12D, schematically showing the on/off state and the like of
each transistor which constitutes a 4Tr/1C driving circuit of
Example 4.

[0026] FIG. 14 is a conceptual diagram of a circuit which
constitutes a display device of Example 5 or a display device
of an electronic apparatus.

[0027] FIG. 15 is an equivalent circuit diagram of a 3Tt/1C
driving circuit of Example 5.

[0028] FIG. 16 is a schematic driving timing chart of a
3Tr/1C driving circuit of Example 5.

[0029] FIGS. 17A to 17D are diagrams schematically
showing the on/off state and the like of each transistor which
constitutes a 3Tr/1C driving circuit of Example 5.

[0030] FIGS.18A to 18E are diagrams, subsequent to FIG.
17D, schematically showing the on/off state and the like of
each transistor which constitutes a 3Tt/1C driving circuit of
Example 5.

[0031] FIG. 19 is a conceptual diagram of a circuit which
constitutes a display device of Examples 1 and 6 or a display
device of an electronic apparatus.

[0032] FIG. 20 is an equivalent circuit diagram of a 2Tt/1C
driving circuit of Examples 1 and 6.

[0033] FIG. 21 is a schematic driving timing chart of a
2Tr/1C driving circuit of Examples 1 and 6.

[0034] FIGS.22Ato 22F are diagrams schematically show-
ing the on/off state and the like of each transistor which
constitutes a 2Tr/1C driving circuit of Examples 1 and 6.
[0035] FIG. 23A is a circuit diagram of a driving circuit of
an existing organic EL display device, and FIG. 23B is a
diagram schematically showing deterioration in the I-V char-
acteristic of a light-emitting unit when the light-emitting unit
is deteriorated.

DETAILED DESCRIPTION

[0036] Although the present disclosure will be hereinafter
described in connection with examples with reference to the
drawings, the present disclosure is not limited to the
examples, and various numerical values or materials in the
examples are for illustration. The description will be provided
in the following sequence.

[0037] 1.Overall description of display device according to
embodiment of present disclosure and electronic apparatus
[0038] 2.Example 1 (display device according to embodi-
ment of present disclosure and electronic apparatus)

[0039] 3. Example 2 (Modification of Example 1)

[0040] 4.Example 3 (Another modification of Example 1.
5Tr/1C driving circuit)

[0041] 5.Example 4 (Another modification of Example 1.
4Tr/1C driving circuit)

[0042] 6. Example 5 (Another modification of Example 1.
3Tr/1C driving circuit)

[0043] 7. Example 6 (Another modification of Example 1.
2Tr/1C driving circuit) and others

[Overall Description of Display Device According to

Embodiment of Present Disclosure and FElectronic
Apparatus]
[0044] In a display device according to an embodiment of

the present disclosure or a display device of an electronic
apparatus, a form in which a video signal write transistor is
formed within a first conduction-type third well which is
formed in a first conduction-type silicon semiconductor sub-
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strate, and a third well is at the same potential in all of the
light-emitting elements can be made. In the display device
according to the embodiment of the present disclosure or the
display device of the electronic apparatus including this form,
a form in which the first well is electrically isolated in each
light-emitting element can be made.

[0045] Although ap type is used as a first conduction type
and an n type is used as a second conduction type, the form is
not limited to this. The first conduction type may be the n type
and the second conduction type may be the p type.

[0046] In the display device according to the embodiment
of the present disclosure or the display device of the elec-
tronic apparatus, current supply lines are connected to a cur-
rent supply unit, data lines are connected to a video signal
output circuit, and scanning lines are connected to a scanning
circuit. The current supply unit, the video signal output cir-
cuit, and the scanning circuit are normally included in the
display device.

[0047] The driving circuit may be, for example, a driving
circuit (referred to as “2Tr/1C driving circuit”) having two
transistors (drive transistor and video signal write transistor)
and one capacitive unit, a driving circuit (referred to as “3Tr/
1C driving circuit”) having three transistors (drive transistor,
video signal write transistor, and one transistor) and one
capacitive unit, a driving circuit (referred to as “4Tr/1C driv-
ing circuit”) having four transistors (drive transistor, video
signal write transistor, and two transistors) and one capacitive
unit, or a driving circuit (referred to as “5Tt/1C driving cir-
cuit”) having five transistors (drive transistor, video signal
write transistor, and three transistors) and one capacitive unit.
Specifically, the light-emitting unit may have an organic elec-
troluminescence light-emitting unit (organic EL light-emit-
ting unit). The other of the source/drain regions of the drive
transistor and a second well are electrically connected
together. Specifically, for example, a connection region of a
first conduction type is provided in the surface region of the
second well, the connection and the other region of the
source/drain regions of the drive transistor are brought into
contact with each other directly or through a conductive mate-
rial layer. Alternatively, the connection region and the other
region of the source/drain regions of the drive transistor may
be electrically connected together through a contact hole, a
wiring, and the like.

[0048] Thedisplay device according to the embodiments of
the present disclosure or the display device of the electronic
apparatus may have a configuration in which so-called mono-
chrome display is performed or a configuration in which one
pixel has a plurality of subpixels, specifically, one pixel has
three subpixels of a red light-emitting subpixel, a green light-
emitting subpixel, and a blue light-emitting subpixel. Each
pixel may have a set of subpixels including these three kinds
of subpixels and one kind of subpixel or a plurality of kinds of
subpixels (for example, one set of subpixels including a sub-
pixel which emits white light for improving luminance, one
set of subpixels including a subpixel which emits comple-
mentary color light for expanding the color reproduction
range, one set of subpixels including a subpixel which emits
yellow light for expanding the color reproduction range, or
one set of subpixels including subpixels which emit yellow
and cyan light for expanding the color reproduction range).
[0049] Inthe display device according to the embodiments
of the present disclosure or the display device of the elec-
tronic apparatus, various circuits, such as the current supply
unit, the video signal output circuit, and the scanning circuits,
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various wirings, such as the current supply lines, the data
lines, and the scanning lines, and the configuration or struc-
ture of the light-emitting unit may be the known configuration
or structure. Specifically, for example, the light-emitting unit
which is constituted by an organic EL light-emitting unit may
have, for example, an anode electrode, an organic material
layer (for example, having a structure in which a hole trans-
port layer, a light-emitting layer, and an electron transport
layer are laminated), a cathode electrode, and the like. The
capacitive unit which constitutes the driving circuit may have
one electrode, the other electrode, and a dielectric layer (insu-
lating layer) interposed between these electrodes. The tran-
sistor and the capacitive unit which constitute the driving
circuit are formed in a silicon semiconductor substrate, and
the light-emitting unit is formed above the transistor and the
capacitive unit constituting the driving circuit through an
insulating interlayer, for example. The other of the source/
drain regions of the drive transistor is connected to the anode
electrode of the light-emitting unit through a contact hole, for
example.

Example 1

[0050] Example 1 relates to the display device according to
the embodiment of the present disclosure and the electronic
apparatus, and specifically, to an organic EL display device
and an electronic apparatus including the organic EL display
device. Hereinafter, the display device of each example and
the display device of the electronic apparatus are collectively
and simply referred to as “display device of example”. FIG. 1
is a schematic partial sectional view of a light-emitting ele-
ment including a driving circuit in the display device of
Example 1. FIG. 2A is a schematic partial sectional view of an
extracted portion of a drive transistor and a video signal write
transistor which constitute the driving circuit. FIG. 20 is an
equivalent circuit diagram of the light-emitting element
including the driving circuit in the display device of Example
1 (an example in which the driving circuit is a driving circuit
(2Tt/1C driving circuit) having two transistors Ty, and Tg,,
and one capacitive unit C, ). FIG. 19 is a conceptual diagram
of a circuit which constitutes the display device. In the sche-
matic partial sectional view of FIG. 1, for simplification of the
drawing, a sectional view of the display device taken along a
different vertical virtual plane is also included.

[0051] Thedisplay device of Example 1 is a display device
which has a plurality of light-emitting elements 1. Each of the
light-emitting elements 1 includes a light-emitting unit (spe-
cifically, organic EL light-emitting unit) ELP and a driving
circuit for driving the light-emitting unit ELP.

[0052] The display device has NxM pixels arranged in a
two-dimensional matrix. One pixel has three subpixels (ared
light-emitting subpixel which emits red light, a green light-
emitting subpixel which emits green light, and a blue light-
emitting subpixel which emits blue light).

[0053] Asshown in the conceptual diagram of the circuit of
FIG. 19, the display device of Example 1 includes (a) a
current supply unit 100, (b) a scanning circuit 101, (¢) a video
signal output circuit 102, (d) NxM light-emitting elements 1
in total of N light-emitting elements 1 in a first direction and
M light-emitting elements 1 in a second direction (specifi-
cally, a direction perpendicular to the first direction) different
from the first direction arranged in a two-dimensional matrix,
(e) M current supply lines CSL which are connected to the
current supply unit 100 and extend in the first direction, (f) M
scanning lines SCLL which are connected to the scanning
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circuit 101 and extend in the first direction, and (g) N data
lines DTL which are connected to the video signal output
circuit 102 and extend in the second direction. Although in
FIG. 19, 3x3 light-emitting elements 1 are shown, this is
merely for illustration. The current supply unit 100 or the
scanning circuit 101 may be arranged at one end of the scan-
ning line SCL or may be arranged at both ends.

[0054] The driving circuit at least includes (A) a drive tran-
sistor T, having source/drain regions, a channel forming
region, and a gate electrode, (B) a video signal write transistor
Ts,, having source/drain regions, a channel forming region,
and a gate electrode, and (C)a capacitiveunit C, . Specifically,
the drive transistor T, and the video signal write transistor
T, are MOSFETSs.

[0055] In the drive transistor Tp,,, (A-1) one region 24 of
the source/drain regions is connected to the corresponding
current supply line CSL, (A-2) the other region 25 of the
source/drain regions is connected to the light-emitting unit
ELP and connected to one end of the capacitive unit C,, and
forms a second node ND,, and (A-3) a gate electrode 21 is
connected to the other region of the source/drain regions of
the video signal write transistor Ts,, and connected to the
other end of the capacitive unit C,, and forms a first node
ND,.

[0056] In the video signal write transistor Tg;,. (B-1) one
region 34 of the source/drain regions is connected to the
corresponding data line DTL, and (B-2) a gate electrode 31 is
connected to the corresponding scanning line SCL.

[0057] The capacitive unit C, (in FIG. 1, indicated by an
encircled portion) has one electrode 41, the other electrode
42, and a dielectric layer (insulating layer) 43 interposed
between these electrodes 41 and 42. In the drive transistor
Ty, one region of the source/drain regions (in this example,
specifically, a source/drain region which functions as a drain
region 24 at the time of light emission of the light-emitting
unit. The same applies to the following description) is con-
nected to the current supply unit 100. The other of the source/
drain regions (in this example, specifically, a source/drain
region which functions as a source region 25 at the time of
light emission of the light-emitting unit. The same applies to
the following description) is connected to an anode electrode
51 of the light-emitting unit (organic EL light-emitting unit)
ELP and connected to the other electrode 42 of the capacitive
unit C,. The gate electrode 21 is connected to the other region
of the source/drain regions (In this example, specifically, a
source/drain region which functions as a source region 35 at
the time of video signal writing. The same applies to the
following description) of the video signal write transistor Ty,
and connected to the one electrode 41 of the capacitive unit
C,, and forms a first node ND,. In the video signal write
transistor T, one region of the source/drain regions (in this
example, specifically, at the time of video signal writing, the
source/drain region functioning as a drain region 34. The
same applies to the following description) is connected to the
data line DTL, and the gate electrode 31 is connected to the
scanning line SCL. Note that reference numeral 15 represents
an isolation region, reference numerals 22 and 32 represent
gate insulating layers, and reference numerals 23 and 33
represent gate sidewall.

[0058] The drain region 24 of the drive transistor T, , is
connected to the current supply unit 100 through a contact
hole, a contact pad 70, and the current supply line CSL. The
drain region 34 of the video signal write transistor Tg,, is
connected to the video signal output circuit 102 through
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another contact hole, another contact pad 70, and the data line
DTL. The gate electrode 31 of the video signal write transistor
Ts,, is connected to the scanning circuit 101 through another
contact hole, another contact pad 70, and the scanning line
SCL. The other electrode 42 of the capacitive unit C, is
connected to the anode electrode 51 of the light-emitting unit
ELP through another contact hole and another contact pad 70.
The contact hole and the contact pad 70 are provided so as to
be not short-circuited with the scanning line SCL or the
current supply line CSL extending in the first direction. FIG.
1 shows this state.

[0059] The drive transistor T, is formed within a first
conduction-type (p-type) second well 12 which is formed
within a second conduction-type (in this example, specifi-
cally, n-type) first well 11 formed in a first conduction-type
(in this example, specifically, p-type) silicon semiconductor
substrate 10. The video signal write transistor Tg;,, is formed
within a first conduction-type (p-type) third well 13 which is
formed in the first conduction-type (p-type) silicon semicon-
ductor substrate 10. The other region (source region 25) of the
source/drain regions of the drive transistor T, ., and the sec-
ond well 12 are electrically connected together. Specifically,
a connection region 26 of a first conduction type (p+) is
formed in the surface region of the second well 12. The
connection region 26 and the other region 25 of the source/
drain regions of the drive transistor T, , are electrically con-
nected through a contact hole 71, a wiring, and the like (spe-
cifically, the other electrode 42 of the capacitive unit C,).
[0060] The third well 13 is at the same potential in all of the
light-emitting elements. Specifically, the third well 13 is at a
first predetermined potential (for example, ground potential)
through the silicon semiconductor substrate 10. The first well
11 is electrically isolated in each light-emitting element 1.
Specifically, the drive transistor T, which constitutes each
light-emitting element 1 is surrounded by an isolation region
15, and the first well 11 is surrounded by a p-type semicon-
ductor layer which is constituted by the p-type silicon semi-
conductor substrate 10. The first well 11 functions as a guard
ring with respect to the second well 12. The first well 11 1s a
second predetermined potential (for example, a power supply
potential) through a wiring (not shown).

[0061] As shown in FIG. 3 which is a schematic partial
sectional view of a light-emitting element including a modi-
fication of a driving circuit in the display device of Example
1. A well (fourth well 14) of a first conduction type (p type)
which is the same as the third well 13 may be formed in a
region of the silicon semiconductor substrate 10 where the
drive transistor T, , is to be formed simultaneously with the
formation of the third well 13, and the first well 11 and the
second well 12 may be provided within the first conduction
type (p-type) fourth well 14.

[0062] Alternatively, in other words, the display device of
Example 1 has a plurality of light-emitting elements, each
light-emitting element having a light-emitting unitand a driv-
ing circuit for driving the light-emitting unit. The driving
circuit at least includes a light-emitting unit ELP, a capacitive
unit C,, a video signal write transistor Ty, which is consti-
tuted by a MOSFET and holds a driving signal (luminance
signal) Vg, in the capacitive unit C,, and a drive transistor
Ty, which is constituted by a MOSFET and drives the light-
emitting unit ELP on the basis of the driving signal (lumi-
nance signal) V. beld in the capacitive unit C,. The drive
transistor T, is formed within a first conduction-type sec-
ond well 12 which is formed within a second conduction-type
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first well 11 formed in a first conduction-type silicon semi-
conductor substrate 10, the video signal write transistor T, is
formed in the first conduction-type silicon semiconductor
substrate 10, and the other region of the source/drain regions
of the drive transistor T, and the second well 12 are elec-
trically connected together.

[0063] The drive transistor T, and the video signal write
transistor T, provided in the silicon semiconductor substrate
10 are covered with an insulating interlayer 61. The other
electrode 42 and the dielectric layer (insulating layer) 43 of
the capacitive unit C, are formed on the insulating interlayer
61, and one electrode 41 of the capacitive unit C, is formed on
the dielectric layer (insulating layer) 43. An insulating inter-
layer 62 is formed on the dielectric layer (insulating layer) 43
and one electrode 41 of the capacitive unit C,, and a scanning
line SCL is formed on the insulating interlayer 62. An insu-
lating interlayer 63 is formed on the insulating interlayer 62
and the scanning line SCL, and a data line DTL is formed on
the insulating interlayer 63. An insulating interlayer 64 is
formed on the insulating interlayer 63 and the data line DTL,
and a current supply line CSL is formed on the insulating
interlayer 64. An insulating interlayer 65 is formed on the
insulating interlayer 64 and the current supply line CSL, and
an anode electrode 51 constituting the light-emitting unit ELP
is formed on the insulating interlayer 65. An insulating inter-
layer 66 having an opening with the anode electrode 51
exposed at the bottom thereof is formed on the insulating
interlayer 65 and the anode electrode 51, a hole transport
layer, a light-emitting layer, an electronic transport layer (an
organic material layer 52 having a laminated structure of
these layers), and a cathode electrode 53 constituting the
light-emitting unit ELP are formed on the insulating inter-
layer 66 and the anode electrode 51, and an insulating layer 67
is formed on the cathode electrode 53. A glass plate (not
shown) is bonded onto the insulating layer 67 through an
adhesive layer (not shown). In some cases, it is not necessary
to perform patterning of the organic material layer 52 and the
cathode electrode 53. The lamination sequence of the scan-
ning line SCL, the data line DTL, and the current supply line
CSL is not limited to the above-described lamination
sequence, and is intrinsically arbitrary.

[0064] The light-emitting element 1 described above may
be manufactured by a known method, and various materials
which are used when manufacturing the light-emitting ele-
ment 1 may be known materials.

[0065] The operation of the driving circuit of Example 1
will be described in Example 6 described below.

[0066] In the display device of Example 1, since the other
region of the source/drain regions of the drive transistor con-
stituting the driving circuit and the second well are electri-
cally connected together, when the potential of the other
region of the source/drain regions of the drive transistor rises
or the voltage increases, the potential of the second well also
rises or the voltage increases. Accordingly, it is possible to
suppress the occurrence of the back gate effect, to attain stable
operation of the driving circuit, and to suppress an increase in
power consumption of the display device. Although in the
related art technique, it is necessary to sequence a wide signal
dynamic range of the driving signal (luminance signal) Vg,
for controlling luminance in the light-emitting unit ELP
described below, in the driving circuit according to the
embodiment of the present disclosure, it becomes possible to
set a narrow signal dynamic range and to suppress a charge/
discharge current of the data line, thereby contributing to low
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power consumption of the display device. Since the other
region of the source/drain regions of the drive transistor and
the second well are electrically connected together, when the
light-emitting unit ELP is deteriorated, the I-V characteristic
of the light-emitting unit ELP is deteriorated. Therefore, even
when the potential of the anode electrode is higher, no prob-
lems occur.

Example 2

[0067] Example 2 is a modification of Example 1. FIG. 2B
is a schematic partial sectional view of an extracted portion of
a drive transistor and a video signal write transistor which
constitute a driving circuit in a display device of Example 2.
In Example 2, as in Example 1, a connection region 26 of a
first conduction type (p+) is provided in the surface region of
the second well 12. A difference from Example 1 is that a
conductive material layer 27 (specifically, metal silicide
layer) is formed on the surfaces of the connection region 26
and the source region 25. With this configuration, it is pos-
sible to reliably electrically connect the other region (source
region 25) of the source/drain regions of the drive transistor
Tp,, and the second well together.

[0068] Specifically, the conductive material layer 27 can be
formed by a SALICIDE (Self-ALIgned SiliCIDE) process.
That is, after the formation of the gate insulating layer 22 of
the drive transistor T, the formation of the gate electrode
21, ion implantation for forming an LDD structure, the for-
mation of a gate sidewall 23, the formation of the source/drain
regions 24 and 25 based on ion implantation, and the forma-
tion of the connection region 26 based on the ion implanta-
tion, a metal layer (for example, cobalt layer) is formed on the
entire surface. Thermal treatment is performed, and silicon
atoms in the silicon semiconductor substrate 10 react with
metal atoms in the metal layer to form a metal silicide layer.
Thus, the conductive material layer 27 is formed. At this time,
ametal silicide layer may be formed on the top surface of the
gate electrode 21. Thereafter, the metal layer which does not
react with silicon atoms is removed, and the metal silicide
layer is annealed to stabilize the metal silicide layer. In this
way, it is possible to obtain the conductive material layer 27
which reliably electrically connect the other region (source
region 25) of the source/drain regions of the drive transistor
Tp,, and the second well together.

Example 3

[0069] In Example 3 or Examples 4 to 6 described below,
the operation of the driving circuit according to the embodi-
ment of the present disclosure is performed. The outline of a
method of driving a driving circuit in Example 3 or Examples
4 to 6 described below is as follows, for example. That is, the
method of driving a driving circuit includes the steps of (a)
performing a preprocess for applying a first node initializa-
tion voltage to the first node ND, and applying a second node
initialization voltage to the second node ND, such that the
potential difference between the first node ND, and the sec-
ond node ND, exceeds the threshold voltage V,, of the drive
transistor T, ,, and the potential difference between the sec-
ond node ND, and the cathode electrode of the light-emitting
unit ELP does not exceed the threshold voltage V,;, ., of the
light-emitting unit ELP, (b) setting the potential of the drain
region of the drive transistor T, to be higher than the poten-
tial of the second node ND, in the step (a) in a state where the
potential of the first node ND), is held to increase the potential
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of the second node ND, and performing a threshold voltage
cancel process for bringing the potential difference between
the first node ND, and the second node ND, close to the
threshold voltage V, of the drive transistor T ,, ., (¢) perform-
ing a write process for applying a video signal voltage from
the data line DTL to the first node ND, through the video
signal write transistor T, which becomes the on state in
response to a signal from the scanning line SCL and placing
the drive transistor T, in the on state, (d) placing the video
signal write transistor Tg,, in the off state in response to a
signal from the scanning line SCL to place the first node ND,
in the floating state, and (e) allowing a current based on the
value of the potential difference between the first node ND,
and the second node ND, to flow into the light-emitting unit
ELP from the current supply unit 100 through the drive tran-
sistor T, to drive the light-emitting unit ELP.

[0070] As described above, in the step (b), the threshold
voltage cancel process is performed in which the potential
difference between the first node and the second node is
brought close to the threshold voltage of the drive transistor.
Qualitatively, in the threshold voltage cancel process, how
much the potential difference between the first node ND, and
the second node ND, (in other words, the potential difference
V., between the gate electrode 22 and the source region 25 of
the drive transistor T,,) is brought close to the threshold
voltageV ,, of the drive transistor T 5, , depends on the time of
the threshold voltage cancel process. Accordingly, for
example, in a form in which a sufficient time for the threshold
voltage cancel process is secured, the potential difference
between the first node ND, and the second node ND, reaches
the threshold voltage V , of the drive transistor T, ,, and the
drive transistor T, is placed in the off state. In a form in
which the time of the threshold voltage cancel process justhas
to be set to be short, the potential difference between the first
node ND, and the second node ND, is greater than the thresh-
old voltage V, of the drive transistor Tj,,, and the drive
transistor T, may not be placed in the off state. As a result of
the threshold voltage cancel process, it is not necessary that
the drive transistor T ,,,, is placed in the off state.

[0071] Itis assumed that the light-emitting elements which
constitute each pixel are line-sequentially driven, and a dis-
play frame rate is FR (times/second). That is, the light-emit-
ting elements which constitute each of N pixels (3xN subpix-
els) arranged in the m-th (where m=1, 2, 3, .. ., and M) row
are driven simultaneously. In other words, in each of the
light-emitting elements which constitute one row, the light-
emission/non-light-emission timing is controlled in terms of
rows to which these light-emitting elements belong. A pro-
cess for writing a video signal to each pixel constituting one
row may be a process (simultaneous write process) for writ-
ing a video signal to all pixels simultaneously, or a process
(sequential write process) for sequentially writing a video
signal to each pixel. These write processes may be appropri-
ately selected in accordance with the configuration of the
light-emitting element or the driving circuit.

[0072] Hereinafter, the driving or operation of a light-emit-
ting element which constitutes one subpixel in a pixel in the
m-th row and the n-th column (where n=1, 2,3, ..., and N)
will be described. A relevant subpixel or light-emitting ele-
ment is hereinafter referred to as the (n,m)th subpixel or the
(n,m)th light-emitting element. Various processes (a thresh-
old voltage cancel process, a write process, and a mobility
correction process described below) are performed until the
horizontal scanning period (the m-th horizontal scanning

Aug. 20,2015

period) of each light-emitting element arranged in the m-th
row ends. It is necessary that the write process or the mobility
correction process is performed within the m-th horizontal
scanning period. The threshold voltage cancel process or the
associated preprocess may be performed ahead of the m-th
horizontal scanning period depending on the type of light-
emitting element or driving circuit.

[0073] After various processes described above end, the
light-emitting unit which constitute each light-emitting ele-
ment arranged in the m-th row emits light. The light-emitting
unit may emit light immediately or when a predetermined
period (for example, horizontal scanning periods for a prede-
termined number of rows) elapses after various processes
described above end. The predetermined period may be
appropriately set in accordance with the specification of the
display device, the configuration of the light-emitting ele-
ment or the driving circuit, or the like. In the following
description, for convenience of description, it is assumed that
the light-emitting unit emits light immediately after various
processes end. Light emission of the light-emitting unit which
constitutes each light-emitting element arranged in the m-th
row continues immediately before the start of the horizontal
scanning period of each light-emitting element arranged in
the (m+m")th row. “m"” is determined the design specification
of the display device. That is, light emission of the light-
emitting unit which constitutes each light-emitting element
arranged in the m-th row in a certain display frame continues
up to the (m+m'-1)th horizontal scanning period. The light-
emitting unit which constitutes each light-emitting element
arranged in the m-th row is maintained in the non-light-
emission state from the beginning of the (m+m")th horizontal
scanning period until the write process or the mobility cor-
rection process is completed within the m-th horizontal scan-
ning period in the next display frame. If the period (herein-
after, simply referred to as a non-light-emission period) of the
above-described non-light-emission state is provided, after-
image blurring due to active matrix driving can be reduced,
and excellent motion image quality can be obtained. The
light-emission state/non-light-emission state of each sub-
pixel (light-emitting element) is not limited to the state
described above. The time length of the horizontal scanning
period is the time length smaller than (1/FR)x(1/M). When
the value of (m+m') exceeds M, the horizontal scanning
period for the excess is processed in the next display frame.

[0074] Inthe following description, of the two source/drain
regions of one transistor, the term “one region of the source/
drain regions” means the source/drain region which is con-
nected to the current supply unit or a power supply unit. When
a transistor is in the on state, this means a state where a
channel is formed between the source/drain regions. It does
not matter whether a current flows from one region of the
source/drain regions of a certain transistor to the other region
of the source/drain regions. When a transistor is in the off
state, this means a state where a channel is not formed
between the source/drain regions. When the source/drain
regions of a certain transistor are connected to the source/
drain regions of another transistor, this includes a form in
which the source/drain regions of the certain transistor and
the source/drain regions of another transistor occupy the same
region. The source/drain regions may be formed of a conduc-
tive material, such as polysilicon or amorphous silicon con-
taining an impurity, or may be formed of metal, alloy, con-
ductive particles, a laminated structure thereof, or a layer
made of an organic material (conductive polymer). In a tim-
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ing chart which is used in the following description, the length
(time length) of the horizontal axis which represents each
period is schematically shown, and is not intended to repre-
sent the ratio of the time length of each period.

[0075] Specifically, the driving circuit of Example 3 is a
driving circuit (5Tr/1C driving circuit) having five transistors
and one capacitive unit C,. FIG. 4 is a conceptual diagram of
a circuit which constitutes the display device of Example 3.
FIG. 5 is an equivalent circuit diagram of a 5Tr/1C driving
circuit. FIG. 6 is a schematic driving timing chart. FIGS. 7A
to 7D and 8A to 8E schematically show the on/off state and
the like of each transistor. In FIGS. 7A to 7D, 8A to 8E, and
12A 10 12D, 13A t0 13D, 17A to 17D, 18A to 18E, and 22A
to 22F described below, electrical connection of the other
region of the source/drain regions of the drive transistor and
the second well is not shown.

[0076] The 5Tr/1C driving circuit has five transistors of the
video signal write transistor T, and the drive transistor Tp,,,,
described in Example 1 or 2, a light-emission control transis-
tor T, ., a first node initialization transistor T, , a second
node initialization transistor T,,,,, and one capacitive unit C, .

[Light-Emission Control Transistor T, ]

[0077] One of the source/drain regions of the light-emis-
sion control transistor T,; - is connected to the current sup-
ply unit (voltage V ) 100, and the other region of the source/
drain regions of the light-emission control transistor T, is
connected to one region of the source/drain regions of the
drive transistor T,,,,. The on/off operation of the light-emis-
sion control transistor T; .is controlled by a light-emission
control transistor control line CL; - connected to the gate
electrode of the light-emission control transistor Tr; .

[Drive Transistor T, ]

[0078] As described above, one region of the source/drain
regions of the drive transistor T, ,, is connected to the other
region of the source/drain regions of the light-emission con-
trol transistor T, . That is, the drive transistor T ,,,, is con-
nected to the current supply unit 100 through the light-emis-
sion control transistor Tz; . The other of the source/drain
regions of the drive transistor T, is connected to (1) the
anode electrode of the light-emitting unit ELP, (2) the other
region of the source/drain regions of the second node initial-
ization transistor Ty, and (3) one electrode of the capacitive
unit C,, and forms a second node ND,,. The gate electrode of
the drive transistor T, is connected to (1) the other region of
the source/drain regions of the video signal write transistor
T, (2) the other region of the source/drain regions of the
first node initialization transistor T, and (3) the other
electrode of the capacitive unit C,, and forms a first node
ND,.

[0079] In the light-emission state of the light-emitting unit
ELP, the drive transistor T, is driven such that a drain
current I, flows in accordance with Expression (1). In the
light-emission state of the light-emitting unit ELP, one region
of the source/drain regions of the drive transistor T, , oper-
ates as adrain region, and the other region of the source/drain
regions operates as a source region. As described in Example
1, hereinafter, one region of the source/drain regions of the
drive transistor Tp,,, is simply referred to as a drain region,
and the other region of the source/drain regions is simply
referred to as a source region.
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[0080] . effective mobility
[0081] L: channel length
[0082] W: channel width

[0083] V_.: potential difference between gate electrode and
source region

[0084] V,,: threshold voltage

[0085] C,.: (relative dielectric constant of gate insulating
layer)x(dielectric constant of vacuum)/(thickness of gate
insulating layer)

KU2-WL)C,,

Ids:k'u'(ygs_ Vth)z o
[0086] IfthedraincurrentI flows inthe light-emitting unit
ELP, the light-emitting unit ELP emits light. The light-emis-
sion state (luminance) of the light-emitting unit ELP is con-
trolled depending on the magnitude of the value of the drain
current I .

[Video Signal Write Transistor T,

[0087] As described in Example 1, the other region of the
source/drain regions of the video signal write transistor T, is
connected to the gate electrode of the drive transistor Ty,
One of the source/drain regions of the video signal write
transistor T, is connected to the data line DTL. A driving
signal (luminance signal) V,, for controlling luminance of
the light-emitting unit ELP is supplied from the video signal
output circuit 102 to one region of the source/drain regions
through the data line DTL. Various signals/voltages (a signal
for precharge driving, various reference voltages, and the
like) other than V,, may be supplied to one region of the
source/drain regions through the data line DTL. The on/off
operation of the video signal write transistor T, is controlled
by the scanning line SCL connected to the gate electrode of
the video signal write transistor Tg;,.
[First Node Initialization Transistor T, |

[0088] As described above, the other region of the source/
drain regions of the first node initialization transistor T, is
connected to the gate electrode of the drive transistor T, A
voltage V ,, for initializing the potential of the firstnode ND,
(that is, the potential of the gate electrode of the drive tran-
sistor Tp,,) is supplied to one region of the source/drain
regions of the first node initialization transistor Ty, . The
on/off operation of the first node initialization transistor Ty,
is controlled by a first node initialization transistor control
line AZ,,,,, connected to the gate electrode of the first node
initialization transistor T,p,. The first node initialization
transistor control line AZ,;,, is connected to a first node
initialization transistor control circuit 104.

[Second Node Initialization Transistor T,]

[0089] As described above, the other region of the source/
drain regions of the second node initialization transistor T,
is connected to the source region of the drive transistor Tp,,..
A voltage V g for initializing the potential of the second node
ND, (that is, the potential of the source region of the drive
transistor Tp,,,) is supplied to one region of the source/drain
regions of the second node initialization transistor T,5,. The
on/off operation of the second node initialization transistor
Taps 1s controlled by a second node initialization transistor
control line AZ,,,, connected to the gate electrode of the
second node initialization transistor T p,. The second node
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initialization transistor control line A7, is connected to a
second node initialization transistor control circuit 105.

[Light-Emitting Unit ELP]

[0090] As described above, the anode electrode of thelight-
emitting unit ELP is connected to the source region of the
drive transistor T,,,. A voltage V-, is applied to the cathode
electrode of the light-emitting unit ELP. The parasitic capaci-
tance of the light-emitting unit ELP is represented by refer-
ence numeral Cg;. It is assumed that a threshold voltage
which is required for light emission of the light-emitting unit
ELP is V,,_ 5. That is, if a voltage equal to or higher than
V ;.= 1s applied between the anode electrode and the cathode
electrode of the light-emitting unit ELP, the light-emitting
unit ELP emits light.

[0091] Although in the following description, the values of
the voltages or potentials are as follows, these values are just
for illustration, and the voltages or potentials are not limited
to these values.

[0092] Vg, driving signal (luminance signal) for control-
ling luminance of light-emitting unit ELP 0 volt to 10 volt
[0093] V. voltage of current supply unit for controlling
light emission of light-emitting unit ELP . . . 20 volt

[0094] 'V voltage for initializing potential of gate elec-
trode of drive transistor T, (potential of first node ND,) . ..
0 volt

[0095] V.. voltage for initializing potential of source
region of drive transistor T, ., (potential of second node ND,,)
...—10 volt

[0096] V,,: threshold voltage of drive transistor T, . . . 3
volt
[0097] V., voltage applied to cathode electrode of light-

emitting unit ELP . . . 0 volt

[0098] V,, . threshold voltage of light-emitting unit ELP
... 3 volt
[0099] Hereinafter, the operation of the STt/1C driving cir-

cuit will be described. As described above, although a case
where the light-emission state starts immediately after vari-
ous processes (threshold voltage cancel process, write pro-
cess, and mobility correction process) are completed will be
described, the form is not limited to this. The same applies to
a 4Tr/1C driving circuit, a 3Tr/1C driving circuit, and a 2Tr/
1C driving circuit described below.

[Period-TP(5)_,] (See FIG. 6 and FIG. 7A)

[0100] [Period-TP(5)_,] is, for example, the operation in
the previous display frame, and the period in which the (n,m)
th light-emitting unit ELP is in the light-emission state after
various previous processes are completed. That is, a drain
currentI' ;. based on Expression (3) flows in the light-emitting
unit ELP which constitutes the (n,m}th subpixel, and lumi-
nance of the light-emitting unit ELP which constitutes the
(n,m)th subpixel has a value corresponding to the relevant
drain current I' ;. The video signal write transistor Tg,, the
first node initialization transistor Ty, , and the second node
initialization transistor T, are in the off state, and the light-
emission control transistor T, and the drive transistor Tp,,,,
are in the on state. The light-emission state of the (n,m)th
light-emitting unit ELP continues immediately before the
start of the horizontal scanning period of the light-emitting
unit ELP arranged in the (m+m')th row.

[0101] [Period-TP(5),] to [Period-TP(5),] shown in FIG. 6
are the operation period from when the light-emission state
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ends after various previous processes are completed immedi-
ately before the next write process is performed. That is,
[Period-TP(5),] to [Period-TP(5),] is the period of a certain
time length from the start of the (m+m")th horizontal scanning
period in the previous display frame until the end of the
(m-1)th horizontal scanning period in the current display
frame. [Period-TP(5),] to [Period-TP(5),] may be included
within the m-th horizontal scanning period in the current
display frame.

[0102] In [Period-TP(5),] to [Period-TP(5),], the (n,m)th
light-emitting unit ELP is in the non-light-emission state.
That is, in [Period-TP(5),] to [Period-TP(5),] and [Period-
TP(5);] to [Period-TP(5),], since the light-emission control
transistor T, isinthe off state, the light-emitting unit ELP
does not emit light. In [Period-TP(5),], the light-emission
control transistor T; - is placed in the on state. However, in
this period, a threshold voltage cancel process described
below is performed. Although the threshold voltage cancel
process will be described below in detail, if it is assumed that
Expression (2) is satisfied, the light-emitting unit ELP does
not emit light.

[0103] Hereinafter, each period of [Period-TP(5),] to [Pe-
riod-TP(5),] will be first described. Note that the length of the
beginning of [Period-TP(5),] or each period of [Period-TP(5)
1] to [Period-TP(5),] may be appropriately set in accordance
with design for a display device.

[Period-TP(5),]

[0104] As described above, in [Period-TP(5),], the (n,m)th
light-emitting unit ELP is in the non-light-emission state. The
video signal write transistor Tg,,, the first node initialization
transistor T, and the second node initialization transistor
T,p, are in the off state. At the time of change from [Period-
TP(5)_,] to [Period-TP(5),] since the light-emission control
transistor T, is placed in the off state, the potential of the
second node ND, (the source region of the drive transistor
Tp,, or the anode electrode of the light-emitting unit ELP)
drops downto (V,, g +V ,,), and the light-emitting unit ELP
is placed in the non-light-emission state. In order to follow the
potential drop of the second node ND,, the potential of the
first node ND, (the gate electrode of the drive transistor Tp,,,)
in the floating state also drops.

[Period-TP(5),] (See FIGS. 7B and 7C)

[0105] In [Period-TP(5),], a preprocess for performing a
threshold voltage cancel process described below is per-
formed. That is, at the time of the start of [Period-TP(5), ], if
the first node initialization transistor control line AZ,,,, and
the second node initialization transistor control line AZ;,,
are at high level on the basis of the operation of the first node
initialization transistor control circuit 104 and the second
node initialization transistor control circuit 105, the first node
initialization transistor Ty, and the second node initializa-
tion transistor T, are placed in the on state. As a result, the
potential of the first node ND, becomes V 4, (for example, 0
volt). The potential of the second node ND, becomes V s (for
example, -10 volt). Before [Period-TP(5),] is completed, if
the second node initialization transistor control line AZ,,,, is
at low level on the basis of the operation of the second node
initialization transistor control circuit 15, the second node
initialization transistor T, 1s placed in the off state. The first
node initialization transistor T,,,, and the second node ini-
tialization transistor T 5, may be placed in the on state simul-
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taneously, the first node initialization transistor T,,,, may be
placed in the on state ahead, or the second node initialization
transistor T ,,, may be placed in the on state ahead.

[0106] With the above-described process, the potential dif-
ference between the gate electrode and the source region of
the drive transistor T}, is equal to or greater than'V,,, and the
drive transistor T ,,,, becomes the on state.

[Period-TP(5),] (See FIG. 7D)

[0107] Next, the threshold voltage cancel process is pet-
formed. That is, if the light-emission control transistor con-
trol line CL,; - is af high level on the basis of the operation
of alight-emission control transistor control circuit 103 while
the first node initialization transistor T 5, is maintained in the
on state, the light-emission control transistor T, is placed
in the on state. As a result, while the potential of the first node
ND, is notchanged (maintained at V ,,=0 volt), the potential
of the second node ND, in the floating state rises, and the
potential difference between the first node ND, and the sec-
ondnode ND, is brought close to the threshold voltage V,, of
the drive transistor Tp,,. If the potential difference between
the gate electrode and the source region of the drive transistor
Tp,, reaches V,, the drive transistor T, is placed in the off
state. Specifically, the potential of the second node ND, in the
floating state is broughtclose to (V 5~V ;,==3 volt>V g5), and
finally becomes (V 54~V ;). If Expression (2) is assured, in
other words, if the potential is selected and determined so as
to satisfy Expression (2), the light-emitting unit ELP does not
emit light. Qualitatively, in the threshold voltage cancel pro-
cess, how much the potential difference between the first node
ND, and the second node ND, (in other words, the potential
difference between the gate electrode and the source region of
the drive transistor T,,) is brought close to the threshold
voltage V , of the drive transistor T 5, depends on the time of
the threshold voltage cancel process. Accordingly, for
example, when a sufficient time for the threshold voltage
cancel process is secured, the potential difference between
the first node ND, and the second node ND, reaches the
threshold voltage V ,;, of the drive transistor T,,,, and the drive
transistor T, is placed in the off state. For example, when
the time of the threshold voltage cancel process is set to be
short, the potential difference between the first node ND, and
the second node ND, is greater than the threshold voltage V,,
of the drive transistor T,,,,, and the drive transistor Tp,,, may
not be placed in the off state. That is, as a result of the
threshold voltage cancel process, it is not necessary that the
drive transistor T, is placed in the off state.

Vop=Vad VetV car) @
[0108] In[Period-TP(5),], the potential of the second node
ND,; finally becomes, for example, (V,4~-V,;,). That is, the
potential of the second node ND, is determined depending on
only the threshold voltage V,, of the drive transistor T,,, and
the voltage V . for initializing the gate electrode of the drive
transistor Tp,,. In other words, the potential of the second

node ND, does not depend on the threshold voltage V,;, ., of
the light-emitting unit ELP.

[Period-TP(5),] (See FIG. 8A)

[0109] Thereafter, if the light-emission control transistor
control line CL;; . is at low level on the basis of the opera-
tion of the light-emission control transistor control circuit 103
while the first node initialization transistor Ty, is main-
tained in the on state, the light-emission control transistor
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Tz, cisplacedinthe off state. As aresult, the potential of the
firstnode ND), is not changed (maintained at V ,,=0volt), and
the potential of the second node ND, in the floating state is not
also changed and held at (V o~V ,=-3 volt).

[Period-TP(5),] (See FIG. 8B)

[0110] Next, if the first node initialization transistor control
line AZ,,,, is at low level on the basis of the operation of the
first node initialization transistor control circuit 104, the first
node initialization transistor T, is placed in the off state.
The potentials of the first node ND, and the second node ND,
are not substantially changed (actually, a change in the poten-
tial occurs due to electrostatic coupling, such as parasitic
capacitance, but this change is normally negligible).

[0111] Next, each period of [Period-TP(5);] to [Period-TP
(5),] will be described. As described below, a write process is
performed in [Period-TP(5);], and a mobility correction pro-
cess is performed in [Period-TP(5),]. As described above, it is
necessary that these processes are performed within the m-th
horizontal scanning period. For convenience of description,
description will be provided assuming that the beginning of
[Period-TP(5)s] and the end of [Period-TP(5),] respectively
match the beginning and end of the m-th horizontal scanning
period.

[Period-TP(5),] (See FIG. 8C)

[0112] Thereafter, the write process to the drive transistor
T,,,, is performed. Specifically, while the first node initializa-
tion transistor T, , the second node initialization transistor
Tams» and the light-emission control transistor T, . are
maintained in the off state, if the potential of the data line DTL
is set as the driving signal (luminance signal) V. for con-
trolling luminance of the light-emitting unit ELP on the basis
of the operation of the video signal output circuit 102, and
then the scanning line SCL is at high level on the basis of the
operation of the scanning circuit 101, the video signal write
transistor T is placed in the on state. As a result, the poten-
tial of the first node ND, rises to V.
[0113] The capacitance of the capacitive unit C, has a value
c,, and the capacitance of parasitic capacitance Cy; of the
light-emitting unit ELP has a value c,; . It is assumed that the
value of parasitic capacitance between the gate electrode and
the source region of the drive transistor Ty, is ¢ ,. When the
potential of the gate electrode of the drive transistor T, is
changed from V 4 to Vi,  (>V ), in principle, the potentials
atboth ends of the capacitive unit C, (the potentials of the first
node ND; and the second node ND,) are changed. That is,
electric charges based on the change (V 5;,~V o) in the poten-
tial (=the potential of the first node ND, ) of the gate electrode
of the drive transistor T ,,,, are divided into the capacitive unit
C,, the parasitic capacitance Cg; of the light-emitting umt
ELP, and parasitic capacitance between the gate electrode and
the source region of the drive transistor T,,,,. Incidentally, if
the value c; is sufficiently greater than the value ¢, and the
value ¢, a change in the potential of the source region
(second node ND,) of the drive transistor T,,,, based on the
change (V,,~V ) inthe potential of the gate electrode of the
drive transistor T 5, is small. In general, the capacitance value
¢y of the parasitic capacitance C; of the light-emitting unit
ELP is greater than the capacitance value ¢, of the capacitive
unit C, and the value ¢, of parasitic capacitance of the drive
transistor T ,,. For convenience of description, unless par-

ticularly required, description will be provided without taking
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into consideration a change in the potential of the second node
ND, duetoachange in the potential of the first node ND, . The
same applies to other driving circuits. The driving timing
charge of FIG. 6 is shown without taking into consideration a
change in the potential of the second node ND, due to a
change in the potential of the first node ND,. When the
potential of the gate electrode of the drive transistor T, (first
node ND, )is V,, and the potential of the source region of the
drive transistor T, (second node ND,)is V, the value of V,,
and the value of V_ are as follows. For this reason, the poten-
tial difference between the first node ND, and the second
node ND,, that is, the potential difference V,, between the
gate electrode and the source region of the drive transistor
T, can be expressed by Expression (3).

Ve=Vsig
VeVor—Van
Vgs’“ VSig_( VOfs‘ Vth) (3)

[0114] Thatis, V  whichis obtained in the write process to
the drive transistor T, depends on only the driving signal
(luminance signal) V g, for controlling luminance of the light-
emitting unit ELP, the threshold voltage V,,, of the drive tran-
sistor T},,,. and the voltage V . for initializing the gate elec-
trode of the drive transistor T,,. V_, does not depend on the

threshold voltage V,,_; of the light-emitting unit ELP.

[Period-TP(5),] (See FIG. 8D)

[0115] Thereafter, the potential of the source region of the
drive transistor T, ,, (second node ND,) is corrected on the
basis of the magnitude of mobility p of the drive transistor
T}, (mobility correction process).

[0116] In general, when the drive transistor T, is manu-
factured using a polysilicon thin film transistor or the like,
variation in mobility p is inevitably generated between tran-
sistors. Accordingly, even when the driving signal V;,_ of the
same value is applied to the gate electrodes of a plurality of
drive transistors Tp,, which are different in mobility , there
is a difference between the drain current I, which flows in the
drive transistor T, having large mobility p and the drain
current 1, which flows in the drive transistor T, having
small mobility p. If this difference is generated, screen uni-
formity of the display device is damaged.

[0117] Accordingly, specifically, if the light-emission con-
trol transistor control line CLy; - 1s at high level on the basis
of the operation of the light-emission control transistor con-
trol circuit 103 while the drive transistor T, is maintained in
the on state, the light-emission control transistor T,; . is
placed in the on state. Next, if the scanning line SCL is at low
level on the basis of the operation of the scanning circuit 101
when a predetermined time (t,) has elapsed, the video signal
write transistor T, is placed in the off state, and the first node
ND, (the gate electrode of the drive transistor Tj,,.) is placed
in the floating state. As a result, when the value of mobility p
of the drive transistor T, is large, the amount AV (potential
correction value) of rise in the potential of the source region
of the drive transistor T, , increases. When the value of
mobility p of the drive transistor T ,,,, is small, the amount AV
(potential correction value) of rise in the potential of the
source region of the drive transistor T, decreases. The
potential difference V., between the gate electrode and the
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source region of the drive transistor T, is modified from
Expression (3) to Expression (4).

Vgs"" VSig_( VOfs_ =AYV “

[0118] A predetermined time (the full time t, of [Period-TP
(5)¢]) for performing the mobility correction process may be
determined in advance as a design value at the time of design
of the display device. The full time t, of [Period-TP(5),] is
determined such that the potential (V4-V,+AV) of the
source region of the drive transistor Tp,,, at this time satisfies
Expression (2'). Accordingly, in [Period-TP(5),], the light-
emitting unit ELP does not emit light. With the mobility
correction process, variation in the coefficient k(=(1/2)-(W/
L)-C,) is corrected simultaneously.

Vos=Vart A<V 14V o @)

[Period-TP(5),] (See FIG. 8E)

[0119] With the above-described operation, the threshold
voltage cancel process, the write process, and the mobility
correction process are completed. On the other hand, if the
scanning line SCL is at low level on the basis of the operation
of the scanning circuit 101, as a result, the video signal write
transistor T, is placed in the off state, and the firstnode ND,,
that is, the gate electrode of the drive transistor T, is placed
in the floating state. The light-emission control transistor
Tz, ismaintainedin the on state, and the drain region of the
light-emission control transistor Ty, . is connected to the
current supply unit 100 (the voltage V., for example, 20
volt) for controlling light emission of the light-emitting unit
ELP. As a result, the potential of the second node ND, rises.

[0120] As described above, since the gate electrode of the
drive transistor T, 1s in the floating state, and the capacitive
unit C, is provided, the gate electrode of the drive transistor
T, undergoes the same phenomenon as in a so-called boot-
strap circuit, and the potential of the firstnode ND, also rises.
As a result, the potential difference V,, between the gate
electrode and the source region of the drive transistor T ,,,, is
held at the value of Expression (4).

[0121] Since the potential of the second node ND, rises and
exceeds (V,;, zr+V oy, the light-emitting unit ELP start to
emit light. At this time, since a current which flows in the
light-emitting unit ELP is the drain current I, which flows
from the drain region to the source region of the drive tran-
sistor T, ., this current can be expressed by Expression (1).
From Expressions (1) and (4), Expression (1) may be modi-
fied to Expression (5).

Li=kw (V= Vor~AVY ®)

[0122] Accordingly, when V 4 is set to 0 volt, the current
1, which flows in the light-emitting unit ELP is in proportion
to the square of a value obtained by subtracting the potential
correction value AV of the second node ND, (the source
region of the drive transistor T,,,) due to mobility p of the
drive transistor Tj,, from the value of the driving signal
(luminance signal) V,, for controlling luminance of the light-
emitting unit ELP. In other words, the current I ,, which flows
in the light-emitting unit ELP does not depend on the thresh-
old voltage V,, ., of the light-emitting unit ELP and the
threshold voltage V,,, of the drive transistor T,,,,. That is, the
light-emission amount (luminance) of the light-emitting umt
ELP is not affected by the threshold voltage V,,_,, of the
light-emitting unit ELP and the threshold voltage V;, of the
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drive transistor T, . Luminance of the (n,m)th light-emitting
unit ELP has a value corresponding to the relevant current I .
[0123] As thedrive transistor T, has larger mobility p, the
potential correction value AV increases, such that the value of
V. on the left side of Expression (4) decreases. Accordingly,
in Expression (5), even when the value of mobility p is large,
the value of (\/'Sl.g—VofS—AV)2 decreases, thereby correcting
thedraincurrent I ;.. That is, in the drive transistor T, having
different mobility y, if the value of the driving signal (lumi-
nance signal) Vg, is the same, and the drain current I, is
substantially the same. As a result, the current I ,, which flows
in the light-emitting unit ELP and controls luminance of the
light-emitting unit ELP is uniformized. That is, variation in
luminance of the light-emitting unit due to variation in mobil-
ity u (also variation in k) can be corrected.

[0124] The light-emission state of the light-emitting unit
ELP continues up to the (m+m'-1)th horizontal scanning
period. This time corresponds to the end of [Period-TP(5)_,].
[0125] With the above, the operation of light emission of
the light-emitting unit ELP [the (n,m)th subpixel] is com-
pleted.

[0126] In[Period-TP(5),] (see F1G. 8E), if the potential of
the second node ND, rises and exceeds (V,;,_r;+V ), light
emission of the light-emitting unit ELP starts. Meanwhile,
when a back gate effect occurs due to a rise in the potential of
the second node ND,, the current I ,, which flows in the drive
transistor T, decreases. Incidentally, in the driving circuit
according to the embodiment of the present disclosure, since
the other region of the source/drain regions of the drive tran-
sistor and the second well are electrically connected together,
the potential of the second well rises with a rise in the poten-
tial of the second node ND,, and there is no change in the
potential V,_ between the second well and the source region
of the drive transistor Tj,,. Accordingly, there is not the
problem of a decrease in the current I ,, flowing in the drive
transistor Tp,,,, due to the back gate effect. The same applies to
Examples 4 to 6 described below.

Example 4

[0127] Example4 relates to a 4Tr/1C driving circuit. FIG. 9
is a conceptual diagram of a driving circuit of Example 4.
FIG. 10 is an equivalent circuit diagram of a 4Tr/1C driving
circuit. FIG. 11 is a schematic driving timing chart. FIGS.
12A to 12D and 13A to 13D schematically show the on/off
state and the like of each transistor.

[0128] In the 4Tr/1C driving circuit, the first node initial-
ization transistor T,,, is removed from the above-described
5Tr/1C driving circuit. That is, the 4Tr/1C driving circuit has
four transistors of a video signal write transistor Tg;,, a drive
transistor Tp,.,, a light-emission control transistor T, -, and
a second node initialization transistor T, and one capaci-
tive unit C;.

[Light-Emission Control Transistor Tz, ]

[0129] Theconfiguration of the light-emission control tran-
sistor T, - is the same as the light-emission control transis-
tor Tz, described in the STr/1C driving circuit, and thus
detailed description thereof will not be repeated.

[Drive Transistor Tp,, ]

[0130] The configuration of the drive transistor T, is the
same as the drive transistor Tj,, described in the 5Tr/1C
driving circuit, and thus detailed description thereof will not
be repeated.
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[Second Node Initialization Transistor T ]

[0131] The configuration of the second node initialization
transistor T, is the same as the second node initialization
transistor T, described in the 5Tr/1C driving circuit, and
thus detailed description thereof will not be repeated.

[Video Signal Write Transistor Tg,]

[0132] The configuration of the video signal write transis-
tor Tg,, is the same as the video signal write transistor Tg,
described in the 5T/1C driving circuit, and thus detailed
description thereof will not be repeated. While one region of
the source/drain regions of the video signal write transistor
Tg, is connected to the data line DTL, not only the driving
signal (luminance signal) Vi, for controlling luminance of
the light-emitting unit ELP but also the voltage V for ini-
tializing the gate electrode of the drive transistor T, are
supplied from the video signal output circuit 102. This point
1s different from the operation of the video signal write tran-
sistor T, described in the 5Tt/1C driving circuit. Signals/
voltages (for example, a signal for precharge driving) other
than Vg, orV . may be supplied from the video signal output
circuit 102 to one region of the source/drain regions through
the data line DTL.

[Light-Emitting Unit ELP]

[0133] The configuration of the light-emitting unit ELP is
the same as the light-emitting unit ELP described in the
5Tr/1C driving circuit, and thus detailed description thereof
will not be repeated.

[0134] Hereinafter, the operation of the 4Tr/1C driving cir-
cuit will be described.

[Period-TP(4)_,] (FIGS. 11 and 12A)

[0135] [Period-TP(4)_,] is, for example, the operation in
the previous display frame and is the same operation as [Pe-
riod-TP(5)_,] in the 5Tr/1C driving circuit.

[0136] [Period-TP(4),] to [Period-TP(4),] shown in FIG.
11 are the periods corresponding to [Period-TP(5),] to [Pe-
riod-TP(5),] shown in FIG. 6, and are the operation periods
immediately before the next write process is performed.
Similarly to the 5Tr/1C driving circuit, in [Period-TP(4),] to
[Period-TP(4),], the (n,m)th light-emitting unit ELP is in the
non-light-emission state. The operation of the 4Tr/1C driving
circuit is different from the operation of the 5Tr/1C driving
circuit in that, in addition to [Period-TP(4)s] to [Period-TP
(4)¢] shown in FIG. 6, [Period-TP(4),] to [Period-TP(4),] are
also included in the m-th horizontal scanning period. For
convenience of description, description will be provided
assuming that the beginning of [Period-TP(4),] and the end of
[Period-TP(4),] respectively match the beginning and end of
the m-th horizontal scanning period.

[0137] Hereinafter, each period of [Period-TP(4),] to [Pe-
riod-TP(4),] will be described. As described in the 5Tr/1C
driving circuit, the length of the beginning of [Period-TP(4), |
or each period of [Period-TP(4),] to [Period-TP(4),] may be
appropriately set in accordance with design for the display
device.

[Period-TP(4),]

[0138] [Period-TP(4),] is, for example, the operation from
the previous display frame to the current display frame, and is
substantially the same operation as [Period-TP(5),] described
in the 5Tr/1C driving circuit.
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[Period-TP(4), ] (see FIG. 12B)

[0139] [Period-TP(4),] corresponds to [Period-TP(5),]
described in the 5Tr/1C driving circuit. In [Period-TP(4),], a
preprocess for performing a threshold voltage cancel process
described below is performed. At the time of the start of
[Period-TP(4), ], if the second node initialization transistor
control line AZ,,,, isathighlevel on the basis of the operation
ofthe second node initialization transistor control circuit 105,
the second node initialization transistor T,;,, is placed in the
on state. As a result, the potential of the second node ND,
becomes V g (for example, =10 volt). In order to follow the
potential drop of the second node ND,, the potential of the
firstnode ND, (the gate electrode of the drive transistor T,
in the floating state also drops. Since the potential of the first
node ND, in [Period-TP(4),] depends on the potential (de-
fined in accordance with the value of Vg, in the previous
frame) of the first node ND, in the [Period-TP(4)_,], the
potential of the first node ND, does not have a constant value.

[Period-TP(4),] (See FIG. 12C)

[0140] Thereafter, ifthe potential ofthe data line DTL is set
to Vo, on the basis of the operation of the video signal output
circuit 102, and the scanning line SCL is at high level on the
basis of the operation of the scanning circuit 101, the video
signal write transistor Tg;, is placed in the on state. As aresult,
the potential of the first node ND, becomes V 4 (for example,
0 volt). The potential of the second node ND, is held at V¢
(for example, —10 volt). Thereafter, if the second node initial-
ization transistor control line AZ,,, is at low level on the
basis of the operation of the second node initialization tran-
sistor control circuit 105, the second node initialization tran-
sistor T py, 15 placed in the off state.

[0141] Simultaneously with the start of [Period-TP(4),] or
halfway of [Period-TP(4), ], the video signal write transistor
T, may be placed in the on state.

[0142] With the above-described process, the potential dif-
ference between the gate electrode and the source region of
the drive transistor T, is equal to or greater than 'V ,;,, and the
drive transistor T, is placed in the on state.

[Period-TP(4),] (See FIG. 12D)

[0143] Next, the threshold voltage cancel process is per-
formed. That is, if the light-emission control transistor con-
trol line CL,; - is af high level on the basis of the operation
of the light-emission control transistor control circuit 103
while the video signal write transistor T g, is maintainedin the
on state, the light-emission control transistor T,; . is placed
in the on state. As a result, while the potential of the first node
ND, is not changed (maintained at V =0 volt), the potential
of the second node ND, in the floating state rises, and the
potential difference between the first node ND, and the sec-
ond node ND, is brought close to the threshold voltage V , of
the drive transistor T,,. If the potential difference between
the gate electrode and the source region of the drive transistor
Tp,, reaches V,, the drive transistor T ,,,, is placed in the off
state. Specifically, the potential of the second node ND, in the
floating state is brought close to (V4-V,=-3 volt) and
finally becomes (V -V ). If Expression (2) is assured, in
other words, if the potential is selected and determined so as
to satisfy Expression (2), the light-emitting unit ELP does not
emit light.

[0144] In[Period-TP(4),], the potential of the second node
ND, finally becomes, for example, (V5-V,,,). That is, the
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potential of the second node ND, is determined depending on
only the threshold voltage V,,, of the drive transistor T p,,, and
the voltage V4 for initializing the gate electrode of the drive
transistor T 5, . The potential of the second node ND, does not
depend on the threshold voltage V,;,_,; of the light-emitting
unit ELP.

[Period-TP(4),] (See FIG. 13A)

[0145] Thereafter, if the light-emission control transistor
control line CLz; - 1s at low level on the basis of the opera-
tion of the light-emission control transistor control circuit 103
while the video signal write transistor T, is maintained in the
on state, the light-emission control transistor T, . is placed
in the off state. As a result, the potential of the first node ND,
is not changed (maintained at V ;=0 volt), and the potential
of the second node ND, in the floating state is not substan-
tially changed (actually, a change in the potential occurs due
to electrostatic coupling, such as parasitic capacitance, but
this change is normally negligible) and held at (V 4~V ;,==3
volt).

[0146] Next, each period of [Period-TP(4),] to [Period-TP
(4),] will be described. These periods are substantially the
same operations as [Period-TP(5)s] to [Period-TP(5),]
described in the 5Tr/1C driving circuit.

[Period-TP(4)s] (See FIG. 13B)

[0147] Next, the write process to the drive transistor T, is
performed. Specifically, while the video signal write transis-
tor Ty, is maintained in the on state, and the second node
initialization transistor T,,,, and the light-emission control
transistor T, . are maintained in the off state, the potential
of the data line DTL is switched from Vo o the driving
signal (luminance signal) V,, for suppressing luminance of
the light-emitting unit ELP on the basis of the operation of the
video signal output circuit 102. As a result, the potential of the
first node ND, rises t0 Vg;,. The video signal write transistor
Ty, is placed in the off state once, and while the video signal
write transistor T, the second node initialization transistor
Tupa. and the light-emission control transistor Tp; . are
maintained in the off state, the potential of the data line DTL
is changed to the driving signal (luminance signal) V,, for
controlling luminance of the light-emitting unit ELP on the
basis of the operation of the video signal output circuit 102.
Thereafter, ifthe scanning line SCL is at high level (that is, by
the slowed scanning signal) while the second node initializa-
tion transistor T, and the light-emission control transistor
Tz o are maintained in the off state, the video signal write
transistor Tg,, is placed in the on state.

[0148] Accordingly, as described in the STt/1C driving cir-
cuit, the value described in Expression (3) can be obtained as
the potential difference between the first node ND, and the
second node ND,, that is, the potential difference V, ; between
the gate electrode and the source region of the drive transistor
Tpn

[0149] That is, in the 4Tt/1C driving circuit, V,, which is
obtained in the write process to the drive transistor T, ,
depends on only the driving signal (luminance signal) Vg, for
controlling luminance of the light-emitting unit ELP, the
threshold voltage V,, of the drive transistor Tj,,, and the
voltage V o for initializing the gate electrode of the drive
transistor Tp,,. V,; does not depend on the threshold voltage

V,,.zr of the light-emitting unit ELP.
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[Period-TP(4),] (See FIG. 13C)

[0150] Thereafter, the potential of the source region of the
drive transistor T, (the second node ND,) is corrected on
the basis of the magnitude of mobility p of the drive transistor
Tp,,, is corrected (mobility correction process). Specifically,
the same operation as [Period-TP(5),] described in the 5Tt/
1C driving circuit may be performed. A predetermined time
(the full time t, of [Period-TP(4)]) for performing the mobil-
ity correction process may be determined in advance as a
design value at the time of design of the display device.

[Period-TP(4),] (See FIG. 13D)

[0151] With the above-described operation, the threshold
voltage cancel process, the write process, and the mobility
correction process are completed. Since the same process as
[Period-TP(5),] described in the 5Tr/1C driving circuit is
performed, and the potential of the second node ND, rises and
exceeds (V,, z;+V,,). the light-emitting unit ELP starts to
emit light. At this time, since a current which flows in the
light-emitting unit ELP can be obtained by Expression (5),
the I, which flows in the light-emitting unit ELP does not
depend on the threshold voltage V,;,_x; of the light-emitting
unit ELP and the threshold voltage V , of the drive transistor
Ty, That is, the light-emission amount (luminance) of the
light-emitting unit ELP is not affected by the threshold volt-
age V, 5, of the light-emitting unit ELP and the threshold
voltage V,, of the drive transistor T,,,. It is also possible to
suppress the occurrence of variation in the drain current I,
due to variation in mobility of the drive transistor Tp,.,.
[0152] The light-emission state of the light-emitting unit
ELP continues up to the (m+m'-1)th horizontal scanning
period. This time corresponds to the end of [Period-TP(4)_, ].
[0153] With the above, the operation of light emission of
the light-emitting unit ELP [the (n,m)th subpixel] is com-
pleted.

Example 5

[0154] Example 5 relates to a 3Tt/1C driving circuit. FIG.
14 is a conceptual diagram of a driving circuit of Example 5.
FIG. 15 is an equivalent circuit diagram of a 3Tr/1C driving
circuit. FIG. 16 is a schematic driving timing chart. FIGS.
17A to 17D and 18A to 18E schematically show the on/off
state and the like of each transistor.

[0155] In the 3Tr/1C driving circuit, two transistors of the
first node initialization transistor Ty, and the second node
initialization transistor Ty, are removed from the above-
described 5Tr/1C driving circuit. That is, the 3Tr/1C driving
circuit has three transistors of a video signal write transistor
T a light-emission control transistor Tz; ., and a drive
transistor T ,,,, and one capacitive unit C,.

[Light-Emission Control Transistor T, ]

[0156] Theconfiguration of the light-emission control tran-
sistor T, is the same as the light-emission control transis-
tor Tz, described in the STr/1C driving circuit, and thus
detailed description thereof will not be repeated.

[Drive Transistor T, ]

[0157] The configuration of the drive transistor T, is the
same as the drive transistor Tj,, described in the 5Tr/1C
driving circuit, and thus detailed description thereof will not
be repeated.
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[Video Signal Write Transistor Tg;,]

[0158] The configuration of the video signal write transis-
tor Ty, is the same as the video signal write transistor Tg,,
described in the 5Tt/1C driving circuit, and thus detailed
description thereof will not be repeated. While one region of
the source/drain regions of the video signal write transistor
T, 1s connected to the data line DTL, not only the driving
signal (luminance signal) Vg, for controlling luminance of
the light-emitting unit ELP but also a voltage V . for ini-
tializing the gate electrode of the drive transistor T, and a
voltage V . ; are supplied from the video signal output cir-
cuit 102. This point is different from the operation of the
video signal write transistor T, described in the 5Tr/1C
driving circuit. Signals/voltages (for example, a signal for
precharge driving) other than Vi, or V4 /V s, may be
supplied from the video signal output circuit 102 to one
region of the source/drain regions through the data line DTL.
The values of the voltage V ,,_;andthe voltage V ; are, not
limited to, as follows, for example.
[0159] V. z~about 30 volt
[0160] V. =about O volt

[Relationship Between Values Cy; and C, ]

[0161] As described below, in the 3Tr/1C driving circuit, it
is necessary to change the potential of the second node ND,
using the data line DTL. In the 5Tr/1C driving circuit or the
4Tr/1C driving circuit described above, description has been
provided assuming that the value C; is sufficiently greater
than the value ¢, and the value c,, and taking into consider-
ation a change in the potential of the source region of the drive
transistor T, (the second node ND,) based on the change
(Vsig=Vop) in the potential of the gate electrode of the drive
transistor T, (the same applies to a 2Tr/1C driving circuit
described below). In the 3Tr/1C driving circuit, for design,
the value ¢, is set to be greater than other driving circuits (for
example, the value c, is about ¥4 to ¥ of the value c;).
Accordingly, a change in the potential of the second node
ND, due to a change in the potential of the first node ND), is
large compared to other driving circuits. For this reason, in
case of 3Tr/1C, description will be provided taking into con-
sideration a change in the potential of the second node ND,
due to a change in the potential of the first node ND,. A
driving timing chart of FIG. 16 is shown taking into consid-
eration a change in the potential of the second node ND, due
to a change in the potential of the first node ND),.

[Light-Emitting Unit ELP]

[0162] The configuration of the light-emitting unit ELP is
the same as the light-emitting unit ELP described in the
5Tr/1C driving circuit, and thus detailed description thereof
will not be repeated.

[0163] Hereinafter, the operation of the 3Tt/1C driving cir-
cuit will be described.

[Period-TP(3)_,] (See FIGS. 16 and 17A)

[0164] [Period-TP(3)_,] is, for example, the operation in
the previous display frame, and is substantially the same
operationas [Period-TP(5)_, | described in the 5Tr/1C driving
circuit.

[0165] [Period-TP(3),] to [Period-TP(3),] shown in FIG.
16 are the period corresponding to [Period-TP(5),] to [Pe-
riod-TP(5),] shown in FIG. 6, and are the operation periods
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immediately before the next write process is performed.
Similarly to the STt/1C driving circuit, in [Period-TP(3),] to
[Period-TP(3),], the (n,m)th light-emitting unit ELP is in the
non-light-emission state. As shown in FIG. 16, the operation
of the 3Tr/1C driving circuit is different from the operation of
the 5Tr/1C driving circuit in that, in addition to [Period-TP
(3);] to [Period-TP(3)], [Period-TP(3),] to [Period-TP(3),]
are also included in the m-th horizontal scanning period. For
convenience of description, description will be provided
assuming that the beginning of [Period-TP(3), ] and the end of
[Period-TP(3),] respectively match the beginning and end of
the m-th horizontal scanning period.

[0166] Hereinafter, each period of [Period-TP(3),] to [Pe-
riod-TP(3),] will be described. As described in the 5Tr/1C
driving circuit, the length of each period of [Period-TP(3),] to
[Period-TP(3),] may be appropriately set in accordance with
design for the display device.

[Period-TP(3),] (See FIG. 17B)

[0167] [Period-TP(3),] is, for example, the operation from
the previous display frame to the current display frame, and is
substantially the same operation as [Period-TP(5),] described
in the 5Tr/1C driving circuit.

[Period-TP(3), ] (See FIG. 17C)

[0168] The horizontal scanning period of the m-th row in
the current display frame starts. At the time of the start of
[Period-TP(3),], if the potential of the data line DTL is set to
the voltage V5 for initializing the gate electrode of the
drive transistor T ,,,, on the basis of the operation of the video
signal output circuit 102, and then if the scanning line SCL is
at high level on the basis of the operation of the scanning
circuit 101, the video signal write transistor Ty, is placed in
the on state. As a result, the potential of the first node ND,
becomes V4 5. As described above, for design, since the
value ¢, of the capacitive unit C, is greater than other driving
circuits, the potential of the source region (the potential of the
second node ND,) rises. Since the potential difference
between both ends of the light-emitting unit ELP exceeds the
threshold voltage V ;, x;, the light-emitting unit ELP is placed
in a conduction state, but the potential of the source region of
the drive transistor T, drops directly to (V 5, z; +V ) again.
During this, although the light-emitting unit ELP can emit
light, light emission is instantaneous, and there is no problem
for practical use. The gate electrode of the drive transistor
Tp,, is held at the voltage Vo g

[Period-TP(3),] (See FIG. 17D)

[0169] Thereafter, if the potential of the data line DTL is
changed from the voltage V ;. , for initializing the gate elec-
trode of the drive transistor T ,,, to the voltage V4, on the
basis of the operation of the video signal output circuit 102,
the potential of the first node ND, becomes V o ;. With the
potential drop of the first node ND,, the potential of the
second node ND, also drops. That is, electric charges based
on the change (V5.,-Vs.) in the potential of the gate
electrode of the drive transistor T, are divided into the
capacitive unit C |, the parasitic capacitance C, of the light-
emitting unit ELP, and parasitic capacitance between the gate
electrode and the source region of the drive transistor T ,,,. As
the assumption of the operation in [Period-TP(3),] described
below, at the time of the end of [Period-TP(3),], it is necessary
that the potential of the second node ND, is lower than V.
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1=V, The values of V4 ,yand like are setso as to satisfy the
conditions. That is, with the above-described process, the
potential difference between the gate electrode and the source
region of the drive transistor T, is equal to or greater than
V,,,. and the drive transistor T, is placed in the on state.

[Period-TP(3),] (See FIG. 18A)

[0170] Next, the threshold voltage cancel process is per-
formed. That is, if the light-emission control transistor con-
trol line CL; - 1s at high level on the basis of the operation
of the light-emission control transistor control circuit 103
while the video signal write transistor T, is maintained in the
on state, the light-emission control transistor T, .is placed
in the on state. As a result, while the potential of the first node
ND, is not changed (maintained at V=0 volt), the poten-
tial of the second node ND, in the floating state rises, and the
potential difference between the first node ND, and the sec-
ond node ND, is brought close to the threshold voltage V ,, of
the drive transistor T ,,,. If the potential difference between
the gate electrode and the source region of the drive transistor
Tp,, reaches V,,, the drive transistor Tj,,,, is placed in the off
state. Specifically, the potential of the second node ND, in the
floating state is brought close to (V,4.,-V,==3 volt) and
finally becomes (V o5 s =V ). If Expression (2) is assured, in
other words, if the potential is selected and determined so as
to satisfy Expression (2), the light-emitting unit ELP does not
emit light.

[0171] In[Period-TP(3),], the potential of the second node
ND, becomes, for example, (V5 -V ;). That is, the poten-
tial of the second node ND, is determined depending on only
the threshold voltage V,, of the drive transistor T, and the
voltage V., for initializing the gate electrode of the drive
transistor T ,,,,. The potential of the second node ND, does not
depend on the threshold voltage V,, 5, of the light-emitting
unit ELP.

[Period-TP(3)] (See FIG. 18B)

[0172] Thereafter, if the light-emission control transistor
control line CLg; . is at low level on the basis of the opera-
tion of the light-emission control transistor control circuit 103
while the video signal write transistor T, is maintained in the
on state, the light-emission control transistor T, . is placed
in the off state. As a result, the potential of the first node ND,
is not changed (maintained atV ;=0 volt), and the potential
of the second node ND, in the floating state is not changed and
held at (V o, -V ,,==3 volt).

[0173] Next, each period of [Period-TP(3),] to [Period-TP
(3),] will be described. These periods are substantially the
same operations as [Period-TP(5);] to [Period-TP(5),]
described in the 5Tr/1C driving circuit.

[Period-TP(3)s] (See FIG. 18C)

[0174] Next, the write process to the drive transistor T, is
performed. Specifically, while the video signal write transis-
tor T, is maintained in the on state, and the light-emission
control transistor T, . is maintained in the off state, the
potential of the data line DTL is set to the driving signal
(luminance signal) Vg, for controlling luminance of the light-
emitting unit ELP on the basis of the operation of the video
signal output circuit 102. As a result, the potential of the first
node ND, rises to V. The video signal write transistor T,
may be placed in the off state once, and while the video signal
write transistor T, and the light-emission control transistor
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T, ~are maintained in the off state, the potential of the data
line DTL may be changed to the driving signal (luminance
signal) V;, for controlling luminance of the light-emitting
unit ELP. Thereafter, if the scanning line SCL is at high level
(that is, by the slowed scanning signal) while the light-emis-
sion confrol transistor T, is maintained in the off state, the
video signal write transistor T s, may be placed in the on state.
[0175] In [Period-TP(3)s], the potential of the first node
ND, rises from V ,, ; 10 V... For this reason, if a change in
the potential of the second node ND, due to a change in the
potential of the first node ND, is taken into consideration, the
potential of the second node ND), slightly rises. That is, the
potential of the second node ND, can be expressed by V.
1=V 40 (V5.=V i) The relationship 0<a<l is estab-
lished, and the value of o is defined by the capacitive unit C,,
the parasitic capacitance Cy; of the light-emitting unit ELP,
and the like.

[0176] Accordingly, as described in the 5Tt/1C driving cir-
cuit, a value described in Expression (3') can be obtained as
the potential difference between the first node ND, and the
second node ND,, that is, the potential difference V, between
the gate electrode and the source region of the drive transistor

TDrv'
VsV simVopr= V)~ (Vsig=Vop.r) (3)

[0177] That is, in the 3Tt/1C driving circuit, V,, which is
obtained in the write process to the drive transistor T,
depends on only the driving signal (luminance signal) V;, for
controlling luminance of the light-emitting unit ELP, the
threshold voltage V, of the drive transistor Tj,,, and the
voltage V 5, for initializing the gate electrode of the drive
transistor Tp,,. V,, does not depend on the threshold voltage
V ;.. of the light-emitting unit ELP.

[Period-TP(3)4] (See FIG. 18D)

[0178] Thereafter, the potential of the source region of the
drive transistor T, (second node ND,) is corrected on the
basis of the magnitude of mobility p of the drive transistor
Tp,, (mobility correction process). Specifically, the same
operation as [Period-TP(5),] described in the STt/1C driving
circuit may be performed. A predetermined time (the full time
t, of [Period-TP(3)¢]) for performing the mobility correction
process may be determined in advance as a design value at the
time of design for the display device.

[Period-TP(3),] (See FIG. 18E)

[0179] With the above-described operation, the threshold
voltage cancel process, the write process, and the mobility
correction process are completed. Since the same process as
[Period-TP(5),] described in the 5Tt/1C driving circuit is
performed, and the potential of the second node ND, rises and
exceeds (V,,_zr+V ). the light-emitting unit ELP starts to
emit light. At this time, since a current which flows in the
light-emitting unit ELP can be obtained by Expression (5),
the current I ;, which flows in the light-emitting unit ELP does
not depend on the threshold voltage V,, ., of the light-emit-
ting unit ELP and the threshold voltage V,,, of the drive tran-
sistor T,,,.. That is, the light-emission amount (luminance) of
the light-emitting unit ELP is not affected by the threshold
voltageV,,_; of the light-emitting unit ELP and the threshold
voltage V,, of the drive transistor T, It is also possible to
suppress the occurrence of variation in the drain current I,
due to variation in mobility u of the drive transistor T,
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[0180] The light-emission state of the light-emitting unit
ELP continues up to the (m+m'-1)th horizontal scanning
period. This time corresponds to the end of [Period-TP(3)_,].
[0181] With the above, the operation of light emission of
the light-emitting unit ELP [the (n,m)th subpixel] is com-
pleted.

Example 6

[0182] Example 6 relates to a 2Tr/1C driving circuit. FIG.
19 is a conceptual diagram of a circuit which constitutes a
display device of Example 6. FIG. 20 shows an equivalent
circuit diagram of a 2Tr/1C driving circuit. FIG. 21 is a
schematic driving timing chart. FIGS. 22A to 22F schemati-
cally show the on/off state and the like of each transistor.
[0183] Inthe 2Tr/1C driving circuit, three transistors of the
first node initialization transistor Ty, the light-emission
control transistor T,; ., and the second node initialization
transistor Ty, are removed from the above-described 5Tr/
1C driving circuit. That is, the 2Tr/1C driving circuit has two
transistors of a video signal write transistor T, and a drive
transistor T ,,, and one capacitive unit C,.

Sig

[Drive Transistor Tp,, ]

[0184] The configuration of the drive transistor T, is the
same as the drive transistor T, described in the 5Tr/1C
driving circuit, and thus detailed description thereof will not
be repeated. The drain region of the drive transistor T, is
connected to the current supply unit 100. The voltage V.
for controlling light emission of the light-emitting unit ELP
and the voltage V., for controlling the potential of the
source region of the drive transistor T, are supplied from the
current supply unit 100. The values of the voltage V - . and
V ¢, may be as follows.

[0185] Ve 520 volt
[0186] V(. ,=—10volt
[0187] However, the voltage V. and V .. ; are not lim-

ited to these values.

[Video Signal Write Transistor Tg,, |

[0188] The configuration of the video signal write transis-
tor Tg;, is the same as the video signal write transistor T,
described in the 5T/1C driving circuit, and thus detailed
description thereof will not be repeated.

[Light-Emitting Unit ELP]

[0189] The configuration of the light-emitting unit ELP is
the same as the light-emitting unit ELP described in the
5Tr/1C driving circuit, and thus detailed description thereof
will not be repeated.

[0190] Hereinafter, the operation of the 2Tt/1C driving cir-
cuit will be described.

[Period-TP(2)_,] (See FIGS. 21 and 224)

[0191] [Period-TP(2)_,] is, for example, the operation in
the previous display frame, and is substantially the same
operation as [Period-TP(5)_, ] in the 5Tt/1C driving circuit.

[0192] [Period-TP(2),] to [Period-TP(2),] shown in FIG.
21 are the periods corresponding to [Period-TP(5),] to [Pe-
riod-TP(5),] shown in FIG. 6, and are the operation periods
immediately before the next write process is performed.
Similarly to the 5Tr/1C driving circuit, in [Period-TP(2),] to
[Period-TP(2),], the (n,m)th light-emitting unit ELP is in the
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non-light-emission state. As shown in FIG. 21, the operation
of the 2Tr/1C driving circuit is different from the operation of
the 5Tr/1C driving circuit in that, in addition to [Period-TP
(2)5], [Period-TP(2),] to [Period-TP(2),] are also included in
the m-th horizontal scanning period. For convenience of
description, description will be provided assuming that the
beginning of [Period-TP(2),] and the end of [Period-TP(2),]
respectively match the beginning and end of the m-th hori-
zontal scanning period.

[0193] Hereinafter, each period of [Period-TP(2),] to [Pe-
riod-TP(2),] will be described. As described in the 5Tr/1C
driving circuit, the length of each period of [Period-TP(2),] to
[Period-TP(2),] may be appropriately selected in accordance
with design for the display device.

[Period-TP(2),] (See FIG. 22B)

[0194] [Period-TP(2),] is, for example, the operation from
the previous display frame to the current display frame. That
is, [Period-TP(2),] is the period from the (m+m')th horizontal
scanning period in the previous display frame to the (m-1)th
horizontal scanning period in the current display frame. In
[Period-TP(2),], the (n,m)th light-emitting unit ELP is in the
non-light-emission state. At the time of change from [Period-
TP(2)_,]to [Period-TP(2),]. a voltage which is supplied from
the current supply unit 100 is switched from V ., to voltage
V ez As aresult, the potential of the second node ND, (the
source region of the drive transistor Tp,,,, or the anode elec-
trode of the light-emitting unit ELP) drops down to V.,
and the light-emitting unit ELP is placed in the non-light-
emission state. In order to follow the potential drop of the
second node ND,, the potential of the first node ND, (the gate
electrode of the drive transistor T, ) in the floating state also
drops.

[Period-TP(2), ] (See FIG. 22C)

[0195] The horizontal scanning period of the m-th row in
the current display frame starts. At the time of the start of
[Period-TP(2),], if the scanning line SCL is at high level on
the basis of the operation of the scanning circuit 101, the
video signal write transistor Tg,, is placed in the on state. As
aresult, the potential of the first node ND | becomes V. (for
example, Ovolt). The potential of the second node ND, is held
at V. ; (for example, —10 volt).

[0196] With the above process, the potential difference
between the gate electrode and the source region of the drive
transistor T, is equal to or greater than V,,, and the drive
transistor T, is placed in the on state.

[Period-TP(2),] (See FIG. 22D)

[0197] Next, the threshold voltage cancel process is per-
formed. That is, while the video signal write transistor T, is
maintained in the on state, the voltage which is supplied from
the current supply unit 100 is switched from the voltage V .,
to the voltage V.. As a result, while the potential of the
firstnode ND; is not changed (maintained at V ,s=0 volt), the
potential of the second node ND, in the floating state rises,
and the potential difference between the first node ND, and
the second node ND, is brought close to the threshold voltage
V, of the drive transistor T, . If the potential difference
between the gate electrode and the source region of the drive
transistor T ,,,, reaches V,,,, the drive transistor Tp,,,, is placed
in the off state. Specifically, the potential of the second node
ND; in the floating state is brought close to (V 5=V, =3
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volt) and finally becomes (V,;~V,,) If Expression (2) is
assured, in other words, if the potential is selected and detet-
mined so as to satisfy Expression (2), the light-emitting unit
ELP does not emit light.

[0198] In[Period-TP(2),], the potential of the second node
ND, finally becomes, for example, (V 5~V ,,). That is, the
potential of the second node ND, depends on only the thresh-
old voltageV,, of the drive transistor T, and the voltage V o
for initializing the gate electrode of the drive transistor T,...
The potential of the second node ND, does not depend on the
threshold voltage V, -, of the light-emitting unit ELP.

[Period-TP(2),] (See FIG. 22E)

[0199] Next, the write process to the drive transistor T, is
performed and the potential of the source region of the drive
transistor T,,,,, (the second node ND,) is corrected on the
basis of the magnitude of mobility p of the drive transistor
T, (mobility correction process). Specifically, while the
video signal write transistor Ty, is maintained in the on state,
the potential of the data line DTL is set to the driving signal
(luminance signal) Vg, , for controlling luminance of the light-
emitting unit ELP on the basis of the operation of the video
signal output circuit 102. As a result, the potential of the first
node ND, rises to Vg, and the drive transistor T, is placed
in the on state. The video signal write transistor T, may be
placed in the off state once, the potential of the data line DTL
may be changed to the driving signal (luminance signal) Vg,
for controlling luminance of the light-emitting unit ELP, and
then, if the scanning line SCL is at high level (that is, by the
slowed scanning signal), the video signal write transistor T,
may be placed in the on state, such that the drive transistor
T,,, may be placed in the on state.

[0200] Unlike the description of the 5Tr/1C driving circuit,
since the potential V., is applied from the current supply
unit 100 to the drain region of the drive transistor T, ,, the
potential of the source region of the drive transistor T, , rises.
When a predetermined time (t,) has elapsed, if the scanning
line SCL is at low level, the video signal write transistor T,
is placed in the off state, and the first node ND, (the gate
electrode of the drive transistor T, ) is placed in the floating
state. The full time t, of [Period-TP(2),] may be determined
in advance as a design value at the time of design for the
display device such that the potential of the second node ND,
becomes (V o5=V,,+AV).

[0201] In[Period-TP(2),], when the value of mobility n of
the drive transistor T, is large, the amount AV of rise in the
potential of the source region of the drive transistor T, ,, is
large. When the value of mobility p of the drive transistor T,,,,
is small, the amount AV of rise in the source region of the
drive transistor T, is small.

[Period-TP(2),] (See FIG. 22F)

[0202] With the above-described operation, the threshold
voltage cancel process, the write process, and the mobility
correction process are completed. Since the same process as
[Period-TP(5),] described in the 5Tr/1C driving circuit is
performed, and the potential of the second node ND, rises and
exceeds (V,,_z;+V ), the light-emitting unit ELP starts to
emit light. At this time, since the current which flows in the
light-emitting unit ELP can be obtained by Expression (5),
the current I ;, which flows in the light-emitting unit ELP does
not depend on the threshold voltage V,, ., of the light-emit-
ting unit ELP and the threshold voltage V ,, of the drive tran-
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sistor T,,,. That is, the light-emission amount (luminance) of
the light-emitting unit ELP is not affected by the threshold
voltageV,,, ., ofthe light-emitting unit ELP and the threshold
voltage V, of the drive transistor T .. It is also possible to
suppress the occurrence of variation in the drain current I,
due to variation in mobility p of the drive transistor T,

[0203] The light-emission state of the light-emitting unit
ELP continues up to the (m+m'-1)th horizontal scanning
period. This time corresponds to the end of [Period-TP(2)_, ].

[0204] With the above, the operation of light emission of
the light-emitting unit ELP [the (n,m)th subpixel] is com-
pleted.

[0205] Although the display device according to the
embodiments of the present disclosure and the electronic
apparatus have been described on the basis of the preferred
examples, the display device according to the embodiments
of the present disclosure and the electronic apparatus are not
limited to these examples. The configuration or structure of
the display device or the driving circuit in the examples are for
illustration and may be appropriately changed. The driving
method is for illustration, and may be appropriately changed.
For example, in the operation of the 2Tr/1C driving circuit,
[Period-TP(2),] may be divided into two periods of [Period-
TP(2),] and [Period-TP(2)';]. In [Period-TP(2);], as
described above, the video signal write transistor T, may be
placed in the off state once, and the potential of the data line
DTL may be changed to the driving signal (luminance signal)
Vs, for controlling luminance of the light-emitting unit ELP.
Thereafter, in [Period-TP(2) T,], if the scanning line SCL is at
high level, the video signal write transistor T, may be placed
in the on state, such that the drive transistor T, may be
placed in the on state. Although in the examples, a case where
various transistors are of an n-channel type has been
described, in some cases, a part or the whole of the driving
circuit may be constituted by a p-channel transistor. The
display device according to the embodiments of the present
disclosure may be applied to, for example, a television
receiver, a monitor constituting a digital camera, a monitor
constituting a video camera, a monitor constituting a personal
computer, various display units in a personal digital assistant
(PDA), a mobile phone, a smart phone, a portable music
player, a game machine, an electronic book, and an electronic
dictionary, an electronic view finder (EVF), and a head
mounted display (HMD). That is, examples of the electronic
apparatus according to the embodiment of the present disclo-
sure include a television receiver, a digital camera, a video
camera, a personal computer, a PDA, a mobile phone, a smart
phone, aportable music player, a game machine, an electronic
book, an electronic dictionary, an electronic view finder, and
a head mounted display. The display device according to the
embodiments of the present disclosure is provided in these
electronic apparatuses. Although in the examples, a case
where a display unit is exclusively constituted by an organic
electroluminescence light-emitting unit has been described,
the light-emitting unit may be constituted by a self-luminous
light-emitting unit, such as an inorganic electroluminescence
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light-emitting unit, an LED light-emitting unit, or a semicon-
ductor laser light-emitting unit.

[0206] The present disclosure contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
tion JP 2011-181797 filed in the Japan Patent Office on Aug.
23,2011, the entire contents of which are hereby incorporated
by reference.

[0207] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:

1. A display device comprising:

a plurality of light-emitting elements, each light-emitting
element having a light-emitting unit and a driving circuit
for driving the light-emitting unit; and

wherein the driving circuit at least includes a drive transis-
tor, a video signal write transistor and a capacitive unit
which is located between the drive transistor and the
video signal write transistor.

2. The display device according to the claim 1, wherein the
drive transistor having source/drain regions, a channel form-
ing region, and a gate electrode.

3. The display device according to the claim 1, wherein the
video signal write transistor having source/drain regions, a
channel forming region, and a gate electrode.

4. The display device according to the claim 1, wherein the
driving transistor including one region of the source/drain
regions which is connected to the corresponding current sup-
ply line.

5. The display device according to the claim 1, wherein the
driving transistor including the other region of the source/
drain regions which is connected to the light-emitting unit and
connected to one end of the capacitive unit, and forms a
second node.

6. The display device according to the claim 1, wherein the
driving transistor including the gate electrode which is con-
nected to the other region of the source/drain regions of the
video signal write transistor and connected to the other end of
the capacitive unit, and forms a first node.

7. The display device according to the claim 1, wherein the
video signal write transistor including one region of the
source/drain regions which is connected to the corresponding
data line.

8. The display device according to the claim 1, wherein the
video signal write transistor including the gate electrode
which is connected to the corresponding scanning line.

9. The display device according to the claim 1, wherein the
drive transistor is formed within a first conduction-type sec-
ond well which is formed within a second conduction-type
first well in a first conduction-type silicon semiconductor
substrate, the video signal write transistor is formed in the
first conduction-type silicon semiconductor substrate, and the
other region of the source/drain regions of the drive transistor
and the second well are electrically connected together.

* ok %k
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