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DISPLAY DEVICE AND METHOD OF
DRIVING THE SAME

TECHNICAL FIELD

[0001] Thepresent invention relates to display devices, and
more specifically, to a display device which includes pixel
circuits that have electro-optic elements such as organic EL
(Electro Luminescence) elements, and to methods of driving
the same.

BACKGROUND ART

[0002] Organic EL display devices are known for their
thinness, high-quality image displaying capabilities and low
power consumption. Organic EL display devices have a plu-
rality of pixel circuits disposed in a matrix pattern. Each of the
pixel circuits includes an organic EL element which is a
self-luminous electro-optic element driven by an electric cur-
rent; drive transistors; etc.

[0003] Conventionally, there is known an organic EL dis-
play device in which the pixel circuits include transistors
(hereinafter called “emission control transistors™) provided
therein, for controlling emission/non-emission of the organic
EL element, in order to suppress abnormal emission, for
example, of the organic EL element which can occur when
writing a data voltage into the pixel circuit. In such an organic
EL display device, a plurality of pixel circuits are formed
correspondingly to a plurality of scanning lines and a plural-
ity of emission lines. Each of the scanning lines which cor-
responds to one of the pixel circuits controls data voltage
writing timing. Fach of the emission lines which corresponds
to one of the pixel circuits controls emission/non-emission
timing of the organic EL element. The scanning lines are
driven by a scanning driver (scanning driving section). The
emission lines are driven by an emission driver (emission
control driving section).

[0004] In relation to the present invention, Patent Docu-
ment | discloses an organic EL display device in which the
scanning driver and the emission driver are integrated with
each other. FIG. 15 is a circuit diagram for describing the
configuration of the scanning driver and the emission driver
(hereinafter, these will be collectively called “scanning/emis-
sion driver” and will be indicated with a reference symbol
300) disclosed in Patent Document 1. Herein, it is assumed
that there are n (n represents an integer not smaller than 2)
scanning lines and n emission lines. The scanning/emission
driver 300 includes a shift register 310, n first NAND gates
NAND1; through NAND1#; n NOR gates NOR11 through
NOR1z; and n second NAND gates NAND21 through
NAND2#. The first NAND gates NAND1 (i is an integer not
smaller than 1 and not greater than n) in the i-th stage receives
an output SRi and an output SRi+1 from the i-th stage and the
(i+1)th stage of the shift register 310 as inputs, and supplies an
output based on these to the emission line EMi in thei-th row.
The NOR gate NOR1i in the i-th stage receives the output SRi
and the output SRi+1 in the i-th stage and the (i+1)th stage of
the shift register 310 as inputs. The second NAND gate
NAND?2; in the i-th stage receives an output OUTi from the
NOR gate 1/ in the i-th stage and a clip signal CLIP as inputs,
and supplies an output based on these to the scanning line Si
in the i-th row. In the scanning/emission driver 300, the scan-
ning driver is implemented by the shift register 310, the n
NOR gates NOR11 through 17, and the nsecond NAND gates
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NAND21 through 2#, whereas the emission driver is imple-
mented by the shift register 310 and the n first NAND gates
NAND11 through 1z.

DOCUMENTS ON CONVENTIONAL ART

Patent Documents

[0005] Patent Document 1: Japanese Unexamined Patent
Application Publication No. 2005-346025

[0006] Patent Document 2: Japanese Patent No. 4637070
SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0007] The organic EL display device disclosed in Patent

Document 1 requires the use of NAND gates (first NAND
gates) in order to implement the emission driver. The first
NAND gate NANDI1; in the i-th row is provided by, for
example, a CMOS (Complementary Metal Oxide Semicon-
ductor) circuit as shown in FIG. 16. More specifically, the first
NAND gate NANDI/ in the i-th row is constituted by two
p-channel transistors TP1, TP2 which are provided in parallel
to each other between a power supply line for supplying a
HIGH level logic power supply voltage VDD (hereinafter this
line will be called “HIGH level logic power supply line” and
indicated with the same reference symbol VDD as is the
HIGH level logic power supply voltage) and a power supply
line for supplying a LOW level logic power supply voltage
VSS (hereinafter this line will be called “LOW level logic
power supply line” and will be indicated with the same ref-
erence symbol VSS as the LOW level logic power supply
voltage); and two n-channel transistors TN1, TN2 which are
provided in series with the respective two p-channel transis-
tors TP1, TP2 between the HIGH level logic power supply
line VDD and the LOW level logic power supply line VSS. In
other words, the organic EL display device disclosed in Patent
Document 1 requires four transistors for each of the emission
lines, and this increases the size of the emission driver circuit.
[0008] It is therefore an object of the present invention to
provide a display device, such as an organic EL display
device, which includes an emission driver (emission control
driving section) of a reduced circuit size, and a driving
method thereof.

Means for Solving the Problems

[0009] A first aspect of the present invention provides an
active matrix display device, which includes:

[0010] a display section including a plurality of data lines,
a plurality of scanning lines, a plurality of emission control
lines along the respective scanning lines, and a plurality of
pixel circuits disposed correspondingly to the data lines, the
scanning lines and the emission control lines;

[0011] a scanning driving section configured to sequen-
tially select the scanning lines; and

[0012] an emission control driving section configured to
drive the emission control lines.

[0013] In this display device,

[0014] the pixel circuit includes:

[0015] an electro-optic element driven by an electric cur-
rent;

[0016] a first input transistor having its control terminal

connected to a corresponding one of the scanning lines, and
configured to turn ON when said scanning line is selected,
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[0017] adrivetransistor provided in series with the electro-
optic element, and configured to control a drive current that is
to be supplied to the electro-optic element, in accordance with
a data voltage supplied via a corresponding one of the data
lines and the first input transistor; and

[0018] an emission control transistor having its control ter-
minal connected to a corresponding one of the emission con-
trol lines, and provided in series with the electro-optic ele-
ment;

[0019] whereas
[0020] the emission control driving section includes:
[0021] OFF-control switching elements each provided cor-

respondingly to one of the emission control lines and config-
ured to change an electric potential of said emission control
line to an OFF level to turn OFF the emission control transis-
tor in accordance with a state of one of the scanning lines
which precede the scanning line that is along said correspond-
ing emission control line or a state of the scanning line that is
along said corresponding emission control line; and

[0022] ON-control switching elements each provided cor-
respondingly to one of the emission control lines and config-
ured to change the electric potential of the emission control
line to an ON level to turn ON the emission control transistor
in accordance with a state of one of the scanning lines which
follow the scanning line that is along said corresponding
emission control line.

[0023] A second aspect of the present invention provides
the first aspect of the present invention, in which

[0024] the OFF-control switching element changes the
electric potential of the emission control line to the OFF level
when one of the scanning lines which precede the scanning
line that is along the corresponding emission control line or
the scanning line that is along the corresponding emission
control line changes its state to a selected state, and

[0025] the ON-control switching element changes the elec-
tric potential of the emission control line to the ON level when
one of the scanning lines which follow the scanning line that
is along the corresponding emission control line changes its
state to a selected state.

[0026] A third aspect of the present invention provides the
second aspect of the present invention, in which

[0027] the OFF-control switching element has its control
terminal connected to one of the scanning lines which pre-
cede the scanning line that is along the corresponding emis-
sion control line or the scanning line that is along the corre-
sponding emission control line, and has its first conduction
terminal connected to the emission control lines, whereas
[0028] the ON-control switching element has its control
terminal connected to one of the scanning lines which follow
the scanning line that is along the corresponding emission
control line, and has its first conduction terminal connected to
the emission control line.

[0029] A fourth aspect of the present invention provides the
third aspect of the present invention, in which

[0030] the first input transistor and the emission control
transistor are of a same conductivity type,

[0031] the OFF-control switching element has its second
conduction terminal supplied with the OFF-level voltage, and
[0032] the ON-control switching element has its second
conduction terminal connected to the scanning line to which
the control terminal is connected.

[0033] A fifth aspect of the present invention provides the
third aspect of the present invention, in which
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[0034] the control terminal of the OFF-control switching
element is connected to an immediately foregoing scanning
line of the scanning line that is along the corresponding emis-
sion control line.

[0035] A sixth aspect of the present invention provides the
third aspect of the present invention, in which

[0036] the control terminal of the ON-control switching
element is connected to an immediately following scanning
line of the scanning line that is along the corresponding emis-
sion control line.

[0037] A seventh aspect of the present invention provides
the first aspect of the present invention, in which

[0038] the display device further includes a terminating end
for each emission control line to be terminated.

[0039] An eighth aspect of the present invention provides
the first aspect of the present invention, in which

[0040] the pixel circuit further includes:

[0041] a drive capacitance element configured to hold a
voltage for controlling the drive transistor; and

[0042] asecond input transistor having its control terminal
connected to a foregoing one of the scanning lines of the
corresponding scanning line. In this arrangement,

[0043] the first input transistor and the second input tran-
sistor are parallel to each other between the corresponding
data line and the drive capacitance element.

[0044] A ninth aspect of the present invention provides the
eighth aspect of the present invention, in which

[0045] the first input transistor is provided by a thin-film
transistor which has its channel layer formed of an oxide
semiconductor, a microcrystalline silicon or an amorphous
silicon.

[0046] A tenth aspect of the present invention provides the
first aspect of the present invention, in which

[0047] both of the scanning driving section and the emis-
sion control driving section are disposed on one side of the
display section.

[0048] An eleventh aspect of the present invention provides
the first aspect of the present invention, in which

[0049] the data voltage represents one of a plurality of
primary colors,

[0050] the pixel circuit serves as a sub-pixel for one of the
primary colors,

[0051] the display device further includes a time-sharing
data voltage supply section configured to supply data voltages
each representing one of the primary colors to the data lines in
a time-sharing manner, and

[0052] the scanning driving section selects one of the scan-
ning lines when the pixel circuit corresponding thereto is
supplied with the data voltage representing the primary color
represented by said pixel circuit serving as a sub-pixel.
[0053] A twelfth aspect of the present invention provides a
driving method of an active matrix display device including a
display section having a plurality of data lines, a plurality of
scanning lines, a plurality of emission control lines along the
respective scanning lines, and a plurality of pixel circuits
disposed correspondingly to the data lines, the scanning lines
and the emission control lines; the pixel circuit including: a
first input transistor having its control terminal connected to a
corresponding one of the scanning lines, and configured to
turn ON when said scanning line is selected; a drive transistor
provided in series with the electro-optic element, and config-
ured to control a drive current that is to be supplied to the
electro-optic element, in accordance with a data voltage sup-
plied via a corresponding one of the data lines and the first
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input transistor; and an emission control transistor having its
control terminal connected to a corresponding one of the
emission control lines, and provided in series with the electro-
optic element. The method includes:

[0054] a scanning step of sequentially selecting the scan-
ning lines; and

[0055] an emission step of driving the emission control
lines; and

[0056] in this method, the emission control step includes:
[0057] an OFF-control step of controlling OFF-control

switching elements each provided correspondingly to one of
the emission control lines so as to change an electric potential
of the emission control lines to an OFF level to turn OFF the
emission control transistor in accordance with a state of one
of the scanning lines which precede the scanning line that is
along said corresponding emission control line or a state of
the scanning line that is along said corresponding emission
control line; and

[0058] an ON-control step of controlling ON-control
switching elements each provided correspondingly to one of
the emission control lines so as to change the electric potential
of the emission control line to an ON level to turn ON the
emission control transistor in accordance with a state of one
of the scanning lines which follow the scanning line that is
along said corresponding emission control line.

Advantages of the [nvention

[0059] According to the first aspect of the present inven-
tion, the OFF-control switching elements and the ON-control
switching elements inside the emission control driving sec-
tion control electric potentials in their corresponding emis-
sion control lines, whereby a plurality of emission control
lines are driven. The emission control driving section makes
use of a total of two switching elements, i.e., the OFF-control
switching element and the ON-control switching element
(each provided by a transistor for example) for each of the
emission control lines. Therefore, itis possible to decrease the
circuit size of the emission control driving section as com-
pared to conventional ones.

[0060] According to the second aspect of the present inven-
tion, it is possible to drive the emission control line by chang-
ing the electric potential of the emission control line when the
scanning line changes its state to the selected state.

[0061] According to the third aspect of the present inven-
tion, it is possible to control the electric potential of the
emission control line, by controlling the OFF-control switch-
ing element with the electric potential of one of the scanning
lines which precede the scanning line that is along the corre-
sponding emission control line or of the scanning line that is
along the corresponding emission control line, and by con-
trolling the ON-control switching element with the electric
potential of one of the scanning lines which follow the scan-
ning line that is along the corresponding emission control
line.

[0062] According to the fourth aspect of the present inven-
tion, the electric potential of the scanning lineis utilized when
changing the electric potential of the emission control lines to
the ON level. This makes it possible to delete a power supply
line to be used for changing the electric potential of the
emission control line to the ON level.

[0063] According to the fifth aspect of the present inven-
tion, it is possible to change the electric potential of the
emission control line to the OFF level when an immediately
foregoing scanning line of the scanning line that is along the
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emission control line corresponding to the OFF-control
switching element changes its state to the selected state.
[0064] According to the sixth aspect of the present inven-
tion, it is possible to change the electric potential of the
emission control line to the ON level when an immediately
following scanning line of the scanning line that is along the
emission control line corresponding to the ON-control
switching element changes its state to the selected state.
[0065] According to the seventh aspect of the present
invention, the terminating end makes it possible to reliably
maintain the electric potential of the emission control line.
[0066] According to the eighth aspect of the present inven-
tion, a voltage is supplied from the data line to the drive
capacitance element via the second input transistor before a
voltage is supplied from the data line to the drive capacitance
element via the first input transistor. In other words, a pre-
liminary charging is performed while the foregoing scanning
line of the scanning line corresponding to the pixel circuit is
selected. In this arrangement, the drive capacitance element is
charged to a desired voltage even in cases where the firstinput
transistor has a relatively low electron mobility or where it is
not possible to take a sufficient selection period for each
scanning line. Therefore, the arrangement makes it possible
to maintain a level of display quality.

[0067] According to the ninth aspect of the present inven-
tion, a thin-film transistor (hereinafter abbreviated as “TFT”)
which has its channel layer formed of an oxide semiconduc-
tor, a microcrystalline silicon or an amorphous silicon is
utilized as the first input transistor, and the aspect provides the
same advantages as offered by the eighth aspect of the present
invention.

[0068] According to the tenth aspect of the present inven-
tion, the scanning driving section and the emission control
driving section are disposed on the same side with respect to
the display section. This allows the emission control driving
section to use sharper scanning line signals which have less
deterioration in the waveform. Therefore, emission control
driving section can accurately drive the emission control
lines.

[0069] According to the eleventh aspect of the present
invention, data voltages each representing one of a plurality
of primary colors are supplied to the respective data lines ina
time-sharing manner. Therefore, it is possible to decrease the
size of the data voltage output circuit.

[0070] According to the twelfth aspect of the present inven-
tion, the same advantages as offered by the first aspect of the
present invention are provided in a driving method of the
display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0071] FIG. 1is ablock diagram showing a configuration of
an organic EL display device according to a first embodiment
of the present invention.

[0072] FIG. 2is a circuit diagram showing a configuration
of a pixel circuit in FIG. 1.

[0073] FIG. 3isa circuit diagram for describing a configu-
ration of an emission driver in FIG. 1.

[0074] FIG. 4 is a circuit diagram for describing another
configuration regarding an end of an emission line in the first
embodiment.

[0075] FIG. 5 is a circuit diagram for describing still
another configuration regarding the end of the emission line
in the first embodiment.
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[0076] FIG. 6 is a timing chart for describing an operation
of the pixel circuit in FIG. 2 and that of the emission driver in
FIG. 3.

[0077] FIG. 7 shows a layout of NAND gates.

[0078] FIG. 8 shows a layout of an ON-control transistor
and an OFF-control transistor in the i-th row.

[0079] FIG.9isablock diagram showing a configuration of
an organic EL display device according to a second embodi-
ment of the present invention.

[0080] FIG. 10 is a circuit diagram for describing a con-
figuration of an emission driver in FI1G. 9.

[0081] FIG. 11 is a block diagram showing a configuration
of an organic EL display device according to a third embodi-
ment of the present invention.

[0082] FIG. 12 is a circuit diagram showing a connection
relationship between pixel circuits and various wires in the
third embodiment.

[0083] FIG. 13 is a circuit diagram for describing a con-
figuration of an emission driver in FIG. 11.

[0084] FIG. 14 is atiming chart for describing an operation
of the pixel circuit in FIG. 12 and that of the emission driver
in FIG. 13.

[0085] FIG. 15 is a circuit diagram for describing a con-
figuration of a scanning/emission driver.

[0086] FIG.161s acircuit diagram showing a configuration
of a NAND gate.

MODE FOR CARRYING OUT THE INVENTION

[0087] Hereinafter, a first through a third embodiments of
the present invention will be described with reference to the
attached drawings. Hereinafter, each of the following letters
m, n, k and 1 represents an integer not smaller than 2, whereas
a letter i represents an integer not smaller than 1 but not
greater than n. Also, a letter j represents an integer not smaller
than 1 but not greater than m in the first and the second
embodiments, but represents an integer not smaller than 1 but
not greater than k in the third embodiment. Additionally,
transistors included in pixel circuits in each of the embodi-
ments are provided by field-effect transistors, typically by
thin-film transistors.

1. First Embodiment

1. 1 Overall Configuration

[0088] FIG.1isablockdiagram showing a configuration of
an active matrix organic EL display device 1 according to a
first embodiment of the present invention. The organic EL
display device 1 includes a display section 10, a display
control circuit 20, a source driver 30, a scanning driver 40 and
an emission driver 50. In the present embodiment, the source
driver 30 represents the data driving section, the scanning
driver 40 represents the scanning driving section, and the
emission driver 50 represents the emission control driving
section. It is acceptable that one or two, or all of the source
driver 30, the scanning driver 40 and the emission driver 50
are formed integrally with the display section 10. The scan-
ning driver 40 and the emission driver 50 are disposed on one
side (hereinafter called “left side™) and on another side (here-
inafter called “right side”) of the display section 10 respec-
tively. Itis acceptable, however, that the scanning driver 40 is
on the right side and the emission driver 50 is on the left side
of the display section 10.
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[0089] The display section 10 has as many as m data lines
D1 through Dm, and perpendicular thereto, n scanning lines
S1 through Sn. Hereinafter, the direction in which the data
lines extend will be called column direction, whereas the
direction in which the scanning lines extend will be called
row direction. Also, an array of constituent elements along the
column direction may sometimes be called “column”,
whereas an array of constituent elements along the row direc-
tion may be called “row”. The display section 10 further has
mxn pixel circuits 11 correspondingly to the m data lines D1
through Dm and the n scanning lines S1 through Sn. Each
pixel circuit 11 serves as one of a red (R) sub-pixel (herein-
after called “R sub-pixel”, a green (G) sub-pixel (hereinafter
called “G sub-pixel”) and a blue (B) sub-pixel (hereinafter
called “B sub-pixel”). The pixel circuits 11 along the row
direction constitutes the R sub-pixel, the G sub-pixel, and the
B sub-pixel in this order for example, from a side closer to the
scanning driver 40. The colors represented by the sub-pixels
are not limited to red, green and blue, but may be cyan,
magenta, yellow, etc. The display section 10 also includes
unillustrated power supply lines; i.e. a power supply line
which supplies a HIGH level pixel supply-power voltage
ELVDD (hereinafter this line will be called “HIGH level pixel
power supply line” and will be indicated with the same ref-
erence symbol ELVDD as of the HIGH level pixel supply-
power voltage), and a power supply line which supplies a
LOW level pixel supply-power voltage ELVSS (hereinafter
this line will be called “LOW level pixel power supply line”
and will be indicated with the same reference symbol ELVSS
as of the LOW level pixel supply-power voltage). Each of the
HIGH level pixel supply-power voltage ELVDD and LOW
level pixel supply-power voltage ELVSS is a fixed voltage.

[0090] The display control circuit 20 controls the source
driver 30 and the scanning driver 40 by sending image data
DA and a source control signal CT1 to the source driver 30
while sending a scanning control signal CT2 to the scanning
driver 40. The source control signal CT1 contains, for
example, a source start pulse signal, a source clock signal and
a latch strobe signal. The scanning control signal CT2 con-
tains, for example, a scanning start pulse signal and a scan-
ning clock signal.

[0091] The sourcedriver 30 is connected to the m data lines
D1 through Dm, and drives them. More specifically, the
source driver 30 has such unillustrated components as a shift
register, a sampling circuit, a latch circuit, m D/A converters
and m buffers. The shift register makes sequential transfer of
the source start pulse in synchronization with the source
clock, thereby making a sequential output of the sampling
pulse. The sampling circuit sequentially stores one-row
amount of image data DA following the timing given by the
sampling pulse. The latch circuit receives and stores the one-
row amount of image data DA held by the sampling circuit, in
accordance with the latch strobe signal, while it supplies
image data DA (hereinafter called “gradation data”) con-
tained in the one-row amount of image data for each sub-pixel
to a corresponding one of the D/A converters. The D/A con-
verter converts the supplied gradation data into a data voltage,
and outputs the voltage. The data voltage outputted from the
D/A converter is then supplied to a corresponding one of the
data lines via a corresponding one of the buffers.

[0092] The scanning driver 40 is connected to the n scan-
ning lines S1 through Sn, and drives them. More specifically,
the scanning driver 40 has such unillustrated components as a
shift register, n buffers, etc. The shift register makes sequen-
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tial transfer of the scanning start pulse in synchronization
with the scanning clock signal. The output signal from each
stage of the shift register is then supplied to a corresponding
one of the scanning lines via a corresponding one of the
buffers. Following the process described above, the scanning
driver 40 makes sequential selection from the n scanning lines
S1 through Sn, starting from the scanning line S1.

[0093] The emission driver 50 is connected to the n emis-
sion lines EM1 through EMn, and drives them. The emission
driver 50 has the unillustrated LOW level logic power supply
line VSS. Details of the emission driver 50 will be described
later.

1. 2 Pixel Circuit

[0094] FIG. 2 is a circuit diagram showing a configuration
of a pixel circuit located in the i-th row of the j-th column of
the device shown in FIG. 1. The pixel circuit 11 has one
organic EL element OLED, four transistors T1 through T4,
and one capacitor C1. The transistor T1 serves as the drive
transistor, the transistor T2 serves as the first input transistor,
the transistor T3 serves as the second input transistor, and the
transistor T4 serves as the emission control transistor. The
capacitor C1 represents the drive capacitance element,
whereas the organic EL element OLED represents the elec-
tro-optic element driven by an electric current. All of the
transistors T1 through T4 are n-channel TFTs.

[0095] The transistor T1 is in series with the organic EL
element OLED, and has its drain terminal, which serves as the
first conduction terminal, connected to the HIGH level pixel
power supply line ELVDD. The transistor T2 has its gate
terminal (which serves as the control terminal; the same
applies to gate terminals of the other transistors) connected to
the scanning line Si in the i-th row, and is between the data line
Dj and the gate terminal of the transistor T1. The transistor T3
has its gate terminal connected to the scanning line Si-1, i.e.,
the scanning line in the (i-1)th row which is immediately
before the scanning line Si in the i-th row; and is between the
data line Dj and the gate terminal of the transistor T1. The
term “the scanning line immediately before” refers to a scan-
ning line which is immediately before in the sequence of
selection. The transistor T4 has its gate terminal connected to
the emission line EMi in the i-th row, and is between the
source terminal of the transistor T1 which serves as the sec-
ond conduction terminal and an anode terminal of the organic
EL element OLED. The capacitor C1 has its one terminal
connected to the gate terminal of the transistor T1, and the
other terminal connected to the source terminal of the tran-
sistor T1. The capacitor C1 holds a voltage VGS across the
gate and the source of the transistor T1. The organic EL
element OLED has its cathode terminal connected to the
LOW level pixel power supply line ELVSS. In the present
embodiment, a term “gate node VG” will be used for the sake
of convenience to refer to a point of connection between the
gate terminal ofthe transistor T1, the terminal of the capacitor
C1 and a conduction terminal of the transistor T2 which is
located on the gate terminal side of the transistor T1.

1. 3 Emission Driver

[0096] FIG. 3 is a circuit diagram for describing a configu-
ration of the emission driver 50 in FIG. 1. FIG. 3 shows a
configuration of a portion covering the (i-2)th row through
the i-th row for the sake of illustrative convenience. As
described earlier, the scanning driver 40 is on the left side in
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the display section 10, whereas the emission driver 50 is on
the right side in the display section 10. The emission driver 50
has an ON-control transistor T1e and an OFF-control transis-
tor T2¢ for each emission line. The ON-control transistor T1e
represents the ON-control switching element, whereas the
OFF-control transistor T2e represents the OFF-control
switching element. The ON-control transistor Tle and the
OFF-control transistor T2e are provided by n-channel TFTs.
For the sake of clarity, description hereinafter may concen-
trate on the emission line EMi in the i-th row and its relevant
constituent elements, without covering emission lines in the
other rows or their relevant constituent elements.

[0097] The ON-control transistor Tle which serves the
emission line EMi in the i-th row (hereinafter this T1e will be
called “the ON-control transistor T1e in the i-th row”) causes
an electric potential in the emission line EMi in the i-th row to
change to ON level when the scanning line Si+1, which is the
scanning line in the (i+1)th row immediately after the scan-
ning line Si in the i-th row along the emission line EMi in the
i-th row, has changed its state to Selected state. The term “the
scanning line immediately after” refers to a scanning line
which is immediately after in the sequence of selection. It
should be noted here that the “scanning line is in Selected
state” means that the scanning line has an ON-level electric
potential (a level which turns ON the transistors in the pixel
circuit 11). Also, the expression that the “scanning line is in
De-selected state” means that the electric potential of the
scanning line is at an OFF level (a level which turns OFF the
transistors in the pixel circuit 11). In the present embodiment,
the ON level and the OFF level are provided by the HIGH
level (VDD) and the LOW level (VSS) respectively. The
ON-control transistor T1e in the i-th row, or more specifically,
its gate terminal and drain terminal which serves as the sec-
ond conduction terminal are connected to the scanning line
Si+1 in the (i+1)th row, whereas its source terminal, which
serves as the first conduction terminal, is connected to the
emission line EMi in the i-th row.

[0098] The OFF-control transistor T2e which serves the
emission line EMi in the i-th row (hereinafter this T2e will be
called “the OFF-control transistor T2e in the i-th row”) causes
the electric potential in the emission line EMi in the i-th row
to change to OFF level when the scanning line Si-1, which is
the scanning line in the (i-1)th row immediately before the
scanning line Siin the i-th row along the emission line EMi in
the i-th row, has changed its state into Selected state. The
OFF-control transistor T2e in the i-th row, or more specifi-
cally its gate terminal, is connected to the scanning line Si-1
in the (i-1)th row; its drain terminal, which serves as the first
conduction terminal, is connected to the emission line EMi in
the i-th row; and its source terminal, which serves as the
second conduction terminal, is connected to the LOW level
logic power supply line VSS. The LOW level logic power
supply line VSS has an electric potential equivalent to the
LOW level defined above.

[0099] A reference symbol Cem in FIG. 3 indicates a total
capacitance (a wire capacitance and a parasitic capacitance)
in the emission line in each row. Also, in each row on the side
closer to the scanning driver 40, the emission line has its end
provided with a terminal transistor T3e as a terminating end
for terminating the emission line. Each terminal transistor
T3e is provided by an n-channel transistor, with its gate
terminal connected to the end of the emission line. As a note,
each terminal transistor T3e may be provided by a p-channel
transistor. In each terminal transistor T3e, the source terminal
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and the drain terminal are floating for example. The terminal
transistor T3e maintains the emission line is floating thereby
ensuring that the electric potential in the emission line is
reliably maintained when both of the ON-control transistor
Tle and the OFF-control transistor T2e are in the OFF state.
Alternatively, as shown in FIG. 4, the terminal transistor T3e
may be replaced by a terminal capacitor C3e which has one
terminal connected to the emission line, and the other termi-
nal connected to the LOW level logic power supply line VSS
for example. This arrangement can also maintain the emis-
sion line floating thereby ensuring that the electric potential in
the emission line is reliably maintained when both of the
ON-control transistor T1e and the OFF-control transistor T2e
are in the OFF state. Still another alternative can be that, as
shown in FIG. 5, there is no terminating end provided such as
the terminal transistor T3e and the terminal capacitor C3e.
Even in this case, it is possible to maintain the emission line
floating thereby maintaining the electric potential in the emis-
sion line due to the emission line capacitance Cem, when both
of the ON-control transistor T1e and the OFF-control tran-
sistor T2e are in the OFF state. In cases where the capacitance
Cem of the emission line in each row is not large enough, it is
more desirable, than providing the terminal transistor T3e, to
provide the terminal capacitor C3e since it functions as an
additional capacitance to the capacitance Cem.

1. 4 Operation

[0100] FIG. 6 is a timing chart for describing an operation
of the pixel circuit 11 in FIG. 2 and an operation of the
emission driver 50 in FIG. 3. First, reference will be made to
FIG. 2 and FIG. 6 to describe an operation of the pixel circuit
11 shown in FIG. 2. In FIG. 6, a period from Time t1 through
Time 12 is a selection period for the scanning line Si-1 in the
(i-1th row; a period from Time 2 through Time t3 is a
selection period for the scanning line Si in the i-th row; and a
period from Time t3 through Time t4 is a selection period for
the scanning line Si+1 in the (i+1)th row. Hereinafter, the
selection period for the scanning line Siin the i-th row will be
called “selection period for the i-th row”. As shown in FIG. 6,
the emission line EMi in the i-th row assumes LOW level
during selection periods for the scanning lines Si-1 and Si of
the (i-1)th row and the i-th row. This LOW level period
partially overlaps a LOW level period of the emission line
EMi-1 in the (i-1)th row, for one horizontal period (1 H
period).

[0101] Before Time t1, the scanning lines Si-1 through
Si+1 in the (i-1)th row through the (i+1)th row assume LOW
level, whereas the emission line EMi in the i-th row assumes
HIGH level. Under this state, the transistors T2, T3 are turned
OFF, so the gate node VG maintains an initial potential level.
It should be noted here that the initial level may be set to a
ground potential by selecting all the scanning lines and bring-
ing all the data lines to a ground potential during the blanking
period after all the scanning lines are scanned. The transistor
T4 is in ON state, and therefore there is a mutual electric
connection between the source terminal of the transistor T1
and the anode terminal of the organic EL element OLED.
Thus, the transistor T1 supplies a drive current determined by
the initial level, to the organic EL element OLED, and the
organic EL element OLED is emitting light at a brightness
determined by the drive current.

[0102] When Time t1 is reached, the emission line EMi in
the i-th row changes its state to LOW level, so the transistor
T4 turns OFF. This causes electrical disconnection between
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the source terminal of the transistor T1 and the anode terminal
of the organic EL element OLED. As a result, the supply of
the drive current by the transistor T1 to the organic EL ele-
ment OLED is stopped and the organic EL. element OLED
stops its emission. This suppresses abnormal emission of the
organic EL element OLED which can occur when supplying
a data voltage to the gate node VG. The emission line EMi in
the i-th row stays LOW level until Time t3. Meanwhile, as
Time t1 is reached, the scanning line Si-1 in the (i-1)th row
changes its state to HIGH level, so the transistor T3 turns ON.
As a result, a data voltage Vdatai-1 in the (i-1)th row is
supplied to the gate node VG via the data line Dj and the
transistor T3. Thereafter, for a period until Time 2 is reached,
the potential at the gate node VG varies following the data
voltage Vdatai-1 in the (i-1) th row. In this process, the
capacitor C1 is charged with a differential potential between
the potential at the gate node VG and a source potential of the
transistor T1, 1.e. to the gate-source voltage Vgs. As described
above, apreliminary charging is performed in the pixel circuit
11 in the i-th row during the selection period in the (i-1)th
row, in the present embodiment. The preliminary charging as
described above brings the potential at the gate node VG
closerto a target level (Vdatai) which must be achieved in the
selection period for the i-th row.

[0103] When Time t2 is reached, the scanning line Si-1 in
the (i-1)th row changes its state to LOW level, so the transis-
tor T3 turns OFF. Also, the scanning line Si in the i-th row
changes its state to HIGH level, so the transistor T2 turns ON.
As aresult, the data voltage Vdatai in the i-th row is supplied
to the gate node VG via the data line Dj and the transistor T2.
Thereafter, for a period until Time t3 is reached, the potential
at the gate node VG varies following the data voltage Vdatai
in the i-th row. In this process, the capacitor C1 is charged
with a differential potential between the potential at the gate
node VG and a source potential of the transistor T1, i.e. to the
gate-source voltage Vgs. More specifically, since the above-
described preliminary charging has already brought the
potential at the gate node VG close to the data voltage Vdatai
in the i-th row, the potential at the gate node VG reliably
achieves Vdatai in the selection period for the i-th row. In the
selection period for the i-th row, the gate-source voltage Vgs
to which the capacitor C1 is charged is given by the following
mathematical expression (1):

Vgs=VG-VS ()

= Vdatai- VS

where VS represents the source potential of the transistor T1,
and is assumed as a constant for the convenience of descrip-
tion.

[0104] When Time t3 is reached, the scanning line Si in the
i-th row changes its state to LOW level, so the transistor T2
turns OFF. This finalizes the value of the gate-source voltage
Vgs held by the capacitor C1 to the value given by the math-
ematical expression (1). Also at Time t3, the emission line
EMi in the i-th row changes its state to HIGH level, so an
electrical connection is made between the source terminal of
the transistor T1 and the anode terminal of the organic EL
element OLED. Thus, the transistor T1 supplies a drive cur-
rent loled to the organic EL element OLED depending upon
the gate-source voltage Vgs held by the capacitor C1. More
specifically, the drive current Ioled supplied from the transis-
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tor T1 to the organic EL element OLED is given by the
following mathematical expression (2):

Joled = (8/2) = (Vgs — Vih)* (@)

= (B8/2) = (Vdatai - VS - Vih)*

where f} represents a gain of the transistor T1, which is pro-
portional to electron mobility of the transistor T1 for
example. As indicated by the above mathematical expression
(2), the drive current Ioled takes a value which is determined
by the data voltage Vdatai in the i-th row, and therefore the
organic EL element OLED makes emission at a brightness
determined by the data voltage Vdatai in the i-th row. The
transistor T1 supplies the drive current Ioled which is deter-
mined by the mathematical expression (2), to the organic EL
element OLED also in periods after Time t4.

[0105] Next, reference will be made to F1G. 3 and FIG. 6, to
describe an operation of the emission driver 50. Before Time
t1, the scanning lines Si-1 and Si+1 inthe (i-1)th row and the
(i+1)th row assume LOW level, so both the ON-control tran-
sistor in the i-th row Tle and the OFF-control transistor T2e
are in OFF state. This keeps the emission line EMi in the i-th
row in a floating state, with its potential maintained at HIGH
level.

[0106] When Time t1 is reached, the scanning line Si-1 in
the (i-1) th row changes its state to HIGH level, so the
OFF-control transistor T2¢ in the i-th row turns ON. This
pulls down the potential in the emission line EMi in the i-th
row to LOW level (VSS).

[0107] When Time t2 is reached, the scanning line Si-1 in
the (i-1)th row changes its state to LOW level, so the OFF-
control transistor T2e in the i-th row turns OFF. Both the
ON-control transistor T1e and the OFF-control transistor T2e
in the i-th row are in OFF state. This brings the emission line
EMi in the i-th row into a floating state, with its potential
maintained at LOW level.

[0108] When Time t3 is reached, the scanning line Si+1 in
the (i+1) th row changes its state to HIGH level, so the
ON-control transistor T1e in the i-th row turns ON. This pulls
up the potential in the emission line EMi in the i-th row to
HIGH level (VDD).

[0109] When Time t4 is reached, the scanning line Si+1 in
the (i+1) th row changes its state to LOW level, so the ON-
control transistor Tle in the i-th row turns OFF. Both the
ON-control transistor T1e and the OFF-control transistor T2e
in the i-th row are in OFF state. This brings the emission line
EMi in the i-th row into a floating state, with its potential
maintained at HIGH level. As has been described thus far, the
operation of the emission driver 50 in the present embodiment
is implemented by maintaining HIGH level and LOW level
by utilizing the floating state of the emission lines which can
be achieved by means of the ON-control transistor Tle and
the OFF-control transistor T2e.

1. 5 Layout

[0110] FIG. 7 is a diagram showing a layout in the first
NAND gate NAND1/ in the i-th row in the organic EL display
device disclosed in Patent Document 1. FIG. 7 uses chain
lines to show an approximate layout region where the first
NAND gate NAND1; in the i-th row is. For simplicity,
description will assume that all wires shown in FIG. 7 have
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the same width. The description of the layout hereinafter will
not cover insulation layers, etc. Also, the description also
assumes that each transistor is provided by a top-gate type
although each of the transistors may be of a bottom-gate type.

[0111] As shown in FIG. 7, at a place facing a p-channel
layer (which is a channel layer provided by a p-type semicon-
ductor device) PL, (more specifically, on the p-channel layer
PL), there are the emission line EMi in the i-th row; a wire
which supplies an output SRi in the i-th stage of the shift
register 310 (hereinafter this wire will be called “the output
line in the i-th row” and will be indicated with the same
reference symbol Sri as in the i-th output); a wire which
supplies an output SRi+l in the (i+1)th stage of the shift
register 310 (hereinafter this wire will be called “output line
in the (i+1)th row” and will be indicated with the same refer-
ence symbol SRi+1 as of the output in the (i+1)th stage); and
the HIGH level logic power supply line VDD. The p-channel
layer PL is connected to the emission line EMi in the i-th row
via a contact hole CT near its end (left end in FIG. 7); con-
nected to the HIGH level logic power supply line VDD via a
contact hole CT near its center; and connected to the emission
line EMi in the i-th row via a contact hole CT near its another
end (right end in FIG. 7). On the p-channel layer PL, the
output line SRi in the i-th row is between the emission line
EMi in the i-th row which is connected to near the left end of
the p-channel layer PL via the contact hole CT and the HIGH
level logic power supply line VDD, whereas the output line
SRi+1 in the (i+1)th row is between the HIGH level logic
power supply line VDD and the emission line EMi in the i-th
row which is connected to near the right end of the p-channel
layer PL via the contact hole CT. The p-channel layer PL, the
emission line EMi in the i-th row, the HIGH level logic power
supply line VDD, and the output line SRiin the i-th row which
are located on the p-channel layer PL constitute the p-channel
transistor TP1 shown in FIG. 16. The p-channel layer PL, the
HIGH level logic power supply line VDD, the output line
SRi+!1 in the (i+1)th row, and the emission line EMi in the i-th
row which are located on the p-channel layer PL constitute
the p-channel transistor TP2 shown in FIG. 16.

[0112] At a place facing an n-channel layer (which is a
channel layer provided by an n-type semiconductor device)
NL, (more specifically, on the n-channel layer), there are the
emission line EMi in the i-th row, the output line SRi in the
i-th row, the output line SRi+1 in the (i+1)th row, and the
LOW level logic power supply line VSS. The n-channel layer
NL is connected to the emission line EMi in the i-th row via
a contact hole CT near its end (left end in FIG. 7), and is
connected to the LOW level logic power supply line VSS via
acontacthole CT near its another end (right end in FIG. 7). On
the n-channel layer NL, the output line SRi in the i-th row is
on a side closer to the center of n-channel layer NL than is the
emission line EMi in the i-th row, whereas the output line
SRi+1 in the (i+1) th row is on a side closer to the center of
n-channel layer NL than is the LOW level logic power supply
line VSS. The n-channel layer NL, the emission line EMi in
the i-th row and the output line SRi in the i-th row which are
located on the the n-channel layer NL constitute the n-chan-
nel transistor TN1 shown in FIG. 16. The n-channel layer NL,
and the output line SRi+1 in the (i+1) th row and the LOW
level logic power supply line VSS which are located on the
n-channel layer NL constitute the n-channel transistor TN2
shown in FIG. 16.

[0113] FIG. 8 shows a layout of the ON-control transistor
Tle and the OFF-control transistor T2 in the i-th row. FIG. 8
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uses chain lines to show an approximate layout region where
the ON-control transistor T1e and the OFF-control transistor
T2einthe i-th row are. For simplicity, description will assume
that all wires shown in FIG. 8 have the same width.

[0114] As shown in FIG. 8, at a place facing the n-channel
layer NL (more specifically, on the n-channel layer NL), there
are the scanning line Si+1 in the (i+1)th row; a gate-connec-
tion wire SG connected to the scanning line Si+l in the
(i+1)th row via a contact hole CT; the emission line EMi in the
i-th row; the scanning line Si-1 in the (i-1)th row; and the
LOW level logic power supply line VSS. The n-channel layer
NL is connected to the scanning line Si+1 in the (i+1)th row
via a contact hole CT near its end (upper end in FIG. 8);
connected to the emission line EMi in the i-th row via a
contacthole CT near its center; and connected to the scanning
line Si-1 in the (i-1)th row via a contact hole CT near its
another end (lower end in FIG. 8). On the n-channel layer NL,
the gate-connection wire SG is between the scanning line
Si+1 in the (i+1)th row and the emission line EMi in the i-th
row, whereas the scanning line Si-1 in the (i-1)th row is
between the emission line EMi in the i-th row and the LOW
level logic power supply line VSS. The n-channel layer NL,
the scanning line Si+1 in the (i+1)th row, the gate-connection
wire SG and the emission line EMi in the i-th row which are
located on the n-channel layer NL constitute the ON-control
transistor Tle in the i-th row. The n-channel layer NL, the
emission line EMi in the i-th row, the scanning line Si-1in the
(i-1)th row and the LOW level logic power supply line VSS
which are located on the n-channel layer NL constitute the
OFF-control transistor T2e in the i-th row.

[0115] AsshowninFIG.7and FIG. 8, the layout area of the
ON-control transistor Tle and OFF-control transistor T2e in
the i-th row is approximately a half of the layout area required
for cases where four transistors must be used to constitute the
first NAND gate NAND1; in the i-th row. Specifically, the
circuit size per emission line within the emission driver 50
according to the present embodiment is about a half of the
circuit size in the organic EL display device disclosed in
Patent Document 1.

1. 6 Power Consumption

[0116] Generally, an NAND gate which is implemented by
a CMOS circuit generates a shoot-through current Ip at a time
of transition when each of the two inputs changes from HIGH
level to LOW level or from LOW level to HIGH level. Spe-
cifically, in the first NAND gate NANDI; in the i-th row
shown in FIG. 16, when each in the i-th output SRi and the
(i+1)th output SRi+1 in the shift register 310 changes their
state from HIGH level to LOW level or from LOW level to
HIGH level, the p-channel transistors TP1, TP2 (hereinafter,
they will be called “p-channel transistors TP” when they are
not differentiated from each other) and the n-channel transis-
tors TN1, TN2 (hereinafter, they will be called “n-channel
transistors TN” when they are not differentiated from each
other) temporarily assume ON state simultaneously. This
causes a shoot-through current Ip from the HIGH level logic
power supply line VDD toward the LOW level logic power
supply line VSS via the p-channel transistors TP and the
n-channel transistors TN. The shoot-through current Ip is
given by the following mathematical expression (3).

Ip=(Br2y*{(PDD+Vip~Ven) [ L+sqrt(BreBp)] @)

In the above, Pn and Pp represent gains of the n-channel
transistors TN and the p-channel transistors TP respectively,
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and their values are determined by characteristics (e.g. elec-
tron mobility) of the n-channel transistors TN and the p-chan-
nel transistors TP respectively. Also, Vin, Vip represent gains
of the n-channel transistors TN and the p-channel transistors
TP respectively, which are positive and negative respectively.
Note that VSS=0 in this description. Mathematical Expres-
sion (3) gives a relatively large shoot-through current Ip,
which means that the organic EL display device disclosed in
Patent Document 1 has a large power consumption by its
emission driver.

[0117] On the other hand, in the emission driver 50 accord-
ing to the present embodiment, there is no such complemen-
tary operations as in the CMOS circuit; namely, the OFF-
control transistor T2e in the i-th row turns ON in the selection
period of the scanning line Si-1 in the (i-1) th row, whereas
the ON-control transistor T1e in the i-th row turns ON in the
selection period of the scanning line Si+1 in the (i+1) th row.
In other words, the OFF-control transistor T2¢ and the ON-
control transistor Tle do not turn ON simultaneously with
each other. Consequently therefore, no such current as the
above-described shoot-through current Ip is generated.

1. 7 Advantages

[0118] According to the present embodiment, the ON-con-
trol transistor Tle and the OFF-control transistor T2e inside
the emission driver 50 control an electric potential of an
emission line assigned to them, and as many as n emission
lines EM1 through EMn are driven by this method. More
specifically, the n emission lines EM1 through EMn are
driven by maintaining HIGH level or LOW level by utilizing
the floating state of the emission lines which can be achieved
by means of the ON-control transistor Tle and the OFF-
control transistor T2e. The emission driver 50 requires a total
of two transistors for each emission line, i.e., the ON-control
transistor T1e and the OFF-control transistor T2e. Therefore,
itis possible to decrease the circuit size of the emission driver
50 compared to the organic EL display device disclosed in the
Patent Document 1.

[0119] Also, according to the present embodiment, the
OFF-control transistor T2e in the i-th row turns ON in the
selection period of the scanning line Si-1 in the (i-1)th row,
whereas the ON-control transistor Tle in the i-th row turns
ON in the selection period of the scanning line Si+1 in the
(i+1)th row. Specifically, the OFF-control transistor T2e and
the ON-control transistor T1e do not turn ON simultaneously
with each other. Since this prevents generation of such a
current as the above-described shoot-through current Ip,
power consumption by the emission driver 50 is smaller than
by the organic EL display device disclosed in Patent Docu-
ment 1.

[0120] According to the present embodiment, the transis-
tors T2 through T4 are of the same conductivity type as each
other, and when changing the potential of emission line to
HIGH level, the diode-connected ON-control transistor Tle
makes use of the potential in the scanning line. This makes it
possible to delete the power supply line (HIGH level logic
power supply line VDD) to be used for changing the potential
in the emission line to HIGH level in the emission driver 50.
[0121] According to the present embodiment, a data volt-
age Vdatai-1 in the (i-1)th row is supplied from the data line
Dj to the capacitor C1 via the transistor T3 before the data
voltage Vdatai in the i-th row is supplied from the data line Dj
to the capacitor C1 via the transistor T2. In other words, a
preliminary charging is performed in the selection period of
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the immediately foregoing scanning line Si-1. Therefore, the
capacitor C1 is charged to a desired gate-source voltage Vgs
even in cases where the transistor T2 has a relatively low
electron mobility or where itis not possible to take a sufficient
selection period for each scanning line. This makes it possible
to maintain a level of display quality. The present embodi-
ment is suitable for cases where the transistor T2 is provided
by aTFT ofa relatively low electron mobility such as anoxide
TFT (a TFT whose channel layer is formed of an oxide
semiconductor), a microcrystalline silicon TFT (aTFT whose
channel layer is formed of a microcrystalline silicon), and an
amorphous silicon TFT (a TFT whose channel layer is formed
of an amorphous silicon). Even in cases where the transistor
T2 is provided by a TFT which has a relatively high electron
mobility such as a CGS (Continuous Grain Silicon)-TFT, the
preliminary charging will ensure that a level of display qual-
ity is reliably maintained in cases where each scanning line
has a relatively short selection period. An example of the
oxide TFT is an IGZO-TFT whose channel layer is formed of
an oxide semiconductor InGaZnOx (hereinafter called
“IGZ0”) containing indium (In), gallium (Ga), zinc (Zn), and
oxygen (O) as primary ingredients.

[0122] According to the present embodiment, a prelimi-
nary charging is performed in the selection period of the
scanning line Si-1 in the (i-1) th row which is the immedi-
ately foregoing scanning line in the scanning line Si in the i-th
row. One H-period immediately foregoing the main charging
period is used as a preliminary charging period. In general
images, mutually adjacent pixels are alike, so two pixel cir-
cuits 11 adjacent to each other in the column direction have
similar data voltages to each other. Under this situation, the
preliminary charging performed in the selection period of the
scanning line Si-1 in the (i-1) th row brings the gate-source
voltage, i.e., a charge in the capacitor C1, even closer to a
desired value. This makes it possible to maintain a level of
display quality more reliably.

2. Second Embodiment

2. 1 Overall Configuration

[0123] FIG.9isablockdiagram showing a configuration of
an organic EL display device 1 according to a second embodi-
ment of the present invention. Constituent elements of the
present embodiment which are identical with those in the first
embodiment will be indicated with the same reference sym-
bols, without repeating description thereof when appropriate.
Unlike the first embodiment, the emission driver 50 in the
present embodiment is disposed together with the scanning
driver 40, on the left side of the display section 10. Tt is
acceptable, however, that the scanning driver 40 and the emis-
sion driver 50 are both on the right side of the display section
10.

2.2 Emission Driver

[0124] FIG. 10 is a circuit diagram for describing a con-
figuration of the emission driver 50 in FIG. 9. FIG. 10 shows
a configuration of a portion covering the (i-2)th row through
the i-th row for the sake of illustrative convenience. As
described above, both of the scanning driver 40 and the emis-
sion driver 50 are disposed on the left side of the display
section 10. More specifically, the emission driver 50 is dis-
posed between the scanning driver 40 and the display section
10 on the left side of the display section 10. The emission
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driver 50 in the present embodiment has the same configura-
tion as in the first embodiment, so no more description will be
made therefor. Also, like the first embodiment, in each row on
the side closer to the scanning driver 40, the emission line has
its end provided with a terminal transistor T3e as a terminat-
ing end for terminating the emission line. It is acceptable to
replace the terminal transistor T3e with the terminal capacitor
C3e described earlier, and further, it is acceptable not to
provide a terminating end such as the terminal transistor T3e
and the terminal capacitor C3e.

2. 3 Advantages

[0125] According to the present embodiment, the scanning
driver 40 and the emission driver 50 are on the same side
(right side) as each other with respect to the display section
10. This allows the emission driver 50 to use sharper scanning
line signals which have less deterioration in the waveform.
Therefore, the emission driver 50 can accurately drive the n
emission lines EM1 through EMn.

3. Third Embodiment

3. 1 Overall Configuration

[0126] FIG. 11 is a block diagram showing a configuration
of an organic EL display device 1 according to a third embodi-
ment of the present invention. Constituent elements of the
present embodiment which are identical with those in the first
embodiment will be indicated with the same reference sym-
bols (except for those in the pixel circuit 11), and description
thereof will not be given when appropriate. The organic EL
display device 1 according to the present embodiment pro-
vides color display by means of three primary colors of RGB.
More specifically, the organic EL display device 1 according
to the present embodiment is provided by the organic EL
display device 1 according to the first embodiment which
further includes a demultiplexer section 60, and employs an
SSD (Source Shared Driving) method where data voltages
from the source driver 30 to the data lines are supplied via the
demultiplexer section 60. In the present embodiment, the
source driver 30 and the demultiplexer section 60 constitute a
time-sharing data voltage supply section 70.

[0127] Thedisplay section 10 in the present embodiment is
formed with kxl data lines. Note that kxl=m. The symbol 1
represents the number of primary colors for example, and
therefore, 1=3 in the present embodiment. Fach data line
supplies one of a data voltage which represents R (hereinafter
called “R-data voltage™), a data voltage which represents G
(hereinafter called “G-data voltage”), and a data voltage
which represents B (hereinafter called “B-data voltage”).
Hereinafter, a data line which supplies R-data voltages will be
called “R-data line” and will be indicated with a reference
symbol Drj. Likewise, a data line which supplies G-data
voltages will be called “G-data line” and will be indicated
with a reference symbol Dgj. Also, a data line which supplies
B-data voltages will be called “B-data line” and will be indi-
cated with a reference symbol Dbj. The display section 10,
more specifically, is formed with k R-data lines Dr1 through
Drk; k G-data lines Dg1 through Dgk; and k B-data lines Dbl
through Dbk. The display section 10 is also formed with
kxlxn pixel circuits 11. In the present embodiment, the pixel
circuit 11 which serves as an R sub-pixel will be called
“R-pixel circuit” and will be indicated with a reference sym-
bol “117”. Likewise, the pixel circuit 11 which serves as a G
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sub-pixel will be called “G-pixel circuit” and will be indi-
cated with a reference symbol “11g”. Also, the pixel circuit 11
which serves as a B sub-pixel will be called “B-pixel circuit”
and will be indicated with a reference symbol “115”. As
shown in FIG. 11, in the present embodiment, the R-pixel
circuit 117, the G-pixel circuit 11g and the B-pixel circuit 115
are disposed in an array in this order from the side of the
scanning driver 40. However, the sequence of the R-pixel
circuit 117, the G-pixel circuit 11g and the B-pixel circuit 115
in the array is not limited to this, or sub-pixels of other colors
may be formed by the pixel circuits 11. As an additional note,
the display section 10 is also formed with an initializing line
(not illustrated) which supplies an initializing voltage Vini for
an initializing operation to be described later (when neces-
sary, the initializing line will be referenced as Vini, using the
same symbol as the initializing voltage).

[0128] The display control circuit 20 controls the demulti-
plexer section 60 by sending: a data control signal for R
(hereinafter called “R-data control signal” and will be indi-
cated with a reference symbol SSDr); a data control signal for
G (hereinafter called “G-data control signal” and will be
indicated with a reference symbol SSDg); and a data control
signal for B (hereinafter called “B-data control signal” and
will be indicated with a reference symbol SSDb), to the
demultiplexer section 60.

[0129] The source driver 30 has k unillustrated output ter-
minals, and supplies data voltages to k output lines Ol
through Ok each connected to one of the output terminals.
Each output line is supplied with an R-data voltage, a G-data
voltage and a B-data voltage sequentially. The demultiplexer
section 60 includes k demultiplexers 61. Each of the k demul-
tiplexers 61 has an unillustrated input terminal, which is
connected to one of the k output lines O1 through Ok. The j-th
demultiplexer 61 has 1 (1=3) unillustrated output terminals,
each connected to one of the R-data line Drj, G-data line Dgj
and B-data line Dbj. The demultiplexer 61 receives the
sequential supply of an R-data voltage, a G-data voltage and
a B-data voltage, and then supplies these to the R-data line
Drj, the G-data line Dgj and to the B-data line Dbj in a
time-sharing manner. The operation of the demultiplexer 61
is controlled by the R-data control signal SSDr, the G-data
control signal SSDg and the B-data control signal SSDb. As
has been described, in the present embodiment, the source
driver 30 and the demultiplexer section 60 constitute the
time-sharing data voltage supply section 70, which supplies
R-data voltages, G-data voltages and B-data voltages to the
R-data line, the G-data line and the B-data line respectively in
a time-sharing manner. If an SSD method is employed, it is
possible to decrease the number of output lines which must be
connected to the source driver 30 to 4, for example, as
compared to a case where the SSD method is not utilized.
[0130] As shown in FIG. 11, in the present embodiment,
each of the scanning driver 40 and the emission driver 50 is
disposed on the left side of the display section 10, but the
present invention is not limited to this. For example, it is
acceptable that the scanning driver 40 and the emission driver
50 are disposed on the right side and the left side of the display
section 10 respectively, or both of the scanning driver 40 and
the emission driver 50 are disposed on the right side or the left
side of the display section 10.

3. 2 Connection Relationship Between Pixel Circuit
and Wires

[0131] FIG. 12 is a circuit diagram which shows a connec-
tion relationship between the R-pixel circuit 117, G-pixel
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circuit 11g and B-pixel circuit 115 in the i-th row and various
wires in the present embodiment. It should be noted here that
the pixel circuit configuration as shown in FIG. 12 is dis-
closed in Patent Document 2, for example. First, a configu-
ration of the demultiplexer 61 will be described. As shown in
FIG. 12, the demultiplexer 61 has a selection transistor for R
(hereinafter called “R-selection transistor” and indicated with
a reference symbol Tr); a selection transistor for G (herein-
after called “G-selection transistor” and indicated with a ref-
erence symbol Tg); and a selection transistor for B (herein-
after called “B-selection transistor” and indicated with a
reference symbol Tb). The R-selection transistor Tr is
between the output line Oj and the R-data line Drj, and has its
gate terminal supplied with the R-data control signal SSDr.
The G-selection transistor Tg is between the output line Oj
and the G-data line Dgj, and has its gate terminal supplied
with the G-data control signal SSDg. The B-selection tran-
sistor Tb is between the output line Oj and the B-data line Dby,
and has its gate terminal supplied with the B-data control
signal SSDb.

[0132] Next, a configuration of the pixel circuit will be
covered. As shown in FIG. 12, the R-pixel circuit 117, the
G-pixel circuit 11g and the B-pixel circuit 115 are disposed
sequentially in an array in the row direction. The R-pixel
circuit 117, the G-pixel circuit 11g and the B-pixel circuit 115
are basically the same in their configuration, so the descrip-
tion will take the R-pixel circuit 117 as an example, and will
not cover the G-pixel circuit 11g or the B-pixel circuit 115.

[0133] The R-pixel circuit 117 has one organic EL element
OLED; six transistors T1 through T6; and two capacitors C1,
C2.Thetransistor T1 serves as a drive transistor; the transistor
T2 serves as a first input transistor; the transistor T3 serves as
a compensation transistor; the transistor T4 serves as an ini-
tializing transistor; the transistor T5 serves as a first emission
control transistor; and the transistor T6 serves as a second
emission control transistor. All of the transistors T1 through
T6 are p-channel TFTs. The capacitor C1 represents a drive
capacitance element, whereas the capacitor C2 represents a
boost capacitance element.

[0134] The transistor T1 is in series with the organic EL
element OLED, and has its first conduction terminal con-
nected to the HIGH level pixel power supply line ELVDD via
the transistor T5. The transistor T2 has its gate terminal con-
nected to the scanning line Si in the i-th row, and is between
the R-data line Drj and the second conduction terminal of the
transistor T1. The transistor T3 has its gate terminal con-
nected to the scanning line Si in the i-th row, and is between
the gate terminal and the first conduction terminal of the
transistor T1. The transistor T4 has its gate terminal con-
nected to the scanning line Si-1 in the (i-1)th row, and is
between the gate terminal of the transistor T1 and the initial-
izing line Vini. The transistor T5 has its gate terminal con-
nected to the emission line EMi in the i-th row, and is between
the first conduction terminal of the transistor T1 and the
HIGH level pixel power supply line ELVDD. The transistor
T6 has its gate terminal connected to the emission line EMi in
the i-th row, and is between the second conduction terminal of
the transistor T2 and an anode terminal of the organic EL
element OLED. The capacitor C1 is between the gate termi-
nal of the transistor T1 and the HIGH level pixel power supply
line ELVDD. The capacitor C2 is between the gate terminal of
the transistor T1 and the R-data line Drj. The organic EL
element OLED has its cathode terminal connected to the
LOW level pixel power supply line ELVSS. In the present
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embodiment, a term “gate node VG” will be used for the sake
of convenience to refer to a point of connection between: the
gate terminal of the transistor T1; the conduction terminal of
the transistor T3 which is on the gate terminal side of the
transistor T1; one terminal of the capacitor C1 and one ter-
minal of the capacitor C2 which are on the gate terminal side
of the transistor T1; and the conduction terminal of the tran-
sistor T4 which is located on the gate terminal side of the
transistor T1.

3.3 Emission Driver

[0135] FIG. 13 is a circuit diagram for describing a con-
figuration of the emission driver 50 in FIG. 11. F1G. 13 shows
a configuration of a portion covering the (i-2) th row through
the i-th row for the sake of illustrative convenience. The
emission driver 50 according to the present embodiment is
provided by the emission driver 50 according to the first
embodiment which, however, has its ON-control transistor
T1e, OFF-control transistor T2e, and terminal transistor T3e
provided by a different conductivity type, i.e., the p-channel
type. The terminal transistor T3e may be provided by an
n-channel transistor, however. Also, the terminal transistor
T3e may be replaced by the terminal capacitor C3e described
earlier. As still another alternative, no terminating ends may
be provided such as the terminal transistor T3e and the ter-
minal capacitor C3e.

[0136] Unlike in the first embodiment, ON level and OFF
level in the present embodiment is LOW level (VSS) and
HIGH level (VDD) respectively. The OFF-control transistor
T2e has its second conduction terminal, which is provided by
the source terminal, is connected to HIGH level logic power
supply line VDD in place of the LOW level logic power
supply line VSS. HIGH level logic power supply line VDD
has an electric potential equivalent to the HIGH level defined
above. All the other connections in the present embodiment
are the same as in the first embodiment, so no more descrip-
tion will be made therefor.

3. 4 Operation

[0137] FIG. 14is atiming chart for describing an operation
of each of the pixel circuits 11 shown in FIG. 12 (hereinafter,
simply called “each pixel circuit 11”) and an operation of the
emission driver 50 shown in FIG. 13. First, an operation of
each pixel circuit 11 will be covered with reference to FIG. 12
and F1G. 13. In FIG. 14, a period from Time t1 through Time
2 is a selection period in the (i-1) th row; a period from Time
t2 through Time t5 is a selection period in the i-th row; and a
period from Time t5 through Time t6 is a selection period in
the (i+1)th row. The emission line EMi in the i-th row assumes
HIGH level during the selection periods of the scanning lines
Si-1 and Siin the (i-1)th row and the i-th row. This high level
period partially overlaps a high level period of the emission
line EMi-1 in the (i-1)th row, for one H period.

[0138] Before Time t1, the scanning lines Si-1 through
Si+1 in the (i-1)th row through the (i+1)th row assume HIGH
level, whereas the emission line EMi in the i-th row assumes
LOW level. Under this situation, in each pixel circuit 11, the
transistors T2 through T4 are in OFF state, and the transistors
T5,T6 are in ON state. Therefore, the transistor T1 supplies a
drive current loled, which is determined by a gate-source
voltage Vgs held by the capacitor C1, to the organic EL
element OLED, and the organic EL element OLED is emit-
ting at a brightness determined by the drive current loled.
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[0139] At Time t1, the emission line EMi in the i-th row
changes it state to HIGH level, which turns the transistors T5,
T6 OFF in each pixel circuit 11. As a result, electric connec-
tion between the first conduction terminal of the transistor T1
and the HIGH level pixel power supply line ELVDD is cut off,
and electric connection between the second conduction tet-
minal of the transistor T1 and the anode terminal of the
organic EL element OLED is cut off. As a result, the supply of
the drive current loled by the transistor T1 to the organic EL
element OLED is stopped and the organic EL element OLED
stops its emission. This suppresses abnormal emission of the
organic EL element OLED which can occur when supplying
a data voltage to the gate node VG. The emission line EMi in
the i-th row stays at HIGH level until Time t5. At Time t1, the
scanning line Si-1 inthe (i-1)th row changes its stateto LOW
level, so the transistor T4 turns ON in each pixel circuit 11. As
aresult, the potential at the gate node VG is initialized to Vini.
The initializing voltage Vini has a value capable of keeping
the transistor T1 turned ON when the data voltage Vdatai in
the i-th row is written into each pixel circuit 11, and more
specifically the value satisfies the following mathematical
expression.

Viri— Vdatai<—Vih @)

Such an initializing operation described above ensures reli-
able writing of the data voltage into each pixel circuit 11.
[0140] When Time (2 is reached, the scanning line Si-1 in
the (i-1)th row changes its state to HIGH level, so the tran-
sistor T4 turns OFF. This brings the initializing operation to
an end. Also, when Time 12 is reached, the scanning line Si in
the i-th row changes its state to LOW level, so the transistors
T2, T3 turn ON. Further, the R-data control signal SSDr
changes its state to LOW level, causing the R-selection tran-
sistor Tr to turn ON. This causes the R-data line Drj to be
charged to an R-data voltage in the i-th row, and therefore the
R-data voltage Vdatai in the i-th row is supplied to the gate
terminal of the transistor T1 via the transistors T2, T1, T3. In
this step, the first conduction terminal and the second con-
duction terminal of the transistor T1 function as a drain ter-
minal and a source terminal respectively. Also in this step, the
first conduction terminal and the gate terminal of the transis-
tor T1 are electrically connected with each other, whereby the
transistor T1 is diode-connected. During the period from
Time t2 through Time t5, the potential at the gate node VG
changes toward a value given by the following mathematical
expression (5):

VG=Vdatai-Vih (5)

Inamore exact sense, the voltage which is supplied to the gate
node VG can be lower than Vdatai since the potential held by
the R-data line Drj is re-distributed to the R-data line Drj and
the capacitors C1, C2. Such an effect, however, is reduced as
the potential at the gate node VG is boosted via the capacitor
C2 at Time t5 as will be described later.

[0141] When Time t3 is reached, the R-data control signal
SSDr changes its state to HIGH level, to cause the R-selection
transistor Tr to turn OFF. Note that the R-data line Drj can
hold the R-data voltage in the i-th row by its own wiring
capacitance even after the R-selection transistor Tr is turned
OFF. If the wire does not have a sufficient capacitance, how-
ever, then an additional capacitor may be connected to the
R-data line Drj. During periods from Time t3 through t4 and
from Time t4 through t5, the G-pixel circuit 11g and the
B-pixel circuit 115 respectively perform the same operation
as performed by the R-pixel circuit 117 during the period from
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Time 12 through t3. Again, there may be an additional capaci-
tor connected to each of G-data line Dgj and B-data line Dbj
like the R-data line Drf if their wires do not have a sufficient
capacitance.

[0142] At Time t5, the scanning line Si in the i-th row
changes its state to HIGH level, which turns the transistors
T2, T3 OFF in each pixel circuit 11. Also, the emission line
EMi in the i-th row changes its state to LOW level, so the
transistor T5, T6 turn ON. As a result, electric connection
between the first conduction terminal of the transistor T1 and
the HIGH level pixel power supply line ELVDD is estab-
lished, and electric connection between the second conduc-
tion terminal of the transistor T1 and the anode terminal of the
organic EL. element OLED is established. As a result, the
transistor T1 supplies a drive current Ioled which is given by
the following Mathematical Expression (6) to the organic EL
element OLED:

Toled = (B/2)+ (Vgs — Vih)? (6
= (/2)«(ELVDD - VG — Vih)?

= (f3/2) «(ELVDD — Vdatai)*

The Mathematical Expression (6) does not have a term for a
threshold voltage Vth. As understood, the present embodi-
ment compensates for variations in the threshold voltage Vth
of the transistor T1. Since the scanning line Si in the i-th row
changes its state to HIGH level at Time t5, the potential at the
gate node VG is boosted via the capacitor C2 as mentioned
above. Therefore, although there may be a decrease in the
actual voltage supplied to the gate node VG is due to the
re-distribution of the potential, the decrease becomes smaller.
The transistor T1 supplies the drive current Toled which is
determined by the mathematical expression (6), to the organic
EL element OLED also in periods after Time t6.

[0143] Next, reference will be madeto F1G. 13 and FIG. 14,
to describe an operation of the emission driver 50. Before
Time t1, the scanning lines Si-1 and Si+1 in the (i-1)th row
and the (i+1)th row assume HIGH level, so both of the ON-
control transistor Tle and the OFF-control transistor T2¢ in
the i-th row are in OFF state. This keeps the emission line EMi
in the i-th row in a floating state, with its potential maintained
at LOW level.

[0144] When Time t1 is reached, the scanning line Si-1 in
the (i-1)th row changes its state to LOW level, so the OFF-
control transistor T2e in the i-th row turns ON. This pulls up
the potential in the emission line EMi in the i-th row to HIGH
level (VDD).

[0145] At Time t2, the scanning line Si-1 in the (i-1)th row
changes its state to HIGH level, upon which both of the
ON-control transistor T1e and the OFF-control transistor T2e
in the i-th row assume OFF state. This brings the emission line
EMi in the i-th row into a floating state, with its potential
maintained at HIGH level.

[0146] When Time t5 is reached, the scanning line Si+1 in
the (i+1)th row changes its state to LOW level, so the ON-
control transistor Tle in the i-th row turns ON. This pulls
down the potential in the emission line EMi in the i-th row to
LOW level (VSS).

[0147] When Time t6 is reached, the scanning line Si+1 in
the (i+1)th row changes its state to HIGH level, so the ON-
control transistor T1e in the i-th row turns OFF. Now, both of
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the ON-control transistor T1e and the OFF-control transistor
T2e in the i-th row are in OFF state. This brings the emission
line EMi in the i-th row into a floating state, with its potential
maintained at LOW level. The operation as described for the
period from Time t1 through Time t6 is performed also for the
emission lines in other rows, whereby the operation of the
emission driver 50 according to the present embodiment is
implemented.

3. 5 Advantages

[0148] According to the present embodiment, it is possible
to reduce the size of the data voltage output circuit, by the use
of an SSD method.

[0149] Also, according to the present embodiment, the
transistor T1 becomes diode-connected as the transistor T3
turns ON, and this causes the potential at the gate node VG to
be set to a value determined by the threshold voltage Vth of
the transistor T1. It is therefore possible to compensate for
variations in the threshold voltage Vth of the transistor T1.

4. Others

[0150] The present invention is not limited to the embodi-
ments described thus far, but may be varied in many ways
within the spirit of the present invention. For example, in any
of the embodiments, it is not necessary that the ON-control
transistor Tle in the i-th row has its gate terminal and drain
terminal connected to the scanning line Si+1 in the (i+1)th
row; it is acceptable as far as they are connected to one of the
scanning lines that come after the scanning line Si in the i-th
row. The term “the scanning lines that come after” refers to
scanning line which come after in the sequence of selection.
Also, in any of the embodiments covered thus far, the gate
terminal in the OFF-control transistor T2e in the i-th row does
not have to be the scanning line Si-1 in the (i-1)th row; but it
is acceptable as far as it is connected to one of the scanning
lines in preceding rows of the scanning line Si in the i-th row,
or the scanning line Si in the i-th row. The term “the scanning
lines in preceding rows” refers to scanning lines which come
before in the sequence of selection. Further, in any of the
embodiments, the ON-control transistor T1e and/or the OFF-
control transistor T2e may be provided by other switching
elements. Still further, it is not necessary to diode-connect the
ON-control transistor T1e in the i-th row. For example, it is
acceptable that the ON-control transistor T1e in the i-th row
has its gate terminal not connected to the scanning line Si+1
in the (i+1) th row but to a different control wire, or that the
ON-control transistor T1e in the i-th row has its drain terminal
not connected to the scanning line Si+1 in the (i+1)th row but
to a wire which supplies the ON-level voltage.

[0151] Inthe first embodiment, the transistor T3 has its gate
terminal connected to the immediately foregoing scanning
line; however, it may be connected to one of the scanning
lines in preceding rows. Also in the first embodiment, it is
acceptable to use the transistor, which has its gate terminal
connected to the emission line EMi in the i-th row and is
between the drain terminal of the transistor T1 and the HIGH
level pixel power supply line ELVDD, in place of the transis-
tor T4 or together with the transistor T4. Again in the first
embodiment, the transistor T3 is utilized but the transistor T3
is not essential for the present invention. Also in the first
embodiment, two or more ofthe transistor T3 may be utilized,
with their respective gate terminals connected to different
scanning lines from each other.
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[0152] Also, in the first embodiment, the transistors T2, T3
and the transistor T4 are provided by the same conductivity
type, but the present invention is not limited to this. For
example, the transistors T2, T3 and the transistor T4 may be
provided by those of different conductivity types from each
other. In this case, the ON-control transistor Tle and the
OFF-control transistor T2e should be provided by different
conductivity types, or connections of the ON-control transis-
tor T1e and the OFF-control transistor T2e should be changed
in accordance to the conductivity types of the transistors T2
through T4. Likewise, in the third embodiment, the transistors
T1, T2 and the transistors T5, T6 are provided by the same
conductivity type, but the present invention is not limited to
this. For example, the transistors T1, T2 and the transistors
T5, T6 may be provided by those of different conductivity
types from each other. In this case, the ON-control transistor
T1e and the OFF-control transistor T2e should be provided by
different conductivity types, or connections of the ON-con-
trol transistor T1e and the OFF-control transistor T2e should
be changed in accordance to the conductivity types of the
transistors T2 through T4.

INDUSTRIAL APPLICABILITY

[0153] The present invention is applicable to display
devices which employ pixel circuits that include electro-optic
elements such as organic EL (Electro Luminescence) ele-
ments, and to methods of driving them.

LEGENDS

[0154] 1 Organic EL Display Device

[0155] 10 Display Section

[0156] 11 Pixel Circuit

[0157] 20 Display Control Circuit

[0158] 30 Source Driver (Data Driving Section)

[0159] 40 Scanning Driver (Scanning Driving Section)

[0160] 50 Emission Driver (Emission Control Driving Sec-
tion)

[0161] 60 Demultiplexer Section

[0162] 70 Time-Sharing Data Voltage Supply Section

[0163] D1 through Dm Data Line

[0164] S1 through Sn Scanning Lines

[0165] EMI through Emn Emission Lines (Emission Con-
trol Lines)

[0166] T1 through T6 Transistors

[0167] TleON-Control Transistor (ON-Control Switching

Element)

[0168] T2e OFF-Control Transistor (OFF-Control Switch-
ing Element)

[0169] T3e Terminal Transistor (Terminating End)

[0170] C3e Terminal Capacitor (Terminating End)

[0171] C1, C2 Capacitor

[0172] OLED Organic EL Element (Electro-Optic Ele-
ment)

[0173] Vdata Data Voltage

[0174] VG Gate Node

1. An active matrix display device, comprising;

a display section including a plurality of data lines, a plu-
rality of scanning lines, a plurality of emission control
lines along the respective scanning lines, and a plurality
of pixel circuits disposed correspondingly to the data
lines, the scanning lines and the emission control lines;

ascanning driving section configured to sequentially select
the scanning lines; and
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an emission control driving section configured to drive the
emission control lines;

wherein

the pixel circuit includes:

an electro-optic element driven by an electric current;

a first input transistor having its control terminal connected
to a corresponding one of the scanning lines, and con-
figured to turns ON when said scanning line is selected;

a drive transistor provided in series with the electro-optic
element, and configured to control a drive current that is
to be supplied to the electro-optic element, in accor-
dance with a data voltage supplied via a corresponding
one of the data lines and the first input transistor; and

an emission control transistor having its control terminal
connected to a corresponding one of the emission con-
trol lines, and provided in series with the electro-optic
element; and

wherein

the emission control driving section includes:

OFF-control switching elements each provided corre-
spondingly to one of the emission control lines and
configured to change an electric potential of said emis-
sion control line to an OFF level to turn OFF the emis-
sion control transistor in accordance with a state of one
of the scanning lines which precede the scanning line
that is along said corresponding emission control line or
a state of the scanning line that is along said correspond-
ing emission control line; and

ON-control switching elements each provided correspond-
ingly to one of the emission control lines and configured
to change the electric potential of the emission control
line to an ON level to turn ON the emission control
transistor in accordance with a state of one of the scan-
ning lines which follow the scanning line that is along
said corresponding emission control line.

2. The display device according to claim 1, wherein

the OFF-control switching element changes the electric
potential of the emission control line to the OFF level
when one of the scanning lines which precede the scan-
ning line that is along the corresponding emission con-
trol line or the scanning line that is along the correspond-
ing emission control line changes its state to a selected
state, and

the ON-control switching element changes the electric
potential of the emission control line to the ON level
when one of the scanning lines which follow the scan-
ning line that is along the corresponding emission con-
trol line changes its state to a selected state.

3. The display device according to claim 2, wherein

the OFF-control switching element has its control terminal
connected to one of the scanning lines which precede the
scanning line that is along the corresponding emission
control line or the scanning line that is along the corre-
sponding emission control line, and has its first conduc-
tion terminal connected to the emission control lines,
whereas

the ON-control switching element has its control terminal
connected to one of the scanning lines which follow the
scanning line that is along the corresponding emission
control line, and has its first conduction terminal con-
nected to the emission control line.

4. The display device according to claim 3, wherein

the first input transistor and the emission control transistor
are of a same conductivity type,
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the OFF-control switching element has its second conduc-
tion terminal supplied with the OFF-level voltage, and

the ON-control switching element has its second conduc-
tion terminal connected to the scanning line to which the
control terminal is connected.

5. The display device according to claim 3, wherein

the control terminal of the OFF-control switching element

is connected to an immediately foregoing scanning line
of the scanning line that is along the corresponding
emission control line.

6. The display device according to claim 3, wherein

the control terminal of the ON-control switching element is

connected to an immediately following scanning line of
the scanning line that is along the corresponding emis-
sion control line.

7. The display device according to claim 1,

further comprising a terminating end for each emission

control line to be terminated.

8. The display device according to claim 1, wherein

the pixel circuit further includes:

adrive capacitance element configured to hold a voltage for

controlling the drive transistor; and

a second input transistor having its control terminal con-

nected to a foregoing one of the scanning lines of the
corresponding scanning line;

the first input transistor and the second input transistor

being parallel to each other between the corresponding
data line and the drive capacitance element.

9. The display device according to claim 8, wherein the first
input transistor is provided by a thin-film transistor which has
its channel layer formed of an oxide semiconductor, a micro-
crystalline silicon or an amorphous silicon.

10. The display device according to claim 1, wherein both
of the scanning driving section and the emission control driv-
ing section are disposed on one side of the display section.

11. The display device according to claim 1, wherein

the data voltage represents one of a plurality of primary

colors,

the pixel circuit serves as a sub-pixel for one of the primary

colors,

the display device further comprising a time-sharing data

voltage supply section configured to supply data volt-
ages each representing one of the primary colors to the
data lines in a time-sharing manner,
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the scanning driving section selects one of the scanning
lines when the pixel circuit corresponding thereto is
supplied with the data voltage representing the primary
color represented by said pixel circuit serving as a sub-
pixel.

12. A driving method of an active matrix display device
including a display section having a plurality of data lines, a
plurality of scanning lines, a plurality of emission control
lines along the respective scanning lines, and a plurality of
pixel circuits disposed correspondingly to the data lines, the
scanning lines and the emission control lines; the pixel circuit
including; a first input transistor having its control terminal
connected to a corresponding one of the scanning lines, and
configured to turn ON when said scanning line is selected; a
drive transistor provided in series with the electro-optic ele-
ment, and configured to control a drive current that is to be
supplied to the electro-optic element, in accordance with a
data voltage supplied via a corresponding one of the data lines
and the first input transistor; and an emission control transis-
tor having its control terminal connected to a corresponding
one of the emission control lines, and provided in series with
the electro-optic element; the method comprising:

ascanning step of sequentially selecting the scanning lines;

and

an emission step of driving the emission control lines;

wherein the emission control step includes:

an OFF-control step of controlling OFF-control switching

elements each provided correspondingly to one of the
emission control lines so as to change an electric poten-
tial of the emission control lines to an OFF level to turn
OFF the emission control transistor in accordance with a
state of one of the scanning lines which precede the
scanning line that is along said corresponding emission
control line or a state of the scanning line that is along
said corresponding emission control line; and

an ON-control step of controlling ON-control switching

elements each provided correspondingly to one of the
emission control lines so as to change the electric poten-
tial of the emission control line to an ON level to turn ON
the emission control transistor in accordance with a state
of one of the scanning lines which follow the scanning
line that is along said corresponding emission control
line.
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