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(57) ABSTRACT 
At a writing time, a first transistor 412 is turned on so that a 
data signal X is Supplied to one end of a capacitor 420. At this 
time, since a second transistor 414 is turned off, driving 
current does not flow to an organic light emitting diode 
(OLED) device 430. A power supply voltage Vdd is supplied 
to the other end of a capacitor through a power Supply line L. 
However, since the driving current does not flow at the writing 
time, the power supply voltage Vdd is not reduced by the 
wiring line resistance of the power supply line L. On the other 
hand, at an emission time, the first transistor 412 is turned off 
and the second transistor 414 is turned on. Therefore, the 
driving current is supplied to the OLED device 430. 
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ELECTRONIC CIRCUIT, METHOD OF 
DRIVING THE SAME, ELECTRO-OPTICAL 
DEVICE, AND ELECTRONIC APPARATUS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 12/757,551 filed Apr. 9, 2010, which is a 
division of U.S. patent application Ser. No. 1 1/379,009, filed 
Apr. 17, 2006, and claims priority to Japanese Patent Appli 
cation No. 2005-117873 filed in Japan on Apr. 15, 2005 and 
Japanese Patent Application No. 2005-120774 filed in Japan 
on Apr. 19, 2005, the entire contents of which are hereby 
incorporated herein by reference. 

TECHNICAL FIELD 

0002 The present invention relates to an electronic circuit 
used for driving a driven device such as an electro-optical 
device represented by, for example, a light emitting diode, a 
method of driving the same, an electro-optical device, and an 
electronic apparatus. 

BACKGROUND ART 

0003 Recently, an organic light emitting diode (hereinaf 
ter, referred to as OLED) device referred to as an organic 
electroluminescence device or a light emitting polymer 
device is spotlighted as a next generation light emitting device 
that replaces a liquid crystal display (LCD). Since the OLED 
device is of a spontaneous emission type, the OLED device is 
little dependent on a viewing angle. Also, since the OLED 
device does not need a back light or reflection light, the OLED 
device consumes a small amount of power and can be made 
thin. Therefore, the OLED device has excellent characteris 
tics as a display panel. 
0004. Here, a common OLED device is a current driven 
device that cannot maintain an emission state when current is 
not supplied since the OLED device does not have a voltage 
maintaining property unlike the LCD. Therefore, when the 
OLED device is driven in an active matrix method, a data 
Voltage in accordance with the gradation of a pixel is recorded 
in the gate of a driving transistor at a writing time so that the 
corresponding data Voltage is maintained by a capacitor and 
that the driving transistor continuously flows current in accor 
dance with the corresponding gate Voltage to the OLED 
device. 

0005. In the above-described voltage recording method, 
the data Voltage is recorded at the writing time. In this pro 
cess, when the data Voltage is larger than the threshold Voltage 
of the driving transistor, driving current flows to the OLED 
device. Since wiring line resistance is provided in a power 
Supply line, when the driving current flows, the electric poten 
tial of the power Supply line changes. However, in the case 
where one terminal of the capacitor and the source of the 
driving transistor are connected to the power Supply line, 
when the electric potential of the power Supply line changes at 
the writing time, the Voltage maintained in both ends of the 
capacitor changes so that light cannot be emitted by the 
OLED device with correct brightness at an emission time. 
0006. In order to solve the above-described problem, it is 
an object of the present invention to provide an electronic 
circuit that is capable of correctly setting the conduction state 
of the driving transistor and the brightness of the electro 
optical device when a data signal Such as the data Voltage is 
recorded, a method of driving the same, an electronic device, 
a light emitting device, and an electronic apparatus. 
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DISCLOSURE OF INVENTION 

0007 An electronic circuit for driving a driven device 
includes a driving transistor whose conduction state is set in 
accordance with a data Voltage Supplied through a data line so 
that the conduction state corresponds to the current level of 
the driving current Supplied to the driven device, a capacitor 
whose one end is connected to the gate of the driving transis 
tor and whose the other end is connected to a power Supply 
line, a first Switching device for controlling electric connec 
tion between the data line and the driving transistor, and a 
second Switching device serially connected to the driving 
transistor. The driving current is supplied to the driven device 
in at least a part of the time at which the second Switching 
device is turned on and the driving current is intercepted in at 
least a part of the time at which the second switching device 
is turned off. According to the electronic circuit, the first 
Switching device is turned on so that the data Voltage can be 
written in the capacitor. Since the power Supply line has 
wiring line resistance, when the driving current flows at the 
time when the data Voltage is written, the power Supply Volt 
age is reduced. In the electronic circuit, the second Switching 
device is provided on the path through which the driving 
current is supplied to the driven device. The electro-optical 
device Such as the light emitting device may be used as the 
driven device. At the time when the data voltage in accor 
dance with the driving current is written in the capacitor, the 
second switching device is turned off so that the path for 
Supplying the driving current can be intercepted. Therefore, it 
is possible to prevent the power supply voltage from being 
reduced so that it is possible to correctly write the data voltage 
in both ends of the capacitor. Also, any device that emits light 
with the brightness in accordance with the driving current or 
the driving Voltage, for example, an organic light emitting 
diode or an inorganic light emitting diode can be used as the 
light emitting device. 
0008 To be specific, the first switching device is prefer 
ably turned on at a writing time when the data Voltage is input 
and is turned offin at least a part of a driving time at which the 
driving current is Supplied to the driven device and the second 
switching device is preferably turned off in at least a part of 
the writing time and is preferably turned on in at least apart of 
the driving time. In this case, the path through which the 
driving current is Supplied is intercepted in at least a part or all 
of the writing time and the path through which the driving 
current is supplied is formed in at least a part or all of the 
driving time. Therefore, it is possible to prevent the power 
Supply Voltage from being reduced in at least a part or all of 
the writing time. Also, a part of the writing time preferably 
includes the ending point of time of the writing time. There 
fore, the second switching device can be turned off at the 
ending point of time of the writing time. 
0009. An idle time preferably exists between the writing 
time and the driving time and the first Switching device and 
the second switching device are preferably turned off in the 
idle time. In this case, since it is transited from the writing 
time to the emission time through the idle time, it is possible 
to form a margin at the timing when the power Supply Voltage 
is reduced. As a result, it is possible to prevent the power 
Supply Voltage from being reduced at the writing time. 
0010. Two aspects of the first and second switching 
devices are provided. According to a first aspect, the driving 
current flows between the driven device and the power supply 
line through the driving transistor, the first Switching device is 
a first transistor, the second Switching device is a second 
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transistor provided between the power Supply line and one 
end of the driving transistor, and the other end of the driving 
transistor is connected to the driven device. 

0011. According to a second aspect, the driving current 
flows between the driven device and the power supply line 
through the driving transistor, the first Switching device is a 
first transistor, the second Switching device is a second tran 
sistor provided between one end of the light emitting device 
and one end of the driving transistor, and the other end of the 
driving transistor is connected to the power Supply line. 
According to any aspect, since the second transistor is pro 
vided on the path through which the driving current is Sup 
plied to the light emitting device, the turning on and off of the 
second transistor is controlled so that it is possible to prevent 
the driving current from flowing at the writing time. 
0012 Next, there is provided a method of driving an elec 
tronic circuit including a driven device, a driving transistor 
provided between a power supply line and the driven device, 
and a capacitor whose one end is connected to the gate of the 
driving transistor and whose the other end is connected to the 
power Supply line at a writing time and a driving time. A data 
Voltage is Supplied to one end of the capacitor at the writing 
time and the driven device is electrically insulated from the 
power Supply line in at least a part of the writing time. The 
data Voltage written at the writing time is maintained, the 
conduction state of the driving transistor is set by the data 
Voltage, and driving current having the current level in accor 
dance with the conduction state is supplied to the driven 
device at the driving time. According to the method of driving 
the electronic circuit, the data Voltage is Supplied to one end of 
the capacitor at the writing time. However, since the path 
through which the driving current flows to the light emitting 
device is intercepted at the corresponding time, the power 
Supply Voltage does not change at the writing time. Therefore, 
it is possible to correctly write the data voltage. In the above 
described method, it is preferable that the driving transistor is 
electrically insulated from the power supply line to electri 
cally insulate the driven device from the power supply line. 
Also, in the above described method, an idle time is prefer 
ably formed between the writing time and the driving time, 
writing the data Voltage in the capacitoris preferably stopped, 
the data voltage written at the writing time is preferably 
maintained, and a path through which the driving current is 
supplied to the driven device is preferably intercepted in the 
idle time. In this case, since the idle time is formed in the 
process of transiting from the writing time to the emission 
time, it is possible to form a margin at the timing when the 
driving current is supplied to the light emitting device. 
0013 Next, there is provided an electro-optical device 
including a plurality of scan lines, a plurality of data lines, a 
plurality of power supply lines that intersect the plurality of 
data lines, and a plurality of pixel circuits provided to corre 
spond to the intersections between the plurality of data lines 
and the plurality of scan lines. Each of the plurality of pixel 
circuits includes an electro-optical device, a driving transistor 
whose conduction state is set in accordance with a data Volt 
age Supplied through one data line of the plurality of data lines 
and that has a first gate, a capacitor whose one end is con 
nected to the first gate and whose the other end is connected 
to one power Supply line of the plurality of power Supply 
lines, a first transistor having a second gate and provided 
between the data line and the first gate so that the second gate 
is connected to one Scanline of the plurality of scan lines, and 
a second transistor having a third gate and serially connected 
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to the driving transistor. The second transistor is turned offin 
at least apart of a time at which the first transistor is turned on. 
0014 When the power supply lines are arranged along the 
data lines to intersect the scan lines, in the case where a scan 
line is selected to write the data voltage in the pixel circuit 
corresponding to the intersection between the corresponding 
scan line and a data line, although the path of the driving 
current is intercepted at the writing time, since the driving 
current may be supplied to the electro-optical device in the 
other pixel circuits connected to the corresponding power 
Supply line, the power Supply Voltage is reduced. According 
to the above-described electro-optical device, the power sup 
ply lines are arranged along the Scanlines to intersect the data 
lines. When the Scanlines are arranged in the row direction, a 
plurality of pixel circuits arranged in a row are connected to a 
power Supply line. When a Scanline is selected, data Voltages 
are input from the data lines to all of the pixel circuits 
arranged in the corresponding Scanline. At this time, since the 
first transistor is turned on and the second transistor is turned 
off, in all of the pixel circuits connected to a power Supply 
line, at the writing time, the path through which the driving 
current is Supplied to the light emitting device is intercepted. 
That is, one power supply line is provided to the plurality of 
pixel circuits that are simultaneously at the writing time. 
Therefore, it is possible to prevent the power supply voltage 
of the power supply line from being reduced so that it is 
possible to correctly write the data voltages in the pixel cir 
cuits, respectively. Also, the electro-optical device means a 
device whose optical characteristic changes by an electric 
operation. For example, the light emitting device Such as the 
OLED corresponds to the electro-optical device. 
0015 Next, there is provided another electro-optical 
device including a plurality of Scan lines, a plurality of data 
lines, a plurality of pixel circuits provided to correspond to the 
intersections between the plurality of scan lines and the plu 
rality of data lines, a plurality of power Supply lines that 
intersect the plurality of data lines, and a plurality of control 
lines that intersect the plurality of data lines. Each of the 
plurality of pixel circuits includes an electro-optical device, a 
driving transistor for controlling the current level of a driving 
current Supplied to the electro-optical device, a capacitor 
whose one end is connected to the first gate of the driving 
transistor and whose the other end is connected to one power 
Supply line of the plurality of power Supply lines, a first 
transistor having a second gate and provided between one 
data line of the plurality of data lines and the first gate so that 
the second gate is connected to one scan line of the plurality 
of scan lines and that the first transistor is turned on when a 
scan signal Supplied through the scan line is activated and is 
turned off when the scan signal is deactivated, and a second 
transistor having a third gate and serially connected to the 
electro-optical device so that the third gate is connected to one 
control line of the plurality of controllines and that the second 
transistoris turned on when a control signal Supplied through 
the control line is activated and is turned off when the control 
signal is deactivated. The control signal is deactivated in at 
least one of the time at which the scan signal is activated. 
0016. According to the above-described electro-optical 
device, the time at which the control signal is deactivated 
overlaps the time at which the scan signal is activated. There 
fore, the first and second transistors can be turned off in the 
process of transiting from the writing time at which the scan 
signal is activated so that the data Voltage is written in the 
pixel circuit to the driving time at which the control signal is 
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activated so that the driving current is supplied to the electro 
optical device. Therefore, it is possible to prevent the power 
Supply Voltage from being reduced in the writing time. 
0017. Here, the control signal is preferably deactivated at 
the point of time when the scan signal is transited to be 
deactivated. Also, the time at which the control signal is 
deactivated is preferably larger than the time at which the scan 
signal is activated. Also, since floating capacity and distribu 
tion resistance are provided in the scan line, when the scan 
signal is Supplied from one end of the scan line, the scan 
signal Supplied to the pixel circuit in the other end may be 
compared with the scan signal Supplied to the pixel circuit in 
one end to be transmitted. When the writing operation and the 
driving operation are exclusively performed, the pixel circuit 
in one end may be at the driving time meanwhile the pixel 
circuit in the other end is at the writing time. When the idle 
time is formed in Such a case, in the case where an arbitrary 
pixel circuit connected to a power Supply line is at the writing 
time, it is possible to prevent the other pixel circuit is at the 
driving time. In this case, the length of the idle time formed 
between the writing time and the driving time is preferably 
larger than the delay time of the scan signal. 
0018. There is provided another electronic circuit includ 
ing a driving transistor (for example, the driving transistor 
Qdr of FIG. 10) including a first terminal, a second terminal, 
and a gate terminal and controlling electric connection 
between a power supply line and the driven device so that the 
current level of the driving current that flows between the first 
terminal and the second terminal changes in accordance with 
the Voltage of the gate terminal, a capacitor (for example, the 
capacitor C0 of FIG. 10) including a first electrode (for 
example, the first electrode L.0a of FIG. 10) connected to the 
gate terminal and a second electrode (for example, the second 
electrode L0b of FIG. 10) connected to the power supply line, 
a first switching device (for example, the first transistor Qa1 
of FIG. 10) for controlling electric connection between the 
first terminal of the driving transistor and the power Supply 
line, a second Switching device (for example, the second 
transistor Qa2 of FIG. 10) for controlling electric connection 
between the first terminal or the second terminal of the driv 
ing transistor and the gate terminal of the driving transistor, 
and a third Switching device (for example, and the third tran 
sistor Qa3 of FIG. 10) for controlling electric connection 
between the data line to which the data voltage is supplied and 
the second terminal of the driving transistor. A detailed 
example of the structure will be described later (in particular, 
with reference to FIG. 10). 
0019. According to the structure, the second switching 
device and the third Switching device are turned on (conduc 
tion state) at the writing time so that the data Voltage is written 
in the capacitor. At the writing time, when the driving current 
flows from the driving transistor to the light emitting device, 
the power Supply Voltage of the power Supply line is reduced. 
According to the above-described electronic circuit, since the 
electric connection between the driving transistor and the 
power supply line is switched by the first switching device, at 
the writing time, the first switching device is turned off (non 
conduction state) so that the path of the driving current can be 
intercepted. Therefore, according to the present invention, it 
is possible to prevent the power Supply Voltage from being 
reduced so that it is possible to write a desired voltage in the 
capacitor at a high precision degree. 
0020. Also, in the above-described electronic circuit, a 
fourth switching device (for example, the fourth transistor 
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Qa4 of FIG. 10) for controlling electric connection between a 
wiring line to which a predetermined Voltage is applied and 
the gate terminal of the driving transistor may be further 
provided. In the above structure, when the fourth switching 
device is turned on before the data voltage is applied from the 
data line to the second terminal of the driving transistor 
through the third Switching device, since it is possible to set 
the Voltage of the gate terminal of the driving transistor to a 
predetermined Voltage before writing in the data Voltage, it is 
possible to rapidly and effectively write the data voltage. 
0021. There is provided another electronic circuit includ 
ing a driving transistor (for example, the driving transistor 
Qdr of FIG. 15) including a first terminal, a second terminal, 
and a gate terminal and controlling electric connection 
between a power supply line and the driven device so that the 
current level of the driving current that flows between the first 
terminal and the second terminal changes in accordance with 
the Voltage of the gate terminal, a first capacitor (for example, 
the first capacitor C1 of FIG. 15) including a first electrode 
L1a and a second electrode L1b so that the first electrode is 
connected to the gate terminal, a second capacitor (for 
example, the second capacitor C2 of FIG. 15) including a 
third electrode L2a and a fourth electrode L2b so that the 
fourth electrode is connected to the power supply line, a first 
switching device (for example, the first transistor Qb1 of FIG. 
15) for controlling electric connection between the first ter 
minal of the driving transistor and the power Supply line, a 
second Switching device (for example, the second transistor 
Qb2 of FIG. 15) for controlling electric connection between 
the first terminal or the second terminal of the driving tran 
sistor and the gate terminal of the driving transistor, and a 
third switching device (for example, the third switching 
device Qb3 of FIG. 15) for controlling electric connection 
between the data line to which the data voltage is supplied and 
the second electrode of the first capacitor. 
0022. The aspect will be described later. In the above 
structure, at the writing time when the data line and the second 
electrode of the second capacitor are electrically connected to 
each other by the third switching device, the path of the 
driving current that is transmitted from the power Supply line 
to the light emitting device through the driving transistor may 
be intercepted by the first switching device. Therefore, it is 
possible to prevent the power Supply Voltage from being 
reduced so that it is possible to write a desired voltage in the 
capacitor at a high precision degree. Also, in the above struc 
ture, the Voltage of the gate terminal is affected by the change 
in the Voltage of the fourth electrode by the capacity coupling 
that is performed by the second capacitor. For example, as 
illustrated in FIG. 15, the first electrode and the third elec 
trode are connected to the gate terminal. 
0023 The first switching device is turned offat the writing 
time when the data Voltage is Supplied to the second electrode 
of the first capacitor through the third switching device and is 
turned on at the driving time when the driving current is 
Supplied to the driven device. According to the aspect, since 
the first switching device is turned off at the writing time, it is 
possible to prevent the power Supply Voltage from being 
reduced at the writing time. 
0024. According to a preferable aspect of the electronic 
circuit, a fifth Switching device (for example, the emission 
control transistor Qe1 of FIG. 10 or 15) for controlling elec 
tric connection between the second terminal of the driving 
transistor and the driven device is provided. The fifth switch 
ing device is turned off at the writing time when the data 
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Voltage is Supplied to the second electrode of the first capaci 
tor and is turned on at the driving time when the driving 
current is Supplied to the driven device. According to the 
aspect, it is possible to control the interception and formation 
of the path of the driving current by the emission control 
Switching device in addition to the first Switching device. 
0025. There is provided a method of driving an electronic 
circuit for driving a driven device, the electronic circuit 
including a driving transistor having a first terminal, a second 
terminal, and a gate terminal so that the current level of the 
driving current that flows between the first terminal and the 
second terminal changes in accordance with the Voltage of the 
gate terminal and a capacitor having a first electrode con 
nected to the gate terminal of the driving transistor and a 
second electrode connected to a power Supply line, at the 
writing time, the first terminal or the second terminal of the 
driving transistor and the gate terminal of the driving transis 
tor are electrically connected to each other and the data volt 
age is Supplied to the second terminal of the driving transistor 
so that the conduction state of the driving transistor is set. At 
the driving time after the writing time, the driving current of 
the current level in accordance with the conduction state of 
the driving transistor that is set at the writing time is Supplied 
to the driven device. At the writing time, the driven device is 
electrically insulated from the power supply line. 
0026. In other words, at the driving time after the writing 
time, the driving current of the current level in accordance 
with the conduction state of the driving transistor that is set at 
the writing time is supplied from the power supply line to the 
driven device. At least at the ending point of time of the 
writing time, the driven device is electrically insulated from 
the power supply line. Such an aspect will be described later. 
According to the driving method, at the writing time, since the 
Supply of the driving current is stopped, the electric potential 
of the power Supply line does not change. Therefore, it is 
possible to correctly set the data voltage or the difference Vgs 
in the electric potential between the data voltage and the 
Source Voltage. 
0027. There is provided another method of driving an elec 
tronic circuit including a driving transistor having a first ter 
minal, a second terminal, and a gate terminal and controlling 
electric connection between a power Supply line and a driven 
device so that the current level of the driving current that flows 
between the first terminal and the second terminal changes in 
accordance with the Voltage of the gate terminal, a first 
capacitor having a first terminal and a second terminal So that 
the first electrode is connected to the gate terminal, and a 
second capacitor having a third electrode and a fourth elec 
trode so that the fourth electrode is connected to a power 
supply line. At the writing time, the first terminal or the 
second terminal of the driving transistor and the gate terminal 
of the driving transistor are electrically connected to each 
other and a data Voltage is Supplied to the second electrode of 
the first capacitor. At the driving time after the writing time, 
the driving current of the current level in accordance with the 
conduction state of the driving transistor that is set at the 
writing time is Supplied from the power Supply line to the 
driven device. In at least a part of the writing time, the driven 
device is electrically insulated from the power supply line. A 
detailed example of the aspect will be described later with 
reference to FIGS. 15 and 21. According to the present inven 
tion, like in the above driving method, it is possible to cor 
rectly set the data voltage or the difference Vgs in the electric 
potential between the data Voltage and the source Voltage. 
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0028. According to the driving method, at the writing 
time, the Switching device interposed between the driving 
transistor and the power Supply line is turned off to intercept 
the path or the switching device interposed between the driv 
ing transistor and the light emitting device is turned off to 
intercept the path. According to Such an aspect, it is possible 
to simply and certainly control the interception and formation 
of the path of the driving current by controlling the switching 
device. 

0029. In a preferable aspect of the driving method accord 
ing to the present invention, an idle time is set between a 
writing time and a driving time (for example, refer to FIG. 20 
or 22). At the idle time, electric connection between the 
second electrode of the first capacitor and the data line is 
intercepted and the path through which the driving current is 
Supplied from the power Supply line to the light emitting 
device is intercepted. That is, at the idle time, neither the data 
Voltage is written nor the driving current is Supplied to the 
light emitting device. According to the aspect, it is possible to 
prevent the writing of the data Voltage and the Supply of the 
driving current to the light emitting device from overlapping 
each other. Therefore, it is possible to prevent the power 
Supply Voltage from changing at the writing time so that it is 
possible to certainly write the data voltage in the electronic 
circuit. Also, at the idle time between the writing time and the 
driving time, the second electrode of the first capacitor may 
float. 

0030 There is provided an electro-optical device includ 
ing a plurality of scan lines, a plurality of data lines, a plurality 
of electronic circuits arranged to correspond to the intersec 
tions between the plurality of scan lines and the plurality of 
data lines, a plurality of power Supply lines, a Scanline driving 
circuit for driving the plurality of scan lines, and a data line 
driving circuit for driving the plurality of data lines. The 
electronic circuits that belong to one group among the plural 
ity of electronic circuits are connected to the plurality of 
power supply lines. Each of the plurality of electronic circuits 
includes an electro-optical device, a driving transistor having 
a first terminal, a second terminal, and a gate terminal and 
controlling electric connection between the power Supply line 
and the driven device so that the current level of the driving 
current that flows between the first terminal and the second 
terminal changes in accordance with the Voltage of the gate 
terminal, a capacitor having a first electrode and a second 
electrode so that the first electrode is connected to the gate 
terminal, a first Switching device for controlling electric con 
nection between the first terminal of the driving transistor and 
the power Supply line, a second Switching device for control 
ling electric connection between the first terminal or the sec 
ond terminal of the driving transistor and the gate terminal of 
the driving transistor, and a third Switching device for con 
trolling electric connection between the data line to which the 
data Voltage is Supplied and the second terminal of the driving 
transistor. The same effect as the electronic circuit has is 
obtained by the electro-optical device. Also, a detailed 
example of the structure will be described later with reference 
to FIG 10. 

0031. There is provided another electro-optical device 
including a plurality of scan lines, a plurality of data lines, a 
plurality of electronic circuits arranged to correspond to the 
intersections between the plurality of scan lines and the plu 
rality of data lines, a plurality of power Supply lines, a scan 
line driving circuit for driving the plurality of Scanlines, and 
a data line driving circuit for driving the plurality of data lines 
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so that electronic circuits that belong to one group among the 
plurality of electronic circuits are connected to the plurality of 
power supply lines. Each of the plurality of electronic circuits 
includes an electro-optical device, a driving transistor having 
a first terminal, a second terminal, and a gate terminal and 
controlling electric connection between the power Supply line 
and the driven device so that the current level of the driving 
current that flows between the first terminal and the second 
terminal changes in accordance with the Voltage of the gate 
terminal, a first capacitor having a first electrode and a second 
electrode so that the first electrode is connected to the gate 
terminal, a second capacitor having a third electrode and a 
fourth electrode so that the fourth electrode is connected to 
the power Supply line, a first Switching device for controlling 
electric connection between the second terminal and one 
power Supply line of the plurality of power Supply lines, a 
second Switching device for controlling electric connection 
between the first terminal or the second terminal of the driv 
ing transistor and the gate terminal of the driving transistor, 
and a third Switching device for controlling electric connec 
tion between the data line to which the data voltage is sup 
plied and the second electrode of the first capacitor. A detailed 
example of the aspect will be described with reference to FIG. 
15. It is possible to prevent the power supply voltage of each 
of the power Supply lines from changing by the above electro 
optical device so that it is possible to correctly write the data 
Voltage in each of the electronic circuits. 
0032. According to the above-described electro-optical 
devices, the plurality of power supply lines preferably inter 
sect the plurality of data lines. According to the aspect, since 
the plurality of electronic circuits (that is, the electronic cir 
cuits that write the data Voltages at the same time) are con 
nected to the common power Supply line, it is possible to 
prevent the power Supply Voltage from changing in the power 
Supply line to which the electronic circuits are connected at 
the writing time. Therefore, it is possible to correctly set the 
data voltage or the difference Vgs in the electric potential 
between the data Voltage and the source Voltage with respect 
to each of the electronic circuits. 

0033. There is another electro-optical device including a 
plurality of Scan lines, a plurality of data lines, a plurality of 
electronic circuits arranged to correspond to the intersections 
between the plurality of scan lines and the plurality of data 
lines, a plurality of power Supply lines that intersect the plu 
rality of data lines, a scan line driving circuit for driving the 
plurality of Scan lines, and a data line driving circuit for 
driving the plurality of data lines so that electronic circuits 
that belong to one group among the plurality of electronic 
circuits are connected to the plurality of power Supply lines. 
Each of the plurality of electronic circuits includes an electro 
optical device, a driving transistor having a first terminal, a 
second terminal, and a gate terminal So that the current level 
of the driving current that flows between the first terminal and 
the second terminal changes in accordance with the Voltage of 
the gate terminal, a first capacitor having a first electrode and 
a second electrode so that the first electrode is connected to 
the gate terminal of the driving transistor, a second capacitor 
having a third electrode and a fourth electrode so that the 
fourth electrode is connected to the power supply line, a first 
Switching device for controlling electric connection between 
the first terminal or the second terminal of the driving tran 
sistor and the gate terminal of the driving transistor, and a 
second Switching device for controlling electric connection 
between the data line and the second electrode of the first 
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capacitor. After the first Switching device is turned on, in at 
least a part of the time at which the second switching device 
is turned on, the data Voltage is Supplied to the second elec 
trode through the second Switching device so that the conduc 
tion state of the driving transistor is set. In accordance with 
the conduction state of the driving transistor, the current level 
of the driving current Supplied from each of the power Supply 
lines to the light emitting device is set. After the termination 
of the time at which the data voltage is supplied to the second 
electrode until the supply of the driving current to the electro 
optical device starts, the electro-optical device may be elec 
trically separated from the power Supply line. 
0034. The electro-optical device according to the present 
invention is used for various electronic apparatuses. Accord 
ing to a typical example of the electronic apparatus, the elec 
tro-optical device is used as a display. Such an electronic 
apparatus includes a personal computer and a mobile tele 
phone. The purpose of the electro-optical device according to 
the present invention is not limited to display of an image. For 
example, the electro-optical device according to the present 
invention can be used as an exposing device for forming a 
latent image in an image carrier Such as a photosensitive drum 
by radiating a beam. 
0035) Next, the electronic apparatus according to the 
present invention preferably includes the above-described 
electro-optical device. Such an electronic apparatus includes 
a large display to which a plurality of panels are connected, a 
personal computer, a mobile telephone, and a portable infor 
mation terminal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0036 FIG. 1 is a block diagram illustrating the structure of 
a light emitting device according to an embodiment of the 
present invention; 
0037 FIG. 2 is a circuit diagram illustrating the pixel 
circuit of the light emitting device; 
0038 FIG. 3 is a timing chart illustrating the operation of 
the pixel circuit; 
0039 FIG. 4 describes the operation of the pixel circuit; 
0040 FIG. 5 describes the operation of the pixel circuit; 
0041 FIG. 6 is a circuit diagram illustrating another 
example of the pixel circuit; 
0042 FIG. 7 is a circuit diagram illustrating another 
example of the pixel circuit; 
0043 FIG. 8 is a timing chart illustrating the operation of 
the pixel circuit; 
0044 FIG. 9 is a circuit diagram illustrating another 
example of the pixel circuit; 
0045 FIG. 10 is a circuit diagram illustrating another 
example of the pixel circuit; 
0046 FIG. 11 is a timing chart illustrating the waveforms 
of signals Supplied to the pixel circuit; 
0047 FIG. 12 is a circuit diagram illustrating the structure 
of the pixel circuit at a first time; 
0048 FIGS. 13A and 13B are circuit diagrams illustrating 
the structure of the pixel circuit at a second time; 
0049 FIG. 14 is a circuit diagram illustrating the structure 
of the pixel circuit at a driving time; 
0050 FIG. 15 is a circuit diagram illustrating another 
example of the pixel circuit; 
0051 FIG. 16 is a timing chart illustrating the waveforms 
of signals Supplied to the pixel circuit; 
0.052 FIG. 17 is a circuit diagram illustrating the structure 
of the pixel circuit at a first time; 
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0053 FIG. 18 is a circuit diagram illustrating the structure 
of the pixel circuit at a second time; 
0054 FIG. 19 is a circuit diagram illustrating the structure 
of the pixel circuit at a driving time; 
0055 FIG. 20 is a timing chart illustrating the waveforms 
of signals according to another aspect; 
0056 FIG. 21 is a circuit diagram illustrating another 
example of the pixel circuit; 
0057 FIG.22 is a timing chart illustrating the waveforms 
of signals Supplied to the pixel circuit; 
0058 FIG. 23 illustrates a personal computer using the 
light emitting device; 
0059 FIG.24 illustrates a mobile telephone using the light 
emitting device; and 
0060 FIG. 25 illustrates a portable information terminal 
using the light emitting device. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0061 FIG. 1 is a block diagram illustrating the schematic 
structure of an electro-optical device including an organic 
electroluminescence (EL) device (hereinafter, referred to as 
an OLED device) according to an embodiment of the present 
invention. FIG. 2 is a circuit diagram of a pixel circuit. As 
illustrated in FIG. 1, a light emitting device 1 includes a pixel 
area A, a scan line driving circuit 100, a data line driving 
circuit 200, a control circuit 300, and a power supply circuit 
500. Among them, m scan lines 101 and m power supply lines 
L that run parallel to the X direction are formed in the pixel 
area A. Also, in data lines 103 that run parallel to the Y 
direction that intersects the X direction are formed. One pixel 
circuit 400 is provided to correspond to each of the intersec 
tions between the scan lines 101 and the data lines 103. The 
pixel circuit 400 includes an OLED device 430. A high elec 
tric potential power Supply Voltage Vdd as a power Supply 
voltage is supplied to the pixel circuits 400 through the power 
Supply lines L. The Scanline driving circuit 100 Supplies scan 
signals SEL1 to SELm to the scan lines 101, respectively. To 
be specific, the scan line driving circuit 100 selects the scan 
lines 101 by one row every one horizontal scan time to 
sequentially supply the scan signals SEL1 to SELm in 
response to the selection. Hereinafter, the scan signal Sup 
plied to the ith (i is a natural number selected from 1 to m) 
scan line 101 is denoted by SELi. 
0062. The data line driving circuit 200 supplies a data 
signal having a Voltage in accordance with the Voltage level of 
a driving voltage or the current level of a driving current to be 
supplied to the OLED device 430 of the corresponding pixel 
circuit 400 to each of the pixel circuits 400 corresponding to 
the scan line 101 selected by the scan line driving circuit 100. 
According to this embodiment, the data signal (data Voltage) 
sets the brightness of a pixel to increase according as a Voltage 
is reduced and sets the brightness of the pixel to be reduced 
according as the Voltage increases. For convenience sake, the 
data signal supplied to the jth data line 103 is denoted by X. 
The control circuit 300 supplies clock signals (not shown) to 
the scan line driving circuit 100 and the data line driving 
circuit 200 to control the two driving circuits and to supply 
image data for determining the gradation of each pixel to the 
data line driving circuit 200. 
0063. Then, the pixel circuit 400 will be described in detail 
with reference to FIG. 2. The pixel circuit 400 illustrated in 
FIG. 2 corresponds to the ith row. As illustrated in FIG. 2, the 
pixel circuit 400 includes a p channel type driving transistor 
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410, a first n channel type transistor 412 that functions as a 
first Switching device, a second p channel type transistor 414 
that functions as a second Switching device, a capacitor 420 
having a first electrode, a dielectric layer, and a second elec 
trode, and an OLED device 430 that is a light emitting device. 
Here, the OLED device 430 may emit light at the brightness 
corresponding to the current amount or the current level of the 
driving current that flows from the pixel electrode positioned 
in the driving transistor toward the opposite electrode facing 
the pixel electrode due to a light emitting layer inserted into 
the pixel electrode and being set to have the power Supply 
voltage Vss of the lower voltage side with respect to the power 
Supply Voltage of the high Voltage side. An EL material in 
accordance with an emission color is used for the emission 
layer. 
0064. The driving transistor 410 and the second driving 
transistor 414 are serially connected to each other. In more 
detail, the second electrode oppositely positioned by insert 
ing the channel of the driving transistor 410, of the driving 
transistor 410, to which the OLED device 430 is connected, is 
connected to the first electrode (drain electrode) of the second 
transistor 414. The second terminal (source electrode) of the 
second transistor 414 is connected to the power Supply line L. 
and the high electric potential power Supply Voltage Vdd is 
applied to the second terminal of the second transistor 414. 
Therefore, the driving current flows to the OLED device 430 
in the order of the high electric potential power Supply Voltage 
Vdd (power supply line L)-4 the second transistor 414-4 the 
driving transistor 410-the OLED device 430->the low electric 
potential power Supply Voltage Vss. Also, the opposite elec 
trode having the low electric potential power Supply Voltage 
VSS may be common to a plurality of pixel electrodes. 
0065. The gate electrode of the driving transistor 410 is 
connected to the first electrode of the capacitor 420 and the 
first terminal (source electrode) of the first transistor 412. The 
second terminal (drain electrode) of the first transistor 412 is 
connected to the data line 103. Also, the second electrode of 
the capacitor 420 is connected to the power Supply line Land 
the high electric potential power Supply Voltage Vdd is 
applied to the corresponding second electrode. Also, for con 
venience sake, a node N is formed between the first electrode 
of the capacitor 420 and the gate electrode of the driving 
transistor 410. The source electrode and the drain electrode of 
a transistor are strictly defined by the level of the relative 
Voltage between conduction type or channel-insertion type 
two electrodes of the corresponding transistor. For example, 
when the electric potential of the data signal X supplied this 
time is higher than the electric potential of the node Nimme 
diate before the first transistor 412 is turned on, according to 
the present embodiment, since the first transistor 412 is of an 
channel type, the drain electrode D and the source electrode S 
of the first transistor 412 are defined as illustrated in FIG. 2. 
To the contrary, when the electric potential of the data signal 
X is lower than the electric potential of the node Nimmediate 
before the first transistor 412 is turned on, the source elec 
trode S and the drain electrode D are reversed. In the pixel 
circuit in FIG. 2, in a case of forming a black displaying time 
when the driving transistor 410 is turned off at the vertical 
scan time or at the end of the frame, basically, the node N of 
the first transistor 412 becomes the drain electrode and the 
data line 103 of the first transistor 412 becomes the source 
electrode. 

0066. Hereinafter, it is assumed that the drain electrode 
and the source electrode of the first transistor 412 are posi 
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tioned as illustrated in FIG. 2. The drain electrode of the first 
transistor 412 is connected to the jth data line 103 and the gate 
electrode of the first transistor 412 is connected to the ith scan 
line 101. That is, the scan signal SELi is supplied to the gate 
electrode of the first transistor 412 through the scan line 101. 
When the scan signal SELi is at a high level (H level), the first 
transistor 412 is turned on and the data signal X is input to the 
capacitor 420. When the scan signal SELi is at a low level (L 
level), the first transistor 412 is turned off and the node N is 
electrically separated from the data line 103. In this state, the 
accumulated charge of the capacitor 420 is maintained. 
0067. The first transistor 412 is of an in channel type and 
the second transistor 414 is of ap channel type. The common 
scan signal SELi is Supplied to the gate electrodes of the first 
and second transistors 412 and 414. However, the scan signal 
SELi may be set so that, when one of the first transistor 412 
and the second transistor 414 is turned on, the other of the first 
transistor 412 and the second transistor 414 is turned off. 
Therefore, when the data signal X is written in the capacitor 
420, it is possible to intercept the driving current supplied to 
the OLED device 430. 
0068. Next, the operation of a light emitting device 1 will 
be described. FIG.3 is a timing chart describing the operation 
of the light emitting device 1. 
0069 First, as illustrated in FIG. 3, the scan line driving 
circuit 100 sequentially selects first, second, third. . . . . and 
mth scan lines 101 every horizontal scan time (1H) from the 
start of one vertical scan time (1F) so that only the scan signal 
of the selected scan line 101 is at the H level and the scan 
signals of the other scan lines are at the L level. 
0070 Here, the operation that is performed when the ith 
scan line 101 is selected so that the scan signal SELi is at the 
H level will be described with reference to FIGS. 3, 4, and 5. 
(0071. As illustrated in FIG. 3, the operation of the pixel 
circuit 400 in the ith row and jth column may be divided into 
an operation at a writing time TwRT and an operation at an 
emission time TEL. Hereinafter, the operations in the above 
described times will be described in the order. 
0072 At the writing time T, the data signal X is writ 
ten in the pixel circuit 400. In the corresponding time, the scan 
line driving circuit 100 makes the scan signal SELibe at the 
H level. Therefore, in the pixel circuit 400, as illustrated in 
FIG. 4, the first transistor 412 is turned on and the second 
transistor 414 is turned off by the scan signal SELi at the H 
level. Also, at the writing time T, the data line driving 
circuit 200 supplies the data signal X of the data voltage in 
accordance with the gradation of the pixel in the ith row and 
jth column to the pixel circuit 400 through the data line 103. 
When the data voltage of the data signal X is determined as 
Vdata, the voltage of the node N becomes V data. 
0073. In a common circuit structure, the voltage of the 
power Supply line L. may be reduced when the driving current 
starts to flow by wiring line resistance even at the writing time 
T. However, when current flows from the power Supply 
line power Supply Voltage Vdd is reduced. According to the 
present embodiment, since the second transistor 414 is cer 
tainly turned off at the writing time T. So that the driving 
current does not flow, it is possible to prevent the power 
Supply Voltage Vdd from being reduced. 
0074) Next, at the emission time T (driving time), the 
driving current having the current level corresponding to the 
data signal X is supplied to the OLED device 430 so that light 
is emitted. In the corresponding time, the scan line driving 
circuit 100 makes the scan signal SELibe at the L level. 
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Therefore, in the pixel circuit 400, as illustrated in FIG. 5, the 
first transistor 412 is turned off and the second transistor 414 
is turned on by the scan signal SELi at the L level. Since the 
off resistance of the first transistor 412 and the gate input 
resistance of the driving transistor 410 are very high, the 
voltage of the node N is maintained as Vdata. At this time, the 
driving current I having the current level in accordance with 
the data voltage Vdata flows to the OLED device 430 through 
the second transistor 414. Therefore, the OLED device 430 
emits light with the brightness in accordance with the driving 
current T. 
0075. When the on resistance of the first transistor 414 is 
ignored, the driving current I that flows to the OLED device 
430 is obtained by the following Equation (1). 

(0076. Wherein, Vgs and Vth represent a difference 
between the gate Voltage and the Source Voltage of the driving 
transistor 410 and the threshold voltage of the driving tran 
sistor, respectively. In the real pixel circuit 400, when the 
driving current I flows, the power Supply Voltage Vdd is 
reduced. When the reduction in voltage is denoted by AV, the 
power supply voltage becomes (Vdd-AV). Here, since the 
node N floats, when the power supply voltage is reduced by 
AV, the voltage of the node N is also reduced by AV by the 
capacity coupling that is performed through the capacitor 
420. Therefore, in the Equation (1), Vdd becomes (Vdd-AV), 
Vdata becomes (Vdata-AV), and AV is canceled. Therefore, 
although the power supply voltage Vdd is reduced at the 
emission time T, it is possible to prevent the emission 
brightness of the OLED device 430 from being affected. 
0077. That is, when the gate voltage of the driving transis 
tor 410 is set, the electric potential (Vdd) of the side con 
nected to the power supply line L of the capacitor 420 is 
always made a predetermined electric potential. Here, when 
the driving current flows, the power supply voltage Vdd 
change. The change is reflected to the gate Voltage of the 
driving transistor 410 by the capacity coupling that is per 
formed by the capacitor 420. Also, the change in the power 
Supply Voltage Vdd is compensated for so that the driving 
current having the desired current level can be supplied to the 
OLED device 430. When current flows to the pixel circuit 400 
so that the power supply voltage Vdd is reduced at the writing 
time T, the electric potential of the side connected to the 
power supply voltage Vdd of the capacitor 420 during the 
setting of the gate Voltage of the driving transistor 410 is 
reduced. Reduction in the electric potential is particularly 
irregular when the plurality of power supply lines that inter 
sect the plurality of scan lines 101 are arranged. That is, when 
the plurality of power supply lines that intersect the plurality 
of scanlines 101 are arranged, the electric potential of the side 
connected to the power Supply Voltage Vdd of the capacitor 
420 of the pixel circuit in which the data voltage is written is 
affected by the current level of the driving current of the pixel 
circuit excluding the pixel circuit. This is because the current 
level of the driving current temporally changes in accordance 
with display contents. 
0078. According to the present embodiment, since the sec 
ond transistor 414 is turned off at the writing time T as 
described above, current is prevented from flowing to the 
pixel circuit 400 and the plurality of power supply lines L are 
arranged to intersect the plurality of data lines 103 or are 
arranged along the plurality of scan lines 101. Therefore, the 
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power Supply Voltage Vdd is prevented from being reduced at 
the writing time T and the change in the power Supply 
voltage Vdd is directly reflected to the gate voltage of the 
driving transistor 410 at the emission time T. As a result, the 
change in the power Supply Voltage Vdd is compensated for 
so that the driving current having the desired current level can 
be supplied to the OLED device 430. 
0079. As described above, when the plurality of power 
Supply lines L are arranged to intersect the plurality of data 
lines 103 along the plurality of scan lines 101, the plurality of 
pixel circuits 400 arranged in one row are connected to one 
power supply line L. Here, when the ith scan line is selected, 
data voltages are input from the data lines 103 to all of the 
pixel circuits 400 arranged in the ith row. At this time, since 
the first transistor 412 is turned on and the second transistor 
414 is turned off, the path through which the driving current 
It is supplied to the OLED device 430 is intercepted at the 
writing time T in each of the pixel circuits 400 in the ith 
row. Therefore, the power supply voltage Vdd of the power 
Supply line L is prevented from being reduced at the writing 
time T, so that the difference Vgs between the gate Voltage 
and the source Voltage can be correctly set with respect to 
each of the pixel circuits 400. 
0080. The power supply line provided around the pixel 
area A may be referred to as a main power Supply line and the 
plurality of power Supply lines provided in the pixel area A in 
the row direction may be referred to as auxiliary power supply 
lines. In this case, the width of the auxiliary power supply 
lines is made smaller than the width of the main power supply 
line so that the aperture ratio of the OLED device 430 is 
improved. However, the reduction in the power supply volt 
age Vdd is mostly generated by the auxiliary power Supply 
lines. At the time when the ith scan line 101 is selected, the 
pixel circuits 400 connected to the other scan lines 101 are at 
the emission time so that the driving current I flows to the 
pixel circuits 400. However, since the resistance of the power 
Supply line is mostly generated in the auxiliary power Supply 
lines, the auxiliary power Supply lines are arranged in the row 
direction so that it is possible to prevent the driving current 
from changing due to the reduction in the power Supply 
voltage Vdd. 
I0081. Also, the OLED device 430 is formed of a light 
emitting organic material Such as monomer, polymer, and 
dendrimer. The OLED device 430 is an example of the current 
driving device. However, the driving circuit according to the 
above embodiment may be used for a Voltage driving device. 
For example, an inorganic EL device, a field emission (FE) 
device, a surface conduction electron emitter (SE) device, a 
ballistic electron surface emitting (BS) device, an electro 
phoresis device, or an electrochromic device can be used as 
the driven device of the driving circuit according to the 
embodiment. The driving circuit according to the embodi 
ment can be used as the driving circuit of the electro-optical 
device Such as a recording head used for an optical recording 
printer or electronic photocopier. Also, for example, the driv 
ing circuit according to the present embodiment can be 
applied to a sensing device in which an object to be examined 
is detected by measuring a current level or a Voltage level Such 
as a biochip 
0082 Next, another example of the pixel circuit will be 
described. FIG. 6 is a circuit diagram illustrating another 
example of the pixel circuit. In the pixel circuit 400A, the 
positions of the driving transistor 410 and the second transis 
tor 414 of the pixel circuit 400 illustrated in FIG. 2 are 
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reversed. That is, the second transistor 414 is connected 
between the driving transistor 410 and the OLED device 430 
and the operation of the pixel circuit 400A is almost the same 
as the writing operation and the emission operation according 
to the above-described embodiment. That is, the second tran 
sistor 410 is preferably formed on the path through which the 
driving current It is supplied to the OLED device 430. 
I0083 FIG. 7 is a circuit diagram illustrating another 
example of the pixel circuit. In the above-described embodi 
ment, the turning on and off of the second transistor 414 is 
controlled by the scan signal SELi for controlling the first 
transistor 412. In the pixel circuit 400B according to the 
present example, the second transistor 414 is controlled by a 
control signal Gi. In this case, m control lines 102 are formed 
to run parallel to them scan lines 101 and the scan line driving 
circuit 100 generates control signals G1 to Gm other than the 
scan signals SEL1 to SELm to Supply the control signals G1 
to Gm to the control lines 102, respectively. According to the 
above structure, the turning on and off of each of the first 
transistor 412 and the second transistor 414 is independently 
controlled. 

I0084 FIG. 8 is a timing chart of the pixel circuit 400B 
illustrated in FIG. 7. The operation of the pixel circuit 400 in 
the ith row and jth column is divided into an operation at the 
Writing time T, an operation in an idle time To, and an 
operation at the emission time T. In this example, the time 
at which the scan signal SELi is at the H level is as illustrated 
in the above-described embodiment, which is the writing time 
T. On the other hand, the pulse width of the control signal 
Gi at the H level is larger than the pulse width of the scan 
signal SELi at the H level. That is, since the control signal Gi 
is deactivated for the time longer than the time for which the 
scan signal SELi is activated. 
I0085. Here, at the idle time T, when the scan signal 
SELi is at the Lleveland the control signal Gi is at the H level, 
the first transistor 412 and the second transistor 414 are turned 
off. Therefore, in the idle time T, the data signal X is not 
input to the pixel circuit 400 and the OLED device 430 does 
not emit light. As described above, the idle time T is 
formed between the writing time Tand the emission time 
T. So that a margin is generated. Therefore, it is possible to 
prevent the writing time Tand the emission time T from 
overlapping each other. That is, it is possible to prevent the 
driving current from flowing between the power supply line L. 
and the opposite electrode having the low electric potential 
power Supply Voltage VSS at the writing time T. 
I0086 Also, the scan signal SELi is supplied to then pixel 
circuits 400 arranged in the ith row through the ith scan line 
101. Since parasitic capacity is generated in the scan line 101, 
a trapezoidal low pass filter is equivalently formed in the scan 
line 101. Therefore, when the scan signal SELi is supplied 
from one end of the ith scan line 101, the scan signal SELi 
supplied to the pixel circuit 400B connected to the other end 
of the ith scan line 101 is delayed compared with the scan 
signal SELi supplied to the pixel circuit 400B connected to 
one end of the ith scan line 101. That is, when the idle time 
To is not formed, the Writing time T, continues in the 
pixel circuit 400B connected to the other end of the ith scan 
line 101 at the timing when the writing time T, is termi 
nated and the emission time T starts in the pixel circuit 400 
connected to one end of the ith scan line 101. Therefore, it is 
difficult to correctly set the difference Vgs between the gate 
Voltage and the Source Voltage due to the change in the power 
supply voltage Vdd. However, in this example, since the idle 



US 2015/01791 04 A1 

time T is formed, it is possible to correctly record the data 
Voltage Vdata. Here, the idle time T is preferably set to be 
longer than the delay time of the scan signal SELi. FIG. 9 is a 
circuit diagram illustrating another example of the pixel cir 
cuit. In this example, the pixel circuit 400C in the ith row is 
illustrated. The structure of the pixel circuit 400C is the same 
as the structure of the pixel circuit 400 according to the 
above-described embodiment excluding that the second tran 
sistor 414 is common to the plurality of pixel circuits 400C. 
The second transistor 414 according to the example is elec 
trically connected between a main power Supply line La pro 
vided in the column direction and an auxiliary power Supply 
line Lb provided in the row direction. The turning on and off 
of the second transistor 414 is controlled by the control signal 
Gi. In this case, the control signal Gi is at the H level at the 
writing time Tand the control signal Gi is at the L level at 
the emission time T. Therefore, meanwhile the Supply of 
the power supply voltage Vdd to the pixel circuits 400C is 
intercepted at the writing time T, the power Supply Volt 
age Vdd is supplied to the pixel circuits 400C at the emission 
time T. In the above-described structure, since the plurality 
of pixel circuits 400C share the second transistor 414, it is 
possible to simplify the structure of the pixel circuit or the 
light emitting device 1. 
I0087 Next, the structure of the pixel circuit 400 will be 
described with reference to FIG. 10. In FIG. 10, only the jth ( 
is an integer that satisfies 1 sisn) pixel circuit 400 that belongs 
to the ith (i is an integer that satisfies 1 sism) row is illustrated. 
However, the other pixel circuits 400 have the same structure. 
Also, the conduction type of the transistor that constitutes the 
pixel circuit 400 is not limited to the example of FIG. 10. 
Also, the transistor illustrated in FIG. 10 is a thin film tran 
sistor (TFT) obtained by using low temperature poly silicon 
for a semiconductor layer. However, the shape and material of 
the transistor are not limited. 

I0088. As illustrated in FIG. 10, the pixel circuit 400 
includes an OLED device 420 and ap channel type transistor 
(hereinafter, a driving transistor) Qdr that are interposed 
between a power supply line 31 to which the power supply 
voltage Vdd is supplied and an opposite electrode 32 to which 
a ground voltage Vss is supplied. The OLED device 430 may 
emit light at the brightness corresponding to the current 
amount or the current level of the driving current that flows 
from the pixel electrode positioned in the driving transistor 
toward the opposite electrode 32 facing the pixel electrode 
due to a light emitting layer inserted into the pixel electrode 
and being set to have the power Supply Voltage Vss of the 
lower Voltage side with respect to the power Supply Voltage of 
the high Voltage side. An EL material in accordance with an 
emission color is used for the emission layer. The driving 
transistor Qdris a transistor for controlling the current level of 
the driving current or the voltage level of the driving voltage 
that is supplied to the OLED device 430. 
0089. As described later, the driving circuit according to 
the present embodiment is suitable for a driven device that is 
mainly driven by current such as the OLED device 430. 
However, instead of the OLED device 430, a voltage driven 
device that is mainly driven by a Voltage such as an inorganic 
EL device, a field emission (FE) device, a surface conduction 
electron emitter (SE) device, a ballistic electron surface emit 
ting (BS) device, an electrophoresis device, oran electrochro 
mic device can be used as the driven device. Also, the driving 
circuit according to the embodiment can be used as the driv 
ing circuit of the electro-optical device such as a recording 
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head used for an optical recording printer or electronic pho 
tocopier. Also, for example, the driving circuit according to 
the present embodiment can be applied to a sensing device in 
which an object to be examined is detected by measuring a 
current level or a Voltage level Such as a biochip. 
0090 The scan line 10 illustrated as one wiring line for 
convenience sake in FIG. 1 actually includes a first control 
line 11 and a second control line 12 as illustrated in FIG. 10. 
First control signals Sal1 to Salm for determining the 
time for inputting the data Voltage Vdata to the pixel circuit 
400 are supplied from the scan line driving circuit 100 to the 
first control line 11 of each row. On the other hand, second 
control signals Sa21 to Sa2m for determining the time for 
initializing the voltage maintained in the pixel circuit 400 are 
supplied from the scan line driving circuit 100 to the second 
control line 12 of each row. Also, the detailed waveforms of 
the signals and the operations of the pixel circuit 400 in 
accordance with the waveforms will be described later. 

(0091. A first transistor Qa1 illustrated in FIG. 10 is a p 
channel type transistor connected between the driving tran 
sistor Qdr and the power supply line 31. The first transistor 
Qa1 and the driving transistor Qdr are serially connected to 
each other and the first transistor Qa1 functions as a Switching 
device for controlling electric connection between the driving 
transistor Qdr and the power supply line 31. On the other 
hand, the emission control transistor Qe1 illustrated in FIG. 
10 is a p channel type transistor connected between the driv 
ing transistor Qdr and the OLED device 430 and functions as 
a Switching device for controlling electric connection 
between the driving transistor Qdrand the OLED device 430. 
The gate electrodes of the first transistor Qa1 and the emission 
control transistor Qe1 are connected to the first control line 
11. However, when the first control signal Sali is properly 
set, it is possible to set both of the first transistor Qa1 and the 
emission control transistor Qe 1 to operate. To be specific, the 
first transistor Qa1 and the emission control transistor Qe1 are 
turned off when the first control signal Sali is at the H level 
and are turned on when the first control signal Sali is at the 
L level. 

0092. The second transistor Qa2 illustrated in FIG.10 is an 
in channel type transistor connected between the gate of the 
driving transistor Qdr and the first transistor Qal. Also, the 
third transistor Qa3 illustrated in FIG. 10 is an in channel type 
transistor connected between the driving transistor Qdr and 
the data line 103 and functions as a switching device for 
Switching conduction and non-conduction of the driving tran 
sistor Qdr and the data line 103. The gate electrodes of the 
second transistor Qa2 and the third transistor Qa3 are con 
nected to the first control line 11. Therefore, the second tran 
sistor Qa2 and the third transistor Qa3 are turned on when the 
first control signal Sali is at the H level and are turned off 
when the first control signal Sali is at the L level. When the 
second transistor Qa2 is turned on, electricity flows through 
the gate electrode and the source electrode of the driving 
transistor Qdr So that the driving transistor Qdr functions as a 
diode. 

(0093. Next, the capacitor C0 illustrated in FIG. 10 is a 
capacitor for maintaining a charge between a first electrode 
L0a and a second electrode L0b. The first electrode L0a is 
connected to the gate electrode of the driving transistor Qdr 
and the second electrode L0b is connected to the power Sup 
ply line 31. A fourth transistor Qa4 is connected to the con 
nection point NG between the first electrode L0a of the 
capacitor C0 and the gate electrode of the driving transistor 
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Qdr. The fourth transistor Qa4 is a n channel type transistor 
connected between the first electrode L0a and the ground 
Voltage VSS and functions as a Switching device for control 
ling electric connection between the first electrode L.0a or the 
connection point NG and the ground Voltage VSS (typically, 
for Switching conduction and non-conduction of the first elec 
trode L.0a and the ground voltage Vss). The gate electrode of 
the fourth transistor Qa4 is connected to the second control 
line 12. Therefore, the fourth transistor Qa4 is turned on when 
the second control signal Sa2i is at the H level and is turned 
off when the second control signal Sa2i is at the L level. 
0094. Next, the detailed waveforms of the first control 
signals Sa11 to Salm and the second control signals Sa2 
1 to Sa2m will be described with reference to FIG. 11. As 

illustrated in FIG. 11, the first control signals Sal1 to Sa1 
m are signals sequentially transited to the H level every 
horizontal scan time (1H). That is, the first control signal 
Sali maintains the H level in the ith horizontal scan time in 
the vertical scan time (1V) and maintains the L level in the 
other time. The transition of the first control signal Sali to 
the H level means that the pixel circuits 400 in the ith row are 
selected. As illustrated in FIG. 11, in the horizontal scan 
period when the first control signal Sali is at the H level, the 
data Voltage Vdata corresponding to the gradation of the pixel 
circuits 400 in the ith row is supplied to the data line 103. The 
data voltage Vdata is input to the pixel circuits 400 through 
the third transistor Qa3 that is turned on by the first control 
signal Sali at the H level. Hereinafter, the time (that is, 
horizontal scan time) at which the first control signals Sa11) 
to Salm are at the H level is referred to as the writing time 
T. On the other hand, at least a part of the time other than 
the writing time T (that is, the time at which the first 
control signals Sa11 to Salmare at the L level) is referred 
to as the time (hereinafter, the driving time T) at which the 
driving current having the current level inaccordance with the 
data voltage Vdata is supplied to the OLED device 430. 
0095. The writing time T at which the first control 
signal Sali is at the H level is divided into a first time T1 and 
a second time T2. The first time T1 starts from the point of 
time of the writing time Tand lasts until a predetermined 
time passes. The second time T2 is the remaining time of the 
corresponding writing time T. The second control signal 
Sa2 i maintains the H level at the first time T1 and maintains 
the L level at the other times (that is, the second time T2 and 
the driving time Tr). When the second control signal Sa2i 
is at the H level, the connection point NG and the ground 
voltage Vss of FIG.10 are electrically connected to each other 
through the fourth transistor Qa4 that is turned on. 
0096) Next, the detailed operation of the pixel circuit 400 
will be described with reference to FIGS. 12 to 14. Herein 
after, the operation of the pixel circuit 400 in the first row and 
the jth column will be divided into an operation at the first 
time T1, an operation at the second time T2, and an operation 
at the driving time TEL to be described. 
0097 (a) First Time T (Writing Time T) 
0098. At the first time T, as illustrated in FIG. 11, the first 
control signal Sali and the second control signal Sa2i 
maintain the H level. Therefore, the second transistor Qa2, the 
third transistor Qa3, and the fourth transistor Qa4 are turned 
on and the first transistor Qa1 and the emission control tran 
sistor Qe1 are turned off. FIG. 12 is a circuit diagram equiva 
lently illustrating the electric structure of the pixel circuit 400. 
As illustrated in FIG. 12, since the connection point N (that 
is, the gate electrode of the driving transistor Qdr) is electri 
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cally connected to the ground Voltage VSS through the fourth 
transistor Qa4 that is turned on, as illustrated in FIG. 11, the 
Voltage V of the connection point N is reduced to the 
ground voltage Vss at the first time T1. In other words, the first 
time T illustrated in FIG. 11 is set to be long enough for the 
Voltage V of the connection point N to reach the ground 
Voltage Vss. As described above, since the second transistor 
Qa2, the third transistor Qa3, and the fourth transistor Qa4 are 
turned on, in at least a part of the first time T, current flows 
between the data line 103 and the ground electric potential 32 
through the fourth transistor Qa4, the second transistor Qa2. 
and the driving transistor Qdr. The current operates as a kind 
of pre-charge current to rapidly set the gate Voltage of the 
driving transistor Qdrby the data Voltage Vdata. Also, it is not 
necessary to make the starting point of time at which the 
fourth transistor Qa4 is turned on and the starting point of 
time at which the second transistor Qa2 and the third transis 
tor Qa3are turned on completely the same. The starting point 
of time at which at least the fourth transistor Qa4 is turned on 
and the time at which the second transistor Qa2, the third 
transistor Qa3, and the fourth transistor Qa4 are turned on are 
formed so that the pre-charge effect is obtained by the current 
as described above. When the second transistor Qa2 and the 
third transistor Qa3 are turned on after the time at which the 
fourth transistor Qa4 is turned on is terminated, it is possible 
to correctly set the electric potential of the connection point 
N immediately before the time at which the second transis 
tor Qa2 and the third transistor Qa3 are turned on. 
I0099 (b) Second Time (Writing Time T) 
0100. At the second time T, as illustrated in FIG. 11, the 

first control signal Sali maintains the H level and the second 
control signal Sa2i maintain the L level. Therefore, the 
second transistor Qa2 and the third transistor Qa3 are con 
tinuously turned on and the first transistor Qal, the fourth 
transistor Qa4, and the emission control transistor Qe1 are 
turned off. FIG. 13A is a circuit diagram equivalently illus 
trating the electric structure of the pixel circuit 400. As illus 
trated in FIG. 13A, the fourth transistor Qa4 is turned off so 
that the connection point N is electrically separated from the 
ground Voltage VSS. Also, the second transistor Qa2 is turned 
on so that electricity flows through the driving transistor Qdr 
and that the driving transistor Qdr functions as a diode. Then, 
the connection point NG and the first electrode L.0a of the 
capacitor C0 are connected to the data line 103 through the 
third transistor Qa3. Therefore, the pixel circuit 400 at this 
time is equivalent to the circuit in which the capacitor C0 and 
the driving transistor Qdr that functions as a diode that are 
serially connected to each other are interposed between the 
power supply line 31 and the data line 103 as illustrated in 
FIG. 13B. Therefore, the voltage V of the connection point 
N, between the capacitor C0 and the driving transistor Qdr 
gradually increases until the Voltage V reaches a level 
(VVdata-Vth) obtained by subtracting the threshold volt 
age Vth of the driving transistor Qdr from the Voltage Vdata of 
the data line 103 as illustrated in FIG. 11. The second time T. 
is set to be long enough for the Voltage V of the connection 
point N to reach the level (Vdata-Vth) from the point of time 
at which the second transistor Qa2 and the third transistor Qa3 
are turned on. 

I0101. As described above, at the writing time T (the 
first time T and the second time T), the first control signal 
Sali maintains the H level so that the first transistor Qa1 and 
the emission control transistor Qe1 are turned off. Therefore, 
the power supply line 31 and the driving transistor Qdr are 
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electrically insulated from each other and the path of the 
current that is transmitted from the power supply line31 to the 
opposite electrode 32 through the OLED device 430 is inter 
cepted. In the pixel circuit 400 in such a state, since current 
does not flow between the power supply line 31 and the 
opposite electrode 32, it is possible to prevent a voltage from 
being reduced in the power supply line 31. Therefore, at the 
writing time T, the difference Vgs between the gate Volt 
age and the source Voltage is maintained with a high precision 
degree in the capacitor C0 interposed between the power 
Supply line 31 and the connection point N. 
0102 (c) Driving Time T. 
(0103) At the driving time T, the first control signal Sa1 
i and the second control signal Sa2i are at the L level. 
Therefore, meanwhile the second transistor Qa2, the third 
transistor Qa3, and the fourth transistor Qa4 are turned off, 
the first transistor Qa1 and the emission control transistor Qe1 
are turned on. FIG. 14 illustrates a circuit illustrating an 
equivalent structure of the pixel circuit 400 at this time. As 
shown in the drawing, the first transistor Qa1 and the light 
emitting control transistor Qe1 are transited to ON state so 
that a path from the power supply line 31 to the opposite 
electrode 32 via the driving transistor Qdr and the OLED 
device 430 is formed. Since the voltage V of the gate elec 
trode of the driving transistor Qdr at this time, as shown in 
FIG. 11, is maintained as the voltage (in other words, a volt 
age due to the data Voltage Vdata) maintained by the capacitor 
C0 at the writing time Tr the driving current Tel flowing 
from the power supply line 31 to the OLED device 430 has a 
current level according to the data voltage Vdata. Therefore, 
the OLED device 430 emits light at the brightness corre 
sponding to the data Voltage Vdata. 
0104. Here, the driving current Tel flowing from the 
source electrode of the driving transistor Qdr to the drain 
electrode is expressed by the following equation (2). 

0105 Moreover, in the equation (2), Vgs is a voltage 
between the gate and the Source of the driving transistor Qdr, 
B is a gain coefficient of the driving transistor Qdr. At the 
driving time T, since the Voltage V (Vdata-Vth) main 
tained by the capacitor C0 at the writing time T, imme 
diately before the driving time T is applied to the gate 
electrode, and at the same time, the power Supply Voltage Vdd 
is supplied to the source electrode of the driving transistor via 
the first transistor Qal being turned ON, the voltage Vgs 
becomes Vdd-(Vdata-Vth). When this is substituted into the 
equation (2) and the equation is reformed, the driving current 
Iel is expressed by the following equation (3). 

T-(2)|B(Vdd-Vaata) (3) 

0106. In other words, the driving current Iel is not depen 
dent on the threshold voltage Vth of the driving transistor Qdr. 
Therefore, according to the present embodiment, character 
istic unbalance such as the threshold voltage Vth of the driv 
ing transistor Qdr in each pixel circuit 400 is compensated so 
that the OLED device 430 can emit light at a desired bright 
ness with a high precision. 
0107 However, when the driving current Iel flows through 
the actual pixel circuit 400, the power supply voltage Vdd is 
dropped. If the dropped value of the voltage at this time is set 
to AV, the power Supply Voltage after the Voltage drop is 
Vdd-AV. Since the connection point N at the driving time 
T is the floating State, when the power Supply Voltage Vdd 
is dropped by AV, the Voltage at the connection point N is 
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basically dropped by AV. Therefore, since Vdd becomes 
Vdd-AV in the equation (3) and Vdata in the same equation 
becomes V data-AV, the influence by the voltage drop of the 
power supply voltage Vdd with respect to the driving current 
Iel is therefore canceled. In other words, the voltage drop of 
the power supply voltage Vdd at the driving time T, does not 
give influence the brightness of the OLED device 430. 
0.108 Moreover, in the present embodiment, since the 
respective power Supply lines 31 are formed along the 
arrangement direction of the respective pixels selected by the 
scan line driving circuit 100 at once (in other words, the 
direction of the arrangement of the pixels for simultaneously 
executing the insertion), the Voltage drop of the power Supply 
Voltage Vdd at the writing time T can be securely pre 
vented. This advantage will be described in detail as follows. 
0109 Presently, as a comparative example of the present 
embodiment, assumed is a structure in which power Supply 
lines 31 are continuously present in the direction following 
the data line 103. In this structure, when the first control signal 
Sali is transited to the high level and the scan line driving 
circuit 100 selects the ith raw, the data voltage Vdata is 
inserted into the pixel circuits 400 in the respective columns 
of this raw. Although the path of the driving current Iel is 
intercepted by turning the first transistor Qal or the light 
emitting control transistor Qe1 of the ith pixel circuit 400 
OFF at the writing time T, since the driving current Iel is 
supplied to the OLED device 430 of the pixel circuit 400 
belonging to other rows (in other words, the pixel circuit 400 
at the driving time TEL), the power supply voltage Vdd of the 
power supply lines 31 in the respective rows is dropped. In 
other words, since the power Supply Voltage Vdd to be Sup 
plied to the second electrode L0b of the capacitor C0 when the 
data voltage of the respective pixel circuits 400 belonging to 
the ith raw is inserted at the writing time T, it is difficult to 
maintain a desired amount of electric charges corresponding 
to the data voltage Vdata in the capacitor C0. 
0110 Meanwhile, in a structure in which the power supply 
line31 is formed in the raw direction like the present embodi 
ment, when the respective ith pixel circuits 400 commonly 
connected to a single power Supply line 31 is selected by the 
scan line driving circuit 100, the insertion of the data voltage 
Vdata into the number n of the pixel circuits 400 is performed 
at once. Therefore, due to the supply of the driving current Iel 
to the OLED device 430, the power supply voltage Vdd of the 
power Supply line 31 is prevented from dropping so that the 
data Voltage Vdata can be precisely inserted into the respec 
tive pixel circuits 400. 
0111. However, wires for supplying the power supply 
voltage Vdd from the power supply circuit 500 to the respec 
tive pixel circuits 400 includes a main power supply line 
disposed Surrounding a pixel area A and an auxiliary power 
supply line extending in the pixel circuit 400 in the raw 
direction. The auxiliary power supply line, in view of suffi 
ciently securing an area (aperture ratio) where the respective 
OLED devices 430 emit light, is formed by a narrow line 
width by comparison to the main power Supply line. There 
fore, a majority of the Voltage drop of the power Supply 
Voltage is generated in the auxiliary power Supply line. In the 
time when the respective pixel circuits 400 in the ith raw are 
selected, since the respective pixel circuits 400 belonging to 
other rows are at the driving time TEL r the driving current Tel 
flows into the respective OLED devices 430. However, since 
the majority of resistance of the power supply line 31 is in the 
auxiliary power Supply line, when the auxiliary power Supply 
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line is formed in the raw direction like the present embodi 
ment, it can be obtained a secure effect that the voltage drop 
of the power supply voltage Vdd is improved. 
0112 Next, other embodiments related to the present 
invention will be described. Moreover, common references 
are assigned to like components in the above embodiment 
among the embodiments and their description will be omit 
ted. 
0113 FIG. 15 illustrates a circuit illustrating the structure 
of other pixel circuit related to the present embodiment. As 
shown in the drawing, the pixel circuit 401 of the present 
embodiment, like the first embodiment, includes the OLED 
devices disposed between the power supply line 31 and the 
opposite electrode 32 and the p-channel type driving transis 
tor Qdr. Between the driving transistor Qdr and the OLED 
device 430, the n-channel type light emitting control transis 
tor Qe1 is disposed. The gate electrode of the light emitting 
control transistor Qe1 is connected to a first control line 11 
through which the first control signal Sb.1 i is supplied. 
Meanwhile, the source electrode of the driving transistor Qdr 
is connected to the source electrode of the first transistor Qb1. 
The first transistor Qb1 is an n-channel type transistor having 
a drain electrode connected to the power supply line 31, and 
serves as a Switching device for Switching the electric con 
duction and non-conduction between the source electrode of 
the driving transistor Qdr and the power supply line 31. The 
gate electrode of the first transistor Qb1 is connected to the 
second control line 12 through which the second control 
signal Sb2i is supplied. 
0114 Meanwhile, the second transistor in FIG. 15 is a 
p-channel type transistor connected between the gate elec 
trode of the driving transistor Qdr and any one of the drain 
electrode and the source electrode of the driving transistor 
Qdr. The gate electrode of the second transistor Qb2 is con 
nected to a first control line 11. Moreover, to the gate elec 
trode of the driving transistor Qdr, the first electrode L1a of 
the first capacitor C1 and the first electrode L2a of the second 
capacitor C2 are connected. The second electrode L2b of the 
second capacitor C2 is connected to the power Supply line 31. 
The second electrode L1b of the first capacitor C1 is con 
nected to the drain electrode of the third transistor Qb3. The 
third transistor Qb3 is a switching device for controlling the 
electrical connection between the data line 103 and the sec 
ond electrode Lib of the first capacitor C1 (typically, switch 
ing conduction and non-conduction therebetween), the 
source electrode thereof is connected to the data line 103, and 
the gate electrode thereof is connected to the first control line 
11. 

0115 Moreover, in the present embodiment, the voltage, 
supplied to the electrodes of the respective transistors, varies 
Suitable for the operating state. Generally, in the p-channel 
type transistor, since a high Voltage electrode is defined as a 
Source electrode, in the respective transistors of the present 
embodiment, the source electrodes and the drain electrodes 
are strictly changed to each other according to the operation 
state. However, in the present specification, for the conve 
nience of understanding the present invention, one side elec 
trodes of the respective transistors are assigned to the Source 
electrodes and other electrodes are assigned to the drain elec 
trodes. 

0116. Next, FIG.16 is a timing chart illustrating the wave 
forms of first control signals Sb.11 to Sb.1 m and second 
control signals Sb21 to Sb2m in the present embodiment. 
As shown in this drawing, the ith horizontal scan time iH of 
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the respective vertical scantime 1 V is used as the writing time 
T, when the compensation of the threshold Voltage Vth of 
the driving transistor Qdr and the insertion of the data Voltage 
Vdata are performed in the respective pixel circuits 401 in the 
ith raw, and other time is used as the driving time T, when 
OLED devices 430 of the respective pixel circuits 401 illu 
minate. The first control signals Sb.11 to Sb.1m are signals 
that are sequentially low level for every writing time T. 
when the respective rows are selected. In other words, the first 
control signals Sb.11 to Sb.1m become L-level for the writ 
ing time T, when the ith raw is selected, and become 
H-level for other time (the driving time T corresponding to 
the ith raw). The writing time Tris distinguished into a first 
time T1 for compensating the threshold voltage Vth of the 
driving transistor Qdr and a second time T2 for inserting the 
data voltage Vdata into the pixel circuit 401. As shown in FIG. 
16, the second control signals Sb21 to Sb2m become low 
level for the second time T2 among the writing time T. 
when the first control signals Sb.11 to Sb.1m become 
L-level, and become L-level for other time (the driving time 
T and the first time T1). 
0117 Next, in the present embodiment, the operation of 
the pixel circuit 401 will be described separately for the first 
time T1 and the second time T2 of the writing time T, and 
the driving time T. Moreover, hereinafter, although opera 
tion of the jth pixel circuit 401 of the ith raw will be specifi 
cally described, other pixel circuits 401 are like that. 
I0118 (a) First Time T1 (Writing Time T) 
0119. In the first time T1, since the first control signals 
Sb11 to Sb1m are transited to the L-level and the second 
control signals Sb21 to Sb2m maintain the high level, as 
shown in FIG. 17, the first transistor Qb1, the second transis 
tor Qb2, and the third transistor Qb3 are turned on, and a 
light-emitting control transistor Qe1 is turned off. Therefore, 
for the first time T1, the Voltage V of the connecting point 
NG between the gate electrode of the driving transistor Qdr 
and the first capacitor C1 is converged to the difference value 
(VG=Vdd-Vth) between the power supply voltage Vdd and 
the threshold voltage Vth of the driving transistor Qdr. Mean 
while, for the first time T1, to the data line 103, a predeter 
mined voltage Vref (hereinafter referred to “reference volt 
age') is applied. The reference voltage Vref is applied to the 
second electrode L1b of the first capacitor C1 through the 
turned on third transistor Qb3. The reference voltage Vref, for 
example, is Vss or Vdd. 
I0120 (b) Second Time T2 (Writing Time T) 
0121 For the second timeT2, since both of the first control 
signals Sb.11 to Sb1m and the second control signals Sb2 
1 to Sb2m maintain the L-level, as shown in FIG. 18, all of 
the first transistor Qb1 and the light-emitting control transis 
tor Qe1 is turned off. Therefore, the power supply line 31 is 
electrically disconnected from the driving transistor Qdr, and 
the path of electric current from the power supply line to the 
opposite electrode 32 via the OLED device 430 is interrupted. 
Since the electric current does not flow through the pixel 
circuit 401 in this state from the power supply line 31, the 
Voltage drop is not generated in the power Supply line 31. 
Therefore, it is possible to high precisely apply a desired 
Voltage to the second electrode L2b of the second capacitor 
C2 disposed between the power supply line 31 and the con 
nection point N. 
0.122 Moreover, for the second time T2 when the second 
control signal Sb2i becomes L-level, the data voltage Vdata 
based on the gradation of the pixel circuit 401 in the ith raw is 
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applied to the data line 103. As shown in FIG. 18, since the 
third transistor Qb3 at this time is turned on by the low-level 
first control signal Sb.1i, the data voltage Vdata is applied to 
the second electrode L1b of the first capacitor C1 through the 
third transistor Qb3. In other words, the voltage of the second 
electrode L1b varies from the reference voltage Vref deter 
mined in the first time T1 to the data voltage Vdata. When the 
voltage of the second electrode L1b varies as much as AV 
(AV=Vref-Vdata), the voltage V of the gate electrode of the 
driving transistor Qdr varies as much as a level that the volt 
age variation AV at the second electrode L1b is divided by the 
capacity coupling between the first capacitor C1 and the 
second capacitor C2, according to the ratio between the elec 
trostatic capacity Ca of the first capacitor C1 and the electro 
static capacity of the second capacity C2, from the immedi 
ately before voltage Vdd-Vth. Since the variation of the 
Voltage V at the connection point N is expressed by AV-Ca/ 
(Ca+Cb), the voltage V of the connection point N for the 
second time T2 is stabilized by the level expressed by the 
following equation (4). 

V=Vdd-Vth AV-Caf (Ca+Cb) (4) 

0123. As described above, in the present embodiment, 
since prior to the insertion of the data voltage Vdata the 
voltage of the second electrode L1b is determined as the 
predetermined reference voltage Vref, the voltage VG of the 
gate electrode of the driving transistor Qdrfor the second time 
T2 can be rapidly determined to the level according to the data 
Voltage Vdata. 
(0.124 (b) Driving Time T. 
0.125 For the driving time T, both of the first control 
signal SB1i and the second control signal Sb2i becomes 
H-level. Therefore, as shown in FIG. 19, the second transistor 
Qb2 and the third transistor Qb3 are turned off. Meanwhile, 
since all of the first transistor Qb1 and the light-emitting 
transistor Qel is turned on, a path from the power Supply line 
31 to the opposite electrode 32 via the driving transistor Qdr 
and the OLED device 430 is formed. Since the voltage VG of 
the connection point NG for the writing time T is main 
tained even at the driving time T, when the second transistor 
Qb2 or the third transistor Qb3 is turned off, the driving Iel 
caused by the voltage between the gate and the source of the 
driving transistor Qdr is supplied to the OLED device 430. 
0126. At the driving time T, since the Voltage of the gate 
electrode when assuming the source electrode of the driving 
transistor Qdr as the reference is -(Vg-Vald), the driving 
currentlel is expressed by the following equation (5). 

0127. When equation (4) is substituted into equation (5), 
the following equation is obtained. 

0128. Where k is Ca/(Ca+Cb). As expressed by the equa 
tion (6), the driving current Iel supplied to the OLED device 
430 is determined only by the difference AV (Vdd-Vdata) 
between the data Voltage Vdata and the power Supply Voltage 
Vdd and is not dependent from the threshold voltage Vth of 
the driving transistor Qdr. In other words, even in the present 
embodiment, unbalance of the threshold voltage Vth of the 
driving transistor in every pixel circuit 401 is compensated so 
that the OLED device 430 can emit light very precisely at a 
desired brightness. 
0129. Moreover, although, in the above-mentioned 
aspects of the present invention, the writing time Tand the 
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driving time T have been described as continuously formed 
on the time axis, in order to securely prevent the Voltage drop 
of the power Supply line 31 at the writing time T, an idle 
time T may be inserted between the writing time Tand 
the driving time T. The idle time is a time period when the 
insertion of the data voltage Vdata with respect to the pixel 
circuit 401 and the supply of the driving current Lel to the 
OLED device 430 are not carried out. For example, the sec 
ond control signal Sb2i in this aspect, as shown in FIG. 20. 
maintains the L-level in the second time T2 of at the writing 
time T and the idle time Timmediately after the writ 
ing time Tand maintains the H-level during the time from 
the ending point of the idle time T to the next second time 
T2. Therefore, in the idle time T, since the second tran 
sistor Qb2 and the third transistor Qb3 maintained to be 
turned off by the H-level first control signal Sb.1 i (in other 
words, the second electrode L1b of the first capacitor C1 is the 
floating state), the insertion of the data voltage Vdata into the 
pixel circuit 401 stops, and since the first transistor Qb1 
maintains to be turned offby due to the L-level second control 
signal Sb2i (in other words, since the path from the power 
supply line 31 to the opposite electrode 32 is intercepted), the 
Voltage drop is not generated in the power Supply line 31. As 
shown in FIG. 16, in the structure in which the writing time 
T, and the driving time T are continued, although the 
writing time T may be overlapped with the driving time 
T. caused by the delay or wave distortion of the first control 
signal Sb.1 i or the second control signal Sb2i (in other 
words, when the insertion of the data into the pixel circuit 401 
and the supply of the driving current Tel to the OLED device 
430 are simultaneously performed), according to the aspect as 
shown in FIG. 20, the situation when the driving currentlel is 
supplied to the OLED device 430 during the insertion of the 
data voltage Vdata into the pixel circuit 401 can be securely 
prevented. 
0.130 Next, other embodiments related to the present 
invention will be described. Moreover, in the present embodi 
ment, proper common references are assigned to like compo 
nents in the above embodiments and their description will be 
omitted. 

I0131 FIG. 21 is a circuit diagram illustrating the structure 
of other pixel circuit according to the present embodiment. As 
shown in the drawing, in the pixel circuit 402, the first tran 
sistor Qb1 of the pixel circuit 31 in FIG. 15 is eliminated. In 
other words, the driving transistor Qdris directly connected to 
the power supply line 31. Moreover, the gate electrode of the 
light-emitting control transistor Qe1 disposed between the 
driving transistor Qdr and the OLED device 430 is connected 
to the power supply line 13. Therefore, the light emitting 
control transistor Qe1 turns ON when the third control signal 
Sc3i supplied to the third control line 13 is H-level, and 
turns OFF when the third control signal Sc3i is L-level. 
0.132. The pixel circuit 402 in the present embodiment 
includes, instead of the second transistor Qb2 of the pixel 
circuit 401 and the third transistor Qb3 in FIG. 15, n-channel 
type second transistor Qc2 and n-channel type Qc3. A gate 
electrode of the second transistor Qc2 is connected to the 
second control line 12 through which the second control 
signal Sc2i is Supplied, a gate electrode of the third transis 
tor Qc3 is connected to the first control line 11 through which 
the first control signal Sc1i is supplied. 
0.133 FIG. 22 is a timing chart illustrating waveforms of 
respective signals Supplied to the pixel circuit 402. As shown 
in the drawing, the first control signal Sc1 i to Sc1m 
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sequentially become H-level in every horizontal scan time 
1H. The writing time TI. IRT (horizontal scan time) when the 
first control signal Sc1i maintains the H-level is divided into 
the first time T1 and the second time T2 following the first 
time T1. The second control signal Sc2i is at H-level during 
time from time point immediately before the writing time 
T. by a predetermined time to the ending point of the first 
time T1 and is at L-level in other time. Operation in the first 
time T1 and the second time T2 is identical to that in FIG. 15. 
In other words, in the first time T1, the reference voltage is 
applied to the second electrode Lb1 of the capacitor C1 from 
the data line 103 via the third transistor Qc3 turned ON by the 
high level first control signal Sc1i and the second transistor 
Qc2 is turned ON by the high level second control signal 
Sc2Li so that the voltage VG of the gate electrode of the 
driving transistor Qdr is converged to Vdd-Vth. In the second 
time T2, after the second transistor Qc2 is turned OFF, the 
data voltage Vdata is applied to the second electrode L1b of 
the first capacitor C1 so that the voltage V of the driving 
transistor Qdr is set to a level according to the data Voltage 
Vdata. 

0134 Meanwhile, the third control signals Sc31 to Sc3 
m are signals for defining the driving time T, when the 
OLED device 430 actually emits light according to the data 
voltage Vdata inserted into the pixel circuit 402 at the writing 
time T. In other words, a path from the power supply line 
31 to the OLED device 430 is formed when the light emitting 
control transistor Qe1 is turned ON, and through this path, the 
driving current Iel according to the Voltage V of the gate 
electrode of the driving transistor Qdr is supplied to the 
OLED device 430. 

0135 The third control signal Sc3i in the present 
embodiment goes up to the H-level at a time point when the 
idle time T elapses after the first control signal Sc1i goes 
down to the low level. In other words, even in the present 
embodiment, like the example in FIG. 20, the idle time T. 
is inserted between the writing time Tand the driving time 
T. The idle time T is a time period when the insertion of 
the data voltage Vdata into the pixel circuit 402 and the supply 
of the driving current lel to the OLED device 430 are not 
performed. In other words, in the idle time T, any one of 
the first control signal Sc1i, the second control signal Sc2i. 
and the third control signal Sc3i become the L-level. There 
fore, in the idle time T, any one of the light emitting 
transistor Qe1, the second transistor Qc2, and the third tran 
sistor Qc3 is turned OFF. According to the structure in which 
the idle time T is inserted between the writing time T. 
and the driving time T, the situation that the driving current 
Iel is supplied to the OLED device 430 during the insertion of 
data into the pixel circuit 402 is securely prevented. There 
fore, the voltage drop in the power supply line31 is restrained 
so that a desired data voltage Vdata can be recorded into the 
pixel circuit 402 in high precision. 
0.136 <Electronic Apparatus.> 
0.137 Next, an electronic apparatus employing the light 
emitting device 1 related to the above-described embodi 
ments will be described. FIG. 23 illustrates a mobile personal 
computer employing the light emitting device 1. The personal 
computer 2000 includes the light emitting device 1 as a dis 
play unit and a main body 2010. In the main body 2010, a 
power switch 2001 and a keyboard 2002 are installed. The 
light emitting device 1 can display an image with a wide 
viewing angle and convenient to watch because of using the 
OLED device 430. 
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0.138 FIG. 24 illustrates the structure of a mobile phone 
employing the light emitting device 1. A mobile phone 3000 
includes a plurality of manipulation buttons 3001, scroll but 
tons 3002, and the light emitting device 1 as a display unit. 
The scroll buttons 3002 are manipulated to scroll an image 
displayed on the light emitting device 1. 
0.139 FIG.25 illustrates a personal digital assistant (PDA) 
employing the light emitting device 1. The PDA 400 includes 
a plurality of manipulation buttons 4001, a power switch 
4002, and the light emitting device 1 as a display unit. When 
the power switch 4002 is manipulated, various information 
items such as an address book, a schedule table, or the like are 
displayed on the light emitting device 1. Moreover, as an 
electronic apparatus employing the light emitting device 1, 
other than that in FIGS. 23 to 25, there may be a digital 
camera, a liquid crystal TV, a viewfinder type or a monitor 
direct-viewing type video tape recorder, a car navigation 
apparatus, a pager, an electronic note, a table electronic cal 
culator, a word processor, a workstation, an image telephone, 
POS terminal, an apparatus equipped with a touch panel, and 
the like. The light emitting device 1 can be employed in the 
various electronic apparatuses as a display unit. Moreover, 
without limit as a display unit of an electronic apparatus for 
displaying images and letters, the light emitting device may 
be uses as a light source of a printing apparatus uses in 
projecting light to photo sensitive object to form images or 
letters thereon indirectly. 

1. An electro-optical device comprising: 
a plurality of scan lines: 
a plurality of data lines; 
a plurality of pixel circuits provided to correspond to the 

intersections between the plurality of scan lines and the 
plurality of data lines: 

a plurality of power supply lines that intersect the plurality 
of data lines; and 

a plurality of controllines that intersect the plurality of data 
lines, 

wherein each of the plurality of pixel circuits comprises: 
an electro-optical device; 
a driving transistor for controlling the current level of a 

driving current Supplied to the electro-optical device; 
a capacitor whose one end is connected to the first gate of 

the driving transistor and the other end of which is con 
nected to one power supply line of the plurality of power 
Supply lines; 

a first transistor having a second gate and provided between 
one data line of the plurality of data lines and the first 
gate so that the second gate is connected to one scan line 
of the plurality of scan lines and that the first transistoris 
turned on when a scan signal Supplied through the scan 
line is activated and is turned off when the scan signal is 
deactivated; and 

a second transistor having a third gate and serially con 
nected to the electro-optical device so that the third gate 
is connected to one control line of the plurality of control 
lines and that the second transistor is turned on when a 
control signal Supplied through the control line is acti 
vated and is turned off when the control signal is deac 
tivated, 

wherein the control signal is deactivated in at least one of 
the time at which the scan signal is activated. 

2. The electro-optical device as claimed in claim 1, wherein 
the control signal is deactivated at the point of time when the 
scan signal is transited to be deactivated. 
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3. The electro-optical device as claimed in claim 1, wherein 
the time at which the control signal is deactivated is larger 
than the time at which the scan signal is activated. 

4. The electronic apparatus having the electro-optical 
device as claimed in claim 1. 

k k k k k 


