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(57) A switching transistor 3 is provided between a
gate terminal of a driving TFT 1 and a drain terminal
thereof. A first capacitor 2 is provided between the gate
terminal of the driving TFT 1 and a source terminal
thereof. The current control terminal of the driving TFT
1 is connected to a first terminal of a second capacitor
7. A second terminal of the second capacitor 7 is con-
nected to the drain terminal of the driving TFT 1 via a
switching transistor 9, and to a predetermined voltage
line Va via a switching transistor 8. This allows restraint
of variation of a current flowing, during a non-selection
period, through a current driving light emitting element
of a display apparatus, the current variation being
caused by threshold voltage variation and mobility var-
iation of the driving TFT. A specific example of the dis-
play apparatus including such a current driving light
emitting element is an organic EL display apparatus.

DISPLAY DEVICE AND DRIVE METHOD THEREOF
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Description
TECHNICAL FIELD

[0001] The present invention relates to (i) a display apparatus using a current driving element, such as an organic
EL (Electro Luminescence) display and an FED (Field Emissicn Display); and (ii) a method for driving the display
apparatus.

BACKGROUND ART

[0002] What have been actively carried out in recent years are researches and developments for a current driving
light-emitting element such as an organic EL display and an FED. Especially, the organic EL display is such a display
that can emit light by a low voltage and less power consumption, so that the organic EL display has drawn attention
as a display for a mobile device such as a mobile phone or a PDA (Personal Digital Assistants).

[0003] As a structure example of a current driving pixel circuit of such an organic EL display, Fig. 22 illustrates a
circuit structure described in "Active Matrix PolyLED Displays" (M. T. Johnson et al., IDW '00, 2000, pp.235-238) and
WO 99/65011 (published December 16, 1999).

[0004] In the circuit structure shown in Fig. 22, a driving TFT (Thin Film Transistor) 101 has a source terminal con-
nected to a power source wire Vs, and has a gate terminal connected to the power source wire Vs via a capacitor 104.
Moreover, a switching TFT 102 is provided between a drain terminal of the driving TFT 101 and an anode of an organic
EL element 103. A cathode of the organic EL element 103 is connected to a common wire Vcom.

[0005] Further, a selection TFT 106 and a switching TFT 105 are provided at a node of the driving TFT 101 and the
switching TFT 102. The selection TFT 106 has a source terminal connected to a source wire Sj. The switching TFT
105 has a source terminal connected to the gate terminal of the driving TFT 101.

[0006] Inthe structure, when a signal indicative of Low is supplied to a scan wire Gi (selection period), the switching
TFT 102 becomes OFF, and the selection TFT 106 and the switching TFT element 105 becomes ON. In this case, a
current can flow from the power source wire Vs to the source wire Sj via the driving TFT 101 and the selection TFT
106. In cases where the current thus flowing is controlled by a power source of a source driver circuit (not shown)
connected to the source wire Sj, a gate voltage of the driving TFT element 101 is set such that a current specified by
the source driver circuit flows into the driving TFT 101.

[0007] On the other hand, when the scan wire Gi receives a signal indicative of High (non-selection period), the
selection TFT 106 and the switching TFT 105 become OFF, and the switching TFT 102 becomes ON. During this non-
selection period, the capacitor 104 retains the gate potential, determined during the selection period, of the driving TFT
element 101. With this, during the non-selection period, the driving TFT 101 allows the determined current to flow into
the organic EL element 103.

[0008] As an example of a current driving pixel circuit structure similar to the above structure, Fig. 23 illustrates a
pixel circuit structure described in "Polysilicon TFT Drivers for Light Emitting Polymer Displays" (Simon W-B. Tam et
al., IDW '99, 1999, pp.175-178) and WO 98/48403 (published on October 29, 1998).

[0009] In the circuit structure shown in Fig. 23, a capacitor 111 is provided between a source terminal of a driving
TFT 108 and a gate terminal thereof. Between the gate terminal of the driving TFT 108 and a drain terminal thereof,
a switching TFT 112 is provided. The drain terminal of the driving TFT 108 is connected to an anode of an organic EL
element 109. Further, a switching TFT 107 is provided between the source terminal of the driving TFT 108 and a power
source wire Vs. Moreover, a selection TFT 110 is provided between the source terminal of the driving TFT 108 and a
source wire Sj.

[0010] The selection TFT 110 has a gate terminal connected to a control wire Wi, and the switching TFT 107 has a
gate terminal connected to a control wire Ri, and the switching TFT 112 has a gate terminal connected to a scan wire Gi.
[0011] The following explains an operation of the pixel circuit structure with reference to a timing chart shown in Fig.
24. The timing chart illustrates respective timings of supplying signals to the control wires Wi and Ri, the scan wire Gi,
and the source wire Sj.

[0012] In Fig. 24, the selection period corresponds to a period of time from 0 to 3t1. During the selection period, the
control wire Ri has a High (GH) potential, so that the switching TFT 107 is OFF. On this occasion, the control wire Wi
has a Low (GL) potential, so that the selection TFT 110 is ON. With this, during the selection period, a current flows
from the source wire Sj to the organic EL element 109 via the selection TFT 110 and the driving TFT 108.

[0013] During a period of time from 0 to 2t1 within the selection period, the scan wire Gi has a High potential, so that
the switching TFT 112 is ON. Accordingly, a current flows from (i) a source driver circuit (not shown) connected to the
source wire Sj, to (ii) the organic EL element 109. This determines a gate potential of the driving TFT 108 such that a
current specified by the source driver circuit flows into the organic EL element 109. During a period of time from 2t1
to 3t1, the switching TFT 112 is OFF; however, the gate potential of the driving TFT 108 is retained by the capacitor
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111. This allows a current to flow from the source wire Sj to the organic EL element 109 during this period, too.
[0014] After the time 3t1 (non-selection period), the switching TFT 110 is OFF, and the switching TFT 107 is ON.
With this, during the non-selection period, a determined current is controlled to flow from the power source wire Vs to
the organic EL element 109.

[0015] However, the following problem arises in the pixel circuit structure described in "Polysilicon TFT Drivers for
Light Emitting Polymer Displays" (IDW '99, pp.175-178). That is, variation in a threshold voltage of the driving TFT
108, and variation in mobility thereof cause variation in the current flowing into the organic EL element 109 during the
non-selection period.

[0016] For the purpose of clarifying an adverse effect of such variation of the current, a simulation was carried out
under the following five conditions shown in Table 1 below. The simulation found respective values of currents flowing
to the organic EL element 109. The simulation result is shown in Fig. 25.

[Table 1]
loled(1) loled(2) loled(3) loled(4) loled(5)
Threshold Average value | Lower limit value | Upper limit value | Upper limit value | Lower limit value
voltage
Mability Average value | Lower limit value | Upper limit value | Lower limit value | Upper limit value
[0017] In the simulation shown in Fig. 25, the selection period came every 0.24 ms. During an initial period of time

from 0.27 ms to 0.51 ms, a current of 0.1 uA flowed to the source wire Sj. Thereafter, the current was increased by 0.1
LA every 0.24 ms until the current had a value of 0.9 pA. Then, the current was set at 0. After that, the current was
increased again by 0.1 pA.

[0018] Specifically, a first selection period corresponds to a period of time from 0.27 ms to 0.30 ms. The current,
which had a value of 0.1 uA and which was flowing to the source wire Sj during the selection period, determined the
potential of the gate terminal of the driving TFT 108. This determined that the current of 0.1 pA flowed to the organic
EL element 109 only during the selection period. Note that the gate potential on this occasion was retained during a
following non-selection period continuing from 0.31 ms to 0.51 ms; however, the current flowing to the organic EL
element 109 during the non-selection period varied in a range from 0.12 pA to 0.13 pA.

[0019] The variation found by the simulation is illustrated in Fig. 26 whose horizontal axis plots the respective currents
(the respective ten currents of 0 to 0.9 uA) which flowed to the source wire Sj, and whose vertical axis plots respective
currents which flowed to the organic EL element 109 during the non-selection periods, each of which came after each
current supply to the source wire Sj. In Fig. 26, during the non-selection period coming after the supply of the current
of 0.9 uA to the source wire Sj, the current that flowed through the organic EL element 109 varied in a range of about
0.95 uA to about 1.12 pA (increases by 5% to 24%).

[0020] Such variation is caused by a difference between (i) a source-drain voltage Vsd of the driving TFT 108 during
the selection period (period of time from approximately 270 us to approximately 300 us), and (i) a source-voltage Vsd
during the non-selection period (period other than the selection period), as shown in Fig. 27. Note that Fig. 27 illustrates
a result of a simulation carried out under the five conditions (see Table 2) of the threshold voltage and the mobility of
the driving TFT 108. Note also that voltage values Vsg (1) through Vsg (5) respectively correspond to the conditions
loled (1) through loled (5) (see Table 2), and that voltage values Vsd (1) through Vsg (5) respectively correspond to
the conditions loled (1) through loled (5).

[0021] Namely, in the circuit structure shown in Fig. 23, the switching TFT 112 was ON upon the current writing
(period of time from 0 to 2t1 in Fig. 24; period of time from about 270 us to about 290 us in Fig. 27) carried out during
the selection period, so that each source-drain voltage Vsd coincided with each source-gate voltage Vsg, as shown in
Fig. 27.

[0022] The source-gate potential Vsg that the driving TFT 108 had on this occasion was determined according to
the threshold voltage of the driving TFT 108 and the mobility thereof. Specifically, comparing (i) a case where the
threshold voltage is 1 V with (ii) a case where the threshold voltage is 2V, the source-gate voltages Vsg varies by on
the order of 1V. In fact, the above simulation result shows that the source-gate voltage Vsg varied in a range from
about 1.4 V to about 3.6 V when the current of 0.1 pA was supplied to the source wire Sj.

[0023] Thereafter, when the switching TFT 112 was turned OFF (at about 290 us), the source-gate potential of the
driving TFT 108 was retained; however, the source-drain voltage Vsd thereof was changed.

[0024] Especially after the pixel circuit was brought into the non-selection period (at about 300 us), the source-drain
voltage Vsd was changedto be approximately 6 V. The voltage Vsd is determined according to "applied-voltage/current
property" of the organic EL element 109. The wording "applied-voltage/current property" refers to a property indicating
a relation between the applied voltage and the current. In other words, the voltage Vsd is determined according to a
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voltage Voled required for the supply of the current of 0.1 pA to the organic EL element 109. In the simulation, the
voltage Voled had such a property as to satisfy:

Voled=Vs - 6V

Further, the applied-voltage/current property of the organic EL element 109 is similar to a property of a diode (the
current exponentially increases in response to the applied voltage). For this reason, even when the current flowing
through the organic EL element 109 varies by several ten percent, the source-drain voltage of the driving TFT 108
does not vary greatly.

[0025] If the driving TFT 108 were an ideal TFT, the change of the source-drain voltage would never cause the
change of the current flowing from the source terminal of the driving TFT 108 to the drain terminal thereof, in cases
where the gate-source potential Vsg is constant, and where the source-drain voltage Vsd is larger than the gate-source
potential Vsg. However, in an actual TFT, even in cases where a gate-source potential Vsg is constant, a current flowing
from a source terminal of the TFT to a drain terminal thereof increases as a source-drain voltage Vsd increases, as
shown in Fig. 28. Note that Fig. 28 illustrates a result of a simulation carried out under the five conditions (see Table
2) of the threshold and the mobility of the driving TFT 108. Note also that current values Itft (1) through Itft (5) respectively
correspond to the conditions loled (1) through loled (5) (see Table 2).

[0026] The result shown in Fig. 28 indicates that the variation of the source-drain voltage Vsd upon the current writing
causes the variation of the current flowing from the source to the drain during the non-selection period. This changes
the current flowing through the organic EL element 109.

[0027] So, an examination was carried out in order to find such current variation between the source terminal of the
driving TFT 108 and the drain terminal thereof, with the use of a circuit in which the driving TFT 108 and the organic
EL element 109 are provided in series as shown in Fig. 29. The examination is carried out by simulating a current
flowing through the organic EL element 109, in the following manner under the aforesaid five conditions of the threshold
voltage and the mobility of the driving TFT 108. That is, the simulation is carried out by (i) applying, to the gate terminal
of the driving TFT 108, the gate-source potential Vgd, obtained upon the current writing (see Fig. 27), of the driving
TFT 108; and (ii) changing a power source voltage Vs - Vcom. A result of the simulation is shown in Fig. 30.

[0028] Fig. 30 shows a case of the gate-source potential Vgd upon the supply of a current of 0.5 pA to the source
wire §j. In this case, the potential of the source wire Sj upon the current writing (See Fig. 27) was changed according
to each of the conditions of the threshold voltage of the driving TFT 108 and the mobility thereof. This determined that
the current of 0.5 pA was supplied to the organic EL element 109. Therefore, the current flowing through the organic
EL element 109 was changed, on condition that the potential of the power wire Vs is constant (16V).

[0029] In this way, the threshold voltage variation of the driving TFT, and the mobility variation thereof cause the
variation of the source-drain voltage Vsd upon the current writing, with the result that the current flowing through the
organic EL element varies during the non-selection period. Such a phenomenon occurs also in the pixel circuit structure
shown in Fig. 22. As such, the conventional circuit structure suffers from such a problem that the threshold voltage
variation of the driving TFT and the mobility variation thereof cause the variation of the current flowing through the
organic EL element during the non-selection period.

[0030] The present invention is made to solve the problem, and its object is to provide a display apparatus that is
able to restrain the variation of the current flowing through the organic EL element during the non-selection period, the
variation of the current being caused by the threshold voltage variation of the driving TFT, and the mobility variation
thereof.

DISCLOSURE OF INVENTION

[0031] As described above, afirst display apparatus of the present invention includes: (1) a first switching transistor,
provided between (i) a current control terminal of the driving transistor and (ii) a current output terminal of the driving
transistor; (2) a first capacitor, connected to the current control terminal of the driving transistor; and (3) a second
capacitor, having afirstterminal and a second terminal, the first terminal being connected to the current control terminal
of the driving transistor, the second terminal being connected to (i) the current output terminal of the driving transistor
via a second switching transistor, and (ii) a predetermined voltage line via a third transistor.

[0032] A pixel circuit structure and a source driver circuit structure each using the above structure allows the following
effect. That is, during an output current setting period of the driving transistor of the circuit, the first switching transistor
is ON, and a predetermined current is supplied to the driving transistor, with the result that the driving transistor is
caused to have a current control terminal potential (potential Vx) accommodating to threshold voltage variation of the
driving transistor and mobility variation thereof. The current control terminal potential is retained by the first capacitor.
[0033] Also on this occasion, the first terminal of the first capacitor is electrically connected to the first terminal of
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the second capacitor. Therefore, by turning OFF the second switching transistor and turning ON the third switching
transistor, the second terminal of the second capacitor is electrically connected to the predetermined voltage line (which
has a constant potential Va allowing supply of the predetermined current). Moreover, this causes the second capacitor
to retain a potential Va - Vx. These operations are carried out during a first period.

[0034] Next, the second switching transistor is turned ON, and the third switching transistor is turned OFF, with the
result that the second terminal of the second capacitor is electrically connected to the current output terminal (a drain
terminal or a source terminal of a TFT) of the driving transistor. In cases where the driving transistor has a default
current output terminal potential Va, the driving transistor is caused to have the current control terminal potential (a
gate potential of a TFT) Vx.

[0035] Thereafter, a desired current is supplied to the driving transistor, thereby changing the potential of the current
control terminal (a gate terminal of a TFT) of the driving transistor. This determines the potential of the current control
terminal (a gate terminal of a TFT), while the potential of the current input terminal of the driving transistor and the
potential of the current output terminal thereof are substantially equal to each other irrespective of the threshold voltage
variation and the mobility variation of the driving transistor.

[0036] Further, in a pixel circuit including the driving transistor, a supply of the predetermined current to the current
driving light emitting element causes potential drops of the current driving light emitting element in the same manner.
With this, while the potential of the current input terminal of the driving transistor is substantially equal to the potential
of the current output terminal thereof, the potential of the current control terminal (a gate terminal of a TFT) of the
driving transistor can be set such that the driving transistor outputs the predetermined current.

[0037] Inthe case of disconnecting the connection between the first capacitor and the second capacitor, the current
control terminal potential of the driving transistor is retained by the first capacitor. On the other hand, in the case of
maintaining the connection therebetween, the current control terminal potential of the driving transistor is retained by
the first capacitor and the second capacitor. These operations are carried out during a second period.

[0038] Thereafter, during a non-selection period of the pixel circuit, the current input terminal-current output terminal
potential of the driving transistor is changed; however, the changed potential is constant irrespective of the threshold
voltage variation and the mobility variation of the driving transistor. This allows restraint of variation of a current flowing
from the current input terminal of the driving transistor to the current output terminal thereof. As described above, a
second display apparatus of the presentinvention includes: (1) afirst switching transistor, provided between (i) a current
control terminal of the driving transistor and (ii) a current input terminal of the driving transistor; (2) a first capacitor,
connected to the current control terminal of the driving transistor; and (3) a second capacitor, having a first terminal
and a second terminal, the first terminal being connected to the current control terminal of the driving transistor, the
second terminal being connected to (i) the current input terminal of the driving transistor via a second switching tran-
sistor, and (ii) a predetermined voltage line via a third switching transistor.

[0039] A pixel circuit structure and a source driver circuit structure each using the above structure allows the following
effect. That is, during an output current setting period of the driving transistor of the circuit, the first switching transistor
is ON, and a predetermined current is supplied to the driving transistor, with the result that the driving transistor is
caused to have a current control terminal potential (potential Vx) accommodating to threshold voltage variation of the
driving transistor and mobility variation thereof. The current control terminal potential is retained by the first capacitor.
[0040] On this occasion, the first terminal of the first capacitor is electrically connected to the first terminal of the
second capacitor. Therefore, by turning OFF the second switching transistor and turning ON the third switching tran-
sistor, the second terminal of the second capacitor is electrically connected to the predetermined voltage line (which
has a constant potential Va allowing supply of the predetermined current). Moreover, this causes the second capacitor
to retain a potential Va - Vx. These operations are carried out during a first period.

[0041] Next, the second switching transistor is turned ON, and the third switching transistor is turned OFF, with the
result that the second terminal of the second capacitor is electrically connected to the current input terminal (a drain
terminal or a source terminal of a TFT) of the drivingtransistor. In cases where the driving transistor has a default
current input terminal potential Va, the driving transistor is caused to have the current control terminal potential (a gate
potential of a TFT) Vx.

[0042] Thereafter, a desired current is supplied to the driving transistor, thereby changing the potential of the current
control terminal (a gate terminal of a TFT) of the driving transistor. This determines the potential of the current control
terminal (a gate terminal of a TFT), while the potential of the current input terminal of the driving transistor and the
potential of the current output terminal thereof are substantially equal to each other irrespective of the threshold voltage
variation and the mobility variation of the driving transistor.

[0043] Further, in a pixel circuit including the driving transistor, a supply of the predetermined current to the current
driving light emitting element causes potential drops of the current driving light emitting element in the same manner.
With this, while the potential of the current input terminal of the driving transistor is substantially equal to the potential
of the current output terminal thereof, the potential of the current control terminal (a gate terminal of a TFT) of the
driving transistor can be set such that the driving transistor outputs the predetermined current.
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[0044] Inthe case of disconnecting the connection between the first capacitor and the second capacitor, the current
control terminal potential of the driving transistor is retained by the first capacitor. On the other hand, in the case of
maintaining the connection therebetween, the current control terminal potential of the driving transistor is retained by
the first capacitor and the second capacitor. These operations are carried out during a second period.

[0045] Thereafter, during a non-selection period of the pixel circuit, the current input terminal-current output terminal
potential of the driving transistor is changed; however, the changed potential is constant irrespective of the threshold
voltage variation and the mobility variation of the driving transistor. This allows restraint of variation of a current flowing
from the current input terminal of the driving transistor to the current output terminal thereof.

[0046] The aforementioned driving circuit structure is applicable to a pixel circuit structure for driving directly the
current driving light emitting element, but may be applied to a source driver circuit for setting an output current of a
driving transistor provided in a pixel circuit.

[0047] Incases where the driver circuit structure is used as the source driver circuit structure, the display apparatus
may be arranged such that the first capacitor, the second capacitor, the first switching transistor, the second switching
transistor, and the third switching transistor are provided in each source driver circuit.

[0048] In the case where the driver circuit structure is used as the source driver circuit structure, it is particularly
preferable to provide, in a pixel circuit, another transistor for controlling a current that is to be supplied to a current
driving light emitting element provided in the pixel circuit. An output current of the transistor in the pixel circuit is con-
trolled by the driving transistor, a component of the source driver circuit.

[0049] On the other hand, in the case where the driver circuit structure is used as the pixel circuit structure, the
display apparatus may be arranged such that the first capacitor, the second capacitor, the first switching transistor, the
second switching transistor, and the third switching transistor are provided in each pixel circuit.

[0050] In the pixel circuit structure, the components, i.e., the first capacitor, the second capacitor, the first switching
transistor, the second switching transistor, and the third switching transistor are all provided in the pixel circuit. With
this, a conventional source driver circuit can be used as the source driver circuit for driving the pixel circuit.

[0051] This allows reduction of a stray capacitance between the first capacitor and the second capacitor, and the
current writing period of the driving transistor can be accordingly shorter.

[0052] The display apparatus may be arranged such that: one or more of the first capacitor, the second capacitor,
the first switching transistor, the second switching transistor, and the third switching transistor are provided in a pixel
circuit, and the others are provided in a portion outside the pixel circuit, which portion includes a source driver circuit.
[0053] The structure allows restraint of an increase in the number of capacitors and transistors required for each
pixel circuit, as compared with a pixel circuit in which all the components are provided. This is because one or more
of the first capacitor, the second capacitor, and the first switching transistor, and the second switching transistor, and
the third switching transistor are provided in the source driver circuit or the portion outside the pixel circuit. This makes
it possible to obtain desired luminance in each unit area without greater emission of each organic EL element of a
display apparatus employing the bottom emission structure (such a structure that light is emitted toward a transparent
substrate having TFT elements), as compared with the conventional technique. On this account, the organic EL element
can have a longer luminance half-life. In contrast, see a case of a display apparatus employing a top emission structure
(such a structure that light is emitted toward a side opposite to a transparent substrate having TFT elements). In this
case, the number of elements provided in a pixel never increases, so that each pixel size can be as small as a pixel
size in the conventional technique.

[0054] Further, the display apparatus may be arranged such that: the current driving light emitting element, the driving
transistor, and the first capacitor are provided in the pixel circuit; and the second capacitor, the first switching transistor,
the second switching transistor, and the third switching transistor are provided in the source driver circuit or the portion
outside the pixel circuit, the display apparatus further includes a connecting wire for connecting the current control
terminal of the driving transistor to the first terminal of the second capacitor.

[0055] The above structure makes it possible to provide a specific structure of a display apparatus in which one or
more of the first capacitor, the second capacitot, the first switching transistor, the second switching transistor, and the
third switching transistor are provided in the source driver circuit or the portion outside the pixel circuit.Note that a stray
capacitance tends to exist in the connecting wire for connecting the current control terminal of the driving transistor to
the first terminal of the second capacitor. Therefore, the first capacitor is caused to have a capacitance equal to a total
of the stray capacitance and the capacitance of the capacitor provided in the pixel.

[0056] For this reason, when the second capacitor has a small capacitance, the potential of the second terminal of
the second capacitor is required to be increased. However, the great change in the potential of the second terminal of
the second capacitor causes great variation of the source-drain potential of the driving transistor, so that this is not
preferable. Therefore, the second capacitor is required to have a larger capacitance. This causes the current writing
period of the driving transistor to be long.

[0057] In consideration of this, a circuit made up of the second capacitor and the first switching transistor is provided
adjacent to the pixel so as to be shared with a plurality of pixel, even though this structure suffers from such a problem
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that: acquirement of desired luminance in each unit area requires more emission of the organic EL element due to the
decrease of the pixel area.

[0058] For example, one structure made up of the second capacitor and the first switching transistor is provided for
every two pixels. This makes it possible to shorten a length of the connecting wire for connecting the current control
terminal of the driving transistor to the first terminal of the second capacitor.

[0059] Astheresult, the stray capacitance of the connecting wire can be restrained, so that the source-drain potential
of the driving transistor does not vary greatly even when the second capacitor has a small capacitance. With this, the
current writing period of the driving transistor can be shortened.

[0060] Further, the display apparatus may be arranged such that: the current driving light emitting element, the driving
transistor, the first switching transistor, the first capacitor, and the second capacitor are provided in the pixel circuit;
the second switching transistor and the third switching transistor are provided in the source driver circuit or the portion
outside the pixel circuit; and the display apparatus further includes a connecting wire for connecting the second terminal
of the second capacitor to (i) the current output terminal of the driving transistor, or (ii) the current input terminal of the
driving transistor.

[0061] The above structure makes it possible to provide a specific structure of a display apparatus in which one or
more of the first capacitor, the second capacitot, the first switching transistor, the second switching transistor, and the
third switching transistor are provided in the source driver circuit or the portion outside the pixel circuit.Further, the
display apparatus further includes:

an OFF potential line for supplying an OFF potential; wherein: the connecting wire is connected to the OFF potential
line via a fourth switching transistor.

[0062] The above structure makes it possible to supply an OFF potential from the OFF potential line, via the fourth
switching transistor and the connecting wire or the source wire, to a current control terminal of a driving transistor of
apixelto be brought into a dark state. The OFF potential surely turns OFF the driving transistor. This allows acquirement
of sufficiently low luminance in the pixel in the dark state, thereby improving a contrast in the display apparatus.
[0063] Further, as described above, a first driving method of the present invention includes the steps of: (1) electrically
connecting a current control terminal of the driving transistor to a first terminal of a first capacitor; (2) electrically con-
necting, during a current writing period of the driving transistor, the first terminal of the first capacitor to a first terminal
of a second capacitor; (3) during a first period, (i) electrically connecting a second temminal of the second capacitor to
a predetermined voltage line, and (ii) electrically connecting the current control terminal of the driving transistor to a
current output terminal of the driving transistor, and (iii) causing the first capacitor and the second capacitor to retain
a current control terminal potential that the driving transistor has on this occasion; (4) during a second period, (i)
correcting the current control terminal potential by disconnecting the current control terminal of the driving transistor
from the current output terminal of the driving transistor, and by changing electric connection of the second terminal
of the second capacitor from the predetermined voltage line to the current output terminal of the driving transistor, and
(i) causing, during the second period, the first capacitor to retain the current control terminal potential that the driving
transistor has on this occasion; and (5) controlling, during a current readout period of the driving transistor, an output
current of the driving transistor with the use of the current control terminal potential, retained by the first capacitor, of
the driving transistor.

[0064] The driving method allows the following effect. That is, during a first period within the output current setting
period of the driving transistor of the pixel circuit and the source driver circuit, a predetermined current is supplied to
the driving transistor, with the result that the driving transistor is caused to have a current control terminal potential
(potential Vx) accommodating to threshold voltage variation of the driving transistor and mobility variation thereof. The
current control terminal potential is retained by the first capacitor and the second capacitor. On this occasion, the first
terminal of the first capacitor is electrically connected to the first terminal of the second capacitor. Therefore, the second
terminal of the second capacitor is electrically connected to the predetermined voltage line (which has a constant
potential Va allowing supply of the predetermined current). This causes the second capacitorto retain a potential Va - Vx.
[0065] Next, the second terminal of the second capacitor is electrically connected to the current output terminal (a
drain terminal or a source terminal of a TFT) of the driving transistor. In cases where the driving transistor has a current
output terminal potential Va on this occasion, the driving transistor is caused to have the current control terminal po-
tential (a gate potential of a TFT) Vx.

[0066] Thereafter, a desired current is supplied to the driving transistor, thereby changing the potential of the current
control terminal (a gate terminal of a TFT) of the driving transistor. This determines the potential of the current control
terminal (a gate terminal of a TFT), while the potential of the current input terminal of the driving transistor and the
potential of the current output terminal thereof are substantially equal to each other irrespective of the threshold voltage
variation and the mobility variation of the driving transistor. Further, a supply of the predetermined current to the current
driving light emitting element causes potential drops of the current driving light emitting element in the same manner.
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With this, while the potential of the current input terminal of the driving transistor is substantially equal to the potential
of the current output terminal thereof, the potential of the current control terminal (a gate terminal of a TFT) of the
driving transistor can be set such that the driving transistor outputs the predetermined current.

[0067] Inthe case of disconnecting the connection between the first capacitor and the second capacitor, the current
control terminal potential that the driving transistor has on this occasion is retained by the first capacitor. On the other
hand, in the case of maintaining the connection therebetween, the current terminal potential of the driving transistor is
retained by the first capacitor and the second capacitor.

[0068] Thereafter, duringthe current readout period of the driving transistor, the current input terminal-current output
terminal potential of the driving transistor is changed; however, the changed potential is constant irrespective of the
threshold voltage variation and the mobility variation of the driving transistor. This allows restraint of variation of a
current flowing from the current input terminal of the driving transistor to the current output terminal thereof.

[0069] Further, a second driving method of the present invention includes the steps of: (1) electrically connecting a
current control terminal of the driving transistor to a first terminal of a first capacitor; (2) electrically connecting, during
a current writing period of the driving transistor, the first terminal of the first capacitor to a first terminal of a second
capacitor; (3) during a first period, (i) electrically connecting a second terminal of the second capacitor to a predeter-
mined voltage line, and (i) electrically connecting the current control terminal of the driving transistor to a current input
terminal of the driving transistor, and (iii) causing the first capacitor and the second capacitor to retain a current control
terminal potential that the driving transistor has on this occasion; (4) during a second period, (i) correcting the current
control terminal potential by disconnecting the current control terminal of the driving transistor from the current input
terminal of the driving transistor, and by changing electric connection of the second terminal of the second capacitor
from the predetermined voltage line to the current input terminal of the driving transistor, and (ii) causing the first
capacitor to retain the current control terminal potential that the driving transistor has on this occasion; and (5) con-
trolling, during a current readout period of the driving transistor, an output current of the driving transistor with the use
of the current control terminal potential, retained by the first capacitor, of the driving transistor.

[0070] The driving method allows the following effect. That is, during a first period within the output current setting
period of the driving transistor of the pixel circuit and the source driver circuit, a predetermined current is supplied to
the driving transistor, with the result that the driving transistor is caused to have a current control terminal potential
(potential Vx) accommodating to threshold voltage variation of the driving transistor and mobility variation thereof. The
current control terminal potential is retained by the first capacitor and the second capacitor. On this occasion, the first
terminal of the first capacitor is electrically connected to the first terminal of the second capacitor. Therefore, the second
terminal of the second capacitor is electrically connected to the predetermined voltage line (which has a constant
potential Va allowing supply of the predetermined current). This causes the second capacitorto retain a potential Va - Vx.
[0071] Next, the second terminal of the second capacitor is electrically connected to the current input terminal (a
drain terminal or a source terminal of a TFT) of the driving transistor. In cases where the driving transistor has a current
input terminal potential Va on this occasion, the driving transistor is caused to have the current control terminal potential
(a gate potential of a TFT) Vx.

[0072] Thereafter, a desired current is supplied to the driving transistor, thereby changing the potential of the current
control terminal (a gate terminal of a TFT) of the driving transistor. This determines the potential of the current control
terminal (a gate terminal of a TFT), while the potential of the current input terminal of the driving transistor and the
potential of the current output terminal thereof are equal to each other irrespective of the threshold voltage variation
and the mobility variation of the driving transistor.

[0073] Further, in cases where the driving transistor is provided in the pixel circuit, the supply of the predetermined
current to the current driving light emitting element causes potential drops of the current driving light emitting element
in the same manner. With this, while the potential of the current input terminal of the driving transistor is substantially
equal to the potential of the current output terminal thereof, the potential of the current control terminal (a gate terminal
of a TFT) of the driving transistor can be set such that the driving transistor outputs the predetermined current.
[0074] Inthe case of disconnecting the connection between the first capacitor and the second capacitor, the current
control terminal potential of the driving transistor is retained by the first capacitor. On the other hand, in the case of
maintaining the connection therebetween, the current terminal potential of the driving transistor is retained by the first
capacitor and the second capacitor.

[0075] Thereafter, duringthe non-selection period of the pixel circuit, the current input terminal-current output terminal
potential of the driving transistor is changed; however, the changed potential is constant irrespective of the threshold
voltage variation and the mobility variation of the driving transistor. This allows restraint of variation of a current flowing
from the current input terminal of the driving transistor to the current output terminal thereof.

[0076] As such, thefirst and second driving methods of the present invention are beneficial in reducing the difference
between (i) the current flowing during the current writing period of the driving transistor constituting the pixel circuit,
and (i) the current flowing during the current readout period of thereof. Moreover, the methods are beneficial in reducing
the difference between (i) the current flowing during the current writing period of the driving transistor constituting the
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source driver, and (ii) the current flowing during the current readout period of thereof.

[0077] Inthe latter case, a display by the current driving light emitting element can be uniformly carried out by sup-
plying, to the current driving light emitting element, an output current of each transistor (each transistor, other than the
driving transistor, for controlling current supply to the current driving light emitting element of each pixel circuit), which
output current is as large as the current flowing through the driving transistor. The transistors and the light emitting
element are provided in a matrix manner.

[0078] Further, in the first and second driving methods of the present invention, when the second terminal of the
second capacitor has the aforesaid potential Va during the second period, the potential of the current control terminal
(gate terminal of the TFT) of the driving transistor is caused to have the aforesaid potential Vx. For this reason, it is
preferable that: the second terminal of the second capacitor stay electrically connected to the predetermined voltage
line even after the start of the second period, and then the electric connection be disconnected. This shortens time
taken for the second terminal of the second capacitor to have the final potential. Accordingly, a larger number of gate
wires can be driven, with result that a larger number of pixels can be used for a display.

[0079] Specifically, the second terminal of the second capacitor will have a final potential as large as the potential
Va of the predetermined voltage line. Therefore, the time taken for the acquirement of such a final potential can be
shortened by causing the second terminal of the second capacitor to have a potential Va in advance.

[0080] This is a preferable driving example of the driving methods of the present invention. See a case where the
driving example is applied to the first driving method. That is, the electric connection is disconnected between the
current control terminal of the driving transistor and the current output terminal thereof, and then the second terminal
of the second capacitor is electrically connected to the current output terminal of the driving transistor while maintaining
the electric connection with the predetermined voltage line. The maintained electric connection with the predetermined
voltage line causes the second terminal of the second capacitor to have a potential as large as the potential Va of the
predetermined voltage line. After this, the second terminal of the second capacitor is electrically disconnected from
the predetermined voltage line.

[0081] On the other hand, see a case where the driving example is applied to the second driving method. That is,
the electric connection is disconnected between the current control terminal of the driving transistor and the current
input terminal thereof, and then the second terminal of the second capacitor is electrically connected to the current
input terminal of the driving transistor while maintaining the electric connection with the predetermined voltage line.
The maintained electric connection with the predetermined voltage line causes the second terminal of the second
capacitor to have a potential as large as the potential Va of the predetermined voltage line. After this, the second
terminal of the second capacitor is electrically disconnected from the predetermined voltage line.

[0082] Additional objects, features, and strengths of the present invention will be made clear by the description below.
Further, the advantages of the present invention will be evident from the following explanation in reference to the
drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0083]

Fig. 1 illustrates one embodiment of the present invention, and is a circuit diagram illustrating a structure of a pixel
circuit of a display apparatus according to Embodiment 1.

Fig. 2 is a wave form chart illustrating respective operation timings of control wires of the pixel circuit.

Fig. 3 is a graph illustrating a result of a simulation of respective changes of (i) a source-gate potential and (ii) a
source-drain potential of a driving TFT of the pixel circuit.

Fig. 4 is a graph illustrating a result of simulating a current flowing through an organic EL element in the pixel circuit.
Fig. 5is a graph illustrating a result of simulating a current flowing through an organic EL element in the pixel circuit.
Fig. 6 is a circuit diagram illustrating a structure of the display apparatus according to Embodiment 1, which struc-
ture is different from the pixel circuit shown in Fig. 1.

Fig. 7 is a circuit diagram illustrating a structure of a display apparatus according to Embodiment 2.

Fig. 8 is a circuit diagram illustrating respective structures of a pixel circuit and a source driver circuit in the display
apparatus according to Embodiment 2.

Fig. 9 is a wave form chart illustrating respective operation timings of control wires of the pixel circuit and the
source driver circuit.

Fig. 10is agraphillustrating a result of simulating a current flowing through an organic EL element in the pixel circuit.
Fig. 11 is a circuit diagram illustrating respective structures of a pixel circuit and a source driver circuit in a display
apparatus according to Embodiment 3.

Fig. 12 is a wave form chart illustrating respective operation timings of control wires of the pixel circuit and the
source driver circuit.
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Fig. 13is agraphillustrating a result of simulating a current flowing through an organic EL element in the pixel circuit.
Fig. 14 is a circuit diagram illustrating a structure of a source driver circuit in a display apparatus according to
Embodiment 4.

Fig. 15 is a wave form chart illustrating respective operation timings of control wires of the source driver circuit.
Fig. 16 is a graph illustrating a result of simulating respective changes in (i) a source-gate potential and (ii) a
source-drain potential of a driving TFT in the source driver circuit.

Fig. 17 is a graph illustrating a result of simulating a current flowing from a source terminal of the driving TFT to a
drain terminal thereof, in the source driver circuit.

Fig. 18 is a wave form chart illustrating respective operation timings of control wires in a display apparatus in which
the source driver circuit shown in Fig. 14 and the pixel circuit shown in Fig. 1 are combined.

Fig. 19 is a graph illustrating a result of simulating respective changes in a source-gate potential and a source-
drain potential of a driving TFT of the source driver circuit of the circuit structure obtained by combining the source
driver circuit shown in Fig. 14 with the pixel circuit shown in Fig. 1.

Fig. 20 is a graph illustrating a result of simulating a current flowing through an organic EL element of the pixel
circuit of the circuit structure obtained by combining the source driver circuit shown in Fig. 14 with the pixel circuit
shown in Fig. 1.

Fig. 21 is a circuit diagram illustrating a structure of the display apparatus according to Embodiment 4, which
structure is different from the source driver circuit shown in Fig. 14.

Fig. 22 is a circuit diagram illustrating a structure example of a pixel circuit of a conventional display apparatus.
Fig. 23 is another structure example of the pixel circuit of the conventional display apparatus.

Fig. 24 is a wave form chart illustrating respective operation timings of control wires of the conventional pixel circuit.
Fig. 25 is a graph illustrating a result of simulating a current flowing through an organic EL element in the conven-
tional pixel circuit.

Fig. 26 is a graph illustrating a result of simulating a current flowing through an organic EL element in the conven-
tional pixel circuit.

Fig. 27 is a graph illustrating a result of simulating respective changes in a source-gate potential and a source-
drain potential of a driving TFT in the conventional pixel circuit.

Fig. 28 is a graph illustrating a relation between (i) a source-drain potential Vsd of the driving TFT, and (ii) a current
flowing from a source of the driving TFT to a drain thereof.

Fig. 29 is a circuit diagram illustrating a circuit structure in which a driving TFT is provided in series with an organic
EL element.

Fig. 30 is a graph illustrating a result of a simulation for examining variation, during the non-selection period, in a
current flowing from (i) a source of the driving TFT of the circuit shown in Fig. 29, to (ii) a drain thereof.

Fig. 31 is a circuit diagram illustrating respective structures of a pixel circuit and a source driver circuit in a display
apparatus according to Embodiment 5.

Fig. 32 is a wave form chart illustrating respective operation timings of control wires of the pixel circuit and the
source driver circuit.

Fig. 33 is a graph illustrating a result of simulating a current flowing from the source terminal of the driving TFT to
the drain terminal of the driving TFT, in the pixel circuit and the source driver circuit.

Fig. 34 is a circuit diagram illustrating (i) a structure of a pixel circuit, and (ii) a structure of a source driver circuit
in a display apparatus according to Embodiment 6.

Fig. 35 is a wave form chart illustrating respective operation timings of control wires of the pixel circuit and the
source driver circuit.

Fig. 36 is a graph illustrating a result of simulating a current flowing from a source of a driving TFT to a drain thereof
in the pixel circuit and the source driver circuit.

Fig. 37 is a circuit diagram illustrating respective structures of another pixel circuit and another source driver circuit
in the display apparatus according to Embodiment 6.

Fig. 38 is a circuit diagram illustrating respective structures of a pixel circuit and a source driver circuit in a display
apparatus according to Embodiment 7.

Fig. 39 is a wave form chart illustrating respective operation timings of control wires of the pixel circuit and the
source driver circuit.

Fig. 40 is a graph illustrating a result of simulating respective changes in the source-gate potential and the source-
drain potential of the driving TFT in the pixel circuit shown in Fig. 8 and the source driver circuit shown therein.
Fig. 41 illustrates a circuit diagram illustrating respective structures of a pixel circuit, a source driver circuit, and
another circuit in a display apparatus according to Embodiment 8.

Fig. 42 is a wave form chart illustrating respective operation timings of control wires of the pixel circuit and the
source driver circuit.

Fig. 43 is a graph illustrating a result of simulating respective changes in (i) a source-drain potential of the driving
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TFT and (ii) a current from the source of the driving TFT to the drain thereof, in the pixel circuit (see Fig. 41) and
the source driver circuit (see Fig. 41).

Fig. 44 is acircuit diagram illustrating a pixel circuit, a source driver circuit, and another circuit in a display apparatus
according to Embodiment 9.

Fig. 45 is a wave form chart illustrating respective operation timings of control wires of the pixel circuit, the source
driver circuit, and the aforesaid another circuit.

BEST MODE FOR CARRYING OUT THE INVENTION

[0084] Embodiments of the present invention will be explained with reference to Fig. 1 through Fig. 21, and Fig. 31
through Fig. 45. Note that the present invention is not limited to these.

[0085] Note also that each switching element used in the present invention may be a low temperature polysilicon
TFT or a CG (Continuous Grain) silicon TFT; however, Embodiments below uses the CG silicon TFT.

[0086] Here, a structure of such a CG silicon TFT is described in, for example, "4.0-in. TFT-OLED Displays and a
Novel Digital Driving Method" (SID' 00 Digest, pp.924-927, Semiconductor Energy Laboratory Co., Ltd). Moreover, a
manufacturing process of such a CG silicon TFT is described in, for example, "Continuous Grain Silicon Technology
and Its Applications for Active Matrix Display" (AM-LCD 2000, pp.25-28, Semiconductor Energy Laboratory Co., Ltd).
That is, the structure and the manufacturing process of the CG silicon TFT are publicly well-know, so that detailed
explanation thereof is omitted here.

[0087] Further, a structure of each organic EL element, used in Embodiments and serving as an electric optical
element, is described in, for example, "Polymer Light-Emitting Diodes for use in Flat panel Display" (AM-LCD '01, pp.
211-214, Semiconductor Energy Laboratory Co., Ltd). Therefore, the structure is publicly well-known, so that detailed
explanation thereof is omitted here.

[Embodiment 1]

[0088] Embodiment 1 will explains a case where a first characteristic structure according to the present invention is
applied to a pixel circuit.

[0089] As shown in Fig. 1, in each of pixel circuits Aij of a display apparatus according to Embodiment 1, a driving
TFT 1 is provided in series with a organic EL element (current driving light-emitting element) 6 between a power source
wire Vs and a common wire Vcom. The driving TFT 1 serves as a driving TFT, and the organic EL element 6 serves
as an electric optical element. The driving TFT 1 controls a current that is to be supplied to the organic EL element 6.
[0090] The driving TFT 1 has a gate terminal (current control terminal) connected to a source wire Sj via a switching
TFT 3, serving as a first switching transistor. Moreover, the gate terminal (current control terminal) of the driving TFT
1 is connected to one terminal of a first capacitor 2 , and to one terminal of a second capacitor 7. The other terminal
of the first capacitor 2 is connected to (i) a source terminal (current input terminal) of the driving TFT 1 and (ii) the
power source wire Vs. The other terminal of the second capacitor 7 is connected to a predetermined voltage line Va
via a switching TFT 8, which serves as a third switching transistor. Moreover, the other terminal of the second capacitor
7 is connected to the source wire Sj via a switching TFT 9, which serves as a second switching transistor. Note that,
the following explanation assumes that a first terminal of the first capacitor 2 refers to its terminal connected to the
gate terminal of the driving TFT 1, and a second terminal of the first capacitor 2 refers to the other terminal of the first
capacitor 2; and that a first terminal of the second capacitor 7 refers to its terminal connected to the gate terminal of
the driving TFT 1, and a second terminal of the second capacitor 7 refers to the other terminal of the second capacitor 7.
[0091] Respective gate terminals of the switching TFT 3 and the switching TFT 8 are connected to a control wire Ci,
and a gate terminal of the switching TFT 9 is connected to a control wire Gi.

[0092] A switching TFT 4 is provided between (i) a drain terminal (current output terminal) of the driving TFT 1, and
(ii) an anode of the organic EL element 6. The switching TFT 4 has a gate terminal connected to a control wire Ri. A
node of the driving TFT 1 and the switching TFT 4 is connected to the source wire Sj via a switching TFT 5. The
switching TFT 5 has a gate terminal connected to a control wire Wi.

[0093] Any of the control wires Ci, Gi, and Wi may serve as a second wire (gate wire), and any of the switching TFTs
3, 9, and 5 may serve as a selection TFT. Note that, in the present embodiment, the control wire Gi is also referred to
as "gate wire Gi".

[0094] In the circuit structure, the gate terminal of the driving TFT 1 is connected to the drain terminal thereof via
The switching TFT 3, the source wire Sj, and the switching TFT 5. Further, the second terminal of the second capacitor
7 is connected to the drain terminal of the driving TFT 1 via the switching TFT 9, the source wire Sj, and the switching
TFT 5.

[0095] As such, the means of the present invention encompasses not only a case where the switching TFT 3 serving
as the first switching TFT directly connects the current control terminal of the driving TFT to the current output terminal
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thereof, but also a case where the switching TFT 3 indirectly connects the current control terminal of the driving TFT
to the current output terminal thereof via the source wire Sj and the switching TFT5.

[0096] Likewise, the means of the presentinvention encompasses not only a case where the switching TFT 9 serving
as the second switching TFT directly connects the second terminal of the second capacitor to the current output terminal
of the driving TFT, but also a case where the switching TFT 9 indirectly connects the second terminal of the second
capacitor to the current output terminal of the driving TFT via the source wire Sj and the switching TFT 5.

[0097] The following explains an operation of the pixel circuit Aij of the display apparatus with reference to Fig. 2.
Fig. 2 illustrates respective operation timings of the control wires Ri, Wi, Ci, and Gi, and the source wire S|.

[0098] In a driving method according to Embodiment 1 (first driving method of the present invention), during a se-
lection period (i.e., a current writing period of the driving transistor) corresponding to a period of time from 0 to 5t1, a
potential of the control wire Ri is set at High (GH) such that the switching TFT 4 is OFF, and a potential of the control
wire Wi is set at Low (GL) such that the switching TFT 5 is ON.

[0099] During afirst period (time t1 to time 2t1), a potential of the control wire Ci is set at High such that the switching
TFTs 3 and 8 are ON. This connects the gate terminal (current control terminal) of the driving TFT 1 to the drain terminal
(current output terminal) thereof via the switching TFTs 8 and 5. Moreover, this connects the second terminal of the
second capacitor 7 to the predetermined voltage line Va via the switching TFT 8. Accordingly, a current is constantly
supplied from the power source wire Vs to a source driver circuit (not shown) via the driving TFT 1, the switching TFT
5, the source wire S;j.

[0100] Note that the first period may start from the time 0 as a broken line in Fig. 2 indicates.

[0101] Thereafter (at the time 2t1), the potential of the control wire Ci is set at Low such that the switching TFTs 3
and 8 become OFF. This is done to prevent the switching TFTs 3 and 9 from becoming ON simultaneously. Such an
OFF operation actually requires time shorter than t1. At the moment of the turning OFF, the first capacitor 2 and the
second capacitor 7 retains the potential, determined during the first period, of the source wire Sj.

[0102] Next, during a second period (time 3t1 to time 4t1), the potential of the control wire Gi is set at High such that
the switching TFT 9 is ON. This connects the second terminal of the second capacitor 7 to the drain terminal of the
driving TFT 1 via the switching TFTs 9 and 5. Accordingly, a predetermined current is supplied from the power source
wire Vs to the source driver circuit (not shown) via the driving TFT 1, the switching TFT 5, and the source wire Sj.
[0103] The source-gate potential of the driving TFT 1 is determined in this way during the second period. Then (at
time 4t1), the potential of the control wire Gi is set at Low such that the switching TFT 9 becomes OFF. This causes
the first capacitor 2 and the second capacitor 7 to retain the source-gate potential of the driving TFT 1. Note that a
period of time from 4t1 to 5t1 after this, i.e., a period of time until the control wire Ri becomes Low and the control wire
Wi becomes High is secured such that the selection period is finished after the switching TFT 9 surely becomes OFF.
For this reason, this period may be shorter than t1.

[0104] Now, the selection period of the pixel circuit Aij is over, and then a following pixel circuit A(i+1)] is selected.
Here, Fig. 3 illustrates a result of simulating respective changes in (i) the source-gate potential Vsg of the driving TFT
1 of the pixel circuit Aij, and (ii) the source-drain potential Vsd thereof. Note that source-drain potentials Vsd (1) through
Vsd (5), and source-gate potentials Vsg (1) through Vsg (5) respectively correspond to the following conditions (see
Table 2 below) of the threshold voltage of the driving TFT 1, and of the mobility property thereof.

Table 2
loled(1) loled(2) loled(3) loled(4) loled(5)
Vsg(1) Vsg(2) Vsg(3) Vsg(4) Vsg(5)
Vsd(1) Vsd(2) Vsd(3) Vsd(4) Vsd(5)
Threshold Average value | Lower limit value | Upper limit value | Upper limit value | Lower limit value
voltage
Mobility Average value | Lower limit value | Upper limit value | Lower limit value | Upper limit value

[0105] In Fig. 3, a period of time from 460 us to 470 us corresponds to the aforesaid first period. As shown in Fig.
3, the source-drain potentials Vsd (1) through Vsd (5) coincided with the source-gate potential Vsg (1) through Vsg
(), respectively.

[0106] Further, a period of time from 480 us to 490 us in Fig. 3 corresponds to the aforesaid second period. As shown
in Fig. 3, the source-drain potentials Vsd had almost the same value during the period, irrespective of the differences
in the conditions of the threshold voltage and the mobility of the driving TFT 1.

[0107] The reason of this is as follows. That is, during the foregoing first period, the second terminal of the second
capacitor 7 was connected to the predetermined voltage line Va having a constant potential Va, and then the second
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terminal was connected to the drain terminal of the driving TFT 1. This caused the first capacitor and the second
capacitor to store a charge allowing the driving TFT 1 to have, when the source-drain potential of the TFT 1 was Vs -
Va, a source-gate potential equal to the source-gate potential (see Fig. 1 2) that the driving TFT 1 had during the first
period.

[0108] This made it possible to cause the driving TFT 1 to have, when the source-drain potential of the driving TFT
1 was the potential Vs - Va, a source-gate potential equal to the source-gate potential that the driving TFT 1 had during
the first period, irrespective of the threshold voltage variation and the mobility variation of the driving TFT 1. With the
driving TFT 1 thus set, a predetermined current was supplied from the power wire Vs to the source driver circuit (not
shown) via the driving TFT 1, the switching TFT 5, and the source wire Sj. A source-gate potential Vsg resulting from
the current supply allowed a current to constantly flow through the driving TFT 1, irrespective of the threshold voltage
variation and the mobility variation of the driving TFT 1, as long as the source-drain potential of the driving TFT 1 was
constant.

[0109] Thereafter, during a non-selection period (i.e., current readout of the driving transistor; time at and after ap-
proximately 500 us), the source-drain potentials of the driving TFT 1 were changed as shown in Fig. 3. Although the
current values were different to some extent, the potential drops occurred in substantially the same manner. This is
because the organic EL element 6, which is aload of the driving TFT 1, has a diode-like property. With this, the potential
of the drain terminal of the driving TFT 1 was substantially constant irrespective of the threshold voltage variation and
the mobility variation of the driving TFT 1. Accordingly, the source-drain voltage of the driving TFT 1 became constant.
This allowed a restraint of the variation of the current flowing through the organic EL element, irrespective of the
threshold voltage and the mobility of the driving TFT 1.

[0110] Notethat, itis preferable thatthe constant potential Va is set at a value (an anode potential, which corresponds
to the current, of the organic EL) predictable from an applied-voltage / current property of the organic EL element 6.
With this, the source-drain voltage of the driving TFT 1 upon the current writing therein becomes substantially equal
to the source-drain voltage upon the current readout therefrom.

[0111] A simulation was carried out to find the current flowing through the organic EL element 6. A result of the
simulation is shown in Fig. 4 and Fig. 5.

[0112] In the simulation shown in Fig. 4, the selection period came every 0.32 ms. During an initial period of time
from 0.35 ms t0 0.67 ms, a current of 0.1 pA was set to flow into the source wire Sj. Thereafter, the current was increased
by 0.1 pA every 0.32 ms until the current had a value of 0.9 uA. Then, the current was set at 0. After that, the current
was increased again by 0.1 pA.

[0113] The current variation found by the simulation is illustrated in Fig. 5 whose horizontal axis plots the respective
currents (the respective ten currents of 0 uA to 0.9 uA) that flowed to the source wire Sj, and whose vertical axis plots
respective currents that flowed to the organic EL element 6 during each non-selection period, which came after each
current supply to the source wire Sj. In Fig. 5, during the non-selection period coming after the supply of the current
of 0.9 uA to the source wire Sj, the current that flowed through the organic EL element varies in a range of about 0.97
uA to about 1.01 pA (increased by 8% to 13%).

[0114] The variation is sufficiently reduced as compared with the result (the current was increased by 5 % to 24 %;
in other words, was varied in a range of 19%) of the simulation using the conventional technique shown in Fig. 26. This
proves that the means of the present invention is efficient (the current was increased by 8 % to 13%; in other words,
was varied in a range of 5%).

[0115] Note that an effective way of further restraining the variation in the pixel circuit structure according to the
present invention is to optimize (i) respective absolute capacitances of the first capacitor 2 and the second capacitor
7, (i) a relative ratio of the absolute capacitances, (iii) the constant potential Va, (iv) a gate width of the driving TFT 1,
and the like.

[0116] For example, the variation of the source-drain potential required for the change of the source-gate potential
Vsg during the second period can be restrained better as a ratio (C2/C1) of capacitance C2 of the second capacitor 7
to capacitance C1 of the first capacitor 2 is larger. This allows restraint of (i) the variation of the source-drain potential
depending on the threshold voltage of the driving TFT 1 and the mobility thereof, and (ii) the variation of the current
flowing to the organic EL element 6 during the non-selection period. This is preferable.

[0117] When the respective absolute capacitances of the capacitors are too small, the respective potentials retained
by the capacitors are affected by the changes of the potentials of the gate terminals of the switching TFTs 3, 8, and 9,
each of which is connected to the capacitors. This causes the variation of the current flowing to the organic EL element
6 during the non-selection period. For this reason, this is not preferable.

[0118] Further, it is preferable that the constant potential Va supplied during the first period be set such that the
potential value difference Vs - Va between the predetermined voltage line Va and the power source wire Vs is slightly
larger than or substantially equal to the source-drain potential Vsd that is to be expected during the non-selection
period. That is, too large a potential difference Vs - Va causes too large a difference between (i) the source-drain
potential Vsd during the current writing period, and (i) the source-drain potential Vsd during the non-selection period.
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Accordingly, the current actually flowing to the organic EL element 6 becomes too small as compared with the current
supplied from the source wire Sj. This is not preferable.

[0119] Further, adriving TFT 1 having a too large gate width W causes the driving TFT 1 to have a too small source-
gate potential, with the result that the change in the gate potential causes the variation of the current flowing into the
organic EL element 6 during the non-selection period. This is not preferable. On the other hand, a driving TFT having
a too small gate width W requires a too large source-drain potential for the acquirement of the required current. This
is not preferable, either.

[0120] The variation of the current flowingto the organic EL is the least (approximately 1%) in the organic EL element
used in Embodiment 1 when C1 is 1000 fF, C2 is 500fF, Vs is 16V, Va is 10 V, and W is 12 um in the pixel circuit Aij
shown in Fig. 1. This is suitable.

[0121] Note that the absolute capacitance C1 of the first capacitor 2, the absolute capacitance C2 of the second
capacitor 7, the relative ratio of the absolute capacitances, the constant potential Va, and the gate width W of the driving
TFT 1 are dependent on (i) the property of the organic EL element to be driven, (ii) a required luminescence, and (iii)
the property of the driving TFT 1 to be used. For this reason, such a simulation is required to be carried out several
times again upon actually designing a panel.

[0122] Note also that, in the pixel circuit structure shown in Fig. 1, the switching TFT 3 is connected to the source
wire Sj so as to connect the gate terminal of the driving TFT 1 to the drain terminal thereof; however, the switching
TFT 3 may be directly connected to the drain terminal of the driving TFT 1. This is also true of the switching TFT 9 for
connecting the second terminal of the second capacitor 7 to the drain terminal of the driving TFT 1. That is, the switching
TFTs 3 and 9 may be directly connected to the drain terminal of the driving TFT 1.

[0123] Further, the organic EL element may be so provided as to be associated with the source terminal of the driving
TFT. In such a structure, a driving TFT 1' is an n-type TFT, and has a source terminal connected to a cathode of an
organic EL element 6', as shown in Fig. 6. Moreover, in the structure shown in Fig. 6, switching TFTs 4' and 5' are n-
type TFTs unlike those in the pixel circuit structure shown in Fig. 1.

[0124] Further, the switching TFTs 3 and 9 are connected to a drain terminal of the driving TFT 1",

[0125] The other wires and operations in the pixel circuit structure shown in Fig. 6 are the same as those in the
structure shown in Fig. 1. Therefore, structures equivalent to those shown in Fig. 1 are given the same reference
symbols, and explanation thereof is omitted here.

[Embodiment 2]

[0126] Embodiment 2 will explain a first example in which the first characteristic structure according to the present
invention is applied to a pixel circuit and a source driver circuit.

[0127] A display apparatus accordingto Embodiment 2 is so arranged that components of the characteristic structure
of the present invention are provided separately in the pixel circuit and the source driver circuit. See Fig. 7. In the
structure of the display apparatus, pixel circuits Aij are provided in regions in which source wires Sj (j is an integer
falling within a range from 1 to m) intersect with gate wires Gi (i is an integer falling within a range from 1 to n), respec-
tively. The source wires Sj are connected to a source driver circuit 50, and the gate wires Gi are connected to a gate
drivercircuit 51. Each of the source wires Sj serves as the first wire, and each of the gate wires Gi serves as the second
wire.

[0128] Fig. 8 illustrates respective structures of each pixel circuit Aij and a source driver output terminal circuit Dj,
serving as an output stage of the source driver circuit 50. Each of the pixel circuit Aij and the source driver output
terminal circuit Dj includes the characteristic structure of the present invention.

[0129] As shown in Fig. 8, in the display apparatus according to Embodiment 2, the pixel circuit Aij is provided in the
region in which the source wire Sj and the gate wire Gi intersect with each other. Provided in the pixel circuit Aij are:
(i) a driving TFT 11, which serves as an active element; (ii) an organic EL element 16, which serves as an electric
optical element; and (iii) , a first capacitor 12. The driving TFT 11 and the organic EL element 16 are provided in series
between a power source wire Vs and a common wire Vcom.

[0130] The driving TFT 11 has a gate terminal (current control terminal) connected to one terminal (hereinafter,
referred to as "first terminal") of the first capacitor 12. The other terminal (hereinafter, referred to as "second terminal)
of the first capacitor 12 is connected to a source terminal (current input terminal) of the driving TFT 11, and to the power
source wire Vs.

[0131] Further, in the pixel circuit structure, a signal line Tj, serving as a third wire, is provided in parallel with the
source wire Sj. The signal line Tj is connected to the gate terminal of the driving TFT 11 via a switching TFT 15.
[0132] Further, a switching TFT 13 is provided between a drain terminal (current output terminal) of the driving TFT
11 and an anode of the organic EL element 16. A node of the driving TFT 11 and the switching TFT 13 is connected
to the source wire Sj via a switching TFT 14.

[0133] The components of the pixel circuit Aij, i.e., the switching TFTs 15, 14, and 13 have gate terminals connected
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to control wires Gi, Wi, and Ri, respectively.

[0134] In the source driver circuit 50, one output terminal circuit Dj is provided for a plurality of pixel circuits A1j
through Anj. As shown in Fig. 8, in the output terminal circuit Dj, one terminal (hereinafter, referred to as "first terminal)
of a second capacitor 25 is connected to the signal wire Tj. A switching TFT 22, which serves as the first switching
transistor, is provided between the signal line Tj and the source wire Sj. Further, a switching transistor TFT 23, serving
as the third switching transistor, is provided between (i) the other terminal (hereinafter, referred to as "second terminal")
of the second capacitor 25, and (ii) a predetermined voltage line Va. Moreover, the switching TFT 24, serving as the
second switching transistor, is provided between the second terminal of the second capacitor 25 and the source wire
Sj. Further, a switching TFT 21, serving as a fourth transistor, is provided between the signal wire Tj and an OFF
potential wire Voff.

[0135] Inthe output terminal circuit Dj, the switching TFT 21 has a gate terminal connected to a control wire Ej, and
each of the switching TFTs 22 and 23 has a gate terminal connected to a control wire Cj, and the switching TFT 24
has a gate terminal connected to a control wire Bj.

[0136] The following explains respective operations of the pixel circuit Aij and the output terminal circuit Dj in the
display apparatus with reference to Fig. 9. Fig. 9 illustrates respective operation timings of the control wires Ri, Wi, Gi,
Cj, Ej, and Bj, and the source wire Sj.

[0137] In a driving method (first driving method of the present invention) according to Embodiment 2, the selection
period of the pixel circuit Aij corresponds to a period of time from 0 to 5t1. During the period, a potential of the control
wire Riis set at High (GH) such that the switching TFT 13 is OFF, and a potential of the control wire Wi is set at Low
(GL) such that the switching TFT 14 is ON.

[0138] In the pixel circuit Aij, during the first period (time t1 to 2t1), a potential of the control wire Gi is set at High
such that the switching TFT 15 is ON. This electrically connects the gate terminal of the driving TFT 11 to the signal
line Tj. With this, the gateterminal of the driving TFT 11 is connectedto thefirst capacitor 12 and the second capacitor 25.
[0139] Meanwhile, during the period, in the output terminal circuit Dj, a potential of the control wire Cj is set at High
such that the switching TFTs 22 and 23 are ON. This electrically connects the gate terminal of the driving TFT 11 to
the drain terminal thereof via the switching TFTs 15, 22, and 14. This also connects the second terminal of the second
capacitor 25 to the predetermined voltage line Va via the switching TFT 23. With this, a current flows constantly from
the power source wire Vs to a current output terminal |j via the driving TFT 11, the switching TFT 14, and the source
wire Sj.

[0140] Thereafter, the potential of the control wire Cj is set at Low such that the switching TFTs 22 and 23 become
OFF. This causes the first capacitor 12 and the second capacitor 25 to retain the potential that the source wire Sj has
on this occasion.

[0141] The first capacitor 12 and the second capacitor 25 thus retaining the potential on this occasion causes the
driving TFT 11 to have a gate potential allowing a current to flow constantly as above (as the aforesaid current supply,
during the first period, from the source terminal of the driving TFT 11 to the drain terminal thereof) while the second
terminal of the second capacitor 25 has a potential Va, irrespective of the threshold voltage of the driving TFT 11 and
the mobility thereof.

[0142] Next, during the second period (time 3t1 to time 4t1), the potential of the control wire Bj is set at High such
that the switching TFT 24 is ON. This connects the second terminal of the second capacitor 25 to the drain terminal
of the driving TFT 11 via the switching TFTs 24 and 14. With this, a desired current flows from the power source wire
Vs to the current output terminal ] via the driving TFT 11, the switching TFT 14, and the source wire Sj.

[0143] With this, a current is set to flow through the driving TFT 11 as above even during the second period, irre-
spective of the threshold voltage and the mobility of the driving TFT 11, as long as the source-drain potential of the
driving TFT 11 is the potential Vs - Va. In other words, the supply of the desired current to the driving TFT 11 can
determine the gate-source potential of the driving TFT 11 on condition that the source-drain potential of the driving
TFT 11 is substantially constant.

[0144] At the time 411 after this, the potential of the control wire Gi is set at Low such that the switching TFT 15
becomes OFF. This causes the first capacitor 12 to retain the source-gate potential that the driving TFT- 11 has during
the second period.

[0145] At the time 5t1 after this, the following operations are carried out. That is, the potential of the control wire Bj
is set at Low such that the switching TFT 24 becomes OFF. This disconnects the electric connection between the
second capacitor 25 and the source wire Sj. The potential of the control wire Wi is set at High such that the switching
TFT 14 becomes OFF. This disconnects the electric connection between the drain terminal of the driving TFT 11 and
the source wire Sj. Moreover, the potential of the control wire Ri is set at Low such that the switching TFT 13 becomes
ON. With this, a current is supplied from the driving TFT 11 to the organic EL element 16.

[0146] Now, the selection period of the pixel circuit Aij is over, and then a following pixel circuit A(i+1)j is selected.
[0147] A simulation was carried out to find values of a current flowing through the organic EL element 16, with the
use of the pixel circuit structure (see Fig. 8) and the output terminal circuit structure (see Fig. 8) of the source driver
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circuit. A result of the simulation is shown in Fig. 10.

[0148] In the simulation shown in Fig. 10, the selection period came every 0.55 ms. During an initial period of time
0.06 ms to 0.61 ms, a current of 0.1 uA was set to flow into the source wire Sj. Thereafter, the current was increased
by 0.1 pA every 0.55 ms until the current had a value of 0.9 uA. Then, the current was set at 0. After that, the current
was increased again by 0.1 pA.

[0149] Here; a comparison is made between (i) Embodiment 2 (see Fig. 10) employing such a structure that some
components of the characteristic structure of the present invention are provided in the source driver circuit, and (ii)
Embodiment 1 (see Fig. 4) employing such a structure that all the components are provided in the pixel circuit. The
comparison clarifies that: as is the case with the structure of Embodiment 1, the structure of Embodiment 2 also makes
it possible to reduce the adverse effect of the threshold voltage variation and the mobility variation of the driving TFT
11, and therefore makes it possible to restrain the variation of the current flowing to the organic EL element 16 during
the non-selection period.

[0150] Further, in the structure according to Embodiment 2, the switching TFTs and the capacitor are not provided
in the pixel circuit, but are provided in the source driver circuit as shown in Fig. 8, unlike the pixel circuit of Embodiment
1 (see Fig. 1). This makes it possible to provide a large area for organic EL elements in each pixel of a display apparatus
employing a bottom emission structure (such a structure that light is emitted toward a transparent substrate having
TFT elements).

[0151] This makes it possible to obtain desired luminance in each unit area with less emission of each organic EL
element, so that the organic EL element can have a longer luminance half-life.

[0152] In contrast, see a case of a display apparatus employing a top emission structure (such a structure that light
is emitted toward a side opposite to a transparent substrate having TFT elements). In this case, the number of elements
provided in a pixel never increases, so that each pixel size can be as small as a pixel size in the conventional technique.
[0153] Further, when supplying no current to the organic EL element 16 during the non-selection period, the following
operation may be carried out. That is, the potential of the control wire Ej is set at High such that the switching TFT 21
is ON, as shown in Fig. 9 (a period of time 6t1 to 10t1). With this, an OFF potential Voff is supplied to the signal line
Tj. Note that, during the period, the respective potentials of the control wire Cj and the control wire Bj are Low.
[0154] With this, the signal line Tj has the OFF potential during the period (6t1 to 10t1), so that substantially no
current flows through the organic EL element 16 during a period of time from 5.01 ms to 5.56 ms (see Fig. 10).
[0155] A comparison between this simulation result and the simulation result of the conventional technique (see Fig.
25) clarifies that: the use of the switching TFT 21 of the circuit structure shown in Fig. 8 makes it possible that sub-
stantially no current flows through the organic EL element 16. This allows an improvement in contrast of the display
apparatus, so that this is preferable.

[Embodiment 3]

[0156] Embodiment 3 will explain a second example in which the first characteristic structure according to the present
invention is applied to a pixel circuit and a source driver circuit.

[0157] A display apparatus according to Embodiment 3 is arranged such that the components of the characteristic
structure of the present invention are provided separately in the pixel circuit and the source driver circuit. Therefore,
the display apparatus has a structure shown in Fig. 7, as is the case with Embodiment 2. For this reason, explanation
thereof is omitted here.

[0158] Fig. 11 illustrates respective structures of (i) each pixel circuit Aij and (ii) a source driver output terminal circuit
Dj, serving as an output stage of the source driver circuit 50. Each of the pixel circuit Aij and the source driver output
terminal circuit Dj includes the components of the characteristic structure of the present invention.

[0159] As shown in Fig. 11, in the pixel circuit Aij of the display apparatus according to Embodiment 3, a single gate
wire Gi replaces the three control wires Gi, Wi, and Ri in the pixel circuit structure (see Fig. 8) of Embodiment 2, and
an n-type switching TFT 14' replaces the p-type switching TFT 14. In other words, the switching TFTs 13, 15, and 14"
in the pixel circuit Aij shown in Fig. 11 are driven by the gate wire Gi.

[0160] Moreover, the power source wire Vs in Fig. 8 is provided in parallel with the source wire Sj, whereas a power
source wire Vs in Fig. 11 is provided in parallel with the gate wire Gi. However, the other components of the circuits
shown in Fig. 11 are provided in the same manner as those of the circuits shown in Fig. 8 are provided. Forthis reason,
detailed explanation thereof is omitted here.

[0161] The following explains respective operations of the pixel circuit Aij and the output terminal circuit Dj in the
display apparatus with reference to Fig. 12. Fig. 12 illustrates respective operation timings of the control wires Gi, Cj,
Ej, Bj, and the source wire Sj.

[0162] In a driving method according to Embodiment 3, during a period of time t1 to 5t1 within the selection period
of the pixel circuit Aij, the potential of the gate wire Gi is set at High (GH) such that the switching TFT 13 is OFF and
that the switching TFTs 14' and 15 are ON.
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[0163] During the period, the gate terminal of the driving TFT 11 is connected to the signal line Tj, with the result that
the gate terminal of the driving TFT 11 is connected to the first capacitor 12 and the second capacitor 25.

[0164] Meanwhile, during the first period (t1 to 2t1), in the output terminal circuit Dj, the potential of the control wire
Cj is set at High such that the switching TFTs 22 and 23 are ON. This connects the gate terminal of the driving TFT 11
to the drain terminal thereof via the switching TFTs 15, 22, and 14'. This also connects the second terminal of the
second capacitor 25 to the predetermined voltage line Va.

[0165] With this, a current is constantly supplied from the power source wire Vs to the current output terminal |j via
the driving TFT 11, the switching TFT 14', and the source wire Sj. At the time 2t1, the potential of the control wire Cj
is set at Low such that the switching TFTs 22 and 23 becomes OFF. This causes the first capacitor 12 and the second
capacitor 25 to retain the potential that the source wire Sj has on this occasion.

[0166] The first capacitor 12 and the second capacitor 25 thus retaining the potential causes the driving TFT 11 to
have such a gate potential that compensates the threshold voltage and the mobility of the driving TFT 11, and that
allows constant currentsupply as above (as the aforesaid current supply, during the first period, from the source terminal
of the driving TFT 11 to the drain temminal thereof) when the second terminal of the second capacitor 25 has a potential
Va.

[0167] Next, during the second period (time 3t1 to time 4t1), the potential of the control wire Bj is set at High such
that the switching TFT 24 is ON. This connects the second terminal of the second capacitor 25 to the drain terminal
of the driving TFT 11 via the switching TFTs 24 and 14"

[0168] With this, a predetermined current is supplied from the power source wire Vs to the current output terminal |j
via the driving TFT 11, the switching TFT 14', and the source wire Sj. This makes it possible to determine the gate-
source potential of the driving TFT 11 such that a current flows through the driving TFT 11 during the second period
irrespective of the threshold voltage and the mobility of the driving TFT 11, while the source-drain potential of the driving
TFT 11 is substantially constant.

[0169] At the time 411 after this, the potential of the control wire Bj is set at Low such that the switching TFT 24
becomes OFF. This causes the second capacitor 25 to retain the source-gate potential that the driving TFT 11 had
during the second period.

[0170] Attime 5t1 after this, the potential of the gate wire Gi is set at Low such that the switching TFT 15 becomes
OFF. This disconnects the electric connection between the first capacitor 12 and the signal wire Tj, and causes the
first capacitor 12 to retain the potential that the signal wire Tj has on this occasion. Also at the time 5t1, the switching
TFT 14'is turned OFF so as to disconnect the electric connection between the drain terminal of the driving TFT 11 and
the source wire Sj, and the switching TFT 13 is turned ON so as to cause a current to flow from the driving TFT 11 to
the organic EL element 16.

[0171] Now, the selection period of the pixel circuit Aij is over, and a following pixel circuit A (i + 1) j is selected.
[0172] A simulation was carried out so as to find values of a current flowing through the organic EL element 16, with
the use of the pixel circuit structure (see Fig. 11) and the output terminal circuit structure (see Fig. 11) of the source
driver circuit. A result of the simulation is shown in Fig. 13.

[0173] In the simulation shown in Fig. 13, the selection period came every 0.55 ms. During an initial period of time
0.06 ms to 0.61 ms, a current of 0.1 uA was set to flow to the source wire Sj. Thereafter, the current was increased by
0.1 uA every 0.55 ms until the current had a value of 0.9 uA. Then, the current was set at 0. After that, the current was
increased again by 0.1 pA.

[0174] Here, a comparison is made between (i) the simulation result according to Embodiment 3, and (ii) the simu-
lation result (see Fig. 25) of the conventional technique. The comparison clarifies that: although Embodiment 3 employs
such a structure that the number of the control wires in the pixel circuit Aij is reduced, the structure of Embodiment 3
also makes it possible to reduce the adverse effect of the threshold voltage variation and the mobility variation of the
driving TFT 11, and therefore makes it possible to restrain the variation of the current flowing to the organic EL element
16 during the non-selection period.

[0175] Further, the pixel circuit structure (see Fig. 11) according to Embodiment 3 adopts the single control wire Gi
unlike the pixel circuit structure (see Fig. 8) described in Embodiment 2. This makes it possible to provide a larger area
for organic EL elements in each pixel of a display apparatus employing a bottom emission structure (such a structure
that light is emitted toward a transparent substrate having TFT elements). Accordingly, each organic EL element can
have a longer luminance half-life, so that this is preferable.

[Embodiment 4]
[0176] Embodiment 4 will explain an example in which a second characteristic structure according to the present
invention is applied to a source driver circuit.

[0177] Fig. 14 illustrates a structure of a current output circuit Fj, which serves as an output stage of the source driver
circuit of a display apparatus according to Embodiment 3. An output terminal |j in the current output circuit Fj is, for

17



10

15

20

25

30

35

40

45

50

55

EP 1610 291 A1

example, connected to the source wire Sj shown in Fig. 1, or connected to the current output terminal Ij shown in Fig.
8 and Fig. 11.

[0178] The current output circuit Fj is arranged such that a gate terminal (current control terminal) of a driving TFT
31, serving as an active element, is connected to one terminal (hereinafter, referred to as "first terminal") of a first
capacitor 32, and to one terminal (hereinafter, referred to as "first terminal") of a second capacitor 33. Further, the other
terminal (hereinafter, referred to as "second terminal") of the first capacitor 32, and a drain terminal (current output
terminal) of the driving TFT 31 are connected to a common electrode Vcom.

[0179] Between the gate terminal of the driving TFT 31 and a source terminal (current input terminal) of the TFT, a
switching TFTs 34 and 35 are provided in series.

[0180] Further, a switching TFT 36 is provided between the other terminal (hereinafter, referred to as "second ter-
minal") of the second capacitor 33, and a predetermined voltage line Vb. Switching TFTs 37 and 35 are provided in
series between the second terminal of the second capacitor 33 and the source terminal of the driving TFT 31.

[0181] Further, a switching TFT 38 is provided between the output terminal lj of the current output circuit Fj and the
source terminal of the driving TFT 31.

[0182] Each of the switching TFTs 34 and 36 has a gate terminal connected to a control wire DCj. The switching
TFTs 37, 35, and 38 have gate terminals connected to control wires DPj, DWj, and DRj, respectively.

[0183] The following explains an operation of the current output circuit Fj in the source driver circuit of the display
apparatus with reference to Fig. 15. Fig. 15 illustrates respective operation timings of the control wires DRj, DWj, DC;j,
DPj, and a common current wire lcom.

[0184] In a driving method according to Embodiment 4, during the current setting period corresponding to a period
of time from t1 to 5t1, a potential of the control wire DRj is set at Low such that the switching TFT 38 is OFF, and a
potential of the control wire DWj is set at High such that the switching TFT 35 is ON.

[0185] During the first period (t1 to 2t1), a potential of the control wire DCj is set at High such that the switching TFTs
34 and 36 are ON. This electrically connects the gate terminal of the driving TFT 31 to the source terminal thereof via
the switching TFTs 34 and 35. Further, this also connects the second terminal of the second capacitor 33 to the pre-
determined voltage line Vb viathe switching TFT 36. With this, a current is constantly supplied from the common current
wire lcom to the common electrode Vcom via the switching TFT 35 and the driving TFT 31.

[0186] At the time 2t1, the potential of the control wire DCj is set at Low such that the switching TFTs 34 and 36
become OFF. This causes the first capacitor 32 and the second capacitor 33 to retain the potential that the common
current wire lcom had during the first period.

[0187] The first capacitor 32 and the second capacitor 33 thus retaining the potential causes the driving TFT 31 to
have such a gate potential that compensates the threshold voltage and the mobility of the driving TFT 31, and that
allows constant currentsupply as above (as the aforesaid current supply, during the first period, from the source terminal
of the driving TFT 31 to the drain terminal thereof) when the second terminal of the second capacitor 33 has a potential
Vb.

[0188] Next, during the second period (time 3t1 to 4t1), the potential of the control wire DPj is set at High such that
the switching TFT 37 is ON. This connects the second terminal of the second capacitor 33 to the source terminal of
the driving TFT 31 via the switching TFTs 37 and 35. With this, a desired current is supplied from the common wire
Icom to the common electrode Vcom via the switching TFT 35 and the driving TFT 31.

[0189] This determines the gate-drain potential of the driving TFT 31 such that a desired current flows into the driving
TFT 31 irrespective of the threshold voltage and mobility of the driving TFT 31, while the source-drain potential of the
driving TFT 31 is substantially constant.

[0190] At the time 4t1, the potential of the control wire DPj is set at Low such that the switching TFT 37 becomes
OFF. This causes the first capacitor 32 and the second capacitor 33 to retain the gate-drain potential that the driving
TFT 31 had during the second period.

[0191] Attime 5t1 afterthis, the potential of the control wire DWj is set at Low such that the switching TFT 35 becomes
OFF. This disconnects the electric connection between the common current wire lcom and the source terminal of the
driving TFT 31. Moreover, the potential of the control wire DR;j is set at High such that the switching TFT 38 becomes
ON. This causes a desired current to flow from the current output terminal |j to the driving TFT 31.

[0192] Now, the selection period of the current output circuit Fj is over, and a next current output circuit Fj+ 1 is
selected.

[0193] A simulation was carried out to find (i) the source-drain voltage Vsd of the driving TFT 31, and (ii) the gate-
drain voltage Vgd thereof, by changing the threshold voltage and the mobility of the driving TFT 31 during the selection
period of the current output circuit Fj in accordance with conditions described in Table 3 below. A result of the simulation
is shown in Fig. 16.
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Table 3
loled(1) loled(2) loled(3) loled(4) loled(5)
Vgd(1) Vgd(2) Vgd(3) Vgd(4) Vgd(5)
Vsd(1) Vsd(2) Vsd(3) Vsd(4) Vsd(5)
Threshold Average value | Upper limit value | Lower limit value | Upper limit value | Lower limit value
voltage
Mobility Average value Upper limit Lower limit Lower limit Upper limit
value value value value value
[0194] In Fig. 16, a period of time from 0.61 ms to 0.62 ms corresponds to the aforesaid first period. As shown in
Fig. 16, source-drain potentials Vsd (1) through Vsd (5) coincided with source-gate potentials Vsg (1) through Vsg (5),
respectively.
[0195] Moreover, a period of time from 0.63 ms to 0.64 ms in Fig. 16 corresponds to the aforesaid second period.

As shown in Fig. 16, the source-drain potentials Vsd of the driving TFT 31 were substantially the same during the
period, irrespective of the threshold voltage of the driving TFT and the mobility thereof.

[0196] In other words, the desired current flowed from the common current wire lcom to the common electrode Vcom
via the switching TFT 35 and the driving TFT 31 during the second period, so that each gate-drain potential Vgd could
be set, irrespective of the threshold voltage variation and the mobility variation of the driving TFT, on condition that the
source-drain potential of the driving TFT 31 is constant.

[0197] This makes it possible to realize the current output circuit that allows substantially constant current supply,
irrespective of the threshold voltage of the driving TFT 31 and the mobility thereof, while the source-drain potential is
constant.

[0198] Thereafter, a readout period of the current output circuit Fj started. During the readout period, the substantially
constant current output of the driving TFT 31 allows each source-drain potential Vsd of the driving TFT 31 to be sub-
stantially constant. Note that, in the simulation, a resistor was provided between the current output terminal Ij and the
power source wire Vs, instead of the organic EL element.

[0199] A simulation was carried out to find variation of the current supplied from the driving TFT 31 on this occasion,
in accordance with the aforesaid five conditions (see Table 3) pertaining to the threshold voltage and the mobility of
the driving TFT 31. A result of the simulation is shown in Fig. 17.

[0200] In the simulation shown in Fig. 17, the selection period came every 0.55 ms. During an initial period of time
from 0.06 ms to 0.65 ms, a current of 0.1 pA was set to flow to the source wire Sj. Thereafter, the currentwas increased
by 0.1 pA every 0.55 ms until the current had a value of 0.9 uA. Then, the current was set at 0. After that, the current
was increased again by 0.1 pA.

[0201] The simulationresultshownin Fig. 17 clarifiesthatthe use of the source driver circuit according to Embodiment
4 provides an effect of restraining the variation of the current flowing through the driving TFT 31, the current variation
being caused by the threshold voltage variation and the mobility variation of the driving TFT 31. (Specifically, the current
variation atatime of 3.6 msin Fig. 17 falls within arange from 1.05 uAto 1.15uA, i.e., falls within avariation range of 9%.)
[0202] Especially, untilthe output current was 0.8 uA, substantially identical current values were obtained irrespective
of the threshold voltage variation and the mobility variation in the driving TFT 31.

[0203] Incidentally, in cases where the characteristic structure of the present invention is used as the source driver
circuit, it is preferable that the characteristic structure is also used in a pixel circuit. An example of this is explained as
follows.

[0204] That is, the current output terminal |j of the source driver circuit shown in Fig. 14 is connected to the pixel
circuit described in Embodiment 1. An effect of this was examined by carrying out a simulation.

[0205] Firstly, signals were supplied to the control terminals shown in Fig. 14 and Fig. 1 at timings shown in Fig. 18,
respectively.
[0206] Fig. 19 illustrates a result of the simulation for examining, by way of the driving timings, the source-drain

potential Vsd and the source-gate potential Vsg of the driving TFT 31 shown in Fig. 14.

[0207] In Fig. 19, a period of time from 0.61 ms to 0.65 ms corresponds to the current setting period of the driving
TFT 31 of the source driver circuit shown in Fig. 14. On the other hand, a period of time from 0.70 ms to 0.75 ms
corresponds to the selection period of the pixel circuit shown in Fig. 1.

[0208] Moreover, a period of time from 0.61 ms to 0.62 ms corresponds to the first period of the driving TFT 31 of
the source driver circuit. During the period, the source-drain potentials Vsd of the driving TFT 31 respectively coincided
with the gate-drain potentials Vgd thereof, irrespective of the threshold voltage and the mobility in the driving TFT 31.
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[0209] Next, a period of time from 0.63 ms to 0.64 ms corresponds to the second period of the driving TFT 31 of the
source driver circuit. During the period, the source-drain potentials Vsd of the driving TFT 31 respectively coincided
with the source-drain potentials Vsd, irrespective of the threshold voltage of the driving TT 31 and the mobility thereof.
[0210] Next, a period of time from 0.71 ms to 0.72 ms corresponds to the first period of the pixel circuit. During the
period, the source-drain potentials Vsd of the driving TFT 31 of the source driver circuit vary according to the threshold
voltage variation and the mobility variation of the driving TFT 1 of the pixel circuit. This causes variation of an output
current of the driving TFT 31 of the source driver circuit.

[0211] A period of time from 0.73 ms to 0.74 ms corresponds to the second period of the pixel circuit. On the contrary
to the first period, during the second period, the source-drain potentials Vsd respectively coincided with the source-
drain potentials Vsd, irrespective of the threshold voltage and the mobility of the driving TFT 31 of the pixel circuit. This
allows restraint of the variation of a current flowing through the organic EL element 6 provided in the pixel circuit.
[0212] Note that, in this case, it is preferable that the source potential of the source driver circuit upon the current
readout corresponds to the potential Vb of the predetermined voltage line. In order to obtain such a source potential,
the potential Va of the predetermined voltage line in the pixel circuit, and the potential Vb of the predetermined voltage
line may be caused to be equal.

[0213] As such, the characteristic structure of the present invention can be used as the current output circuit of the
source driver circuit, and be used in the pixel circuit. The use of the characteristic structure in any of the circuit structures
allows a desired current to flow to the driving TFT irrespective of the threshold voltage of the driving TFT and the
mobility thereof.

[0214] Further, in cases where a current is supplied from the source driver circuit as shown in Fig. 23, it is preferable
that, in the pixel circuit used together with the source driver circuit, a TFT 31' and TFTs 34' through 38' be p-type
transistors.

[0215] Note that, in the circuit shown Fig. 21, a source terminal of the driving TFT 31'is connected to the power wire
Vs, so that this structure is an example to which the first structure of the present invention is applied. The first structure
refers to such a structure that the driving TFT 31" outputs a current.

[Embodiment 5]

[0216] Embodiment 5 will explain a third example in which the first characteristic structure according to the present
invention is applied to a pixel circuit and a source driver circuit.

[0217] A display apparatus according to Embodiment 5 also has such a structure that the components of the char-
acteristic structure of the present invention are separately provided in the pixel circuit and in the source driver circuit.
Therefore, the display apparatus have the structure shown in Fig. 7, as is the case with Embodiment 2. For this reason,
explanation thereof is omitted here.

[0218] Fig. 31 illustrates respective structures of a pixel circuit Aij and a source driver outputterminal circuit Dj serving
as an output stage of the source driver circuit 50. Each of the pixel circuit Aij and the source driver output terminal
circuit Dj includes the components of characteristic structure of the present invention.

[0219] As shown in Fig. 31, in the display apparatus according to Embodiment 5, the pixel circuit Ajj is provided in
a region in which a source wire Sj and a gate wire Gi intersect with each other. In the pixel circuit Aij, there are provided
(i) adriving TFT 41, serving as an active element; (ii) an organic EL element 48, serving as an electric optical element;
(iii) a switching TFT 42, serving as a first switching transistor; (iv) a first capacitor 44; and (v) a second capacitor 45.
The driving TFT 41 and the organic EL element 48 are provided in series between a power wire Vs and a common
wire Veom.

[0220] Further, the driving TFT 41 has a gate terminal (current control terminal) connected to one terminal (herein-
after, referredto as "first terminal") of the first capacitor 44, and to one terminal (hereinafter, referred to as "first terminal")
of the second capacitor 45. The other terminal (hereinafter, referred to as "second terminal") of the first capacitor 44
is connected to a source terminal (current input terminal) of the driving TFT 41, and to the power source wire Vs.
[0221] Further, the switching TFT 42, which serves as the first switching transistor, is provided between the gate
terminal (current control terminal) of the driving TFT 41, and the source wire S;j.

[0222] Further, provided in parallel with the source wire Sjis a signal line (connection wire) Tj, which serves as a
third wire. The signal line Tj is connected to the other terminal (hereinafter, referred to as "second terminal") of the
second capacitor 45 via the switching TFT 43.

[0223] Further, a switching TFT 46 is provided between (i) a drain terminal (current output terminal) of the driving
TFT 41, and (ii) an anode of the organic EL element 48. A node of the driving TFT 41 and the switching TFT 46 is
connected to the source wire Sj via the switching TFT 47.

[0224] The switching TFTs 42 and 43, each of which is a component of the pixel circuit Aij, have gate terminals
connected to the control wires Ci and Gi, respectively. Moreover, each of the switching TFTs 46 and 47 has a gate
terminal connected to the control wire Wi.
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[0225] In the source driver circuit 50, one output terminal circuit Dj is provided for a plurality of pixel circuits A1j
through Anj. As shown in Fig. 31, in the output terminal circuit Dj, a switching TFT 51 serving as the second transistor
is provided between the signal line Tj and the source wire Sj. Further, a switching TFT 49, serving as the third switching
transistor, is provide between the signal line Tj and a predetermined voltage line Va.

[0226] In the output terminal circuit Dj, the switching TFT 49 has a gate terminal connected to a control wire Cc.
Further, the switching TFT 51 has a gate terminal connected to a control wire Bc.

[0227] The following explains respective operations of the pixel circuit Aij and the output terminal circuit Dj in the
display apparatus with reference to Fig. 32. Fig. 32 illustrates respective operation timings of the control wires Wi, Gi,
Ci, Cc, Bc, and the source wire S;.

[0228] In a driving method according to Embodiment 5, a period of time from t1 to 6t1 corresponds to a selection
period of the pixel circuit Aij. During the period, a potential of the control wire Wi is set at High (GH) such that the
switching TFT 46 is OFF and that switching TFT 47 is ON. Further, during a period of time from t1 to 5t1, a potential
of the control wire Gi is set at High (GH) such that the switching TFT 43 is ON.

[0229] During a first period (time t1 to time 2t1) within the selection period of the pixel circuit Aij, a potential of the
control wire Ci is set at High such that the switching TFT 42 is ON. This electrically connects the gate terminal of the
driving TFT 41 to the source wire Sj. With this, the gate terminal of the driving TFT 41 is electrically connected to the
drain terminal thereof via the switching TFTs 42 and 47. Accordingly, a current constantly flows from the power source
wire Vs to the current output terminal |j via the driving TFT 41, the switching TFT 47, and the source wire Sj.

[0230] Further, during a period of time t1 to 3t1, the potential of the control wire Cc of the output terminal circuit Dj
is set at High such that the switching TFT 49 is ON. This connects the second terminal of the second capacitor 45 to
the predetermined voltage line Va via the switching TFT 43, the signal line Tj, and the switching TFT 49.

[0231] Thereafter, the potential of the control wire Ci is set at Low such that the switching TFT 42 becomes OFF.
This causes the first capacitor 44 and the second capacitor 45 to retain the potential that the source wire Sj has on
this occasion.

[0232] The charge thus retained by the first capacitor 44 and the second capacitor 45 on this occasion causes the
driving TFT 41 to have such a gate terminal potential that allows constant current supply as above (as the current
supply, during the first period, from the source terminal of the driving TFT 41 to the drain terminal thereof), irrespective
of the threshold voltage of the driving TFT 41 and the mobility thereof, while the second terminal of the second capacitor
45 has a potential Va. Thereafter, the control wire Cc is set at Low such that the switching TFT 49 becomes OFF.
[0233] Next, during a second period (time 4t1 to time 5t1), the potential of the control wire Be is set at High such that
the switching TFT 51 is ON. This connects the second terminal of the second capacitor 45 to the drain terminal of the
driving TFT 41 via the switching TFTs 43, 51, and 47. With this, a desired current is supplied from the power source
wire Vs to the current output terminal |j via the driving TFT 41, the switching TFT 47, and the source wire Sj.

[0234] This allows a current to flow through the driving TFT 41 as above (as the current supply from the source
terminal of the driving TFT 41 to the drain terminal thereof, during the first period) even during the second period,
irrespective of the threshold voltage and the mobility of the driving TFT 41, while the source-drain potential of the driving
TFT 41 is the potential Vs - Va. In other words, the supply of the desired current to the driving TFT 41 determines the
gate-source potential of the driving TFT 41 on condition that the source-drain potential of the driving TFT 41 is sub-
stantially constant.

[0235] At the time 5t1 after this, the potential of the control wire Gi is set at Low such that the switching TFT 43
becomes OFF. With this, the source-gate potential of the driving TFT 41 during the second period is retained by the
first capacitor 44 and the second capacitor 45.

[0236] At the time 6t1 after this, the potential of the control wire Bc is set at Low such that the switching TFT 51
becomes OFF. This disconnects the electric connection between the signal line Tj and the source wire Sj. Further, the
potential of the control wire Wi is set at Low such that the switching TFT 47 becomes OFF, and that the switching TFT
46 becomes ON. With this, a current flows from the driving TFT 41 to the organic EL element 48.

[0237] Now, the selection period of the pixel circuit Aij is over, and a next pixel circuit A (i + 1)j is selected.

[0238] A simulation was carried out to find a current flowing through the organic EL element 48, with the use of the
pixel circuit structure (see Fig. 31) and the output terminal circuit structure (see Fig. 31) of the source driver circuit. A
result of the simulation is shown in Fig. 33.

[0239] In the simulation of Fig. 33, the selection period came every 0.27 ms. During an initial period of time from
0.30 ms to 0.57 ms, a current of 0.9 pA was set to flow to the source wire Sj. Thereafter, the current was decreased
by 0.1 pA every 0.27 ms until the current had a value of 0 uA. Then, the current was set at 0.9 uA again.

[0240] Here, a comparison is made between (i) the simulation result (especially, a result corresponding to a period
of time from 0.30 ms to 1.9 ms) according to Embodiment 5 in which the second switching transistor and the third
switching transistor are provided in the source driver output terminal circuit Dj, and (ii) the simulation result (see Fig.
25) of the conventional technique. The comparison clarifies that the structure of Embodiment 5 also makes it possible
to reduce the adverse effect of the threshold voltage variation of the driving TFT 41 and the mobility variation thereof,
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and accordingly makes it possible to restrain the variation of the current flowing to the organic EL element 48 during
the non-selection period.

[Embodiment 6]

[0241] Embodiment 6 will explain a case where the second characteristic structure according to the present invention
is applied to a pixel circuit.

[0242] As shown in Fig. 34, in each pixel circuit Aij of a display apparatus according to Embodiment 6, a driving TFT
63 and an organic EL element 69 are provided in series between the power source wire Vs and a common wire Vcom.
The driving TFT 63 serves as a driving transistor, and the crganic EL element 69 serves as an electric optical element.
[0243] The driving TFT 63 has a gate terminal (current control terminal) connected to a source wire Sjvia a switching
TFT 64, which serves as the first switching transistor. Moreover, the gate terminal of the driving TFT 63 is connected
to one terminal (hereinafter, referred to as "first terminal") of a first capacitor 68, and to one terminal (hereinafter,
referred to as "first terminal") of a second capacitor 67. The other terminal (hereinafter, referred to as "second terminal)
of the first capacitor 68 is connected to a drain terminal (current output terminal) of the driving TFT 63, and to an anode
of the organic EL element 69. Moreover, the other terminal (hereinafter, referred to as "second terminal") of the second
capacitor 67 is connected to a power source wire (predetermined voltage line) Vs via a switching TFT 65, and to the
source wire Sjvia a switching TFT 66. The switching TFT 65 serves as the third switching transistor, and the switching
TFT 66 serves as the second switching transistor.

[0244] Respective gate terminals of the switching TFTs 64 and 65 are connected to a control wire Ci, and a gate
terminal of the switching TFT 66 is connected to a control wire Gi.

[0245] A switching TFT 61 is provided between a source terminal (current input terminal) of the driving TFT 63, and
the power source wire Vs. The switching TFT 61 has a gate terminal connected to a control wire Ri. A node of the
driving TFT 63 and the switching TFT 61 is connected to the source wire Sjvia a switching TFT 62. The switching TFT
62 has a gate terminal connected to the control wire Wi.

[0246] Note that any of the control wires Ci, Gi, and Wi may serve as a second wire (gate wire). Note also that any
of the switching TFTs 62, 64, and 66 may serve as a selection TFT.

[0247] Inthe circuit structure, the gate terminal of the driving TFT 63 is connected to the source terminal of the driving
TFT 63 via the switching TFT 64, the source wire Sj, and the switching TFT 62. Further, the second terminal of the
second capacitor 67 is connected to the source terminal of the driving TFT 63 via the switching TFT 66, the source
wire Sj, and the switching TFT 62.

[0248] The following explains an operation of the pixel circuit Aij of the display apparatus with reference to Fig. 35.
Fig. 35 illustrates respective operation timings of the control wires Ri, Wi, Ci, Gi, and the source wire Sj.

[0249] In a driving method according to Embodiment 6, the selection period corresponds to a period of time from 0
to 6t1. During the period, a potential of the control wire Ri is set at High (GH) such that the switching TFT 61 is OFF.
Moreover, during a period of time from t1 to 5t1, a potential of the control wire Wi is set at Low (GL) such that the
switching TFT 62 is ON.

[0250] During the first period (time t1 to 2t1), a potential of the control wire Ci is set at Low such that the switching
TFTs 64 and 65 are ON. This connects the gate terminal of the driving TFT 63 to the source terminal thereof via the
switching TFTs 64 and 62. This also connects the second terminal of the second capacitor 67 to the power source line
(predetermined voltage line) Vs via the switching TFT 65. With this, a current flows constantly from a source driver
circuit (not shown) to the organic EL element 69 via the source wire Sj, the switching TFT 62, and the driving TFT 63.
[0251] Thereafter (at the time 2t1), the potential of the control wire Ci is set at High such that the switching TFTs 64
and 65 become OFF. This causes the first capacitor 68 and the second capacitor 67 to retain the potential, determined
during the first period, of the source wire Sj.

[0252] Next, during the second period (time 3t1 to 4t1), a potential of the control wire Gi is set at Low such that the
switching TFT 66 is ON. This connects the second terminal of the second capacitor 67 to the source terminal of the
driving TFT 63 via the switching TFTs 66 and 62. With this, a predetermined current flows from the source driver circuit
(not shown) to the organic EL element 69 via the source wire Sj, the switching TFT 62, the driving TFT 63.

[0253] Thereafter (at the time 411), the potential of the control wire Gi is set at High such that the switching TFT 66
becomes OFF. This causes the first capacitor 68 and the second capacitor 67 to retain the drain-gate potential, deter-
mined during the second period, of the driving TFT 63.

[0254] Thereafter, the potential of the control wire Wi is set at High such that the switching TFT 62 becomes OFF,
and the potential of the control wire Ri is set at Low such that the switching TFT 61 becomes ON.

[0255] Now, the selection period of the pixel circuit Aij is over, and a next pixel circuit A(i + 1)j is selected.

[0256] Note that, in the source driver output terminal circuit Dj shown in Fig. 34, a switching TFT 70, serving as a
fourth transistor, is provided between an OFF potential line Voff and the source wire S;.

[0257] The switching TFT 70 has a gate terminal connected to a control wire Ej. In the case of supplying no current
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to the selected organic EL element 69, the control wire Ej is set at High during the second period (9t1 to 1111) such
that the switching TFT 70 is ON, as shown in Fig. 35. This allows an open connection between the source wire Sj and
the current output circuit of the source driver. With this, an OFF potential is supplied from the OFF potential line Voff
to the source wire.

[0258] The OFF potential is a potential equal to or lower than a potential of the common electrode Vcom. Therefore,
when the OFF potential supplied via the switching TFT 62 becomes the source potential of the driving TFT 63, or when
the OFF potential causes the switching TFT 62 to be OFF, the gate potential of the driving TFT 63 is discharged from
the source terminal thereof. This decreases the gate potential of the driving TFT 63 to a potential lowerthan the potential
that driving TFT 63 had during the first period, with the result that the driving TFT 63 becomes OFF.

[0259] A simulation was carried out to find a current flowing through the organic EL element 69, with the use of the
pixel circuit structure (see Fig. 34) and the output terminal circuit structure (see Fig. 34) of the source driver circuit. A
result of the simulation is shown in Fig. 36.

[0260] In the simulation of Fig. 36, the selection period came every 1.08 ms. During an initial period of time from
2.30 ms to 3.38 ms, a current of 1.1 pA was set to flow to the source wire Sj. Thereafter, the current decreased by 0.12
1A every 1.08 ms until no current (a current of 0 puA) flowed. Then, the current of 1.1 uA was set to flow again.
[0261] Here, acomparison is made between (i) the simulation result accordingto Embodiment 6 employing a structure
that controls the current control terminal of the driving transistor and the current input terminal thereof, and (ii) the
simulation result (see Fig. 25) of the conventional technique. The comparison clarifies that the structure of Embodiment
6 also makes it possible to reduce the adverse effect of the threshold voltage variation and the mobility variation of the
driving TFT 63, and accordingly makes it possible to restrain the variation of the current flowing to the organic EL
element 69 during the non-selection period.

[0262] Notethatthere is provided, in the pixel circuit structure shown in Fig. 1, the power source wire Va for supplying
the predetermined potential Va to the second terminal of the second capacitor 7. However, in the pixel circuit to which
the second characteristic structure according to the present invention is applied, the predetermined potential wire and
the power source wire Vs can be shared with each other. For this reason, no power source wire Va may be provided
as shown in Fig. 34.

[0263] Further, there may be provided, in the source driver circuit, a part of the components of the means of the
present invention, i.e., one or more of the driving TFT, the first capacitor, the second capacitor, the first switching
transistor, the second switching transistor, and the third switching transistor, as shown in Fig. 37.

[0264] Specifically, in a pixel circuit structure Aij shown in Fig. 37, a first capacitor 98 is provided between a gate of
a driving TFT 94 and a drain thereof, a first switching TFT 95 is provided between a gate terminal of the driving TFT
94 and the source wire Sj, and a second capacitor 97 and a switching TFT 93 are provided in series between a gate
terminal of the driving TFT 94 and a signal line Tj. An organic EL element 96 is provided between a drain terminal of
the driving TFT 94 and a common electrode Vcom. Moreover, a switching TFT 91 is provided between a source terminal
of the driving TFT 94 and a power source wire Vs. Further, a switching TFT 92 is provided between the source terminal
of the driving TFT 94 and a source wire S;.

[0265] Moreover, in a source driver output terminal circuit Dj, a switching TFT 100, serving as the second switching
transistor, is provided between the signal line Tj and the source wire Sj. Provided between the signal Tj and the pre-
determined voltage line Vb is a switching TFT 99, which serves as the third switching transistor.

[0266] As is the case with the pixel circuit shown in Fig. 31, the timings shown in Fig. 32 also respectively correspond
to timings of the driving operation using the pixel circuit Aij and the source driver output terminal circuit Dj. For this
reason, explanation thereof is omitted here.

[Embodiment 7]

[0267] Embodiment 7 explains another example in which the second characteristic structure according to the present
invention is applied to a pixel circuit and a source driver circuit.

[0268] A display apparatus according to Embodiment 7 also has such a structure in which the components of the
characteristic structure of the present invention are separately provided in the pixel circuit and the source driver circuit.
Therefore, the display apparatus has a structure shown in Fig. 7 as is the case with Embodiment 2, so that explanation
thereof is omitted here.

[0269] Fig. 38 illustrates respective structures of the pixel circuit Aij and the source driver output terminal circuit Dj,
which serves as an output stage of the source driver circuit 50. Each of the pixel circuit Aij and the source driver output
terminal circuit Dj includes the components of the characteristic structure of the present invention.

[0270] As shown in Fig. 38, in the display apparatus according to Embodiment 7, each pixel circuit Ajj is provided in
a region in which a source wire Sj and a gate wire Gi intersect with each other. Provided in the pixel circuit Aij are a
driving TFT 74, an organic EL element 76, and a first capacitor 75. The driving TFT 74 serves as an active element,
and the organic EL element 76 serves as an electric optical element, and the driving TFT 74 and the organic EL element
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76 are provided in series between a power source wire Vs and a common wire Vcom.

[0271] The driving TFT 74 has a gate terminal (current control terminal) connected to one terminal (hereinafter,
referred to as "first terminal") of the first capacitor 75. The other terminal (hereinafter, referred to as "second terminal)
of the first capacitor 75 is connected to a drain terminal (current output terminal) of the driving TFT 74, and to an anode
of the organic EL element 76.

[0272] Further, in the pixel circuit structure, a signal line Tj, serving as the third wire, is provided in parallel with the
source wire Sj, and is connected to the gate terminal of the driving TFT 74 via the switching TFT 73.

[0273] Further, a switching TFT 71 is provided between a source terminal (current input terminal) of the driving TFT
74, and the power wire Vs. A node of the driving TFT 74 and the switching TFT 71 is connected to the source wire Sj
via a switching TFT 72.

[0274] These components of the pixel circuit Aij, i.e., the switching TFTs 73, 72, 71 have gate terminals connected
to control wires Gi, Wi, and Ri, respectively.

[0275] In the source driver circuit 50, each output terminal circuit Dj is provided for a plurality of pixel circuits A1j
through Anj. In the output terminal circuit Dj, the signal line Tj is connected to one terminal (hereinafter, referred to as
"first terminal") of a second capacitor 80 as shown in Fig. 38. Moreover, provided between the signal line Tj and the
source wire Sjis a switching TFT 77, which serves as the first switching transistor. Further, a switching TFT 78, serving
as the third switching transistor, is provided between (i) the other terminal (hereinafter, referred to as "second terminal")
of the second capacitor 80, and (ii) a predetermined voltage line Va. Provided between the second terminal of the
second capacitor 80 and the source wire Sj is a switching TFT 79, which serves as the second switching transistor.
Further, a switching TFT 81, serving as the fourth switching transistor, is provided between the signal line Tj and an
OFF potential line Voff.

[0276] In the output terminal circuit Dj, the switching TFT 81 has a gate terminal connected to a control wire Ej, and
the switching TFTs 77 and 78 each have gate terminals connected to a control wire Cc, and the switching TFT 79 has
a gate terminal connected to a control wire Bce.

[0277] The following explains respective operations of the pixel circuit Aij and the output terminal circuit Dj in the
display apparatus with reference to Fig. 39. Fig. 39 illustrates respective operation timings of the control wires Ri, Wi,
Gi, Cc, Bc, Ej, and the source wire S;j.

[0278] In a driving method according to Embodiment 7, the selection period of the pixel circuit Aij corresponds to a
period of time from 0 to 6t1. During the period, a potential of the control wire Ri is set at High (GH) such that the
switching TFT 71 is OFF. Further, during a period of time from t1 to 5t1, a potential of the control wire Wi is set at Low
(GL) such that the switching TFT 72 is ON. This connects the source terminal of the driving TFT 74 to the source wire Sj.
[0279] Further, in the pixel circuit Aij, during a period of time from t1 to 4t1, a potential of the control wire Gi is set at
Low such that the switching TFT 73 is ON. This electrically connects the gate terminal of the driving TFT 74 to the
signal line Tj. With this, the gate terminal of the driving TFT 74 is connected to the first capacitor 75 and the second
capacitor 80.

[0280] Meanwhile, in the output terminal circuit Dj, during a first period (time t1 to time 2t1), a potential of the control
wire Cc is set at High such that the switching TFTs 77 and 78 are ON. This electrically connects the gate terminal of
the driving TFT 74 to the source terminal thereof via the switching TFTs 73, 77, and 72. This also connects the second
terminal of the second capacitor 80 to the predetermined voltage line Va via the switching TFT 78. With this, a current
constantly flows from the source driver circuit (not shown) to the organic EL element 76 via the source wire Sj, the
switching TFT 72, and the driving TFT 74.

[0281] Thereafter, the potential of the control wire Cc is set at Low such that the switching TFTs 77 and 78 become
OFF. This causes the first capacitor 75 and the second capacitor 80 to retain the potential that the signal wire Tj has
on this occasion.

[0282] The charge thus stored by the first capacitor 75 and the second capacitor 80 on this occasion causes the
driving TFT 74 to have a gate potential allowing constant current supply as above (as the aforesaid current supply,
during the first period, from the source terminal of the driving TFT 74 to the drain terminal thereof), while the second
terminal of the second capacitor 80 has a potential Va, irrespective of the threshold voltage of the driving TFT 74 and
the mobility thereof.

[0283] Next, during a second period (time 3t1 to time 4t1), the potential of the control wire Be is set at High such that
the switching TFT 79 becomes ON. This connects the second terminal of the second capacitor 80 to the source terminal
of the driving TFT 74 via the switching TFTs 79 and 72. With this, a desired current flows from the source driver circuit
(not shown) to the organic EL element 76 via the source wire Sj, the switching TFT 72, and the driving TFT 74.
[0284] This allows a current to flow through the driving TFT 74 as above (as the current supply, during the first period,
from the source of the driving TFT 74 to the drain thereof) even during the second period irrespective of the threshold
voltage and the mobility of the driving TFT 74, while the source-drain potential of the driving TFT 74 is the potential Va
- Vx (Vx indicates an anode potential that the organic EL element 76 has during the second period). In other words,
the supply of the desired current to the driving TFT 74 can determine the gate-source potential of the driving TFT on
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condition that the source-drain potential of the driving TFT 74 is substantially constant.

[0285] At the time 4t1 after this, the potential of the control wire Gi is set at High such that the switching TFT 73
becomes OFF. This causes the first capacitor 75 to retain the drain-gate potential that the driving TFT 74 had during
the second period.

[0286] At the time 5t1 after this, the potential of the control wire Bc is set at Low such that the switching TFT 79
becomes OFF. This disconnects the electric connection between the second capacitor 80 and the source wire Sj.
Moreover, the potential of the control wire Wi is set at High such that the switching TFT 72 becomes OFF. This discon-
nects the electric connection between the source terminal of the driving TFT 74 and the source wire Sj. Further, at the
time 6t1, the potential of the control wire Ri is set at Low such that the switching TFT 71 becomes ON. With this, a
current flows from the driving TFT 74 to the organic EL element 76.

[0287] Now, the selection period of the pixel circuit Aij is over, and then a following pixel circuit A(i+1)j is selected.
[0288] Further, during a period of time from 9t1 to 11t1 in Fig. 39, the potential of the control wire Ej is set at High
such that the switching TFT 81 becomes ON. This causes an OFF potential Voff to be supplied to the signal line Tj,
with the result that the signal line Tj is caused to have the OFF potential. This allows substantially no current to flow
into the organic EL element 76 during the non-selection period. Note that, during the period, the potential of the control
wire Cc is Low, and the potential of the control wire Bc is High.

[0289] A simulation was carried out to find a current flowing through the organic EL element 76, with the use of the
pixel circuit structure and the output terminal circuit structure of the source driver circuit. A result of the simulation was
similar to the result of Embodiment 6.

[Embodiment 8]

[0290] Embodiment 8 will explain a characteristic operation of a driving method according to the present invention.
The driving method of Embodiment 8 solves a problem that arises in Embodiment 2 in which the components of the
characteristic structure of the present invention are provided separately in the pixel circuit and the source driver circuit.
Firstly, this problem is explained.

[0291] In an actual display apparatus, stray capacitances exist in the source wire Sj and the signal wire Tj, which
are provided across the pixel circuit Aij (see Fig. 8) andthe source driver output terminal circuit Dj (see Fig. 8). Supposing
that each stray capacitance is 5 pF, a simulation was carried out to examine respective changes of (i) a current Ip
flowing through the driving TFT 11 of the pixel circuit Aij shown in Fig. 8, and (ii) the source-drain potential Vsd of the
driving TFT 11. A result of the simulation is shown in Fig. 40.

[0292] In Fig. 40, a period of time from 0.992 ms to 1.080 ms corresponds to the selection period. During the period,
the control wire Ri was set at High such that the switching TFT 13 was OFF, and the control wire Wi was set at Low
such that the switching TFT 14 was ON. Moreover, a period of time from 0.992 ms to 1.024 ms corresponds to the first
period in the driving method of the present invention. During the period, the gate wire Gi was set at High such that the
switching TFT 15 was ON, and the control wire Cj was set at High such that the switching TFTs 22 and 23 were ON.
[0293] This short-circuited the gate terminal of the driving TFT 11 and the drain terminal thereof, with the result that
the gate terminal of the driving TFT 11 was connected to the capacitors 12 and 25, and that the second terminal of the
capacitor 25 was connected to the predetermined voltage line Va. It took 20 us until the gate-source potential Vsd of
the driving TFT 11 became stable. Thereafter, the control wire Cj was set at Low such that the switching TFTs 22 and
23 became OFF. Now, the first period was finished.

[0294] Further, a period of time from 1.034 ms to 1.074 ms corresponds to the second period in the driving method
of the present invention. During the period, the control wire Bj was set at High such that the switching TFT 24 was ON.
[0295] During the period, the potential of the second terminal of the second capacitor 25 approached to Va, so that
the driving TFT 11 has a source-drain potential of substantially Vs - Va. On condition that the source-drain potential
was substantially constant, the source-gate potential of the driving TFT 11 was determined. This allowed the current
to constantly flow through the driving TFT 11, irrespective of the threshold voltage of the driving TFT 11 and the mobility
property thereof. It took 30 us until the current Ip stably flowed from the source to the drain. Thereafter, the gate wire
Gi was set at Low such that the switching TFT 15 became OFF. Now, the selection period was over.

[0296] During the non-selection period coming after this (see a part corresponding to time at and after 1.096 ms),
the source-drain potential Vsd of the driving TFT 11 was constant, and the current Ip constantly flowed from the source
of the driving TFT 11 to the drain thereof.

[0297] Note that source-drain potentials Vsd (1) through Vsd(5), and source-drain currents Ip (1) through Ip(5) in
Fig. 40 are results obtained by changing the threshold voltage of the driving TFT 11 and the mobility thereof in accord-
ance with the conditions shown in Table 2.

[0298] As such, the use of the present driving method makes it possible to constantly supply a current to the organic
EL element 16, irrespective of the threshold voltage variation and the mobility variation of the driving TFT 11. This
allows acquirement of a uniform display.
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[0299] However, for such acquirement, the selection period is required to be longer than the selection period of the
conventional pixel circuit structure (see Fig. 22). Specifically, a period as long as the first period shown in Fig. 40 is
sufficient for the selection period of the pixel circuit structure shown in Fig. 22, whereas the driving method of the
present invention requires the first and second periods shown in Fig. 40 for the selection period. For shortening the
selection period in the driving method of the present invention, the second period is required to be shorter.

[0300] Fig. 41 illustrates a circuit structure for realizing such a driving method. The circuit structure shown in Fig. 41
has a structure in which the components of the first characteristic structure are separately provided in the pixel circuit
Aij and the source driver output terminal circuit Dj, as is the case with the circuit structure shown in Fig. 8. In Fig. 41,
capacitors, TFTs, and the like, each of which has the equivalent functions as each of those shown in Fig. 8, will be
given the same reference symbols, and detailed explanation thereof will be omitted here.

[0301] Note that, in the circuit structure shown in Fig. 41, the stray capacitance of the source wire Sj is represented
by a capacitor 17, and the stray capacitance of the signal wire Tj is represented by a capacitor 18. Note also that the
signal line Tj is connected to a protection circuit made up of TFTs 19 and 20.

[0302] In the protection circuit, the n-type TFT 19 is provided between the signal line Tj and the power wire Vs, and
the p-type TFT 20 is provided between the signal line Tj and the common wire Vcom. Further, a potential DL is supplied
to a gate terminal of the TFT 19, and a potential DH is supplied to a gate terminal of the TFT 20.

[0303] With this, when the signal line Tj has a potential lower than DL (precisely, a potential obtained by subtracting
a threshold potential of the TFT 19 from the potential DL), a current flows from the power source wire Vs to the signal
line Tj. This protects the potential from further decreasing. On the contrary, when the signal line Tj has a potential
higher than DH (precisely, a potential obtained by adding the potential DH to a threshold potential of the TFT 20), a
current flows from the signal line Tj to the common wire Vcom. This protects the potential from further increasing.
[0304] Further, in the circuit structure shown in Fig. 41, the gate terminal of the switching TFT 22, which serves as
the first switching element, is not wired to the gate terminal of the switching TFT 23, which serves as the third switching
element. Instead, the gate terminal of the switching TFT 22 is wired (connected) to the control wire Cc, and the gate
terminal of the switching TFT 23 is wired (connected) to the control wire Fc. Further, the signal wire Bj in Fig. 8 is
replaced with the signal line Be. This allows the signal wire Bjto be a common wire independent fromthe source wire Sj.
[0305] The following explains respective operations of the pixel circuit Aij (see Fig. 41) and the output terminal circuit
Dj (see Fig. 41) with reference to Fig. 42. Fig. 42 illustrates respective operation timings of the control wires Gi, Wi,
Cc, Be, Fc, Ej, and the source wire S;j.

[0306] Thatis, duringthe selection period of the pixel circuit Aij, i.e., during a period of time fromt1 to 8t1, the potential
of the control wire Wi is set at High (GH) such that the switching TFT 13 is OFF, and that the switching TFT 14 is ON.
[0307] In the pixel circuit Aij, during the first period (time t1 to 4t1), the potential of the control wire Gi is set at High
such that the switching TFT 15 is ON. This electrically connects the gate terminal of the driving TFT 11 to the signal
line Tj. With this, the gate of the driving TFT 11 is connected to the first capacitor 12 and the second capacitor 25.
[0308] Meanwhile, during the period, in the output terminal circuit Dj, the potential of the control wire Cc is set at
High such that the switching TFT 22 is ON, and the potential of the control wire Fc is set at High such that the switching
TFT 23 is ON. This electrically connects the gate terminal of the driving TFT 11 to the drain terminal thereof via the
switching TFTs 15, 22, 14. This also connects the second terminal of the second capacitor 25 to the predetermined
voltage line Va via the switching TFT 23. With this, a current constantly flows from the power source wire Vs to the
current output terminal |j via the driving TFT 11, the switching TFT 14, and the source wire S;.

[0309] At the time 4t1 after this, the potential of the control wire Cc is set at Low such that the switching TFT 22
becomes OFF. This causes the first capacitor 12 and the second capacitor 25 to retain the potential that the source
wire Sj has on this occasion.

[0310] The first capacitor 12 and the second capacitor 25 thus retaining the potential on this occasion causes the
driving TFT 11 to have a gate potential allowing constant current supply as above (as the aforesaid current supply,
during the first period, from the source terminal of the driving TFT 11 to the drain terminal thereof) while the second
terminal of the second capacitor 25 has a potential Va; irrespective of the threshold voltage and the mobility of the
driving TFT 11.

[0311] Next, during a second period (time 5t1 to time 7t1), the potential of the control wire Be is set at High such that
the switching TFT 24 is ON. This connects the second terminal of the second capacitor 25 to the drain terminal of the
driving TFT 11 via the switching TFTs 24 and 14. With this, a desired current flows from the power source wire Vs to
the current output terminal |j via the driving TFT 11, the switching TFT 14, and the source wire S;j.

[0312] However, in the present driving method shown in Fig. 42, the control wire Fc is High during a period of time
from t1 to 6t1. That is, the switching TFT 23 is still ON even after the start of the second period. This allows a voltage
to be supplied from the predetermined voltage line Va to the second terminal of the second capacitor 25 during a first
part, continuing from 5t1 to 6t1, of the second period continuing from time 5t1 to time 7t1, unlike the driving method
shown in Fig. 9. The current causes the source wire Sj to have the potential Va. (The driving TFT 11 is so set as to
allow a current to constantly flow therethrough, so that the current thus constantly supplied flows between the power
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source wire Vs and the predetermined voltage line Va.)

[0313] As such, in the driving method shown in Fig. 42, the potential of the source wire Sj is set at Va in advance,
and then the control wire Fc is set at Low such that the switching TFT 23 becomes OFF. During the rest of the second
period, i.e., during the period of time from 6t1 to 7t1, the potential of the source wire Sj is changed in conformity with
the threshold voltage and the mobility property of the driving TFT 11. With this, on condition that the source-drain
potential of the driving TFT 11 is substantially constant, the gate-source potential of the driving TFT can be determined.
[0314] At the time 711 after this, the potential of the control wire Gi is set at Low such that the switching TFT 15
becomes OFF. This causes the first capacitor 12 to retain the source-gate potential that the driving TFT 11 has during
the second period.

[0315] Attime 8t1 after this, the potential of the control wire Bec is set at Low such that the switching TFT 24 becomes
OFF. This disconnects the electric connection between the second capacitor 25 and the source wire Sj. Moreover, the
potential of the control wire Wi is set at Low such that the switching TFT 14 becomes OFF, and that the switching TFT
13 becomes ON. This causes a current to flow from the driving TFT 11 to the organic EL element 16.

[0316] As such, in the driving method of Fig. 42, a voltage is supplied from the predetermined voltage line Va to the
second terminal of the second capacitor 25 even during the first part, continuing from time 5t1 to 6t1, of the second
period continuing from 5t1 to 7t1, unlike the driving method of Fig. 9. This allows the source-drain potential Vsd of the
driving TFT 11 to be substantially constant from the beginning of the second period, and accordingly allows the current
Ip, flowing between the source terminal and the drain terminal of the driving TFT 11, to be substantially constant from
the beginning of the second period, as shown in a simulation result of Fig. 43.

[0317] Thereafter, the source-gate potential Vsg of the driving TFT 11 is changed so as to compensate the threshold
voltage and the mobility property of the driving TFT 11 (the source-drain potential Vsd of the driving TFT 11 is also
changed in response to the change of the source-gate potential Vsg). The potential thus changed is retained by the
first capacitor 12, by setting the gate wire Gi at Low. This allows a current to be uniformly supplied to the organic EL
element 16 during the non-selection period, irrespective of the threshold voltage variation and the mobility variation of
the driving TFT 11.

[0318] Inthe simulation shown in Fig. 43, the second period corresponds to a period of time from 0.618 to 0.634, i.
e., continues for 16 us. Therefore, for 8 us corresponding to the first part of the second period, the predetermined
potential wire Va and the second terminal of the second capacitor 25 are short-circuited. In consideration of this, the
driving method shown in Fig. 42 can shorten the second period as compared with the driving method shown in Fig. 9.
[0319] Further, in the driving method of the present invention, the first period is not required to continue until the
gate-source potential Vsd of the driving TFT 11 becomes stable.

[0320] The reason for this is as follows. That is, expected variation upon the completion of the first period is sub-
stantially no different from the variation in the conventional pixel circuit structure shown in Fig. 22. Moreovet, expected
variation while the source wire Sj has the potential Va after the start of the second period is also substantially no different
from the variation in the conventional pixel circuit structure shown in Fig. 22. However, during the rest of the second
period, i.e., while changing the potential of the source wire Sj from Va, the variation is reduced as compared with the
variation of the conventional pixel circuit structure shown in Fig. 22.

[0321] As such, even though the gate-source potential Vsd of the driving TFT 11 is varied to some extent upon the
completion of the first period, the variation is compensated during the second period. This allows a current to be uni-
formly supplied to the organic EL element 16 during the non-selection period irrespective of the threshold voltage
variation and the mobility variation of the driving TFT 11.

[0322] As such, the preferable driving example of the driving method of the present invention makes it possible to
shorten the length of the second period, with the result that the required selection period is shorter. On this account,
a larger number of the gate wires Gi can be driven, and a larger number of the pixels can be accordingly used for a
display. As such, the preferable driving example is apparently beneficial.

[Embodiment 9]

[0323] There is another means for solving the aforesaid problem that the circuit structure shown in Fig. 8 causes the
selection period to be longer. Specifically, it is effective that the second capacitor is provided close to a pixel circuit
provided together with a source driver circuit. Note that the first characteristic structure according to the present inven-
tion is applied to each of the pixel circuit and the source driver circuit.

[0324] A specific example of such a circuit structure is a circuit structure (see Fig. 44) made up of a pixel circuit, a
source driver output terminal circuit Dj, and another circuit Bij. In Fig. 44, capacitors and TFTs carrying out the equivalent
operations asthose shown in Fig. 8 are given the same reference symbols, and explanation thereof will be omitted here.
[0325] In the circuit structure shown in Fig. 44, the aforesaid another circuit Bij, made up of a second capacitor 27
and a switching TFT 286, is provided for every two pixel circuits Aij and A(i+1)j. Further, in each of the pixel circuit Aij
and A(i+1)j, a switching TFT 25 is provided between a gate terminal of a driving TFT 11 and a first terminal of the
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second capacitor 27.

[0326] This shortens a length of a wire connecting the gate terminal of the driving TFT 11 to the second capacitor
27. Accordingly, a stray capacitance of the wire is restrained, so that even a second capacitor 27 having a small
capacitance works sufficiently. Specifically, the second capacitor 25 shown in Fig. 41 has a capacitance of approxi-
mately 2 pF, whereas the second capacitor 27 shown in Fig. 44 has a capacitance of approximately 1 pF as is the case
with the first capacitor 12.

[0327] The following explains an operation of the pixel circuit shown in Fig. 44, with reference to Fig. 45. Fig. 45
illustrates respective operation timings of control wires Gi, Wi, Pi, Gi+1, Wi+1, Fc, Bc, and a source wire Sj.

[0328] That is, the selection period of the pixel circuit Aij corresponds to a period of time from t1 to 8t1 in the timings
shown in Fig. 45. During the period, a potential of the control wire Wi is set at High (GH) such that a switching TFT 13
is OFF, and that a switching TFT 14 is ON.

[0329] During a first period (time t1 to 4t1), a potential of the control wire Gi is set at High such that the switching
TFT 25 is ON, and a potential of the control wire Fc is set at High such that the switching TFT 28 in the source driver
output terminal circuit Djis ON, and a potential of the control wire Pi is set at High such that the switching TFT 26 is ON.
[0330] This electrically connects the gate terminal of the driving TFT 11 to the drain terminal thereof via the switching
TFTs 25, 26, 14. This also connects the second terminal of the second capacitor 27 to a predetermined voltage line
Va via a signal line Tj and a switching TFT 28. With this, a current is constantly supplied from a power source wire Vs
to a current output terminal |j via the driving TFT 11, the switching TFT 14, and the source wire S;.

[0331] Thereafter (at the time 4t1), the potential of the control wire Pi is set at Low such that the switching TFT 26
becomes OFF. This causes the first capacitor 12 and the second capacitor 27 to retain the potential, determined during
the first period, of the source wire Sj.

[0332] During the second period (time 5t1 to time 7t1), the potential of the control wire Be is set at High such that a
switching TFT 29 in the source driver output terminal circuit Dj is ON. Moreover, the control wire Fc is maintained to
be High during the first part (time 5t1 to time 6t1) of the second period such that the source wire Sj has a predetermined
potential Va.

[0333] During the rest (time 6t1 to 7t1) of the second period, the potential of the gate wire Gi is set at Low such that
the switching TFT 27 is OFF, after the current Ip flowing between the source of the driving TFT 11 and the drain thereof
becomes stable. Then, the potential of the control wire Bc is set at Low such that the switching TFT 29 becomes OFF.
Then, the selection period of the pixel A(i + 1)j starts.

[0334] That is, the selection period of the pixel circuit A(i + 1) j corresponds to a period of time from 9t1 to 16t1 in
the timings shown in Fig. 44. During the period, a potential of the control wire Wi+1 is set at High (GH) such that a
switching TFT 13 is OFF, and that a switching TFT 14 is ON.

[0335] During afirst period (time 9t1 to 12t1), a potential of the control wire Gi+1 is set at High such that the switching
TFT 25 is ON, and the potential of the control wire Fc is set at High such that the switching TFT 28 is ON, and the
potential of the control wire Pi is set at High such that the switching TFT 26 is ON.

[0336] This electrically connects the gate terminal of the driving TFT 11 to the drain terminal thereof via the switching
TFTs 25, 26, and 14. This also connects the second terminal of the second capacitor 27 to the predetermined voltage
line Va via the signal line Tj and the switching TFT 28. On this occasion, a current constantly flows from the power
source wire Vs to the current output terminal |j via the driving TFT 11, the switching TFT 14, and the source wire Sj.
[0337] Thereafter (at the time 1211), the potential of the control wire Pi is set at Low such that the switching TFT 26
becomes OFF. This causes the first capacitor 12 and the second capacitor 27 to retain the potential, determined during
the first period, of the source wire Sj.

[0338] During a second pericd (time 13t1 to time 15t1), the potential of the control wire Be is set at High such that
the switching TFT 29 is ON. Moreover, the control wire Fc is maintained to be High during a first part (time 13t1 to time
1411) of the second period such that the source wire Sj has a predetermined potential Va.

[0339] During the rest (time 14t1 to 15t1) of the second period, the potential of the gate wire Gi is set at Low after
the current Ip stably flows between the source of the driving TFT 11 and the drain thereof. With this, the switching TFT
27 is OFF.

[0340] By providing the aforesaid another circuit Bij for every two pixels Aij and A(i + 1) in this way, the means of the
present invention can be attained.

[0341] Further, each shorter wire between the gate terminal of each driving TFT 11 and the second capacitor 27
restrains the stray capacitance of the wire, so that even a second capacitor 27 having a small capacitance allows the
effect of the means of the present invention. (The effect indicates that a current is constantly supplied from the driving
TFT 11 to the organic EL 16, irrespective of the threshold voltage variation and the mobility property variation of the
driving TFT 11.)

[0342] Moreover, as compared with the circuit structure shown in Fig. 1, the circuit structure allows reduction of the
respective number of the second capacitor 27 and the switching TFT 26, each of which is required for every two pixels
Aij and A(i + 1)j. With this, an open area ratio can be increased.
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[0343] Embodiments described above assume that each organic EL used therein is a polymer molecule organic EL.
While a manufacture of an organic EL element made of a low molecular organic EL requires vapor deposition, a man-
ufacture of an organic EL element made of a polymer molecule organic EL employs an ink jet process. In the latter
case, a hydrophilic hole is formed, for each driving TFT, in a hydrophobic bank. However, the hole is not necessarily
required to be formed per pixel, but may be shared by a plurality of RGB color pixels. Especially, it is preferable to form
a stripe-shaped hole having droplet recipients on both ends, because a size of each droplet recipient can be determined
irrespective of RGB pixel pitches.

INDUSTRIAL APPLICABILITY

[0344] The present invention is applicable to a display apparatus using a current driving element, such as an organic
EL (Electro Luminescence) display and an FED (Field Emission Display). The present invention allows restraint of
variation of a current flowing through the current driving element during the non-selection period, thereby improving
display quality.

Claims

1. Adisplay apparatus including a current driving light emitting element and a driving transistor, the display apparatus
comprising:

a first switching transistor, provided between (i) a current control terminal of the driving transistor and (ii) a
current output temminal of the driving transistor;

a first capacitor, connected to the current control terminal of the driving transistor; and

a second capacitor, having a first terminal and a second terminal, the first terminal being connected to the
current control terminal of the driving transistor, the second terminal being connected to (i) the current output
terminal of the driving transistor via a second switching transistor, and (ii) a predetermined voltage line via a
third switching transistor.

2. Adisplay apparatus including a current driving light emitting element and a driving transistor, the display apparatus
comprising:

a first switching transistor, provided between (i) a current control terminal of the driving transistor and (ii) a
current input terminal of the driving transistor;

a first capacitor, connected to the current control terminal of the driving transistor; and

a second capacitor, having a first terminal and a second terminal, the first terminal being connected to the
current control terminal of the driving transistor, the second terminal being connected to (i) the current input
terminal of the driving transistor via a second switching transistor, and (ii) a predetermined voltage line via a
third switching transistor.

3. The display apparatus as set forth in claim 1 or 2, wherein:

the first capacitor, the second capacitor, the first switching transistor, the second switching transistor, and the
third switching transistor are provided in each pixel circuit or each source driver circuit.

4. The display apparatus as set forth in claim 3, wherein:
each of the source driver circuits includes the first capacitor, the second capacitor, the first switching transistor,
the second switching transistor, and the third switching transistor; and
each of the pixel circuits includes a transistor for controlling a current that is to be supplied to the current driving
light emitting element.

5. The display apparatus as set forth in claim 1 or 2, wherein:
one or more of the first capacitor, the second capacitor, the first switching transistor, the second switching

transistor, and the third switching transistor are provided in a pixel circuit, and the others are provided in a
portion outside the pixel circuit, which portion includes a source driver circuit.
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The display apparatus as set forth in claim 5,
wherein:

the current driving light emitting element, the driving transistor, and the first capacitor are provided in the pixel
circuit; and

the second capacitor, the first switching transistor, the second switching transistor, and the third switching
transistor are provided in the portion outside the pixel circuit, which portion includes the source driver circuit,
the display apparatus, further comprising:

a connecting wire for connecting the current control terminal of the driving transistor to the first terminal
of the second capacitor.

The display apparatus as set forth in claim 6, wherein:

the current driving light emitting element, the driving transistor, and the first capacitor are provided in the pixel
circuit;

the second capacitor, the first switching transistor are provided outside the pixel circuit; and

the second switching transistor and the third switching transistor are provided in the source driver,

the display apparatus, further comprising:

a connecting wire for connecting the second terminal of the second capacitor to the second switching
transistor and the third switching transistor.

The display apparatus as set forth in claim 5,
wherein:

the current driving light emitting element, the driving transistor, the first switching transistor, the first capacitor,
and the second capacitor are provided in the pixel circuit;

the second switching transistor and the third switching transistor are provided in the portion outside the pixel
circuit, which portion includes the source driver circuit,

the display apparatus, further comprising:

a connecting wire for connecting the second terminal of the second capacitor to (i) the current output
terminal of the driving transistor, or (ii) the current input terminal of the driving transistor.

The display apparatus as set forth in claim 6 or 8, further comprising:
an OFF potential line for supplying an OFF potential;
wherein:

the connecting wire is connected to the OFF potential line via a fourth switching transistor.

10. A method for driving a display apparatus including a current driving light emitting element and a driving transistor,

the method comprising the steps of:

electrically connecting a current control terminal of the driving transistor to a first terminal of a first capacitor;
electrically connecting, during a current writing period of the driving transistor, the first terminal of the first
capacitor to a first terminal of a second capacitor;

during a first period, (i) electrically connecting a second terminal of the second capacitor to a predetermined
voltage line, and (ii) electrically connecting the current control terminal of the driving transistor to a current
output terminal of the driving transistor, and (iii) causing the first capacitor and the second capacitor to retain
a current control terminal potential that the driving transistor has on this occasion;

during a second period, (i) correcting the current control terminal potential by disconnecting the current control
terminal of the driving transistor from the current output terminal of the driving transistor, and by changing
electric connection of the second terminal of the second capacitor from the predetermined voltage line to the
current output terminal of the driving transistor, and (ii) causing, during the second period, the first capacitor
to retain the current control terminal potential that the driving transistor has on this occasion; and
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controlling, during a current readout period of the driving transistor, an output current of the driving transistor
with the use of the current control terminal potential, retained by the first capacitor, of the driving transistor.

11. A method for driving a display apparatus including a current driving light emitting element and a driving transistor,
the method comprising the steps of:

electrically connecting a current control terminal of the driving transistor to a first terminal of a first capacitor;
electrically connecting, during a current writing period of the driving transistor, the first terminal of the first
capacitor to a first terminal of a second capacitor;

during a first period, (i) electrically connecting a second terminal of the second capacitor to a predetermined
voltage line, and (ii) electrically connecting the current control terminal of the driving transistor to a current
input terminal of the driving transistor, and (iii) causing the first capacitor and the second capacitor to retain a
current control terminal potential that the driving transistor has on this occasion;

during a second period, (i) correcting the current control terminal potential by disconnecting the current control
terminal of the driving transistor from the currentinput terminal of the driving transistor, and by changing electric
connection of the second terminal of the second capacitor from the predetermined voltage line to the current
input terminal of the driving transistor, and (ii) causing the first capacitor to retain the current control terminal
potential that the driving transistor has on this occasion; and

controlling, during a current readout period of the driving transistor, an input current of the driving transistor
with the use of the current control terminal potential, retained by the first capacitor, of the driving transistor.

12. The driving method as set forth in claim 10 or 11, wherein:

during the second period, the electric connecting of the second terminal of the second capacitor to the current
output terminal of the driving transistor is carried out before disconnecting the predetermined voltage line from
the second terminal of the second capacitor.
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