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CURRENT LOAD DEVICE AND METHOD FOR
DRIVING THE SAME

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a current load
driving circuit for driving a current load element and a
method for driving the same. In particular, it relates to a
current load device comprising current load elements and
current load driving circuits arranged in a matrix, and a
method for driving the same.

[0003] 2. Description of the Prior Art

[0004] In recent years, a device having cells arranged in a
matrix, each of the cells comprising a current load element
that operates depending on a current passing therethrough
and a current load driving circuit for driving the current load,
has been developed.

[0005] For example, in many light emitting display
devices with an organic EL (electroluminescence) device
serving as the current load element, pixels each comprising
the organic EL device and a drive circuit therefor are
arranged in a matrix and driven according to the active
matrix method. FIG. 37 is a schematic plan view of a
display apparatus of such a light emitting display device. As
shown in this drawing, on a display apparatus 1, there are
formed a plurality of control lines CL extending in a row
direction (the control lines are assigned consecutive num-
bers #1, #2, . . ., #K-1), #K, #(K+1), . . . ) and a plurality
of signal lines SL extending in a column direction (the signal
lines are assigned consecutive numbers #1, #2, #(M-1), #M,
#(M+1), . .. ). A pixel 2 is formed at an intersection of the
control line CL and the signal line SL. This display device
is driven as follows: the control lines CL are selected one by
one; in synchronization with selection of one control line
CL, the signal lines SL are supplied with brightness signals
for pixels connected to the selected control line CL; in this
state, the brightness signals are written to the pixels in the
selected row; and the pixels continues the illumination
according to the respective written signals until the control
line is selected again.

[0006] A typical configuration of the pixel of the light
emitting display device according to this method is shown in
FIG. 38 (referred to as a first conventional example, here-
inafter). As shown in FIG. 38, the signal line SL (#M), a
power supply line VCC, a ground line GND and the control
line CL (#K) pass through the pixel 2, and a light emitting
device LED has an anode connected to the power supply line
VCC and a cathode connected to the drain of a TFT (thin
film transistor) Q, and the source of the TFT Q is connected
to the ground line GND. A switch SW1 is connected
between the gate of the TFT Q and the signal line SL and
controlled by the control line CL. A capacitance element C
is connected between the gate of the TFT Q and the ground
line GND.

[0007] An operation of the pixel according to this first
conventional example is as follows. When the control line
CL is selected, the switch SW is turned on. At this time, a
voltage enough to supply a current according to a current-
brightness characteristic of the light emitting device LED is
applied to the gate of the TFT Q through the signal line SL
so as to cause the light emitting device LED to emit light
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with brightness at an intended gray-scale level. The gate
voltage is maintained (retained) by the capacitance element
C, even when the control line CL is deselected and the
switch SW1 is turned off. This operation enables the light
emitting device LED to maintain brightness at an expected
gray-scale level.

[0008] The first conventional example has a disadvantage.
That is, when there is un-unifomity in TFT’s current/voltage
characteristics, even if a same voltage is applied to gates, the
light emitting devices are supplied with various currents.
Consequently, the light emitting devices are not supplied
with a current enough to provide an expected brightness, and
thus, the quality of the display device is reduced. In par-
ticular, there is quite large deviation of current/voltage
characteristics of poly-silicon TFTs, which are often used in
display devices, so that the image quality thereof is signifi-
cantly reduced.

[0009] To solve the problem, there has been implemented
a method of supplying a current to a transistor in the pixel
circuit through the signal line, converting the current into a
voltage by the transistor and maintaining (retaining) the
voltage.

[0010] FIG. 39 is a circuit diagram showing an arrange-
ment of the pixel of the light emitting display device
according to the method of supplying a current signal
through the signal line, which is disclosed in Japanese Patent
Laid-Open No. 11-282419 (referred to as a second conven-
tional example, hereinafter). As shown in FIG. 39, a signal
line SL (#M), a power supply line VCC, a ground line GND
and a control line CL (#K) pass through a pixel 2. A light
emitting device LED has an anode connected to the power
supply line VCC and a cathode connected to the drain of a
TFT Q1, and the source of the TFT Q1 is connected to the
ground line GND. A switch SW1, which is controlled by the
control line CL, is connected between the signal line SL and
the drain of a TFT Q2, and the TFT Q2 has the gate and the
drain short-circuited and the source connected to the ground
line GND. A switch SW2, which is controlled by the control
line CL, is connected between the gate of the TFT Q1 and
the gate of the TFT Q2. In addition, a capacitance element
C is connected between the gate of the TFT Q1 and the
ground line GND.

[0011] An operation of the pixel according to this second
conventional example is as follows. When the control line
CL is selected, the switches SW1 and SW2 are turned on. At
this time, a current according to a current-brightness char-
acteristic of the light emitting device LED flows through the
signal line SL to cause the light emitting device LED to emit
light with a brightness at an intended gray-scale level. This
current flows between the drain and source of the TFT Q2.
However, since the gate and drain of the TFT Q2 are
short-circuited, the gate voltage thereof is set at a value for
passing the same current through the TFT Q2 in a saturation
region, and the voltage is retained by the capacitance ele-
ment C. The TFT Q1 and the TFT Q2 form a current mirror.
Thus, if current/voltage characteristics of TFT Q1 are equal
to those of the TFT Q2, a current, whose value is equal to
that of the current flowing through TFTQ2 and the signal
line SL, flows through the TFT Q1 and is supplied to the
light emitting device LED. Then, even if the control line CL.
is deselected, the gate voltage of the TFT Q1 is maintained
(retained) by the capacitance element C. Therefore, the TFT
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Q1 can supply the current to the light emitting device LED,
and the light emitting device LED can maintain brightness
at an expected gray-scale level.

[0012] FIG. 40 is a circuit diagram of one pixel of another
light emitting display device according to the method of
supplying a current required for light emission with an
intended brightness through the signal line, which is dis-
closed in “Digest of IEDM” (1998), pp. 875-878 by R. M.
A. Dawson et al. As shown in FIG. 40, a pixel 2 of this light
emitting display device comprises a signal line SL (#M), a
power supply line VCC, a ground line GND, a control line
CL1 (#K) and a control line CL2 (#K) passing therethrough,
four p-channel TFTs (p-TFT, hereinafter) Qpl to Qp4, a
light emitting device LED and a capacitance element C. The
p-TFT Qp4 has the gate connected to the control line CL.2,
the source connected to the power supply line VCC and the
drain connected to the source of the p-TFT Qpl. The drain
of the p-TFT Qpl, as well as the drain of the p-TFT Qp3
having the gate connected to the control line CL1, is
connected to an anode of the light emitting device LED. The
source of the p-TFT Qp3 is connected to the gate of the
p-TFT Qpl, and a cathode of the light emitting device LED
is connected to the ground line GND. The p-TFT Qp2 has
the gate connected to the control line CL1, the source
connected to the signal line SL and the drain connected to
the source of the p-TFT Qp1 and the drain of the p-TFT Qp4.
In addition, the capacitance element C is connected between
the gate and source of the p-TFT Qpl.

[0013] An operation of the pixel according to this third
conventional example is as follows. If the pixel 2 is selected,
the control line CL1 (#K1) enters into an “L” state, the
control line CL2 (#K) enters into an “H” state, the p-TFT
Qp2 and the p-TFT Qp3 are turned on, and the p-TFT Qp4
is turned off. Then, a current according to a current-bright-
ness characteristic of the light emitting device LED flows
through the signal line SL (#M) to cause the light emitting
device LED to emit light with a brightness at an intended
gray-scale level. This current is supplied to the light emitting
device LED through the TFT Qp2 and TFT Qpl. At this
time, the p-TFT Qpl has the drain and the gate short-
circuited via the drain and source of the p-TFT Qp3 and
operates in the saturation state, the gate voltage of the p-TFT
Qpl is set at a value to provide the current, and the voltage
is retained by the capacitance element C. When the selection
of the control line shifts from the lines #K to the next, the
control line CL1 (#K) enters into the “H” state, the control
line CL2 (#K) enters into the “L” state, and the supply of the
current from the signal line SL to the pixel is stopped.
However, the p-TFT Qp4 is turned on, and the current flows
through this transistor. In this case, the gate voltage of the
p-TFT Qpl, when the current from the signal line SL flows
through the p-TFT Qpl, is maintained (retained) by the
capacitance element C. Therefore, the p-TFT Qpl can
supply the current to the light emitting device LED, and the
light emitting device LED can maintain a brightness at an
expected gray-scale level.

[0014] According to the first conventional example
described above, the brightness depends on the voltage
signal. However, there is quite large deviation of current/
voltage characteristics of poly-silicon TFTs, and even if the
same voltage is applied to the gates of TFTs, the light
emitting devices are supplied with various currents, and
thus, the brightness thereof varies. Therefore, there is a
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disadvantage that it is difficult to cause the light emitting
device to emit light with an intended brightness, and the
quality of the display device is reduced.

[0015] According to the second conventional example, a
pair of transistors forming the current mirror are each
constituted by a TFT. However, unlike with a crystalline
silicon transistor, it is possible that the transistors of the pair
have current/voltage characteristics which are significantly
different from each other even when they are disposed close
to each other. Therefore, a difference in current/voltage
characteristics appears between the transistor for retaining
(converting) the current and the transistor for supplying the
current to the light emitting device, and thus, it becomes
difficult to reproduce an intended brightness with high
precision.

[0016] In the case of the third conventional example
described above, if the organic EL or the like is used as the
light emitting device, the light emitting device has a capaci-
tance of the order of several pF in parallel therewith, and the
capacitance constitutes a load on the driving TFT. Thus,
when a pixel is to be selected, it takes a long time for the
current value of the driving TFT to settle at a value for
supplying an expected current to the light emitting device
and for the voltages of the parts to settle in a state where the
expected current is supplied to the light emitting device.
Therefore, if the selection period is shortened to accommo-
date higher definition, the selection period will expire before
the gate voltage of the p-TFT Qpl settles at a value at which
the current flowing through the signal line equals to the
current the p-TFT Qpl supplies to the light emitting device,
and thus, the p-TFT Qp1 cannot supply an expected current
to the light emitting device. Then, the light emitting device
LED emits light with an unexpected brightness, and thus, the
image quality is reduced. That is, the third conventional
example has a disadvantage in that enhancing the definition
reduces the image quality.

BRIEF SUMMARY OF THE INVENTION

[0017] This invention is to solve such problems of the
prior art arising in driving a current load element, and in
particular, a light emitting device, such as an organic EL
device. A first object of this invention is to provide a current
load device which can supply current load elements with
high precision. A second object thereof is to provide a
current load device which can be increased in definition and
size without degradation in device characteristics by allow-
ing a voltage between a source and gate of a driving TFT to
quickly settle at a value for passing an expected current
through the driving TFT.

[0018] In order to attain the objects, according to this
invention, there is provided a current load device compris-
ing: a driving transistor having a source connected to a
power supply line or a ground line GND directly or via a
transistor; a first switch connected between a signal line and
a drain of the driving transistor; a second switch connected
between the drain of the driving transistor or the signal line
and a gate of the driving transistor; a capacitance element
having one terminal connected to an appropriate voltage line
and the other terminal connected to the gate of the driving
transistor; and a serially-connected assembly of a current
load element and a third switch, the serially-connected
assembly being connected between the ground line or any
power supply line and the drain of the driving transistor.
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[0019] Preferably, the third switch is turned on when the
first switch is turned off, and is turned off before the first
switch is turned on. More preferably, a fourth switch, which
operates oppositely to the third switch, is connected to the
current load element in parallel.

[0020] In addition, in order to attain the objects, according
to this invention, there is provided a method for driving a
current load device, the current load device being active-
matrix driven and comprising a plurality of cells each
comprising a current load element, a driving transistor for
supplying a driving current to the current load element and
a retention capacitance element for retaining a voltage to be
applied to the driving transistor, wherein a current is not
supplied to the current load element at least during a period
in which the retention capacitance element conducts the
retaining operation.

[0021] Preferably, the supply of the current to the current
load element is stopped before the retention capacitance
element starts the retaining operation. More preferably,
when the supply of the current to the current load element is
stopped, charges stored in the current load element are
forcedly removed.

[0022] [Operation]

[0023] According to the arrangement of this invention
described above, a switch is provided between the driving
transistor for retaining and supplying the current and the
current load element, and the switch is held in the of f state
during a period of operation of retaining the current; that
operation is to set a gate voltage of the driving TFT to flow
an appropriate current between the drain and the source of
the driving TFT via the signal line. Therefore, in retaining
the current, the effect of the capacitance of the current load
element can be eliminated and the current can be retained in
a short time.

[0024] Besides, in the case of an arrangement in which the
switch SW between the driving transistor for retaining and
supplying the current and the current load element is turned
off an arbitrary time after the start of the supply of the
current to the current load element, the performance of the
current load element becomes the time-average performance
controlled by the ratio of operating and un-operating period
of the current load element. In this case, to attain the same
performance as in the case of not stopping the operation, the
performance of the current load element needs to be
increased while it operates and the current supplied to the
current load element has to be increased, so that the current
supplied to the signal line is also increased. Therefore, a time
required for charging the capacitance of the signal line or
load can be reduced, and a time required for retaining the
current can be reduced.

[0025] In addition, if the current load element is a light
emitting device, such as an organic EL device, since the
display operation involves the state where the light emission
is stopped as described above, the display operation is
similar to that of CRTs (cathode ray tubes) and an afterimage
is hard to remain, and thus, moving images can be displayed
with higher quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a diagram showing a configuration of a
pixel according to the first embodiment of this invention;
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[0027] FIG. 2 is a timing chart of an (first) operation
example according to the first embodiment of this invention;

[0028] FIG. 3 is a timing chart of (second) another opera-
tion example according to the first embodiment of this
invention;

[0029] FIG. 4 is a timing chart of (third) another operation
example according to the first embodiment of this invention;

[0030] FIG. 5 is a diagram showing a configuration of a
pixel according to the second embodiment of this invention;

[0031] FIG. 6 is a timing chart of an operation example
according to the second embodiment of this invention;

[0032] FIG. 7 is a diagram showing a configuration of a
pixel according to the third embodiment of this invention;

[0033] FIG. 8 is a diagram showing a configuration of a
pixel according to the fourth embodiment of this invention;

[0034] FIG. 9 is a timing chart of an operation example
according to the fourth embodiment of this invention;

[0035] FIG. 10 is a diagram showing a configuration of a
pixel according to the first example of this invention;

[0036] FIG. 11 is a (first) diagram for illustrating an
operation according to the first example of this invention;

[0037] FIG. 12 is a (second) diagram for illustrating an
operation according to the first example of this invention;

[0038] FIG. 13 is a timing chart of an operation according
to the first example of this invention;

[0039] FIG. 14 is a diagram showing a configuration of a
pixel according to the second example of this invention;

[0040] FIG. 15 is a diagram showing a configuration of a
pixel according to a third example of this invention;

[0041] FIG. 16 is a timing chart of an operation according
to the third example of this invention;

[0042] FIG. 17 is a diagram showing a configuration of a
pixel according to the fourth example of this invention;

[0043] FIG. 18 is a timing chart of an operation according
to the fourth example of this invention;

[0044] FIG. 19 is a diagram showing a configuration of a
pixel according to the fifth example of this invention;

[0045] FIG. 20 is a timing chart of an operation according
to the fifth example of this invention;

[0046] FIG. 21 is a timing chart of an operation according
to a ninth example of this invention;

[0047] FIG. 22 is a diagram showing a configuration of a
pixel according to the tenth example of this invention;

[0048] FIG. 23 is a timing chart of an operation according
to the tenth example of this invention;

[0049] FIG. 24 is a diagram showing a configuration of a
pixel according to the eleventh example of this invention;

[0050] FIG. 25 is a timing chart of an operation according
to the eleventh example of this invention;

[0051] FIG. 26 is a diagram showing a configuration of a
pixel according to the twelfth example of this invention;
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[0052] FIG. 27 is a timing chart of an operation according
to the twelfth example of this invention;

[0053] FIG. 28 is a (first) diagram showing a configura-
tion of a pixel according to the thirteenth example of this
invention;

[0054] FIG. 29 is a timing chart of an operation according
to the thirteenth example of this invention;

[0055] FIG. 30 is a (second) diagram showing a configu-
ration of a pixel according to the thirteenth example of this
invention;

[0056] FIG. 31 is a (first) diagram showing a configura-
tion of a pixel according to the fourteenth example of this
invention;

[0057] FIG. 32 is a (second) diagram showing a configu-
ration of a pixel according to the fourteenth example of this
invention;

[0058] FIG. 33 is a (first) diagram showing a configura-
tion of a pixel according to the fifteenth example of this
invention;

[0059] FIG. 34 is a timing chart of an operation according
to the fifteenth example of this invention;

[0060] FIG. 35 is a (second) diagram showing a configu-
ration of a pixel according to the fifteenth example of this
invention;

[0061] FIG. 36 is a (third) diagram showing a configura-
tion of a pixel according to the fifteenth example of this
invention;

[0062] FIG. 37 is a schematic plan view of a display
apparatus of a light emitting display device;

[0063] FIG. 38 is a diagram showing a configuration of a
pixel according to a first conventional example;

[0064] FIG. 39 is a diagram showing a configuration of a
pixel according to a second conventional example; and

[0065] FIG. 40 is a diagram showing a configuration of a
pixel according to a third conventional example.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0066] Now, embodiments of the present invention will be
described in detail with reference to the drawings. In the
following, the description will be made with regard to a light
emitting device. However, it is illustrative only, and this
invention can be applied to any typical current load element.

[0067] [First Embodiment]

[0068] FIG. 1 s a circuit diagram showing a configuration
of one pixel according to a first embodiment of this inven-
tion. As shown in FIG. 1, a signal line SL extending in a
column direction, control lines CL.1 to CL3 extending in a
row direction and voltage supply lines PB1 to PB3 run
through a pixel 2, and a TFT Q, switches SW1 to SW3, a
capacitance element C and a light emitting device LED are
arranged in the pixel 2. A first terminal of the TFT Q, which
is one of the drain or source thercof, is connected to the
voltage supply line PB2, the switch SW3 is connected
between a second terminal of the TFT Q, which is the other
of the drain or source thereof, and the light emitting device
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LED, and the switch SW1 is connected between the second
terminal of the TFT Q and the signal line SL. A terminal of
the light emitting device LED on the other side of the switch
SW3 is connected to the voltage supply line PB1. The switch
SW2 is connected between the second terminal and gate of
the TFT Q, and the capacitance element C is connected
between the gate of the TFT Q and the voltage supply line
PB3. Here, the switches SW1, SW2 and SW3 are controlled
by the control lines CL1, CL2 and CL3, respectively.

[0069] FIG. 2 is a timing chart of a first example of an
operation according to the first embodiment shown in FIG.
1. According to this operation example, in a first operation
state (current retaining state or row selection period), the
switch SW1 is turned on by the control line CL1, the switch
SW2 is turned on by the control line CL2 and the switch
SW3 is turned off by the control line CL3. At this time, a
current for providing an intended gray-scale is supplied to
the signal line SL based on the current-brightness charac-
teristic of the light emitting device LED.

[0070] In the first operation state, the TFT Q operates in
the saturation region because the second terminal and gate
thereof are short-circuited by the switch SW2. Besides, since
the switch SW3 has been turned off, any current does not
flow through the light emitting device LED, and the light
emitting device LED does not operate (emit light). The
current supplied from the signal line SL flows into the TFT
Q, and depending on the current/voltage characteristics of
the TFT Q, the gate voltage of the TFT Q is set at a value
for passing the current across the drain and source thereof.
At this time, the current from the signal line SL is not
supplied to the capacitance of the light emitting device LED,
and therefore, the gate voltage of the TFT Q is quickly set
at the value for passing the current from the signal line SL
across the drain and source of the TFT Q.

[0071] The subsequent second operation state (current
supplying state) is a state where a row other than that
including the shown pixel in the display device is selected,
in which the switch SW1 is turned off by the control line
CL1, the switch SW2 is turned off by the control line CL.2
and the switch SW3 is turned on by the control line CL3.

[0072] In the second operation state, the gate voltage of
the TFT Q is held by the capacitance element C at the value
in the first operation state. Thus, the TFT Q can supply the
current supplied thereto from the signal line SL in the first
operation state to the light emitting device LED through the
switch SW3, and the light emitting device LED operates
(emits light) to provide a brightness at an intended gray-
scale level.

[0073] According to this embodiment, the TFT Q in the
pixel retains, depending on the current/voltage characteris-
tics thereof, the gate voltage value to flow a current through
the TFT Q from the signal line SL, and the TFT Q having
retained the gate voltage value supplies the current, whose
value is the same of the current from the signal line SL in the
retaining state, to the light emitting device LED. Therefore,
the current can be retained and supplied with high precision
regardless of the current/voltage characteristics of the TFT

Q.

[0074] For the operation shown in FIG. 2, since the
control lines CL1 and CL2 operate the same, they can be
integrated into one control line. Furthermore, in the case
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where the switches are constituted by TFTs with the types of
conductivity differing between the switches SW1, SW2 and
the switch SW3, the control lines CL1 to CL3 can be
integrated into one control line.

[0075] FIG. 3 is a timing chart of a second operation
example according to the first embodiment shown in FIG. 1.
A difference between this operation example and the first
operation example shown in FIG. 2 is that, in the first
operation state, the switch SW2 is turned off earlier than the
switch SW1. For such an operation, if the switch SW2 is an
element having a capacitance between the gate and the drain,
such as TFT, a TFT having the source and the drain
short-circuited can be connected between the switch SW2
and the gate of the TFT Q as a dummy switch.

[0076] In the operation example shown in FIG. 3, the
control lines CL1 and CL2 cannot be integrated. However,
since the switches SWI1 and SW3 are reverse-acting
switches, the switches SW1 and SW3 can be constituted by
the TFTs with different types of conductivity (polarity),
whereby the control lines CLL1 and CL3 can be integrated.

[0077] FIG. 4 is a timing chart of a third operation
example according to the first embodiment shown in FIG. 1.
According to this operation example, in the first operation
state (current retaining state or row selection period), the
shown pixel is selected, the switch SW1 is turned on by the
control line CL1, the switch SW2 is turned on by the control
line CL.2 and the switch SW3 is turned off by the control line
CL3. Thus, the same operation as the first operation example
shown in FIG. 2 is conducted.

[0078] The subsequent second operation state (current
supplying state) is a state where a row other than that
including the pixel shown in FIG. 1 is selected, in which the
switch SW1 is turned off by the control line CL1, the switch
SW2 is turned off by the control line CL.2 and the switch
SW3 is turned on by the control line CL3.

[0079] In this state, the gate voltage of the TFT Q is
identical to that retained by the capacitance element C in the
first operation state, and the TFT Q supplies the current
supplied thereto from the signal line SL in the first operation
state to the light emitting device LED through the switch
SW3 to cause the light emitting device LED to emit light
with a brightness at an intended gray-scale level.

[0080] In the subsequent third operation state (current stop
state), the row other than that including the shown pixel has
been selected, and the switch SW3 is turned off by the
control line CL3 before the row including the shown pixel
is selected again. Thus, the supply of the current to the light
emitting device LED is stopped, and the light emitting
device LED stops the operation thereof (light emission).

[0081] In the third operation example, among the first to
third operation states, the light emitting device LED emits
light in the second operation state, stops light emission for
a short while in the first operation state and does not emit
light in the third operation state. Therefore, it is possible to
cause the light emitting device LED to emit light only for a
fraction of one frame period. For example, if the light
emitting device is caused to emit light for one third of one
frame period, three times the current is to be supplied thereto
to provide the same time-average brightness as in the case of
light emission for the whole period. If the current value is
raised, a time required for charging a wiring capacitance
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such as signal line can be reduced, and the period of the first
operation state required for retaining the current can be
shortened. Therefore, this operation example is ready for the
increase in wiring capacitance due to higher definition and
larger screen. In addition, since the light emitting device
does not emit light in the third operation state in this
operation example, the display operation is similar to that of
CRTs and an afterimage is hard to remain, and thus, moving
images can be displayed with high quality.

[0082] In driving according to this operation example, the
switches SW1 and SW2 operate the same, and thus, the
control lines CL.1 and CL2 can be integrated.

[0083] The third and second operation examples can be
combined with each other. That is, the timing chart shown in
FIG. 4 can be modified so that the switch SW2 is turned of
f before the first operation state expires.

[0084] [Second Embodiment]

[0085] FIG. 5 is a circuit diagram showing a configuration
of one pixel according to a second embodiment of this
invention. As shown in FIG. 5, a signal line SL extending
in a column direction, control lines CL.1 to CL3 extending
in a row direction and voltage supply lines PB1 to PB3 run
through a pixel 2, and a TFT Q, switches SW1 to SW3, a
capacitance element C and a light emitting device LED are
arranged in the pixel 2. A first terminal of the TFT Q, which
is one of the drain or source thercof, is connected to the
voltage supply line PB2, the switch SW3 is connected
between a second terminal of the TFT Q, which is the other
of the drain or source thereof, and the light emitting device
LED, and the switch SW1 is connected between the second
terminal of the TFT Q and the signal line SL. A terminal of
the light emitting device LED on the other side of the switch
SW3 is connected to the voltage supply line PB1. The switch
SW2 is connected between the signal line SL and the gate of
the TFT Q, and the capacitance element C is connected
between the gate of the TFT Q and the voltage supply line
PB3. Here, the switches SW1, SW2 and SW3 are controlled
by the control lines CL1, CL2 and CL3, respectively.

[0086] FIG. 6 is a timing chart of a first operation example
according to this embodiment. According to this operation
example, a first operation state (current retaining state or row
selection period) includes a precharge (voltage application)
period and a current writing period. Providing the precharge
period and applying an appropriate voltage during the pre-
charging enable the first operation state to be shortened, in
particular, in the case where a low current is to be retained
in the pixel circuit.

[0087] According to the first operation example of this
embodiment, in the precharge period in the first operation
state, the shown pixel 2 is selected, the switches SW1 and
SW3 are turned off, and the switch SW2 is turned on to
apply a precharge voltage to the capacitance element C and
the gate of the TFT Q through the signal line SL. Then, in
the current writing period in the first operation state, as in the
first embodiment, the switches SW1 and SW2 are turned on
and the switch SW3 is turned off to apply to the capacitance
element C and the gate of the TFT Q a voltage for passing
the current supplied through the signal line SL across the
drain and source of the TFT Q, thereby retaining the current.

[0088] According to the operation example of the first
embodiment, the voltage is applied to the capacitance ele-
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ment C relying on the current, a low current value would be
affected by the load of the signal line SL or the like, so that
it would take a long time for the voltage applied to the gate
of the TFT Q and the capacitance element to be settled.
Thus, a long first operation state would be needed. To the
contrary, according to this operation example, the precharge
period in the first operation state, in which the voltage is
precharged in the gate of the TFT Q and the capacitance
element C, is short. When the precharged voltage is changed
to an appropriate voltage to be applied to the gate of the TFT
Q and the capacitance element C during the current writing
period, the current writing period can also be reduced. Thus,
the first operation state (total of the precharge period and the
current writing period) can be reduced.

[0089] A second operation state (current supplying state)
is a state where a pixel in a row other than the shown row
is selected, in which as in the first embodiment, the switches
SW1 and SW2 are turned off and the switch SW3 is turned
on to supply the retained current from the TFT Q to the light
emitting device LED.

[0090] The precharging operation in this operation
example can be realized by changing the signal applied to
the pixel 2 through the signal line SL without changing the
timings of the switching operations according to the first
embodiment. However, according to the first embodiment, if
a voltage is applied to the gate of the TFT Q and the
capacitance element C through the signal line SL in the
precharge period in the first operation state, the voltage may
be different from the voltage applied to the signal line SL
because a current path is established. To the contrary,
according to the second embodiment, since only the switch
SW 2 is in on state in the precharge period in the first
operation state, no current path is established during the
precharging. Thus, a precise voltage can be advantageously
precharged to the gate of the TFT Q and the capacitance
element C.

[0091] In this operation example, the timing for switching
the switch SW1 from the off state to the on state is modified.
Modifying the second and third operation examples of the
first embodiment in this way can provide the first embodi-
ment with the advantages of the first operation example of
the second embodiment in addition to its original advan-
tages. On the other hand, according to the second embodi-
ment, all the operation example of the first embodiment is
possible, and the advantages thereof are also provided.
Furthermore, as in the first embodiment, the configuration of
the pixel 2 can be simplified by appropriately selecting the
types of conductivity of the transistors and integrating the
control lines for the operations.

[0092] [Third Embodiment]

[0093] FIG. 7 is a circuit diagram showing a configuration
of one pixel according to a third embodiment of this inven-
tion. As shown in FIG. 7, a signal line SL extending in a
column direction, control lines CL.1 to CL3 extending in a
row direction and voltage supply lines PB1 to PB3 and PBS
run through a pixel 2, and a TFT Q1, a TFT Q2, switches
SW1 to SW3, a capacitance element C and a light emitting
device LED are arranged in the pixel 2. The TFT Q1 and the
TFT Q2 are connected in series, one of the drain and source
of the TFT Q2, which is not connected to the TFT Q1, is
connected to the voltage supply line PB2, the switch SW3 is
connected between the light emitting device LED and one of
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the drain and source of the TFT Q1, which is not connected
to the TFT Q2, and the switch SW1 is connected between the
signal line SL and the terminal of the TFT Q1, which is not
connected to the TFT Q2. A terminal of the light emitting
device LED on the other side of the switch SW3 is con-
nected to the voltage supply line PB1. The switch SW2 is
connected between the gate of the TFT Q1 and the terminal
thereof, which is not connected to the TFT Q2, the capaci-
tance element C is connected between the gate of the TFT
Q1 and the voltage supply line PB3, and the gate of the TFT
Q2 is connected to the voltage supply line PBS. Here, the
switches SW1, SW2 and SW3 are controlled by the control
lines CL1, CL2 and CL3, respectively.

[0094] According to the third embodiment, the TFT Q2,
which is biased by the voltage supply line PBS, is provided.
Therefore, the TFT Q1 and the TFT Q2 are cascode-
connected to each other and can be both made to operate in
the saturation region. Thus, the drain bias dependency of the
current/voltage characteristic of TFT Q1 in the saturation
region can be improved.

[0095] According to the third embodiment, the TFT Q2,
which is biased by the voltage supply line PBS, is provided.
Therefore, the TFT Q1 and the TFT Q2 are cascode-
connected to each other and can be both made to operate in
the saturation region. Thus, the drain bias dependency of the
TFT Q1 in the saturation region can be improved.

[0096] The operation of the pixel in the third embodiment
is the same as in the first embodiment except for the
operation of the TFT Q2, and the advantages of the operation
examples in the first embodiment can be provided. Further-
more, in this embodiment, changing the connection of the
switches can realize the same operation as in the second
embodiment, and the advantages of the operation example
thereof can be provided.

[0097] [Fourth Embodiment]

[0098] FIG. 8 is a circuit diagram showing a configuration
of one pixel according to a fourth embodiment of this
invention. As shown in FIG. 8, a signal line SL extending
in a column direction, control lines CL.1 to CL4 extending
in a row direction and voltage supply lines PB1 to PB4 run
through a pixel 2, and a TFT Q, switches SW1 to SW4, a
capacitance element C and a light emitting device LED are
arranged in the pixel 2. A first terminal of the TFT Q, which
is one of the drain or source thercof, is connected to the
voltage supply line PB2, the switch SW3 is connected
between a second terminal of the TFT Q, which is the other
of the drain or source thereof, and the light emitting device
LED, and the switch SW1 is connected between the second
terminal of the TFT Q and the signal line SL. A terminal of
the light emitting device LED on the other side of the switch
SW3 is connected to the voltage supply line PB1. The switch
SW4 has one terminal connected between the light emitting
device LED and the switch SW3 and the other terminal
connected to the voltage supply line PB4. The switch SW2
is connected between the second terminal and gate of the
TFT Q, and the capacitance element C is connected between
the gate of the TFT Q and the voltage supply line PB3. Here,
the switches SW1, SW2, SW3 and SW4 are controlled by
the control lines CL1, CL2, CL3 and CL4, respectively.

[0099] FIG. 9 is a timing chart of an operation example
according to the fourth embodiment of this invention shown
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in FIG. 8. According to this operation example, in a first
operation state (current retaining state or row selection
period), the shown pixel is selected, the switch SW1 is
turned on by the control line CL1, the switch SW2 is turned
on by the control line CL.2, and the switches SW3 and SW4
stay of f and on under the action of the control lines CL.3 and
CLA4, respectively. In this state, as in the case of the circuit
of the first embodiment, a voltage of the capacitance C and
the gate of the TFT Q is set at a value for passing the current
supplied through the signal line SL across the drain and
source of the TFT Q, and a voltage is applied to one terminal
of the light emitting device LED from the voltage supply
line PB4 through the switch SW4. The voltage applied to the
light emitting device LED from the voltage supply line PB4
should be at a level not causing the light emitting device
LED to emit light.

[0100] The subsequent second operation state (current
supplying state) is a state where a row other than that
including the pixel shown in FIG. 8 is selected, in which the
switch SW1 is turned off by the control line CL1, the switch
SW2 is turned off by the control line CL2, the switch SW3
is turned on by the control line CL.3, and the switch SW4 is
turned off by the control line CL4.

[0101] In this state, the gate voltage of the TFT Q is
identical to that retained by the capacitance element C in the
first operation state, and the TFT Q supplies the current
supplied thereto from the signal line SL in the first operation
state to the light emitting device LED to cause the light
emitting device LED to emit light with a brightness at an
intended gray-scale level.

[0102] In the subsequent third operation state (current stop
state), the row other than that including the shown pixel has
been selected, and the switch SW3 is turned off by the
control line CL3 and the switch SW4 is turned on by the
control line CL4 before the row including the shown pixel
is selected again. Thus, the supply of the current to the light
emitting device LED is stopped, and charges stored in the
light emitting device LED are rapidly removed, so that the
light emitting device LED stops the operation thereof (light
emission).

[0103] This operation example is essentially the same as
the third operation example according to the first embodi-
ment shown in FIG. 4. However, since the charges stored in
the light emitting device LED are forcedly removed by the
action of the switch SW4, the light emission by the light
emitting device can be stopped simultaneously with stop-
ping the supply of the current thereto, so that the light
emission period of the light emitting device can be con-
trolled with higher precision. Here, for example, the voltage
applied from the voltage supply line PB4 may be set at the
same value as the voltage applied from the voltage supply
line PB1. In such a case, one terminal of the switch SW4 can
be connected to the voltage supply line PB1, rather than to
the voltage supply line PB4. Then, the voltage supply line
PB4 is not necessary, so that the configuration of the pixel
2 can be simplified.

[0104] In the operation example shown in FIG. 9, while
the switches SW3 and SW4 are reverse-acting switches in
the operation example shown in FIG. 9, a modification can
be made to the switch SW4 so that it stays on only for a
certain period from the beginning of the third operation
state.
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[0105] Furthermore, in the fourth embodiment, an opera-
tion similar to the second and third operation examples in the
first embodiment are possible.

[0106] Not only the first embodiment, but also each the
second and third embodiment performs an operation as that
of the fourth embodiment by adding the fourth switch and
the fourth control line in the fourth embodiment thereto,
respectively. In such cases, the light emission time of the
light emitting device can be controlled more accurately
without loss of the advantages inherent in the embodiments
and there respective operations.

[0107] As described in detail with regard to the first
embodiment, for the operations in the first to fourth embodi-
ments, the configuration of the pixel 2 can be simplified by
appropriately selecting the types of conductivity of the
transistors and integrating the control lines. Furthermore, for
example, the configuration of the pixel can be simplified by
connecting a terminal of the capacitance element C on the
other side of the retaining node to the voltage supply line
PB1 or PB2, so that the voltage supply line PB3 can be
removed. Besides, the value of the voltage applied to the
voltage supply line PB3 in the first and second operation
state can be changed to change the current supplied to the
light emitting device. For example, if the voltage applied to
the voltage supply line PB3 in the second operation state is
shifted from the voltage value in the first operation state to
a level that causes the TFT Q to be turned off, the gate
voltage of the TFT Q is also shifted by the same amount on
a boot effect, and thus, the current can be prevented from
flowing. Thus, a black state can be readily inserted for
improving the moving images display.

EXAMPLES

[0108] Now, examples of the present invention will be
described in detail with reference to the drawings. In the
following, the description will be made with regard to a light
emitting device. However, it is illustrative only, and this
invention can be applied to any typical current load element.

First Example

[0109] FIG. 10 shows a configuration of one pixel accord-
ing to a first example of this invention. Here, all the pixels
in the following examples are the pixel located in the Kth
row and Mth column in the display apparatus shown in FIG.
37. A signal line SL (#M), a power supply line VCC, a
ground line GND, a voltage supply line VS1, a control line
CL1 (#K) and a control line CL3 (#K) run through a pixel
2 according to the first example of this invention, and a
p-TFT Qp, switches SW1 to SW3, a capacitance element C
and a light emitting device LED are arranged in the pixel 2.
The source of the p-TFT Qp is connected to the power
supply line VCC, and the drain thereof is connected to one
end each of the switches SW1 to SW3, respectively. The
other end of the switch SW1 is connected to the signal line
SL (#M), the other end of the switch SW2 is connected to the
gate of the p-TFT Qp, and the other end of the switch SW3
is connected to an anode of the light emitting device LED.
The switches SW1 and SW2 are controlled by a signal in the
control line CL1 (#K), and the switch SW3 is controlled by
a signal in the control line CL3 (#K). A cathode of the light
emitting device LED is connected to the ground line GND,
and one end of the capacitance element C is connected to the
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gate of the p-TFT Qp and the other end thereof is connected
to the voltage supply line VS1. The voltage of the voltage
supply line VS1 should be kept constant.

[0110] An operation according to this example will be
described below. FIG. 11 shows a first operation state in this
example, FIG. 12 shows a second operation state, and FIG.
13 is a timing chart of the operation.

[0111] The first operation state (current retaining state or
row selection period) in this operation example is a state
where the Kth row in the display device is selected, in which
the switches SW1 and SW2 are turned on by the control line
CL1 (#K), and the switch SW3 is turned off by the control
line CL3 (#K). Besides, a current for providing an intended
gray-scale is supplied to the signal line SL (#M) based on the
current-brightness characteristic of the light emitting device
LED. That is, as shown in FIG. 11, a current I flows from
the power supply line VCC to the signal line SL (#M)
through the p-TFT Qp.

[0112] In the first operation state, the p-TFT Qp operates
in the saturation region because the drain and the gate
thereof is short-circuited by the switch SW2. Besides, since
the switch SW3 has been turned off, any current does not
flow through the light emitting device LED, and the light
emitting device LED does not operate (emit light). The
current supplied from the signal line SL (#M) flows into the
p-TFT Qp, and depending on the current/voltage character-
istics of the p-TFT Qp, the gate voltage of the p-TFT Qp is
set at a value for passing the current across the drain and
source thereof. At this time, the capacitance of the light
emitting device LED is independent of the operation of
passing the current through the p-TFT Qp, and needs not to
be charged or discharged by the current from the signal line
SL (#M). Thus, the gate voltage of the p-TFT Qp is quickly
set.

[0113] The second operation state (current supplying
state) in this example is a state where a row other than the
Kth row in the display device is selected, in which the
switches SW1 and SW2 are turned off by the signal in the
control line CL1 (#K), and the switch SW3 is turned on by
the signal in the control line CL3 (#K).

[0114] In this operation state, the gate voltage of the
p-TFT Qp is held by the capacitance element C at the value
in the first operation state, and thus, it is the same as the
voltage between the gate and source of the p-TFT Qp in the
first operation state. Since the p-TFT Qp supplies the current
supplied thereto from the signal line SL (#M) in the first
operation state to the light emitting device LED through the
switch SW3, the light emitting device LED operates (emits
light) to provide a brightness at an intended gray-scale level.
That is, at this time, as shown in FIG. 12, the same current
I as in the case shown in FIG. 11 flows from the power
supply line VCC to the ground line GND through the p-TFT
Qp and the light emitting device LED. In this first operation
example, the same TFT serves both to retain the current and
to supply the current as described above. Therefore, the
current can be retained and supplied with high precision.

Second Example

[0115] FIG. 14 is a circuit diagram showing a configura-
tion of one pixel according to a second example of this
invention. The second example is the same as the first
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example except that the channel type of the TFT for sup-
plying the current is changed from the p-channel type to the
n-channel type. That is, an n-channel type TFT (n-TFT,
hereinafter) is used instead of the p-TFT in the first example.
A signal line SL (#M), a power supply line VCC, a ground
line GND, a voltage supply line VS1, a control line CL1
(#K) and a control line CL3 (#K) run through a pixel 2
according to the second example of this invention, and an
n-TFT Qn, switches SW1 to SW3, a capacitance element C
and a light emitting device LED are arranged in the pixel 2.
The source of the n-TFT Qn is connected to the ground line
GND, and the drain thereof is connected to one end each of
the switches SW1 to SW3, respectively. The other end of the
switch SW1 is connected to the signal line SL (#M), the
other end of the switch SW2 is connected to the gate of the
n-TFT Qn, and the other end of the switch SW3 is connected
to a cathode of the light emitting device LED. The switches
SW1 and SW2 are controlled by a signal in the control line
CL1 (#K), and the switch SW3 is controlled by a signal in
the control line CL3 (#K). An anode of the light emitting
device LED is connected to the power supply line VCC, and
one end of the capacitance element C is connected to the
gate of the n-TFT Qn and the other end thereof is connected
to the voltage supply line VS1. The voltage of the voltage
supply line VS1 is kept constant.

[0116] In this example, the control timing chart is the same
as that in the first example shown in FIG. 13, and the circuit
according to this example operates the same and has the
same advantage as in the first example.

Third Example

[0117] FIG. 15 is a circuit diagram showing a configura-
tion of a pixel according to a third example of this invention,
and FIG. 16 is a timing chart of an operation thereof.

[0118] Asignal line SL (#M), a power supply line VCC, a
ground line GND, a voltage supply line VS1 and a control
line CL1 (#K) run through a pixel 2 according to this
example, and a p-TFT Qp1, a p-TFT Qp2, an n-TFT Qnl, an
n-TFT Qn2, a capacitance element C and a light emitting
device LED are arranged in the pixel 2. In this example, the
n-TFT Qnl, the n-TFT Qn2 and the p-TFT Qp2 serve as the
switches SW1, SW2 and SW3 in the first example, respec-
tively (the p-TFT Qpl serves as the p-TFT Qp in the first
example). The operation according to the timing chart
shown in FIG. 16 is the same as in the first example.
According to the arrangement in this example, the control
lines can be united into one.

Fourth Example

[0119] FIG. 17 is a circuit diagram showing a configura-
tion of a pixel according to a fourth example of this
invention, and FIG. 18 is a timing chart of an operation
thereof.

[0120] A signal line SL (#M), a power supply line VCC,
a ground line GND, a voltage supply line VS1, a control line
CL1 (#K) and a control line CL2 (#K) run through a pixel
2 according to this example, and a p-TFT Qpl, a p-TFT Qp2,
an n-TFT Qnl, an n-TFT Qn2, a capacitance element C and
a light emitting device LED are arranged in the pixel 2. This
example is different from the third example in that the
control line CL2 (#K) is additionally provided and the gate
of the n-TFT Qn2 is controlled by the control line CL2 (#K).
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The operation according to the timing chart shown in FIG.
18 is essentially the same as in the third example (see FIG.
16). In this example, however, as shown in the timing chart
shown in FIG. 18, the n-TFT Qn2 is turned off earlier by the
control line CL2 (#K), and then, the p-TFT Qp2 is turned on
and the n-TFT Qnl is turned off by the control line CL1
(#K). According to such an operation, a noise caused by the
on/off operation of the p-TFT Qp2 and n-TFT Qnl can be
prevented from being transmitted to the gate of the p-TFT
Qpl. Thus, a more precise current can be supplied to the
light emitting device LED from the p-TFT Qpl.

Fifth Example

[0121] FIG. 19 is a circuit diagram showing a configura-
tion of a pixel according to a fifth example of this invention,
and FIG. 20 is a timing chart of an operation thereof.

[0122] A signal line SL (#M), a power supply line VCC,
a ground line GND, a power supply line VS1, a control line
CL1 (#K), a control line CL2 (#K) and a control line CL2B
(#K) run through a pixel 2 according to this example, and a
p-TFT Qpl, a p-TFT Qp2, an n-TFT Qnl, an n-TFT Qn2, an
n-TFT Qn3, a capacitance element C and a light emitting
device LED are arranged in the pixel 2. This example is
different from the fourth example (see FIG. 17) in that the
control line CL2B (#K) and the n-TFT Qn3 controlled by the
control line CL2B (#K) are additionally provided. The
n-TFT Qn3 has the source and the drain short-circuited and
an appropriate ratio (W/L) between a gate length (L) and
gate width (W) thereof with respect to the ratio of the n-TFT
Qn2, and is connected between the gate of the p-TFT Qpl
and the drain (or source) of then-TFT Qn2. Since the n-TFT
Qn2 has a capacitance (capacitance between the gate and the
drain (or source)), when the n-TFT Qn2 is shifted from the
on state to the off state, the charges stored therein are moved
and the gate potential of the p-TFT Qpl is disturbed. The
n-TFT Qn3 is intended to cancel the movement of the
charges for compensating for a voltage error at the gate of
the p-TFT Qpl. And, the n-TFT Qn3 has a capacitance
equivalent to that between the gate and the drain (or source)
of the n-TFT Qn2, and is controlled by the control line CL2B
(#K) that carries an inversion signal of the signal in the
control line CL2 (#K) for the n-TFT Qn2. In most cases, the
ratio between the gate length and gate width of the n-TFT
Qn3 is set at one half of that of the n-TFT Qn2. However,
the ratio may vary with a timing condition or the like.
According to this example including the n-TFT Qn3, a more
precise current can be supplied to the light emitting device
LED from the p-TFT Qpl.

Sixth Example

[0123] A sixth example is equivalent to the third example
(see FIG. 15) having the channel types of all the TFTs being
inverted. Therefore, the operation timing chart in this
example is equivalent to that in the third example shown in
FIG. 16 having the signals of the control lines CL1 (#K) and
CL1 (#(K+1)) being inverted.

Seventh Example

[0124] A seventh example is equivalent to the fourth
example (see FIG. 17) having the channel types of all the
TFTs being inverted. Therefore, the operation timing chart in
this example is equivalent to that in the fourth example
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shown in FIG. 18 having the signals of the control lines CL1
(#K), CL1 (#(K+1)), CL2 (#K) and CL2 (#(K+1)) being
inverted.

Eighth Example

[0125] An eighth example is equivalent to the fifth
example (see FIG. 19) having the channel types of all the
TFTs being inverted. Therefore, the operation timing chart in
this example is equivalent to that in the fifth example shown
in FIG. 20 having the signals of the control lines CL1 (#K),
CL1 (#(K+1)), CL2 (#K), CL2 (#(K+1)), CL2B (#K) and
CL2B (#(K+1)) being inverted.

Ninth Example

[0126] FIG. 21 is a timing chart of an operation according
to a ninth example of this invention. The configuration of the
pixel of the display device used in this example is the same
as that in the first example shown in FIG. 10.

[0127] The first operation state (current retaining state or
row selection period) in this example is a state where the Kth
row in the display device is selected, in which the switches
SW1 and SW2 are turned on by the control line CL1 (#K),
and the switch SW3 is turned off by the control line CL3
(#K). Besides, a current for providing an intended gray-scale
is supplied to the signal line SL (#M) based on the current-
brightness characteristic of the light emitting device LED.

[0128] The operation in the first operation state is the same
as that in the first example described with reference to FIGS.
10 to 13, and therefore, detailed description thereof is
omitted.

[0129] The second operation state (current supplying
state) in this example is a state where a row other than the
Kth row in the display device is selected, in which the
switches SW1 and SW2 are turned off by the control line
CL1 (#K), and the switch SW3 is turned on by the control
line CL3 (#K).

[0130] In the second operation state, the gate voltage of
the p-TFT Qp is held by the capacitance element C at the
value in the first operation state, and thus, the voltage across
the gate and source of the p-TFT Qp is the same as that in
the first operation state. Since the p-TFT Qp supplies the
current supplied thereto from the signal line SL (#M) in the
first operation state to the light emitting device LED through
the switch SW3, the light emitting device LED operates
(emits light) to provide a brightness at an intended gray-
scale level.

[0131] The third operation state (current stop state) in this
example corresponds to a part of the period of the second
operation state before entering into the first operation state,
in which the switch SW3 is turned off by the control line
CL2 (#K) while the switches SW1 and SW2 are held in the
off state by the control line CL1 (#K). During the period,
since the switch SW3 is in the off state, any current is not
supplied to the light emitting device LED, and the light
emitting device LED does not operate (emit light).

[0132] According to this example, in addition to the
advantages of the capability of quickly retaining a current
and supplying the retained current to the light emitting
device LED with high precision, which are attained by the
first to eighth examples, the following advantage can be
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expected. In this example, among the first to third operation
states, the light emitting device LED emits light in the
second operation state, stops light emission for a short while
in the first operation state and does not emit light in the third
operation state. Therefore, the time-average brightness of
the display device is T2/(T1+T2+T3) times the brightness in
the second operation state, where T1 denotes a period of the
first operation state, T2 denotes a period of the second
operation state and T3 denotes a period of the third operation
state. Assuming that one frame period, which is the product
of the selection time and the number of stages (rows) to be
controlled, is denoted by T, and T1=0.005T, T2=0.25T and
T3=0.745T, for example, the brightness of the display device
is 0.25 times the brightness in the second operation state.
Accordingly, the brightness of the light emitting device LED
in the second operation state is required to be about four
times higher than that in the second operation state of the
examples not having third operation state. If the current-
brightness characteristic of the light emitting device LED
exhibits a proportionality, the four times larger current is
needed. According to this example, due to the presence of
the third operation state, the current passing through the light
emitting device LED can be larger compared with the other
examples. Thus, a time required for charging a wiring
capacitance such as signal line can be reduced, and the
period of the first operation state required for retaining the
current can be shortened. Therefore, this example is ready
for the increase in wiring capacitance and the reduction of
the selection time due to higher definition and larger screen.
In addition, since the light emitting device LED does not
emit light in the third operation state in this example, the
display operation is similar to that of CRTs and an afterim-
age is hard to remain, and thus, moving images can be
displayed with high quality.

Tenth Example

[0133] FIG. 22 is a circuit diagram showing a configura-
tion of a pixel according to a tenth example of this invention.
A signal line SL (#M), a power supply line VCC, a ground
line GND, a voltage supply line VS1, a control line CL1
(#K) and a control line CL3 (#K) run through a pixel 2
according to this example, and a p-TFT Qpl, a p-TFT Qp2,
an n-TFT Qnl, an n-TFT Qn2, a capacitance element C and
a light emitting device LED are arranged in the pixel 2. The
pixel 2 in this example is equivalent to the pixel in the third
example (see FIG. 15) additionally having the control line
CL3 (#K), which controls the p-TFT Qp2. FIG. 23 is a
timing chart of an operation according to this example,
which is equivalent to that in the ninth example shown in
FIG. 21 having the signals of the control lines CL3 (#K) and
CL3 (#(K+1)) being inverted. The circuit in this example
operates the same as in the ninth example.

Eleventh Example

[0134] FIG. 24 is a circuit diagram showing a configura-
tion of a pixel according to an eleventh example of this
invention, and FIG. 25 is a timing chart of an operation
thereof. A signal line SL (#M), a power supply line VCC, a
ground line GND, a voltage supply line VS1, a control line
CL1 (#K), a control line CL2 (#K) and a control line CL3
(#K) run through a pixel 2 according to this example, and a
p-TFT Qpl, a p-TFT Qp2, an n-TFT Qnl, an n-TFT Qn2, a
capacitance element C and a light emitting device LED are
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arranged in the pixel 2. The pixel 2 in this example is
equivalent to the pixel in the tenth example (see FIG. 22)
additionally having the control line CL2 (#K), which con-
trols the n-TFT Qn2.

[0135] The operation according to the timing chart shown
in FIG. 25 is a combination of the operation according to the
tenth example shown in FIG. 23 and the operation according
to the fourth example shown in FIG. 17. That is, the n-TFT
Qn2 is turned off earlier by the control line CL2 (#K), and
then, the n-TFT Qnl is turned off by the control line CL1
(#K) and the p-TFT Qp2 is turned on by the control line CL3
(#K) to prevent a noise caused by the on/off operations of the
p-TFT Qp2 and n-TFT Qnl from being transmitted to the
gate terminal of the p-TFT Qpl. Then, the operation shifts
to the second operation state, and after that, the third
operation state is implemented (the p-TFT Qp2 is turned

off).
Twelfth Example

[0136] FIG. 26 is a circuit diagram showing a configura-
tion of a pixel according to a twelfth example of this
invention, and FIG. 27 is a timing chart of an operation
thereof. A signal line SL (#M), a power supply line VCC, a
ground line GND, a voltage supply line VS1, a control line
CL1 (#K), a control line CL2 (#K), a control line CL2B (#K)
and a control line CL3 (#K) run through a pixel 2 according
to this example, and a p-TFT Qpl, a p-TFT Qp2, an n-TFT
Qnl, an n-TFT Qn2, an n-TFT Qn3, a capacitance element
C and a light emitting device LED are arranged in the pixel
2. The pixel according to this example is equivalent to that
in the eleventh example (see FIG. 24) additionally having
the control line CL2B (#K) and the n-TFT Qn3 controlled by
the control line CL2B (#K), which is a combination of the
eleventh example and the fifth example (see FIG. 19).

[0137] The operation according to the timing chart shown
in FIG. 27 is a combination of the operation according to the
eleventh example shown in FIG. 25 and the operation
according to the fifth example shown in FIG. 20, which is
characterized in that the n-TFT Qn3 absorbs a noise caused
by switching of the n-TFT Qn2 controlled by the control line
CL2 (#K).

[0138] As in the case of the second example for the first
example, or the sixth to eighth examples for third to fifth
examples, for each of the ninth to twelfth example, alterna-
tive examples in which the polarities of the TFTs are
changed can be contemplated. In such cases, as in the case
of the sixth to eighth examples for third to fifth examples, if
the switch TFTs are used, the polarities of the TFTs are
changed and the signals of the control lines are inverted.

Thirteenth Example

[0139] FIG. 28 is a circuit diagram showing a configura-
tion of a pixel according to a thirteenth example of this
invention. A signal line SL (#M), a power supply line VCC,
a ground line GND, a voltage supply line VS1, control lines
CL1 (#K), CL2 (#K) and CL3 (#K) run through a pixel 2
according to this example, and a p-TFT Qp, switches SW1
to SW3, a capacitance element C and a light emitting device
LED are arranged in the pixel 2. The source of the p-TFT Qp
is connected to the power supply line VCC. The switch
SW3, which is controlled by the control line CL3 (#K), is
connected between the drain of the P-TFT Qp and an anode
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of the light emitting device LED, and the switch SW1, which
is controlled by the control line CL1 (#K), is connected
between the drain of the p-TFT Qp and the signal line SL.
A cathode of the light emitting device LED is connected to
the ground line GND. In addition, the switch SW2, which is
controlled by the control line CL2 (#K), is connected
between the signal line SL and the gate of the p-TFT Qp, and
the capacitance element C is connected between the gate of
the p-TFT Qp and the voltage supply line VS1.

[0140] An operation according to the thirteenth example
will be described below. FIG. 29 is a timing chart of an
operation according to this example.

[0141] The first operation state (current retaining state or
row selection period) in this example is a state where the Kth
row is selected, and includes two periods. In the first period
(precharge period), the switch SW1 is turned off by the
control line CL1 (#K), the switch SW2 is turned on by the
control line CL2 (#K) and the switch SW3 is turned off by
the control line CL3 (#K). During this period, an appropriate
voltage is applied to the gate of the p-TFT Qp through the
signal line SL (#M). In the second period (current writing
period), the switch SW1 is turned on by the control line CL1
(#K), and the switches SW2 and SW3 are not changed from
the respective states in the first period. During this period, a
current corresponding to a gray-scale level is supplied to the
p-TFT Qp through the signal line SL (#K), the gate voltage
of the p-TFT Qp is set at a value for passing the current
across the drain and source thereof, and the voltage is
maintained (retained) in the capacitance element C. The
current writing period is equivalent to the first operation
state in the first to twelfth examples.

[0142] The second operation state (current supplying
state) in this example is a state where a row other than the
Kth row in the display device is selected, in which the
switches SW1 and SW2 are turned off by the signal in the
control line CL1 (#K), and the switch SW3 is turned on by
the signal in the control line CL3 (#K). In this operation
state, as in the second operation state in the first to twelfth
examples, the p-TFT Q supplies the current retained during
the first operation state to the light emitting device LED.

[0143] This example is characterized in that the first
operation state includes the precharge period in which a
voltage is applied to the gate of the p-TFT Q. Applying an
appropriate precharge voltage to the gate of the p-TFT Q
during the precharge period can provide a shortened current
writing period only enough for correction. Thus, the period
of the first operation state (total of the precharge period and
the current writing period) can be shortened. While the first
operation state including the similar precharge period can be
implemented in the first to twelfth examples, a current path
exists during the precharge period. To the contrary, in this
example, since the switch SW1 stays off during the pre-
charge period, no current path exist, and the voltage can be
applied with high precision.

[0144] Here, the arrangement according to the thirteenth
example is implemented by modifying the connection of the
switch SW2 in the arrangement according to the first
example. Therefore, the first to twelfth examples can be
similarly modified by changing the position of the switch
SW2 as in the thirteenth example. FIG. 30 shows such a
modification of the third example (FIG. 15) implemented by
modifying the connection of the switch SW2 as in the
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example 13. These modified circuits can perform the same
operation as that of the first to twelfth examples and the
thirteenth example which has the precharge operation, with
the advantages of those examples.

Fourteenth Example

[0145] FIG. 31 is a circuit diagram showing a configura-
tion of a pixel according to a fourteenth example of this
invention. A signal line SL (#M), a power supply line VCC,
a ground line GND, voltage supply lines VS1,VS3, control
lines CL1 (#K) and CL3 (#K) run through a pixel 2
according to this example, and a p-TFT Qpl, a p-TFT Qp2,
switches SW1 to SW3, a capacitance element C and a light
emitting device LED are arranged in the pixel 2. The source
of the p-TFT Qpl is connected to the power supply line VCC
via the p-TFT Qp2. The switch SW3, which is controlled by
the control line CL3 (#K), is connected between the drain of
the P-TFT Qpl and an anode of the light emitting device
LED, and the switch SW1, which is controlled by the control
line CL1 (#K), is connected between the drain of the p-TFT
Qpl and the signal line SL (#M). A cathode of the light
emitting device LED is connected to the ground line GND.
In addition, the switch SW2, which is controlled by the
control line CL1 (#K), is connected between the gate and
drain of the p-TFT Qpl, the capacitance element C is
connected between the switch SW2 and the voltage supply
line VS1, and the gate of the p-TFT Qp2 is connected to the
voltage supply line VS3.

[0146] The operation in the fourteenth example is the
same as that in the first example. However, in this example,
the p-TFT Qp2, which is biased by the voltage supply line
VS3, is provided. Therefore, for example, the p-TFT Qpl
and the p-TFT Qp2 can be both made to operate in the
saturation region. Thus, the drain voltage dependency of the
current/voltage characteristic of p-TFT Qpl in the saturation
region can be improved.

[0147] Here, the arrangement according to the fourteenth
example is implemented by adding the p-TFT Qp2 to the
arrangement according to the first example. Therefore, the
first to twelfth examples can be similarly modified by adding
the p-TFT to the arrangements thereof as in the fourteenth
example. FIG. 32 shows such a modification of the tenth
example (FIG. 22) implemented by adding the p-TFT Qp3
thereto. Furthermore, the thirteenth example can be similarly
modified by adding another p-TFT to the arrangement
thereof as in the fourteenth example.

Fifteenth Example

[0148] FIG. 33 is a circuit diagram showing a configura-
tion of a pixel according to a fifteenth example of this
invention, and FIG. 34 is a timing chart of an operation in
this example. A signal line SL (#M), a power supply line
VCC, a ground line GND, a voltage supply line VSI1, a
voltage supply line VS2, a control line CL1 (#K), a control
line CL3 (#K) and a control line CL4 (#K) run through a
pixel 2 according to the fifteenth example of this invention,
and a p-TFT Qp, switches SW1 to SW4, a capacitance
element C and a light emitting device LED are arranged in
the pixel 2. The source of the p-TFT Qp is connected to the
power supply line VCC, the switch SW3, which is controlled
by the control line CL3 (#K), is connected between the drain
of the p-TFT Qp and an anode of the light emitting device
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LED, and the switch SW1, which is controlled by the control
line CL1, is connected between the drain of the p-TFT Qp
and the signal line SL (#M). A cathode of the light emitting
device LED is connected to the ground line GND. The
switch SW4, which is controlled by the control line CL4
(#K), is connected between the anode of the light emitting
device LED and the voltage supply line VS2. The switch
SW2, which is controlled by the control line CL1 (#K), is
connected between the drain and gate of the p-TFT Qp, and
the capacitance element C is connected between the gate of
the p-TFT Qp and the voltage supply line VS1.

[0149] In the first operation state (current retaining state or
row selection period) in this operation example shown in
FIG. 34, the Kth row in the display device is selected, the
switches SW1 and SW2 are turned on by the control line
CL1 (#K), the switch SW3 is turned off by the control line
CL3 (#K), and the switch SW4 is turned on by the control
line CL4 (#K) (however, operation is possible regardless of
whether the switch SW4 is in on or off state, in this operation
state). Besides, a current for providing an intended gray-
scale is supplied to the signal line SL (#M) based on the
current-brightness characteristic of the light emitting device
LED. In the first operation state, the voltage of the gate of
the p-TFT Qp is the voltage which is corresponding to the
current flowing across the drain and the source of the p-TFT
Qp. The current is provided through the signal line SL(#M).

[0150] The second operation state (current supplying
state) in this example is a state where a row other than the
Kth row in the display device is selected, in which the
switches SW1 and SW2 are turned off by the control line
CL1 (#K), the switch SW3 is turned on by the control line
CL3 (#K), and the switch SW4 is turned off by the control
line CL4 (#K). In the second operation state, the gate voltage
of the p-TFT Qp is held by the capacitance element C at the
value in the first operation state, and thus, the voltage across
the gate and source of the p-TFT Qp is the same as that in
the first operation state. Since the current supplied thereto
from the signal line SL (#M) in the first operation state is
supplied to the light emitting device LED through the switch
SW3, the light emitting device LED operates (emits light) to
provide a brightness at an intended gray-scale level.

[0151] The third operation state (current stop state) in this
example, in which a row other than the Kth row in the
display device is selected, corresponds to a period in which
the switch SW3 is turned off by the control line CL3 (#K)
and the switch SW4 is turned on by the control line CI.4
(#K) while the switches SW1 and SW2 are held in the off
state by the control line CL1 (#K). At the start of this
operation state, the switch SW3 is turned off and the switch
SW4 is turned on, whereby any current is not supplied to the
light emitting device LED, and the voltage VS3 is applied to
the anode of the light emitting device. When the voltage VS3
is lower than the emitting voltage of the light emitting device
LED, the light emitting device LED instantaneously stops
the operation (light emission) at the start of the operation
state.

[0152] As in the other examples, according to this
example, a current can be retained quickly and the retained
current can be supplied to the light emitting device LED
with high precision.

[0153] As in the ninth to twelfth examples, according to
this example, the current passing through the signal line SL
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into the light emitting device LED can be increased. Thus,
a time required for charging a wiring capacitance such as
signal line can be reduced, and the period of the first
operation state required for retaining the current can be
shortened. Therefore, this example is ready for the increase
of the wiring capacitance element C and the reduction of the
selection time due to higher definition and larger screen.

[0154] In addition, according to this example, the switch
SW4 is provided and can be turned on to apply the voltage
VS3 to the light emitting device LED at the start of the third
operation state, thereby instantaneously stopping the light
emission. In the ninth to twelfth examples, even if the
current path is interrupted by the switch SW3, a current is
supplied to the light emitting device due to the charges
stored in the capacitance of the light emitting device itself.
Thus, the light emitting device continues to operate (emit
light) until the voltage across the capacitance is sufficiently
reduced. This light emission causes an error in determining
the brightness of the display device based on the brightness
in the second operation state and the periods of the respec-
tive operation states. On the other hand, according to this
example, since the light emission can be stopped instanta-
neously by the switch SW4, the brightness of the display
device can be determined with high precision based on the
brightness in the second operation state and the periods of
the first, second and third operation states. Also, as in the
ninth to twelfth examples, since the light emission halts in
the third operation state, the display operation is similar to
that of CRTs, and thus, moving images can be displayed with
high quality.

[0155] Here, the arrangement according to the fifteenth
example is implemented by adding the switch SW4, the
control line CL4 (#K) and the voltage supply line VS2 to the
arrangement according to the first example (FIG. 10).
Therefore, the first to twelfth examples can be similarly
modified by adding the switch SW4, or TFT and its control
line to the arrangements thereof as in the fifteenth example.
FIG. 35 shows such a modification of the third example
(FIG. 15) implemented by adding the n-TFT Qn3 and
voltage supply line VS2 thereto. FIG. 36 shows such a
modification of the tenth example (FIG. 22) implemented
by adding the n-TFT Qn3 and the voltage supply line VS2
thereto. Furthermore, adding the switch SW4 (or TFT serv-
ing as a switch) to the arrangements according to the
thirteenth and fourteenth examples can provide modifica-
tions with the characteristics of this example in addition to
the characteristics of the thirteenth and fourteenth examples,
respectively.

[0156] In the fifteenth example, the voltage supply line
VS2 is only needed to feed a voltage for stopping the light
emission momentarily when entering the third operation
state. Therefore, for example, it may be integrated with the
ground line GND to simplify the configuration of the pixel
2 in this example.

Sixteenth Example

[0157] Inthe first to fifteenth examples, the voltage supply
line VS1, which is connected to one terminal of the capaci-
tance element having the other terminal thereof connected to
the gate of the TFT, is assumed to be kept at a constant
voltage. Therefore, the power supply line VCC or ground
line GND may serve also as the voltage supply line VS1, and
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in such a case, the configuration of the pixel can be simpli-
fied. The value of the current to be supplied to the light
emitting device can be changed by varying the voltage value
of the voltage supply line VS1 in the first operation state
from that in the other operation states.

[0158] For example, if the voltage of the voltage supply
line VS1 is shifted from the value in the first operation state
to a level that causes the TFT to be turned off, the TFT can
be turned off on the boot effect. If such an operation is
performed on the entire light emitting display device or on
each line, the entire light emitting display device or each line
can be brought into the black state (a state where the light
emitting devices are not activated).

[0159] The preferred embodiments and examples have
been described above. However, this invention is not limited
thereto and can be appropriately altered without departing
the spirit and scope thereof. For example, as described
above, elements other than the light emitting device includ-
ing an inorganic EL and an organic EL device such as a light
emitting diode may be used, and a general current load
element may be used. The third switch (SW3), which is
inserted in the current path of the light emitting device, may
be disposed on the side of the poser supply line (or ground
line), rather than on the side of the driving transistor for the
light emitting device. Furthermore, while the fourth switch
(SW4) is provided only in the case where the third switch is
turned off earlier in the examples, it may be provided in the
display device in which the third switch is turned off when
the first switch is turned on. Furthermore, the switch used in
this invention is not limited to the TFT switch. The switch
is essentially prescribed with regard to operation thereof.
While the examples involving the simplified configuration
have been described in the above-described examples, the
transistor serving as the switch may have any polarity as far
as it adequately operates.

[0160] A first advantage of this invention is that a precise
current can be supplied to the current load element. A first
reason therefor is that the signal is supplied to the signal line
via the current, and the same transistor serves both to retain
the current flowing through the signal line and to supply the
current to the current load element, thereby preventing the
performance of the current load element from being affected
by the characteristic variation between the transistors. A
second reason therefor is that the current from the signal line
can be retained accurately because the current is retained in
the state where any current is not supplied to the current load
element.

[0161] A second advantage is that a time required for
retaining the current is short, and a higher definition can be
supported. This is due to the fact that the switch between the
transistor for retaining the current and the current load
element stays off during a period of retaining the current,
and thus, the retaining of the current can be conducted
without being affected by the high load of the current load
element (capacitance and resistance in parallel).

[0162] Furthermore, according to the example in which
the switch SW2 is turned off earlier than the switch SW1, the
noise caused when the switch SW1 is changed in its state can
be prevented from being transmitted to the gate of the TFT
for driving the current load element. Thus, a high precision
current can be supplied to the current load element.

[0163] Furthermore, according to the example in which
the switch SW2 is interposed between the signal line and the
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gate of the transistor for supplying a current, highly precise
precharging operation can be performed, and the period for
retaining the current can be shortened.

[0164] Furthermore, according to the example in which
the transistor is interposed between the transistor for sup-
plying a current and the power supply line, the drain voltage
dependency of the drain current of the transistor for sup-
plying a current can be improved by appropriately biasing
the gate of the transistor. Thus, a high precision current can
be supplied to the current load element.

[0165] In the case where the current load element is the
light emitting device, according to the example in which an
operation state where any current does not flow through the
light emitting device is provided during a period in which
the pixel is deselected, the current to be retained can be
increased, so that the current can be retained in a shorter
time, and the operation becomes similar to that of CRTs, so
that an afterimage is hard to remain. Thus, moving images
can be displayed with higher quality.

What is claimed is:
1. A current load device, comprising:

a driving transistor having a source connected to a power
supply line or ground line;

a first switch connected between a signal line supplied
with a current or voltage and a drain of said driving
transistor;

a second switch connected between said signal line or the
drain of said driving transistor and a gate of said driving
transistor;

a capacitance element having one terminal connected to a
first voltage supply line and the other terminal con-
nected to the gate of said driving transistor; and

a serially-connected assembly of a current load element
and a third switch, the serially-connected assembly
being connected between the ground line or power
supply line and the drain of said driving transistor.

2. A current load device, comprising:

a first transistor having a source connected to a power
supply line or ground line and a gate connected to a
second voltage supply line;

a driving transistor serially connected to said first tran-
sistor;

a first switch connected between a signal line supplied
with a current or voltage and a drain of said driving
transistor;

a second switch connected between said signal line or the
drain of said driving transistor and a gate of said driving
transistor;

a capacitance element having one terminal connected to a
first voltage supply line and the other terminal con-
nected to the gate of said driving transistor; and

a serially-connected assembly of a current load element
and a third switch, the serially-connected assembly
being connected between the ground line or power
supply line and the drain of said driving transistor.

3. The current load device according to claim 1, wherein

in a first operation state, said first and second switches are
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turned on and said third switch is turned off to store a gate
voltage in accordance with current/voltage characteristics of
said driving transistor in said capacitance element so that the
current flowing through said signal line flows between the
drain and source of said driving transistor without passing a
current through said current load element, and then in a
second operation state, said first and second switches are
turned off and the third switch is turned on to let said driving
transistor supply the current whose value is the same that of
current having flowed through the signal line in said first
operation state to said current load element through said
third switch.

4. The current load device according to claim 1, wherein
in a first operation state, said first and second switches are
turned on and said third switch is turned off to apply the
voltage applied to said signal line to the gate of said driving
transistor and said capacitance element without passing a
current through said current load element, and then a gate
voltage in accordance with current/voltage characteristics of
said driving transistor is stored in said capacitance element
so that the current flowing through said signal line flows
between the drain and source of said driving transistor, and

in a second operation state, said first and second switches
are turned off and the third switch is turned on to let
said driving transistor supply the current whose value is
the same that of current having flowed through the
signal line in said first operation state to said current
load element through said third switch.

5. The current load device according to claim 1, wherein
in a first operation state, said second switch between said
signal line and said driving transistor is turned on and said
first and third switches are turned off to apply the voltage
applied to said signal line to the gate of said driving
transistor and said capacitance element without passing a
current through said current load element, and then, said first
and second switches are turned on and said third switch is
turned off to store a gate voltage in accordance with current/
voltage characteristics of said driving transistor in said
capacitance element so that the current flowing through said
signal line flows between the drain and source of said
driving transistor, and

in a second operation state, said first and second switches

are turned off and the third switch is turned on to let

said driving transistor supply the current whose value is

the same that of current having flowed through the

signal line in said first operation state to said current
load element through said third switch.

6. The current load device according to claim 3, wherein

said third switch is turned off before said first switch is

turned on, and is turned on after said first switch is turned
off.

7. The current load device according to claim 3, wherein
said second switch is turned off before said first switch is
turned off.

8. The current load device according to claim 1, wherein
said driving transistor is constituted by a thin film transistor
(TFT).

9. The current load device according to claim 1, wherein
the first, second and third switches are each constituted by
a TFT.

10. The current load device according to claim 1, wherein
said first and second switches are TFTs having a same
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polarity, and said third switch is a TFT having a polarity
opposite to that of said first and second switches.

11. The current load device according to claim 1, wherein
said first, second and third switches are controlled by one
control line.

12. The current load device according to claim 1, wherein
said first and second switches are controlled by one control
line.

13. The current load device according to claim 1, wherein
said first and third switches are controlled by one control
line.

14. The current load device according to claim 1, wherein
a TFT which has the drain and source short-circuited and
operates oppositely to said second switch TFT is connected
between said second switch TFT and said driving transistor
TFT as a dummy switch.

15. The current load device according to claim 14,
wherein a ratio (W/L) between a length (L) and a width (W)
of the gate of said dummy switch TFT is a half the ratio
between the length and the width of the gate of said second
switch TFT.

16. The current load device according to claim 1, further
comprising a fourth switch having one terminal connected
between said third switch and said current load element and
another terminal connected to a third voltage supply line.

17. The current load device according to claim 16,
wherein a value of a voltage applied to said third voltage
supply line is lower than a voltage value for said current load
element to start to operate.

18. The current load device according to claim 17,
wherein said fourth switch is turned on when said third
switch is turned off, whereby charges stored in said current
load element are forcedly removed and the current flowing
through said current load element is quickly stopped.

19. The current load device according to claim 16,
wherein said fourth switch is constituted by a TFT.

20. The current load device according to claim 19,
wherein said third and fourth switches are TFTs having
opposite polarities, whereby said third and fourth switches
are controlled by one control line.

21. The current load device according to claim 1, wherein
said first voltage supply line is the power supply line or
ground line.

22. The current load device according to claim 1, wherein
the voltage applied through said first voltage supply line
differs between said first operation state and said second
operation state.

23. Amethod for driving a current load device, the current
load device being active-matrix driven and comprising a
plurality of cells each comprising a current load element, a
driving transistor for driving the current load element and a
retention capacitance element for retaining a voltage to be
applied to said driving transistor, wherein said current load
element has not been driven not only for the period in which
said retention capacitance element is setting an appropriate
voltage level to be retained therein, but also for a part of the
period in which said retention capacitance element does not
perform the setting operation.

24. The method for driving a current load device accord-
ing to claim 23, wherein the supply of the current to said
current load element is stopped before the operation for
setting the voltage level for said retention capacitance ele-
ment.
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25. The method for driving a current load device accord-
ing to claim 23, wherein when the supply of the current to
said current load element is stopped, charges stored in said
current load element is forcedly removed.

26. The method for driving a current load device accord-
ing to claim 23, wherein when setting the voltage level for
said retention capacitance element, said driving transistor
operates in a saturation region.

27. The method for driving a current load device accord-
ing to claim 23, wherein when setting the voltage level for
said retention capacitance element, the performance of pass-
ing the current through said driving transistor is set after the
performance of supplying the voltage to said retention
capacitance element and said driving transistor.

28. The method for driving a current load device accord-
ing to claim 23, wherein the operation for setting the voltage
level for said retention capacitance element includes a
period in which the current flowing through the signal line
is passed across a drain and source of said driving transistor.

Mar. 4, 2004

29. The method for driving a current load device accord-
ing to claim 23, wherein a performance of said current load
element is set based on two factors, a first factor being the
performance of said current load element in the case of being
driven by said driving transistor, and a second factor being
a ratio between a period in which said current load element
operates and a period in which said current load element
does not operate.

30. The current load device according to claim 1, wherein
said current load element is a light emitting device.

31. The current load device according to claim 1, wherein
said current load element is an organic EL device.

32. The method for driving a current load device accord-
ing to claim 23, wherein said current load element is a light
emitting device.

33. The method for driving a current load device accord-
ing to claim 23, wherein said current load element is an
organic EL device.
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