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7) ABSTRACT

When the scanning line turns high and the first transistor
turns on to write luminance data, a potential corresponding
to the luminance data in the organic light emitting diode is
set in both the gate electrode of the second transistor. At the
same time, the fourth transistor turns on, and the electric
charge in the anode of the organic light emitting diode is
pulled out to ground potential by way of the fourth transistor.
Also, at the same time, the third transistor turns off, so that
any shoot-through current from the power supply line Vdd
will be prevented. Thus the potential at the anode of the
organic light emitting diode becomes the same as the ground
potential. Thus, the luminance data already present in the
optical element is initialized.
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DISPLAY APPARATUS WITH FUNCTION FOR
INITIALIZING LUMINANCE DATA OF OPTICAL
ELEMENT

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a display apparatus
and more particularly to a technology for improving the
display quality of active-matrix type display apparatuses.

[0003]

[0004] The use of notebook personal computers and por-
table terminals is spreading rapidly. Displays mainly used
for such equipment are liquid crystal displays, but the
display considered promising as a next-generation flat dis-
play panel is the organic EL (Electro Luminescence) display.
And the active matrix drive system is central as a display
method for such displays. The display using this system is
called the active matrix display where a multiplicity of
pixels are vertically and horizontally disposed in a matrix,
and a switching element is provided for each pixel. Image
data are written into each pixel sequentially by the switching
element.

[0005] The research and development of organic EL dis-
plays is now in the pioneer days, when a variety of pixel
circuits are being proposed. One example of such circuits is
a pixel circuit disclosed in Japanese Patent Application
Laid-Open No. Heill-219146, which will be briefly
explained hereinbelow with reference to FIG. 9.

[0006] This circuit is comprised of a first and a second
transistor Tr1l and Tr12, which are two n-channel transis-
tors, an organic light emitting diode OLED, which is an
optical device, a storage capacitance SC11, a scanning line
SL, a power supply line Vdd and a data line DL which inputs
luminance data.

[0007] This circuit operates as follows. To write lumi-
nance data of the organic light emitting diode OLED, the
scanning line SL turns high and the first transistor Tr11 turns
on, and luminance data inputted to the data line DL is set in
both the gate electrode of the second transistor Tr12 and the
storage capacitance SCI1. At the timing of luminescence,
the scanning line SL becomes low, thereby turning the first
transistor Trl1 off and thus holding voltage at the gate of the
second transistor Tr12, so that luminescence takes place
according to the set luminance data.

[0008] When the luminance data set for an optical element
or a driving transistor is large, an attempt to set smaller
luminance data by rewriting the luminance data may often
end in an residual image phenomenon, where an electric
charge corresponding to the previous large luminance data
remains in the optical element without being drained com-
pletely and thus the desired luminance data cannot be set
accurately. When this happens, images become very hard to
see especially when quickly moving pictures are to be
displayed.

1. Field of the Invention

2. Description of the Related Art

SUMMARY OF THE INVENTION

[0009] The present invention has been made in view of the
foregoing circumstances and an object thereof is to provide
a new circuitry that can reduce the occurrence of the

Jun. 5, 2003

above-mentioned residual image phenomenon. Another
object thereof is to realize a saving of power consumption by
a display apparatus.

[0010] A preferred embodiment according to the present
invention relates to a display apparatus. This apparatus
includes a current bypass element in parallel with an optical
element, wherein voltage having occurred across the optical
element is initialized by controlling the current bypass
element in accordance with an operation to set luminance
data in the optical element. Moreover, the display apparatus
may further include a switch which shuts off a path that
supplies current to the optical element when the current
bypass element turns on.

[0011] Moreover, a data update instructing signal for set-
ting the luminance data and a signal for controlling said
current bypass element may be combined into a common
signal, and the luminance data may be set simultancously
with the initialization of voltage having occurred across the
optical element. Here, the data update instructing signal,
which is generally a scanning signal, is inputted to a
scanning line. Moreover, the data update instructing signal
for setting luminance data and the signal for controlling the
current bypass element may be provided separately from
each other, so that timing can be set for the initialization of
voltage having occurred across the optical element. In other
words, a wiring different from the scanning line is provided
to control a switch that supplies current to the current bypass
element and optical element. This enables initialization of
voltage having occurred across the optical element without
being restricted by the timing of scanning.

[0012] When an active matrix display apparatus is
assumed, each pixel is generally comprised of an optical
element, a drive circuit, a data line, a scanning line and a
power supply line. Moreover, a path connecting the power
supply line with the drive circuit, optical element and ground
potential in series is formed, and a current of desired value
is thereby allowed to flow to the optical element. Here, a
bypass including a switching element is provided between
an anode of the optical element and the ground potential.
Moreover, a switching element which shuts off power sup-
ply from the power supply line to the optical element is
provided between the drive circuit and the power supply line
or between the drive circuit and the optical element.

[0013] When the switching element provided in the bypass
is turned on, the anode of the optical element is short-
circuited to the ground potential, thus gaining the same
potential as the ground potential. Moreover, at the same
time, a shoot-through current flowing from the power supply
line to the ground potential is suppressed by turning off the
switching element provided between the power supply line
and the drive circuit.

[0014] Moreover, when voltage having occurred across
the optical element is initialized, a reverse voltage where a
voltage to be applied on the occasion of causing the optical
element to emit light is a positive voltage may be applied
across the optical element. In other words, the optical
element may be put to the state of a reverse bias being
applied at which time the optical element is caused to emit
light.

[0015] What may be assumed here as an optical element is
an organic light emitting diode, but is not limited thereto.
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Moreover, what may be assumed here as a current bypass
element or switching element is an MOS (Metal Oxide
Semiconductor) transistor or a TFT (Thin Film Transistor),
but is not limited thereto. Moreover, “luminance data”
means data concerning luminance or brightness information
to be set in a driving transistor, and is distinguished from the
intensity of light emitted by the optical element.

[0016] Another preferred embodiment according to the
present invention also relates to a display apparatus. This
apparatus comprises: an optical element which has a first
terminal through which current enters, and a second terminal
that allows the current to exit; and an initializing element
which actively discharges electric charge accumulated on a
side of the first terminal for a predetermined period when
current to flow to the optical element is changed. Here, the
initializing element is a switching element connected in
parallel with the optical element, and when the switching
element turns on, the electrical charge at the anode of the
optical element is pulled out through the switching element
to the ground potential.

[0017] Still another preferred embodiment according to
the present invention also relates to a display apparatus. This
apparatus comprises: an optical element which has a first
terminal through which current enters and a second terminal
that allows the current to exit; and an initializing element
which stores electric charge on a side of the first terminal for
a predetermined period when current to flow to the optical
element is changed. Moreover, the initializing element may
operate in a manner such that potential of the second
terminal is higher than that of the first terminal for a
predetermined period.

[0018] Still another preferred embodiment according to
the present invention also relates to a display apparatus. This
apparatus has a switching element in a path connecting an
optical element in series with a drive circuit therefor, and the
path is opened and closed by controlling the switching
element according to an operation that sets luminance data
in the drive circuit. A data update instructing signal for
setting the luminance data may be connected to the switch-
ing element, and the switching element may be turned off
during setting of the luminance data. Here, the data update
instructing signal is generally a signal which selects a pixel
that luminance data is to be written to.

[0019] Forexample, a switching element may be provided
in a path which connects a drive circuit, an optical element
and ground potential in series from a fixed potential which
is normally a source voltage. The switching element may be
positioned either between the optical element and the drive
circuit or between the fixed potential and the drive circuit.
The connection may be in the order of optical element, drive
circuit and ground potential from the source voltage,
wherein the switching element may be provided between the
source voltage and the optical element.

[0020] Still another preferred embodiment according to
the present invention also relates to a display apparatus. This
apparatus is such that each pixel includes an optical element,
a driving transistor and a power shutoff transistor, wherein
the optical element, the driving transistor and the power
shutoff transistor are connected in series with each other, a
starting point of the series system is connected to a fixed
potential which supplies current to the optical element, and
the power shutoff transistor is disposed on a fixed potential
side of the optical element.
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[0021] Still another preferred embodiment according to
the present invention also relates to a display apparatus. This
apparatus is such that each pixel includes an optical element,
a driving transistor and a power shutoff transistor, wherein
the driving transistor and the power shutoff transistor are
p-channel transistors, and wherein the optical element, the
driving transistor and the power shutoff transistor are con-
nected in series with each other, a starting point of the series
system is connected to a fixed potential which supplies
current to the optical element, and the power shutoff tran-
sistor is disposed on a fixed potential side of the optical
element.

[0022] Moreover, the drive transistor and the power shut-
off transistor may be a combination of n-channel transistor
and p-channel transistor. If the power shutoff transistor is of
the reversed polarity to a switching element which inputs
luminance data to a drive circuit, a control signal which
turns the power shutoff transistor on and off can be com-
monly used also as a signal for controlling the switching
element which inputs the luminance data to the drive circuit.

[0023] Still another preferred embodiment according to
the present invention also relates to a display apparatus. This
apparatus comprises: an optical element which has a first
terminal through which current enters, and a second terminal
that allows the current to exit; and an initializing element
which prompts a discharge of electric charge accumulated
on a side of the first terminal for a predetermined period
when current to flow to the optical element is changed. The
initializing element may be such that the optical element per
se operates to discharge the electric charge by shutting off a
path of current flowing to the first terminal. The potential
difference across the optical element resulting from this
discharge will be a voltage determined by the length of time
during which the path is shut off, a time constant of the
element and a potential difference immediately prior thereto.
Such a voltage value is permissible as long as it is at a level
that does not adversely affect the image display.

[0024] Still another preferred embodiment according to
the present invention also relates to a display apparatus. This
display apparatus is such that luminance data to be set for an
optical element is stored in the form of a control voltage and
there are provided a write period to be set again by changing
the luminance data and an initialization period for discharg-
ing electric charge generated across the optical element. A
signal for activating the write period and a signal for
activating the initialization period may be put to a common
use so as to cause to generate the both periods simulta-
neously. As these signals, a scanning signal which is input-
ted to a scanning line as a update signal of the luminance
data may be generally assumed. Moreover, the write period
and the initialization period may be simultaneously gener-
ated, and a path that supplies current to the optical element
is shut off during those periods. Moreover, a signal for
activating the write period and a signal for activating the
initialization period may be provided separately, and the
initializing period may be set arbitrarily.

[0025] When assumed is an active-matrix type display
apparatus, each pixel is generally comprised of an optical
element, a drive transistor, a data line, a scanning line and a
power supply line. Moreover, a path connecting the driving
circuit, optical element and ground potential in series from
the power supply line is formed, and a desired current flows
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to the optical element. Here, a switching element is provided
between the drive circuit and the power supply line or
between the drive circuit and the optical element, and the
switching element is turned off, during a write period to be
set again, by changing the luminance data, so that the
electric charge in the optical element is prompted to be
discharged and the optical element is initialized. Moreover,
the switching element, optical element and drive circuit may
be connected in series, in this order, from the power supply
line.

[0026] As another embodiment, a switching element is
provided between an anode of the optical element and
ground potential so as to form a bypass, in addition to
provision of a switching element between the drive circuit
and the power supply line. This switching element turns on
and thereby electric charge at the anode of the optical
element is pulled to ground potential. The optical element is
initialized by making potential at the anode of the optical
element equal to the ground potential.

[0027] Still another preferred embodiment according to
the present invention also relates to a display apparatus. This
apparatus is such that each pixel includes an optical element,
a driving transistor and a power shutoff transistor, wherein
the power shutoff transistor is turned off during a period in
which a data update instructing signal for writing luminance
data of the optical element to the driving transistor is being
activated, so that a path which supplies current to the optical
element is cut off, and wherein the power shutoff transistor
is turned on after a write period of the luminance data to the
driving transistor ends, so that the current supplying path
that has been cut off is connected. That the current supplying
path is cut off causes to discharge electric charge generated
across the optical element.

[0028] Still another preferred embodiment according to
the present invention also relates to a display apparatus. This
display apparatus comprises: an optical element; a drive
element which drives the optical element;, and a switch
element which controls setting timing that sets a drive
capacity of the drive element, wherein the switch element is
controlled by a scanning signal, and dummy luminance data
is set in the drive element by a scanning signal for an optical
element controlled temporally prior to the optical element.

[0029] A “selection signal” is used to control the on-off of
the switch element in a manner that the selection signal is
directly or secondarily processed, and the signal line thereof
is separately provided for each pixel line. This selection
signal will be referred to also as “scanning signal” herein-
after. The “dummy luminance data” is a value different from
luminance data which is to be set originally to the drive
element, and the “dummy luminance data” is set temporarily
before the proper luminance data is set. For example, a value
which sets the optical element to an off state may be set as
the dummy luminance data.

[0030] A path of the scanning signal for an optical element
controlled temporally prior thereto and a path of the lumi-
nance data to be set in the drive element may be coupled in
capacity. In such a case, when the scanning signal for the
optical element controlled temporally prior thereto is acti-
vated, a value of the luminance data which is in a floating
state between the switch element and the drive element is
changed, via said capacity, to a direction of becoming the
dummy luminance data.
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[0031] Tt is to be noted that any arbitrary combination or
rearrangement of the above-described structural components
and so forth are all effective as and encompassed by the
present embodiments.

[0032] Moreover, this summary of the invention does not
necessarily describe all necessary features so that the inven-
tion may also be sub-combination of these described fea-
tures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1 shows a circuit for a pixel of a display
apparatus according to a first embodiment of the present
invention.

[0034] FIG. 2 shows a circuit for a pixel of a display
apparatus according to a second embodiment of the present
invention.

[0035] FIG. 3 shows a circuit for a pixel of a display
apparatus according to a third embodiment of the present
invention.

[0036] FIG. 4 shows another circuit for a pixel of a
display apparatus according to the third embodiment of the
present invention.

[0037] FIG. 5 shows a generalized circuit over those in the
first and second embodiments.

[0038] FIG. 6 shows a generalized circuit over that in the
third embodiment.

[0039] FIG. 7 shows a generalized circuit over that shown
in FIG. 5.

[0040] FIG. 8 shows a generalized circuit over that shown
in FIG. 6.

[0041] FIG. 9 shows a circuit for a pixel according to the
conventional art.

[0042] FIG. 10 shows a circuit for a pixel of a display
apparatus according to a fourth embodiment of the present
invention.

[0043] FIG. 11 shows another circuit for a pixel of a
display apparatus according to the fourth embodiment.

[0044] FIG. 12 shows a multi-layer structure of an organic
light emitting diode.

[0045] FIG. 13 shows another multi-layer structure of the
organic light emitting diode.

[0046] FIG. 14 shows an example of a pixel circuit
suitable for the organic light emitting diode having such a
structure shown in FIG. 12.

[0047] FIG. 15 shows an example of the pixel circuit
suitable for the organic light emitting diode having such a
structure shown in FIG. 13.

[0048] FIG. 16 shows a circuit for a pixel of a display
apparatus according to a sixth embodiment of the present
invention.

[0049] FIG. 17 shows another circuit for a pixel of the
display apparatus according to the sixth embodiment of the
present invention.
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[0050] FIG. 18 shows a circuit for a pixel of a display
apparatus according to a seventh embodiment of the present
invention.

[0051] FIG. 19 shows another circuit for a pixel of the
display apparatus according to the seventh embodiment of
the present invention.

[0052] FIG. 20 shows a modified pixel circuit according
to the seventh embodiment.

[0053] FIG. 21 shows another modified pixel circuit
according to the seventh embodiment.

[0054] FIG. 22 shows still another modified pixel circuit
according to the seventh embodiment.

[0055] FIG. 23 shows a circuit structure for two pixels of
a display apparatus according to an eighth embodiment.

[0056] FIG. 24 is a timing chart showing relationships
between the state of scanning signals and the emission time
and non-luminescent time in a display apparatus according
to the eighth embodiment.

[0057] FIG. 25 shows a circuit structure for one pixel of
a display apparatus according to a ninth embodiment.

[0058] FIG. 26 shows a circuit structure for two pixels of
a display apparatus according to a tenth embodiment.

[0059] FIG. 27 shows a circuit structure for three pixels of
a display apparatus according to a thirteenth embodiment.

[0060] FIG. 28 shows a modified circuit structure over
that shown in FIG. 23

DETAILED DESCRIPTION OF THE
INVENTION

[0061] The invention will now be described based on
preferred embodiments which do not intend to limit the
scope of the present invention but exemplify the invention.
All of the features and the combinations thereof described in
the embodiment are not necessarily essential to the inven-
tion.

[0062] In the following embodiments, an active matrix
organic EL (Electro Luminescence) display is assumed as a
display apparatus. In these embodiments, novel circuitry that
reduces the above-mentioned residual image phenomenon
will be proposed. Accordingly, a bypass including a switch-
ing element is provided in parallel from the anode of an
optical element to ground potential, and electric charge in
the optical element is released to ground potential by turning
on and off a switching element at predetermined timing so
as to initialize luminance data in the optical element.

[0063]

[0064] FIG. 1 shows a circuit for a pixel of a display
apparatus according to a first embodiment of the present
invention. The pixel is comprised of an organic light emit-
ting diode OLED which is an optical element, a drive circuit
10, first and second storage capacitances SC1 and SC2, and
a fourth transistor Tr4 and a third transistor Tr3 which
function as switching elements. The drive circuit 10 is
further comprised of a first transistor Trl and a second
transistor Tr2.

[0065] The pixel is further comprised of a data line DL to
which luminance data is inputted, a power supply line Vdd

First Embodiment
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which supplies current to the organic light emitting diode
OLED, and a scanning line SL to which luminance data
updating signals are inputted. The data line DL, power
supply line Vdd and scanning line SL are shared by the other
pixels.

[0066] Moreover, whereas the first, second and fourth
transistors Trl, Tr2 and Tr4 are n-channel transistors, the
third transistor Tr3 is a p-channel transistor.

[0067] Gate electrodes of the first, fourth and third tran-
sistors Trl, Tr4 and Tr3 are each connected to the scanning
line DL. A drain electrode (or a source electrode) of the first
transistor Trl is connected to the data line DL, and the
source electrode (or the drain electrode) of the first transistor
Trl and a gate electrode of the second transistor Tr2 are
connected to one electrode of the second storage capacitance
SC2. A source electrode of the second transistor Tr2, an
anode of the organic light emitting diode OLED, and the
other electrode of the second storage capacitance SC2 are
connected to a drain electrode of the fourth transistor Tr4. A
cathode of the organic light emitting diode OLED and a
source electrode of the fourth transistor Tr4 are each con-
nected to ground potential. A drain electrode of the second
transistor Tr2 and one electrode of the first storage capaci-
tance SC1 are connected to a drain electrode of the third
transistor Tr3. The other electrode of the first storage capaci-
tance SC1 is connected to ground potential. A source elec-
trode of the third transistor Tr3 is connected to the power
supply line Vdd.

[0068] Thus, from the power supply line Vdd to the
ground potential, the third and second transistors Tr3 and
Tr2 and the organic light emitting diode OLED, in this order,
are connected in series to form a main path. Also formed
from the anode of the organic light emitting diode OLED is
a bypass including the fourth transistor Tr4.

[0069] The operation by this circuit will be explained
hereinbelow. When the scanning line SL turns high and the
first transistor Trl turns on to write luminance data, a
potential corresponding to the luminance data in the organic
light emitting diode OLED is set in both the gate electrode
of the second transistor Tr2 and the storage capacitance SC2.
At the same time, the fourth transistor Tr4 turns on, and the
electric charge in the anode of the organic light emitting
diode OLED is pulled out to ground potential by way of the
fourth transistor Tr4. Also, at the same time, the third
transistor Tr3 turns off, so that any shoot-through current
from the power supply line Vdd will be prevented. Thus the
potential at the anode of the organic light emitting diode
OLED becomes the same as the ground potential.

[0070] Then, at the timing of luminescence, the scanning
line SL turns low, which makes the first and fourth transis-
tors Tr1 and Tr4 turn off and the third transistor Tr3 turn on.
Thereby, a current corresponding to the luminance data set
in the second transistor Tr2 flows from the power supply line
Vdd to the organic light emitting diode OLED.

[0071] According to the first embodiment, at the writing of
luminance data, the luminance data already present in the
optical element is initialized, so that the residual image
phenomenon often seen at the rewriting of large luminance
data by smaller luminance data can be reduced. At the same
time, the supply of current from the power supply line to the
drive circuit is shut off, so that reduction of current con-
sumption is realized.
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[0072]

[0073] FIG. 2 shows a circuit for a pixel of a display
apparatus according to a second embodiment of the present
invention. The pixel is comprised of an organic light emit-
ting diode OLED which is an optical element, a drive circuit
10, first and second storage capacitances SC1 and SC2,
fourth and third transistors Tr4 and Tr3 which function as
switching elements, a data line DL, a power supply line Vdd,
and first and second scanning lines SL1 and SL.2. The drive
circuit 10 is further comprised of first, second, fifth and sixth
transistors Trl, Tr2, Tr5 and Tr6. The first and fourth
transistors Trl and Tr4 are n-channel transistors, whereas the
second, third, fifth and sixth transistors Tr2, Tr3, Tr5 and Tr6
are p-channel transistors.

[0074] Gate electrodes of the first, third and fourth tran-
sistors Trl, Tr3 and Tr4 are cach connected to the first
scanning line SL1, and a gate electrode of the sixth transistor
Tré is connected to the second scanning line SL.2. A drain
electrode (or a source electrode) of the first transistor Tr1 is
connected to the data line DL. The source electrode (or the
drain electrode) of the first transistor Trl and a drain
electrode (or a source electrode) of the fifth transistor Tr5 are
connected to a drain electrode of the sixth transistor Tr6.
Gate electrodes of the fifth and second transistors Tr5 and
Tr2 and the source electrode (or the drain electrode) of the
sixth transistor Tr6 are connected to one of the two elec-
trodes of the second storage capacitance SC2. Source elec-
trodes of the second and fifth transistors Tr2 and Tr5, a drain
electrode of the third transistor Tr3, and the other electrode
of the second storage capacitance SC2 are connected to one
of the two electrodes of the first storage capacitance SC1. A
source clectrode of the third transistor Tr3 is connected to
the power supply line Vdd, and the other electrode of the
first storage capacitance SC1 is connected to ground poten-
tial. Drain electrodes of the second and fourth transistors Tr2
and Tr4 are each connected to an anode of the organic light
emitting diode OLED. A cathode of the organic light emit-
ting diode OLED and a source electrode of the fourth
transistor Tr4 are connected to ground potential.

Second Embodiment

[0075] The operation by this circuit will be explained
hereinbelow. When the first scanning line SL1 turns high
and the second scanning line SL.2 turns low to write lumi-
nance data, the first, fourth and sixth transistors Tr1, Tr4 and
Tr6 turn on and the third transistor Tr3 turns off. The gate
electrode and the drain electrode of the fifth transistor TrS
are short-circuited, so that the fifth transistor Tr5 operates
within an unsaturated domain and the gate electrode of the
fifth transistor Tr3 and the gate electrode of the second
transistor Tr2 have the same potential. Thus, luminance data
is set in the second transistor Tr2. At this time, a path from
the power supply line Vdd is shut off as the third transistor
Tr3 turns off. And, since the fourth transistor Tr4 is on, the
electric charge in the anode of the organic light emitting
diode OLED is drained off to ground potential by way of the
fourth transistor Tr4 and thus the potential at the anode of the
organic light emitting diode OLED drops to the ground
potential.

[0076] At the timing of luminescence, the first scanning
line SL1 turns low and the second scanning line SL2 turns
high, which makes the first, fourth and sixth transistors Trl,
Tr4 and Tr6 turn off and the third transistor Tr3 turn on.
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Thereby, a current corresponding to the luminance data set
in the second transistor Tr2 flows to the organic light
emitting diode OLED.

[0077] According to the second embodiment, advanta-
geous effects similar to the first embodiment are obtained.

[0078] Third Embodiment

[0079] FIGS. 3 and 4 show circuits for a pixel of a display
apparatus according to a third embodiment of the present
invention. In the first and second embodiments, a third
transistor Tr3 which functions as a switching element is
provided between a power supply line Vdd and a drive
circuit 10. In the third embodiment, however, the above-
mentioned transistor Tt3 is provided between a drive circuit
10 and an organic light emitting diode OLED. Thus, in the
circuit shown in FIG. 3, the third transistor Tr3 and the
second transistor Tr2 in the circuit shown in FIG. 1 accord-
ing to the first embodiment are replaced with each other in
the order of connection. Similarly, in the circuit shown in
FIG. 4, the third transistor Tr3 and the second transistor Tr2
in the circuit shown in FIG. 2 according to the second
embodiment are replaced with each other in the order of
connection.

[0080] The description of operations of these circuits is
omitted here because the operations thereof are basically the
same as those of the circuits according to the first and second
embodiments. Advantageous effects obtained therefrom are
also the same. In the first and second embodiments, the first
storage capacitance SC1 is provided to suppress the effect on
luminance data, namely, the effect on the gate electrode of
the second transistor Tr2, that can occur when the third
transistor Tr3 is turned off. In the third embodiment, how-
ever, the third transistor Tr3, which is placed between the
second transistor Tr2 and the organic light emitting diode
OLED, works to eliminate the effect on the gate electrode of
the second transistor Tr2.

[0081] The present invention has been described based on
embodiments which are only exemplary. It is understood by
those skilled in the art that there exist other various modi-
fications to the combination of each component and each
processing described and that such modifications are encom-
passed by the scope of the present invention. Such modifi-
cations will be described hereinbelow.

[0082] In the first to third embodiments, the drive circuit
10 shown in FIGS. 1 through 4 is assumed as a drive
circuit, but there should be no limitation thereto. Since there
are a variety of this drive circuit, a circuit to which the
present invention applies can be represented generally as
shown in FIG. 5 and FIG. 6. FIG. 5 shows a generalized
circuit over those in the first and second embodiments,
whereas FIG. 6 shows a generalized circuit over that in the
third embodiment.

[0083] In the above embodiments, the scanning line SL
linked to the drive circuit for the same pixel is used to turn
on and off the third and fourth transistors Tr3 and Tr4, but
this may be done by linking to a scanning line which is one
scanning preceding in time. Such an arrangement can reduce
coupling noise that may result from the operation of the
scanning line SL on write data. Moreover, an exclusive-use
wiring may be provided separately to turn on and off the
third and fourth transistors Tr3 and Tr4. Circuits shown in
FIG. 7 and FIG. 8 are, respectively, generalized circuits
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shown in FIG. 5 and FIG. 6, provided, as mentioned above,
with a control line CSL for turning on and off the third and
fourth transistors Tr3 and Trd. This arrangement removes
temporal restriction on the scanning line SL, so that lumi-
nescence of a pixel can be controlled at arbitrary timing. In
other words, the luminescence time (also referred to as
emission time hereinafter) can be adjusted by controlling the
control line CSL, thereby adjusting white balance and lumi-
nance.

[0084] In the above embodiments, a relief exit of the
current flowing through the bypass, namely, the source
electrode of the fourth transistor Tr4, is connected to ground
potential, but there should be no limitation thereto. For
example, the exit may be set equal to a threshold voltage of
the organic light emitting diode OLED, which will improve
the luminescence response of the organic light emitting
diode OLED. Moreover, it may be set at a negative potential.
In that case, electric charge is drained off quickly.

[0085]

[0086] A fourth embodiment is characterized by a feature
that a bias to be applied to an organic light emitting diode
OLED at initializing luminance data is reversed, and that a
source electrode of a transistor provided as a bypass is set at
a negative potential or a potential lower than that at the
cathode of the organic light emitting diode OLED.

[0087] In the above embodiments, the source electrode of
the fourth transistor Tr4 forming a bypass relative to the
organic light emitting diode OLED is connected to ground
potential and the potential thereof is set at the same level as
the potential at the cathode of the organic light emitting
diode OLED, but there should be no limitation thereto. For
example, the source electrode of the fourth transistor Tr4
may be set at a potential lower than that at the cathode of the
organic light emitting diode OLED.

[0088] FIG. 10 shows a circuit for a pixel shown in FIG.
7, where the source electrode of the fourth transistor Tr4 is
connected to a negative potential Vee that is lower than that
at the cathode of the organic light emitting diode OLED.
Similarly, FIG. 11 shows a circuit for a pixel shown in FIG.
8, where the source electrode of the fourth transistor Tr4 is
connected to a negative potential Vee that is lower than that
at the cathode of the organic light emitting diode OLED. As
a control line CSL turns high, a third transistor Tr3 turns off
and the fourth transistor Trd4 turns on. At this time, the
potential at the anode of the organic light emitting diode
OLED becomes a negative potential Vee which is the same
as the potential of the source electrode of the fourth tran-
sistor Tr4. The potential at the cathode of the organic light
emitting diode OLED is equal to ground potential, which is
higher than the potential at the anode thereof, so that a bias
is applied in the direction opposite to that in ordinary
operation. Namely, the potential at the anode of the organic
light emitting diode OLED drops lower than the potential at
the cathode thereof.

[0089] With a reverse bias applied to the organic light
emitting diode OLED, the electric charge remaining in the
anode of the organic light emitting diode OLED is drained
off to suppress any residual image phenomenon, and at the
same time, the characteristics of organic film constituting the
organic light emitting diode OLED can be recovered. Here,
the source electrode of the fourth transistor Tr4, whose on

Fourth Embodiment

Jun. 5, 2003

and off is controlled by a scanning line SL and a separate
control line CSL, is set at a negative potential Vee lower than
the potential at the cathode of the organic light emitting
diode OLED, but there should be no limitation thereto. For
example, in a circuit where the fourth transistor Trd as
shown in FIGS. 5 and 6 is controlled by a scanning line SL,
the source electrode of the fourth transistor Tr4 may be set
at a negative potential Vee lower than that at the cathode of
the organic light emitting diode OLED.

[0090]

[0091] In general, a multi-layer structure of an organic
light emitting diode OLED is such that an anode layer 110,
a hole transporting layer 120, an organic EL layer 130 and
a cathode layer 140 are stacked, in this order from the
bottom to the top thereof, on an insulating substrate such as
a glass substrate 100, as shown in FIG. 12. The multi-layer
structure of an organic light emitting diode OLED is not
limited to that shown in FIG. 12, and may be such that a
cathode layer 140, an organic EL layer 130, a hole trans-
porting layer 120 and an anode layer 110 are stacked, in this
order from the bottom to the top thereof, on the insulating
substrate such as the glass substrate 100, as shown in FIG.
13. If the multi-layer structure of the organic light emitting
diode OLED is one as shown in FIG. 12, a cathode of the
organic light emitting diode OLED is connected to ground
potential which is fixed potential. If the multi-layer structure
of the organic light emitting diode OLED is one as shown in
FIG. 13, an anode of the organic light emitting diode OLED
is connected the fixed potential. FIGS. 14 and 15 are
examples of pixel circuits suitable for the organic light
emitting diodes OLEDs having such structures shown in
FIGS. 12 and 13, respectively.

[0092] FIG. 14 is a circuit for a pixel where the anode and
the cathode of the organic light emitting diode OLED shown
in the pixel circuit of FIG. 10 are replaced with the cathode
and the anode thereof, respectively, so that an anode of an
organic light emitting diode OLED shown in FIG. 14 is
connected to a power supply potential VIf which is both a
positive potential and a fixed potential. Moreover, an elec-
trode connected,to the negative potential Vee of the fourth
transistor Tr4 in FIG. 10 is now connected to a positive
potential Vgg which is higher than the power supply poten-
tial Vf. An electrode of the third transistor Tr3 connected to
a power supply line Vdd in FIG. 10 is now connected to a
low potential line Vhh which is ground potential.

[0093] Moreover, the third transistor Tr3 becomes now an
n-channel transistor instead of the p-channel transistor while
the fourth transistor Tr4 becomes a p-channel transistor
instead of the n-channel transistor. During a luminescence
period of the organic light emitting diode, the current flows
to the low potential line Vhh which is ground potential by
way of the organic light emitting diode OLED, drive circuit
10 and third transistor Tr3. Then, turning high on a control
line CSL turns the third transistor Tr3 on and the fourth
transistor Tr4 off. When the control line CSL turns low
during a luminance data updating period of the organic light
emitting diode OLED, the third transistor Tr3 turns off and
the fourth transistor Tr4 turns on. Thus, a potential at the
cathode of the organic light emitting diode OLED becomes
a positive potential Vgg which is a potential higher than the
power supply potential VAT, so that the organic light emitting
diode OLED becomes a state of a reverse bias being applied.

Fifth Embodiment
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[0094] FIG. 15 shows a circuit for a pixel where the anode
and the cathode of the organic light emitting diode OLED
shown in the pixel circuit of FIG. 10 are replaced with the
cathode and the anode thereof, respectively, so that an anode
of an organic light emitting diode OLED shown in FIG. 15
is connected to ground potential. The power supply line
Vdd, connected to the drive circuit 10, which is a positive
potential in FIG. 11 is now in FIG. 15 a negative potential
line Vii which is a negative potential. Moreover, an electrode
connected to the positive potential Vee of the fourth tran-
sistor Tr4 in FIG. 11 is now connected to a positive potential
Vgg which is higher than ground potential. When the control
line CSL turns high during a luminance data updating period
of the organic light emitting diode OLED, the fourth tran-
sistor Tr4 turns on and the third transistor Tr3 turns off.
Then, a potential at the cathode of the organic light emitting
diode OLED becomes a positive potential Vgg which is a
potential higher than the power supply potential V{f which
is a potential at the anode thereof, so that the organic light
emitting diode OLED becomes a state of a reverse bias being
applied.

[0095] In the pixel circuits shown in FIGS. 14 and 15, the
third transistor Tr3 and the fourth transistor Tr4 are on-off
controlled by the control line CSL, but these are not limited
thereto and the circuit may be structured such that it is on-off
controlled by a scanning line SL. In that case, it suffices that
there is provided a transistor in which the third transistor Tr3
turns off and the fourth transistor Tr4 turns on when lumi-
nance data is set in the drive circuit 10.

[0096] In the following preferred embodiments, an active
matrix organic EL display is assumed as a display apparatus.
In these embodiments, a novel circuitry is proposed where
the electric charge in the optical element, which is the cause
of the above-described residual image phenomenon, is dis-
charged and a potential difference across the optical element
is reduced to a level where there occurs practically no
residual image phenomenon. To be provided for this purpose
is a switching element that separates source voltage from the
optical element.

[0097] Sixth Embodiment

[0098] FIG. 16 shows a circuit for a pixel of a display
apparatus according to a sixth embodiment of the present
invention. The pixel is comprised of an organic light emit-
ting diode OLED which is an optical element, a first
transistor Tr101 and a third transistor Tr103 which function
as switching elements, a second transistor Tr102 which is a
driving transistor where luminance data is set, a storage
capacitance SC, and a scanning line SL which turns on and
off each of the first and third transistors Tr101 and Tr103.
Moreover, the first transistor Tr101 is an n-channel transistor
whereas the second and third transistors Tr102 and Tr103 are
p-channel transistors. The pixel is further comprised of a
data line DL to which the luminance data is inputted, and a
power supply line Vdd which supplies current to the organic
light emitting diode OLED. The scanning line SL, the data
line DL and the power supply line Vdd are shared by the
other pixels. In particular, part of a circuit comprised of the
first and second transistors Tr101 and Tr102 and the storage
capacitance SC is called a drive circuit 10.

[0099] A gate electrode of the first transistor Tr101 is
connected to the scanning line SL whereas a drain electrode
(or a source electrode) of the first transistor Tr101 is con-
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nected to the data line DL. The source electrode (or the drain
electrode) of the first transistor Tr101 and a gate electrode of
the second transistor Tr102 are connected to one of the
electrodes of the storage capacitance SC. A source electrode
of the second transistor Tr102 and the other electrode of the
storage capacitance SC are connected to the power supply
line Vdd, and a drain electrode of the second transistor Tr102
is connected to a source electrode of the third transistor
Tr103. A drain electrode of the third transistor Tr103 and the
anode of the organic light emitting diode OLED are con-
nected at a node A. Moreover, a cathode of the organic light
emitting diode OLED is connected to ground potential.
Accordingly, the second transistor Tr102, the third transistor
Tr103 and the organic light emitting diode OLED, in this
order, are connected in series from the power supply line
Vdd to grounding voltage, thus forming a path for the
luminescence of the optical element (hereinafter referred to
simply as a main path also).

[0100] An operation of a circuit configured as above will
be described hereinbelow. When the scanning line SL turns
high to write luminance data, the first transistor Tr101 turns
on and the third transistor Tr103 turns off, so that a data
voltage corresponding to the luminance data is supplied
from the data line DL, and the luminance data is set at the
storage capacitance SC and the gate electrode of the second
transistor Tr102. Here, since the organic light emitting diode
OLED is shut off from the power supply line Vdd by the
third transistor Tr103, the potential difference across the
organic light emitting diode OLED drops to a voltage which
is determined by length of time during which the path is shut
off, a time constant of the organic light emitting diode OLED
and a potential difference immediately before the shutoff.
The potential at the node A at this time is permissible as long
as it is at a level that does not adversely affect the image
display.

[0101] Then, as the scanning line SL turns low upon
completion of writing of the luminance data, the first tran-
sistor Tr101 turns off and the third transistor Tr103 turns on.
Then, a current corresponding to a voltage set in the gate
electrode of the second transistor Tr102 and the storage
capacitance SC flows to the organic light emitting diode
OLED.

[0102] As exemplified by a circuit shown in FIG. 17, it
may be so arranged that the third transistor Tr103 and the
second transistor Tr102 are replaced with each other in the
order of connection, the third transistor Tr103 is provided on
a power supply line Vdd side, and the third and second
transistors Tr103 and Tr102 and the organic light emitting
diode OLED are connected in this order from power supply
line Vdd to ground potential. The description of the opera-
tion of this circuit is omitted because the operation thereof
is similar to that of the circuit shown in FIG. 16.

[0103] According to the sixth embodiment, therefore, the
potential at the node A drops as described above, so that the
residual image phenomenon, which is seen when a small
luminance data is set in a pixel where a large luminance data
is already set, can be eliminated. Moreover, power consump-
tion is reduced because the main path is cut off from the
power supply line Vdd during the writing of luminance data.
Moreover, the gate voltage at the second transistor Tr102 is
stabilized because the storage capacitance SC is provided
between the gate electrode of the second transistor Tr102
and the power supply line Vdd.
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[0104]

[0105] In the circuit shown with reference to the sixth
embodiment, the second transistor Tr102, which is a driving
transistor, is a p-channel transistor, whereas in a seventh
embodiment, an n-channel transistor is utilized. Since the
circuit according to the seventh embodiment is generally
identical to the circuit according to the sixth embodiment,
only different portions thereof will be described hereinbe-
low. FIG. 18 shows a circuit where the order of connection
in the main path from a power supply line Vdd to ground
voltage is a second transistor Tr102, a third transistor Tr103
and an organic light emitting diode OLED, and FIG. 19
shows a circuit where the order of connection therein is a
third transistor Tr103, a second transistor Tr102 and an
organic light emitting diode OLED. Thus, FIGS. 18 and 19
show the circuits of FIGS. 16 and 17, respectively, in which
the second transistor Tr102 is replaced by an n-channel
transistor. It is to be noted, however, that in both circuits of
FIGS. 18 and 19, the storage capacitance SC is connected
between the gate electrode of the second transistor Tr102
and the anode of the organic light emitting diode OLED.

[0106] Operations by the circuits configured as in FIGS.
18 and 19 will be described hereinbelow. When the scan-
ning line SL turns high to write luminance data, the first
transistor Tr101 turns on and the third transistor Tr103 turns
off, thereby a data voltage corresponding to the luminance
data is supplied from the data line DL, and the luminance
data is set at the storage capacitance SC and the gate
electrode of the second transistor Tr102. Here, similar to the
sixth embodiment, since the organic light emitting diode
OLED is cut off from the power supply line Vdd by the third
transistor Tr103, the potential difference across the organic
light emitting diode OLTD drops to a voltage which is
determined by length of time during which the path is shut
off, a time constant of the organic light emitting diode OLED
and a potential difference immediately before the shutoff.
The potential at the node A at this time is permissible as long
as it is at a level that does not adversely affect the image
display.

[0107] Then, as the scanning line SL turns low upon
completion of writing of the luminance data, the first tran-
sistor Tr101 turns off and the third transistor Tr103 turns on.
Then, a current corresponding to a voltage set in the gate
electrode of the second transistor Tr102 and the storage
capacitance SC flows to the organic light emitting diode
OLED.

[0108] At this time, the potential at the node A rises, but
the electric charge stored in the storage capacitance SC is
maintained, so that the potential at the gate electrode of the
second transistor Tr102 rises, too, as much as the potential
rise at the node A. Accordingly, a desired gate voltage is
maintained, and there occurs no change in the value of
current that flows to the organic light emitting diode OLED.
Moreover, even when the potential at the node A changes
under certain circumstances, the electric charge in the stor-
age capacitance SC is maintained as mentioned above and
therefore the potential difference across the storage capaci-
tance SC, namely, the gate voltage of the second transistor
Tr102, will be subjected to no influence thereof. Further-
more, there is no need for-preparing a separate wiring for the
storage capacitance SC.

Seventh Embodiment
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[0109] According to the seventh embodiment, the same
advantageous effects as in the sixth embodiment are
obtained.

[0110] The present invention has been described based on
embodiments which are only exemplary. It is understood by
those skilled in the art that there exist other various modi-
fications to the combination of each component and each
processing described and that such modifications are encom-
passed by the scope of the present invention. Such modifi-
cations will be described hereinbelow.

[0111] In the preferred embodiments, the third transistor
Tr103, which is provided in the main path to function as a
switching element, is a p-channel transistor, but it is not
limited thereto and may be an n-channel transistor as well.
In such a case, however, the third transistor Tr103 must be
turned off when turning the scanning line SL high, which
requires provision of a separate scanning line and setting it
to have an inverted activity of the scanning line SL as
described in the embodiments.

[0112] In the above embodiments, the driving transistor is
provided on the power supply line Vdd side of the organic
light emitting diode OLED, which is an optical element, but,
as in a circuit shown in FIG. 20, the organic light emitting
diode OLED may be provided on the power supply line Vdd
side instead.

[0113] FIG. 21 shows a modified example for the circuit
for a pixel of the above-described display apparatus, and
shows a pixel circuit where the drive circuit 10 is modified.
This pixel shown in FIG. 21 is comprised of an organic light
emitting diode OLED serving as an optical element, a drive
circuit 10, first and second storage capacitances SC1 and
SC2, a third transistor Tr103 which functions as a switching
element, a data line DL, a power supply line Vdd and first
and second scanning lines SL.1 and SL2. The drive circuit 10
is further comprised of first, second, fifth and sixth transis-
tors Tr101, Tr102, Tr105 and Tr106. The first and second
transistors Tr101 and Tr102 are an n-channel transistors,
whereas the third, fifth and sixth transistors Tr103, Tr105
and Tr106 are p-channel transistors. The first scanning line
SL1 is a signal line to which a signal for updating luminance
data is applied when setting luminance data of the organic
light emitting diode OLED in this pixel circuit. The first
scanning line SL is provided in a manner such that it is
shared by pixels of the same row. The second scanning line
SL.2 is a scanning line which is provided in a manner such
that it is shared by pixels of the next row.

[0114] Gate electrodes of the first and third transistors
Tr101 and Tr103 are connected to the first scanning line
SL1, and a gate electrode of the sixth transistor Tr106 is
connected to the second scanning line SL2. A drain electrode
(or a source electrode) of the first transistor Tr101 is con-
nected to the data line DL. The source electrode (or the drain
electrode) of the first transistor Tr101 and a drain electrode
of the fifth transistor Tr103 are connected to a drain elec-
trode (or a source electrode) of the sixth transistor Tr106.
Gate electrodes of the second and fifth transistors Tr102 and
Tr105 and the source electrode (or the drain electrode) of the
sixth transistor Tr106 are one of two electrodes of the second
storage capacitance SC2. Source electrodes of the second
and fifth transistors Tr102 and Tr105, a drain electrode of the
third transistor Tr103 and the other electrode of the second
storage capacitance SC2 are connected to one of two elec-
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trodes of the first storage capacitance SC1. The source
electrode of the third transistor Tr103 is connected to the
power supply line Vdd, and the other electrode of the first
storage capacitance SC1 is connected to ground potential. A
drain electrode of the second transistor Tr102 is connected
to an anode of the organic light emitting diode OLED at a
node A. A cathode of the organic light emitting diode OLED
is connected to ground potential.

[0115] An operation of this circuit will be described here-
inbelow. When the first scanning line SL1 turns high and the
second scanning line SI.2 turns low to write luminance data,
the first and sixth transistors Tr101 and Tr106 turn on and the
third transistor Tr103 turns off. The gate electrode and drain
electrode of the fifth transistor Tr105 are short-circuited and
the fifth transistor Tr105 operates within an unsaturated
domain, so that potential at the gate electrode of the fifth
transistor Tr105 becomes the same as potential at the gate
electrode of the second transistor Tr102. Thus, the lumi-
nance data is set in the second transistor Tr102. Then, since
a path from the power supply line Vdd is shut off as a result
of the third transistor Tr103 having been off, the potential
difference across the organic light emitting diode OLED
drops to a voltage which is determined by length of time
during which the path is shut off, a time constant of the
organic light emitting diode OLED and a potential differ-
ence immediately before the shutoff. The electric charge at
the anode and potential of the anode of the organic light
emitting diode drop to ground potential. The potential at the
node A at this time is permissible as long as it is at a level
that does not adversely affect the image display.

[0116] At the timing of luminescence, the first scanning
line SL1 turns low and the second scanning line SL.2 turns
high whereas the first, fourth and sixth transistors Tr101,
Tr104 and Tr106 turns off and the third transistor Tr103
turns on. Thereby, a current corresponding to the luminance
data set in the second transistor Tr102 flows to the organic
light emitting diode OLED.

[0117] FIG. 22 is a pixel circuit which is modified based
on that shown in FIG. 16 where the multi-layer structure of
the organic light emitting diode OLED shown in FIG. 16 is
reversed in the similar manner shown in FIG. 13 against a
general type of the regular multi-layer structure shown in
FIG. 12. In this pixel circuit of FIG. 22, the anode and
cathode of the organic light emitting diode OLED shown in
FIG. 16 are replaced with the cathode and anode thereof,
respectively. Thus, the anode of the organic light emitting
diode OLED is connected to a power supply potential VIf
which is positive potential and fixed potential. The power
supply line Vdd, once connected to the source electrode of
the second transistor Tr102 in FIG. 16, which is positive
potential is now connected to a low potential line Vhh which
is ground potential. It is to be noted here that the pixel circuit
may be structured such that the anode of the organic light
emitting diode OLED is connected to ground potential and
the source electrode of the second transistor Tr102 is con-
nected to a negative potential line which is negative poten-
tial.

[0118] In the following embodiments, an active matrix
organic EL display is again assumed as a display apparatus.
In these embodiments, novel circuitry that can reduce the
residual image phenomenon will be proposed.
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[0119] Eighth Embodiment

[0120] According to an eighth embodiment, prior to the
setting of luminance data to a drive element, a gate voltage
at a drive element is changed to a value that will put the
optical element in the off state by setting a zero or a
sufficiently low value, in advance, as dummy luminance
data. In setting the dummy luminance data, a scanning signal
for a pixel controlled preceding the intended pixel is used.
Thus, electric charge remaining in the optical element is
eliminated since the optical element turns off once when the
optical element is shut off from power supply immediately
before the luminance data is set in the drive element.

[0121] FIG. 23 shows a circuit structure for two pixels of
a display apparatus according to the eighth embodiment. A
first pixel Pix10 and a second pixel Pix20 are each a circuit
for one pixel. The first pixel Pix10 includes a first transistor
Tr10 which serves as a switching element, a second tran-
sistor Tr11 which serves as a drive element, a first capacitor
C10 which serves as a storage capacitance, and a first
organic light emitting diode OLED10 which serves as an
optical element. Similarly, the second pixel Pix20 includes
a third transistor Tr20 which serves a switching element, a
fourth transistor Tr21 which serves as a drive element, a
second capacitor C20 which serves as a storage capacitance,
and a second organic light emitting diode OLED20 which
serves as an optical element.

[0122] A power supply line Vdd supplies voltage that
causes to emit light of the first and second organic light
emitting diodes OLED10 and OLED20. A data line DL
sends signals for luminance data to be set in the second
transistor Tr11 and the fourth transistor Tr21. A first scan-
ning line SL10 and a second scanning line SI.20 send
scanning signals that activate the first transistor Tr10 and the
third transistor Tr20 at the timing that causes to emit light of
the first and second organic light emitting diodes OLED10
and OLED20), respectively. According to this eighth embodi-
ment, the first transistor Tr10 is first activated followed by
activation of the third transistor Tr20.

[0123] The first transistor Trl0 is an n-channel transistor.
A gate electrode of the first transistor Trl0 is connected to
the scanning line SL10, a source electrode (or a drain
electrode) of the first transistor Tr10 is connected to the data
line DL, and the drain electrode (or the source electrode) of
the first transistor Tr10 is connected to a gate electrode of the
second transistor Tr11. The third transistor Tr20 is also an
n-channel transistor, and a gate electrode of the third tran-
sistor Tr20 is connected to the scanning line SL.20, a source
electrode (or a drain electrode) of the third transistor Tr20 is
connected to the data line DL, and the drain electrode (or the
source electrode) of the third transistor Tr20 is connected to
a gate electrode of the fourth transistor Tr21.

[0124] The second transistor Trll is a p-channel transistor,
and a source electrode of the second transistor Trll is
connected to the power supply line Vdd and a drain elec-
trode of the second transistor Trll is connected to an anode
electrode of the first organic light emitting diode OLED10.
The fourth transistor Tr21 is also a p-channel transistor, and
a source electrode of the fourth transistor Tr21 is connected
to the power supply line Vdd and a drain electrode of the
fourth transistor Tr21 is connected to an anode electrode of
the second organic light emitting diode OLED20. The
potential at the cathode electrodes of the first and second
organic light emitting diodes OLED10 and OLED20 is equal
to the ground potential.
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[0125] One end of the first capacitor C10 is connected to
a path between the drain electrode (or the source electrode)
of the first transistor Tr10 and the gate electrode of the
second transistor Tr1l, whereas the other end of the first
capacitor C10 is connected to a scanning line, not shown
here, which sends a scanning signal to a pixel controlled
immediately before this pixel Pix10. One end of the second
capacitor C20 is connected to a path between the drain
electrode (or the source electrode) of the third transistor
Tr20 and the gate electrode of the fourth transistor Tr21,
whereas the other end of the second capacitor C20 is
connected to the first scanning line SL10 which sends a
scanning signal to the first pixel Pix10.

[0126] An operation of the circuit with a structure as
described above will be explained hereinbelow, taking the
second pixel Pix20 as an example.

[0127] First, as the scanning signal at the second scanning
line SL.20 turns high, the third transistor Tr20 turns on.
Thereafter, as luminance data of negative logic to be set in
the fourth transistor Tr21 flows to the data line DL, the
potential of the-luminance data flowing to the data line DL
becomes equal to the gate potential of the fourth transistor
Tr21 since the third transistor Tr20 has become on. As a
result thereof, the luminance data is set. A current corre-
sponding to a gate-source voltage, which is a voltage
between a gate and a source, at the fourth transistor Tr21
flows from the power supply line Vdd to a drain electrode
side, and the second organic light emitting diode OLED20
emits light according to an amount of the current. Even
when the scanning signal at the second scanning line SL.20
turns to a low state and the third transistor Tr20 turns off, the
luminance data remains stored with a floating state between
the drain electrode (or the source electrode) of the third
transistor Tr20 and the gate electrode of the fourth transistor
Tr21, so that a luminescence of the second organic light
emitting diode OLED20 corresponding to the luminance
data is maintained.

[0128] At a next scanning timing, when a scanning signal
to the first pixel Pix10 to be controlled immediately prior to
the second pixel Pix 20 goes high, there is a floating between
the gate electrode of the fourth transistor Tr21 and the drain
electrode (or the source electrode) of the third transistor
Tr20, so that the potential at the gate electrode of the fourth
transistor Tr21 is pushed up. As a result thereof, the same
condition is created as when dummy luminance data is set to
make the gate-source voltage at the fourth transistor Tr21
smaller. The second organic light emitting diode OLED20,
which is cut off from the power supply line Vdd, goes out.

[0129] As the scanning signal at the first scanning line
SL10 goes low, the potential at one end on the first scanning
line SL10 side of the second capacitor C20 drops. And
almost simultaneously, the second scanning line SL20 goes
high and the third transistor Tr20 turns on, so that the
luminance data from the data line DL is set in the gate
electrode of the fourth transistor Tr21. Immediately before
this setting of luminance data, the second organic light
emitting diode OLED20 is turned off, so that the electric
charge remaining in the optical element can be eliminated.

[0130] FIG. 24 is a timing chart showing relationships
between the states of scanning signals and the emission time
and non-luminescent time in a display apparatus according
to the eighth embodiment of the present invention. In FIG.
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24, the states of scanning signals at the first scanning line
SL10 and the second scanning line SL.20 are shown by high
and low levels. While the first and second organic light
emitting diodes OLED10 and OLED20 emit light at inten-
sity corresponding to the luminance data, the emission time
and the non-luminescent time are simply shown by a high
level and a low level, respectively, in FIG. 24.

[0131] As the scanning signal at the first scanning line
SL10 goes high, the first organic light emitting diode
OLED10 emits light and the state of luminescence is main-
tained even when the scanning signal goes low. Similarly, as
the scanning signal at the second scanning line SL.20 goes
high, the second organic light emitting diode OLED20 emits
light and the state of luminescence is maintained even when
the scanning signal goes low. At the end of scanning for one
frame, when the scanning signal goes high at a scanning line
(not shown) scanned immediately before the first scanning
line SL10, the first organic light emitting diode OLED10
goes out and then emits light again simultaneously when the
first scanning line SL10 goes high. Similarly, as the first
scanning line SL10 goes high, the second organic light
emitting diode OLED20 goes out and then emits light again
simultaneously when the second scanning line SL.20 goes
high.

[0132] In this manner, most of the duration of scanning for
one frame is the luminescent time, but the luminescence
turns off only during the time for a single scanning imme-
diately before the next scanning signal goes high.

[0133]

[0134] FIG. 25 shows a circuit structure for one pixel of
a display apparatus according to a ninth embodiment. In the
circuit shown in FIG. 25, the respective elements are
arranged in a different pattern from the circuit shown in
FIG. 23, but the structure and operation of the circuit are
substantially the same as those of the circuit according to the
eighth embodiment. In FIG. 23, scanning is performed in
the order of the first pixel Pix10 and the second pixel Pix20,
namely, from above to below in the figure. In FIG. 25,
however, scanning is performed in the order of the first pixel
Pix11 and the second pixel Pix21, namely, from below to
above in the figure. One end of the second capacitor C21 of
the second pixel Pix21 is connected to the first scanning line
SL11 for which a scanning signal goes high previously,
whereas one end of the first capacitor C11 of the first pixel
Pix11 is connected to a scanning line (not shown) for which
a scanning signal goes high previously.

[0135] Tenth Embodiment

[0136] FIG. 26 shows a circuit structure for two pixels of
a display apparatus according to a tenth embodiment. This
tenth embodiment differs from the eighth and ninth embodi-
ments in the transistors used in the display apparatus.
Namely, in the eighth and ninth embodiments, n-channel
transistors are used as the first and third transistors Tr10 and
Tr20 and p-channel transistors as the second and fourth
transistors Trll and Tr21, but, in this tenth embodiment,
p-channel transistors are used as the first and third transistors
Tr10 and Tr20 and n-channel transistors as the second and
fourth transistors Trll and Tr21.

[0137] In this case, the signal of luminance data flowing to
a data line DL is of positive logic, whereas a scanning signal
flowing to first and second scanning lines SL10 and SL.20 is

Ninth Embodiment
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a negative logic pulse. As the scanning signal at the second
scanning line SL.20 goes low, luminance data of positive
logic flows from the data line DL and is set in the fourth
transistor Tr21, thereby a current corresponding to the
luminance data flows to a second organic light emitting
diode OLED20 so as to emit light. As the scanning signal at
the second scanning line SL.20 goes high, the third transistor
Tr20 turns off, thereby the luminance data is held at a gate
electrode of the fourth transistor Tr21.

[0138] As the scanning signal at the first scanning line
SL10 goes low, a floating gate potential at the fourth
transistor Tr21 is pulled down via a second capacitor C20,
and a gate-source voltage at the fourth transistor Tr21, which
is thus reduced, causes the second organic light emitting
diode OLED20 to turn off. As the scanning signal at the
second scanning line SL20 goes low, the third transistor
Tr20 turns on, so that the luminance data is set in the fourth
transistor Tr21, thus causing the second organic light emit-
ting diode OLED20 to emit light again.

[0139]

[0140] This eleventh embodiment differs from the eighth
to tenth embodiments in the transistors used in the display
apparatus. Namely, this eleventh embodiment differs from
the other embodiments in that n-channel transistors are used
as all the first to fourth transistors Tr10, Tr11, Tr20 and Tr21.
In this case, an inverted scanning signal is applied to one end
on a scanning line side of the first and second capacitors C10
and C20, which drops the gate-source voltage at the second
and fourth transistors Tr11 and Tr21 and thus causes the first
and second organic light emitting diodes OLED10 and
OLED20 to turn off.

[0141] Twelfth Embodiment

[0142] This twelfth embodiment differs from the seventh
to eleventh embodiments in the transistors used in the
display apparatus. Namely, this twelfth embodiment differs
from the other embodiments in that p-channel transistors are
used as all the first to fourth transistors Tr10, Tr11, Tr20 and
Tr21. In this case, too, an inverted scanning signal is applied
to one end on the scanning line side of the first and second
capacitors C10 and C20, which drops the gate-source volt-
age at the second and fourth transistors Tr11l and Tr21 and
thus causes the first and second organic light emitting diodes
OLED10 and OLED20 to turn off.

[0143]

[0144] In the eighth to twelfth embodiments, a scanning
signal is utilized to set dummy luminance data in the drive
element, but this thirteenth embodiment differs therefrom in
that separate control signals are utilized for that purpose.
FIG. 27 shows a circuit structure for three pixels of a display
apparatus according to a thirteenth embodiment. Each of the
first to third pixels Pix10, Pix20 and Pix30 is comprised of
one circuit for a single pixel. First to sixth transistors Tr10,
Trll, Tr20, Tr21, Tr30 and Tr31, first to third capacitors
C10, C20 and C30, and first to third organic light emitting
diodes OLED10, OLED20 and OLED30 are of the structure
similar to the corresponding elements in the seventh
embodiment. Control signals are sent to the first to third
pixels Pix10, Pix20 and Pix30 via first to third control signal
lines CTL10, CTL.20 and CTL30, respectively. These con-
trol signals are outputted from first to third OR circuits
OR10, OR20 and OR30, respectively.

Eleventh Embodiment

Thirteenth Embodiment

Jun. 5, 2003

[0145] The third pixel Pix30 is taken as an example in the
following description. A gate electrode of the fifth transistor
Tr30 is connected to a third scanning line SL.30, a source
electrode (or a drain electrode) of the fifth transistor Tr30 is
connected to a data line DL, and the drain electrode (or the
source electrode) of the fifth transistor Tr30 is connected to
a gate electrode of the sixth transistor Tr31. A source
electrode of the sixth transistor Tr31 is connected to a power
supply line Vdd, and a drain electrode of the sixth transistor
Tr31 is connected to an anode electrode of the third organic
light emitting diode OLED30. The potential at a cathode
electrode of the third organic light emitting diode OLED30
is made equal to ground potential. One end of the third
capacitor C30 is connected to the third control signal line
CTL30, and the other end of the third capacitor C30 is
connected to a path between the drain electrode (or the
source electrode) of the fifth transistor Tr30 and the gate
electrode of the sixth transistor Tr31.

[0146] The third control signal line CTL30 is connected to
a second scanning line S1.20, which sends a scanning signal
to the pixel Pix20 that is the pixel to be controlled one step
previously, and a first scanning line SL10, which sends a
scanning signal to the pixel Pix10 that is the pixel to be
controlled two steps previously. In other words, the control
signal for the third control signal line CTL30 is outputted
from the third OR circuit OR30 in the form of a logical OR
of the scanning signal of the first scanning line SL.10 and the
scanning signal of the second scanning line SL.20.

[0147] As the scanning signal at the third scanning line
SL30 goes high, the fifth transistor Tr30 turns on and
luminance data of negative logic that flows to the data line
DL is set in the gate electrode of the sixth transistor Tr31.
This causes the third organic light emitting diode OLED30
to emit light. Even when the scanning signal at the third
scanning line SL.30 goes low and the fifth transistor Tr30
turns off, the luminance data is held on a gate electrode side
of the sixth transistor Tr31, so that an emission state of the
third organic light emitting diode OLED30 is maintained.

[0148] As either of the scanning signals at the first scan-
ning line SL10 and the second scanning line ST20 is set
high, the control signal at the third control signal line CTL.30
is also set high by the third OR circuit OR30. This pushes up
the gate potential at the sixth transistor Tr31 and makes the
gate-source voltage at the sixth transistor Tr31 smaller,
thereby the sixth transistor Tr31 turns off, thus causing the
third organic light emitting diode OLED30 to go out.
Namely, the gate potential at the sixth transistor Tr31
remains pushed up all the while a pixel line two steps before
is being scanned and a pixel line one step before is being
scanned, so that the third organic light emitting diode
OLED30 turns off. The control signal at the third control
signal line CTL30 goes low when both the scanning signal
at the first scanning line SL.10 and the scanning signal at the
second scanning line SL.20 go low. As the scanning signal at
the third scanning line SL30 goes high, the fifth transistor
Tr30 turns on, thereby luminance data is set in the gate
electrode of the sixth transistor Tr31 and the third organic
light emitting diode OLED30 turns on again.

[0149] According to the present embodiment, too, electric
charge remaining in the optical element can be eliminated by
turning off the optical element by shutting it off from power

supply.



US 2003/0103022 Al

[0150] The present invention has been described based on
embodiments which are only exemplary. It is understood by
those skilled in the art that there exist other various modi-
fications to the combination of each component and each
processing described and that such modifications are encom-
passed by the scope of the present invention.

[0151] In the thirteenth embodiment, the scanning signal
to the pixel controlled one step previously and the scanning
signal to the pixel controlled two steps previously are
utilized to generate a control signal, but a scanning signal to
a pixel controlled three steps previously may be further
utilized. In such a case, the logical OR of the three scanning
signals may be utilized as the control signal. Other modifi-
cations may include a structure where scanning signals to
pixels controlled more than three steps previously are further
utilized.

[0152] The transistors Tr10, Tr20 and Tr30 which, with
their gate electrode connected to the scanning line, are used
as switching elements for writing luminance data may each
be structured by a combination of a plurality of transistors,
and the capabilities thereof may be structured and realized
by arbitrary combination thereof.

[0153] Structures of the organic light emitting diodes
OLEDs in the pixel circuits shown in FIGS. 23, 25, 26 and
27 are of the multi-layer structure as shown in FIG. 12. The
structures may, however, be of the reverse multi-layer struc-
ture as shown in FIG. 13. In such a case, the pixel circuit is
so structured that the anode and cathode of the organic light
emitting diode OLED are replaced with the cathode and
anode thereof, respectively, and the anode is connected to a
power supply potential V{f which is positive potential and
fixed potential. Moreover, the power supply line Vdd which
is positive potential is changed to a low potential line Vhh
which is ground potential.

[0154] FIG. 28 shows a pixel circuit where the multi-layer
structures of the first and second organic light emitting
diodes OLED10 and OLED20 shown in FIG, 23 arc
reversed. It is to be noted here that the pixel circuit may be
structured such that the anode of the organic light emitting
diode OLED is connected to ground potential and the low
potential line Vhh which is ground potential is connected to
a negative potential line.

[0155] Although the present invention has been described
by way of exemplary embodiments, it should be understood
that many changes and substitutions may further be made by
those skilled in the art without departing from the scope of
the present invention which is defined by the appended
claims.

What is claimed is:

1. A display apparatus including a current bypass element
in parallel with an optical element, wherein voltage having
occurred across the optical element is initialized by control-
ling the current bypass element in accordance with an
operation to set luminance data in the optical element.

2. A display apparatus according to claim 1, further
including a switch which shuts off a path that supplies
current to the optical element when said current bypass
element turns on.

3. A display apparatus according to claim 1, wherein a
data update instructing signal for setting the luminance data
and a signal for controlling said current bypass element are
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combined into a common signal, and the luminance data is
set simultaneously with the initialization of voltage having
occurred across the optical element.

4. A display apparatus according to claim 2, wherein a
data update instructing signal for setting the luminance data
and a signal for controlling said current bypass element are
combined into a common signal, and the luminance data is
set simultaneously with the initialization of voltage having
occurred across the optical element.

5. A display apparatus according to claim 1, wherein a
data update instructing signal for setting the luminance data
and a signal for controlling the current bypass element are
provided separately, so that timing can be set for the
initialization of voltage having occurred across the optical
element.

6. A display apparatus according to claim 2, wherein a
data update instructing signal for setting the luminance data
and a signal for controlling the current bypass element are
provided separately, so that timing can be set for the
initialization of voltage having occurred across the optical
¢lement.

7. A display apparatus, comprising;

an optical element which has a first terminal through
which current enters, and a second terminal that allows
the current to exit; and

an initializing element which actively discharges electric
charge accumulated on a side of said first terminal for
a predetermined period when current to flow to said
optical element is changed.

8. A display apparatus which has a switching element in
a path connecting an optical element in series with a drive
circuit therefor, wherein the path is opened and closed by
controlling said switching element according to an operation
that sets luminance data in said drive circuit.

9. A display apparatus according to claim 8, wherein a
data update instructing signal for setting the luminance data
is connected to said switching element, and said switching
element is turned off during setting of the luminance data.

10. A display apparatus in which each pixel includes an
optical element, a driving transistor and a power shutoff
transistor,

wherein said optical element, said driving transistor and
said power shutoff transistor are connected in series
with each other, a starting point of said series system is
connected to a fixed potential which supplies current to
said optical element, and said power shutoff transistor
is disposed on a fixed potential side of said optical
element.

11. A display apparatus in which each pixel includes an
optical element, a driving transistor and a power shutoff
transistor,

wherein said driving transistor and said power shutoff
transistor are p-channel transistors, and

wherein said optical element, said driving transistor and
said power shutoff transistor are connected in series
with each other, a starting point of said series system is
connected to a fixed potential which supplies current to
said optical element, and said power shutoff transistor
is disposed on a fixed potential side of said optical
element.
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12. A display apparatus in which each pixel includes an
optical element, a driving transistor and a power shutdown
transistor,

wherein said driving transistor is an n-channel transistor
and said power shutoff transistor is a p-channel tran-
sistor and

wherein said optical element, said driving transistor and
said power shutdown transistor are connected in series
with each other, a starting point of said series system is
connected to a fixed potential which supplies current to
said optical element, and said power shutoff transistor
is disposed on a fixed potential side of said optical
¢lement.

13. A display apparatus, comprising:

an optical element which has a first terminal through
which current enters, and a second terminal that allows
the current to exit; and

an initializing element which prompts a discharge of
electric charge accumulated on a side of said first
terminal for a predetermined period when current to
flow to said optical element is-changed.

14. A display apparatus according to claim 13, wherein
said initializing element is such that said optical element per
se operates to discharge the electric charge by shutting off a
path of current flowing to said first terminal.

15. Adisplay apparatus in which luminance data to be set
for an optical element is stored in the form of a control
voltage, wherein there are provided a write period for
rewriting the luminance data and an initialization period for
discharging electric charge generated across the optical
element.

16. A display apparatus according to claim 15, wherein a
signal for activating the write period and a signal for
activating the initialization period are put to a common use
S0 as to cause to generate the both periods simultaneously.

17. A display apparatus according to claim 15, wherein
the write period and the initialization period are simulta-
neously generated, and a path that supplies current to the
optical element is shut off during those periods.

18. A display apparatus according to claim 16, wherein
the write period and the initialization period are simulta-
neously generated, and a path that supplies current to the
optical element is shut off during those periods.

19. A display apparatus in which each pixel includes an
optical element, a driving transistor and a power shutoff
transistor,

wherein said power shutoff transistor is turned off during
a period in which a data update instructing signal for
writing luminance data of said optical element to said
driving transistor is being activated, so that a path
which supplies current to said optical element is cut off,
and

wherein said power shutoff transistor is turned on after a
write period of the luminance data to said driving
transistor ends, so that the current supplying path that
has been cut off is connected.

20. A display apparatus, comprising:

an optical element;
a drive element which drives said optical element; and

a switch element which controls setting timing that sets a
drive capacity of said drive element,
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wherein said switch element is controlled by a selection
signal that determines the setting timing, and dummy
luminance data is set in said drive element by a
selection signal for an optical element controlled tem-
porally prior to said optical element.
21. An display apparatus according to claim 20, wherein
a value which sets said optical element to an off state is set
as the dummy luminance data in said drive element.

22. A display apparatus according to claim 20, wherein,
when the selection signal for an optical element controlled
temporally prior thereto is activated, a value of the lumi-
nance data which is in a floating state between said switch
element and said drive element is changed to a direction of
becoming the dummy luminance data.

23. A display apparatus according to claim 21, wherein,
when the selection signal for an optical element controlled
temporally prior thereto is activated, a value of the lumi-
nance data which is in a floating state between said switch
element and said drive element is changed to a direction of
becoming the dummy luminance data.

24. A display apparatus according to claim 20, wherein a
path of the selection signal for an optical element controlled
temporally prior thereto and a path of the luminance data to
be set in said drive element are coupled in capacity, and the
dummy luminance data is set via the capacity.

25. A display apparatus according to claim 21, wherein a
path of the selection signal for an optical element controlled
temporally prior thereto and a path of the luminance data to
be set in said drive element are coupled in capacity, and the
dummy luminance data is set via the capacity.

26. A display apparatus according to claim 22, wherein a
path of the selection signal for an optical element controlled
temporally prior thereto and a path of the luminance data to
be set in said drive element are coupled in capacity, and the
dummy luminance data is set via the capacity.

27. A display apparatus according to claim 23, wherein a
path of the selection signal for an optical element controlled
temporally prior thereto and a path of the luminance data to
be set in said drive element are coupled in capacity, and the
dummy luminance data is set via the capacity.

28. A display apparatus according to claim 20, wherein
the dummy luminance data is set by a combination of a
plurality of selection signals for a plurality of optical ele-
ments controlled temporally prior thereto.

29. A display apparatus according to claim 21, wherein
the dummy luminance data is set by a combination of a
plurality of selection signals for a plurality of optical ele-
ments controlled temporally prior thereto.

30. A display apparatus according to claim 22, wherein
the dummy luminance data is set by a combination of a
plurality of selection signals for a plurality of optical ele-
ments controlled temporally prior thereto.

31. A display apparatus according to claim 23, wherein
the dummy luminance data is set by a combination of a
plurality of selection signals for a plurality of optical ele-
ments controlled temporally prior thereto.

32. A display apparatus according to claim 24, wherein
the dummy luminance data is set by a combination of a
plurality of selection signals for a plurality of optical ele-
ments controlled temporally prior thereto.

33. A display apparatus according to claim 25, wherein
the dummy luminance data is set by a combination of a
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plurality of selection signals for a plurality of optical ele- 35. A display apparatus according to claim 27, wherein

ments controlled temporally prior thereto. the dummy luminance data is set by a combination of a
34. A display apparatus according to claim 26, wherein plurality of selection signals for a plurality of optical ele-

the dummy luminance data is set by a combination of a ments controlled temporally prior thereto.

plurality of selection signals for a plurality of optical ele-

ments controlled temporally prior thereto. I
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