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1
ORGANIC EL DISPLAY DEVICE AND
CONTROL METHOD THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

This is a continuation application of PCT Application No.
PCT/IP2010/002471 filed on Apr. 5, 2010, designating the
United States of America, the disclosure of which, including
the specification, drawings and claims, is incorporated herein
by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to active-matrix organic elec-
troluminescence (EL) display devices using organic EL ele-
ments.

2. Description of the Related Art

In organic electroluminescent (EL) display devices, a dis-
play unit is provided in which pixel units each including a
luminescent element and a driving element for driving the
luminescent element are arranged in a matrix, and multiple
scan lines and multiple data lines are provided so as to corre-
spond to the pixel units included in the display unit. For
example, in the case where each of the pixel units is composed
of two transistors and one capacitor and the first power lines
electrically connected to source electrodes of the driving ele-
ments are provided in directions both parallel to and orthogo-
nal to the scan lines so as to form a grid pattern, the gate
electrode of the driving element is connected to the first
electrode of the capacitor and the source electrode of the
driving element is connected to the second electrode of the
capacitor (refer to Japanese Patent Application Publication
No. 2002-108252, for example). In this case, a signal voltage
is provided to the first electrode of the capacitor, and a voltage
at the second electrode of the capacitor connected to the
source electrode is determined according to a voltage in the
first power line. It is to be noted that the rows may be here-
inafter referred to as lines.

SUMMARY OF THE INVENTION

The above conventional technique, however, have the fol-
lowing problems.

That s, in the line in operation for producing luminescence
among the lines parallel to the scan lines, the voltage fluctu-
ates due to a voltage drop which occurs when a current flows
in the first power line. At this time, in the case where a signal
voltage corresponding to a video signal is written in each of
the pixel units included in a line adjacent to the line in opera-
tion for producing luminescence, the grid pattern of the first
power lines leads to the result that the first power line pro-
vided to the line in operation for writing the signal voltage is
influenced by the voltage drop in the first power line provided
to the line in operation for producing luminescence, via wir-
ing provided in the direction perpendicular to the scan lines.
In other words, a voltage drop in the first power line for the
line which is provided in parallel with the scan lines and is in
operation for producing luminescence transmits to the first
power line for the line which is provided in parallel with the
scan lines and is in operation for writing a signal voltage. This
causes a change in potential of the first power lines which are
provided in the direction parallel to the scan lines and corre-
spond to the lines in operation for writing a signal voltage.

Furthermore, the influence of the voltage drop on the lines
in operation for producing luminescence is larger on a part

15

40

45

2

closer to the center of the display unit, which results in varia-
tion in voltage provided from the first power lines to the
respective pixel units provided in the lines in operation for
writing a signal voltage.

Thus, when a signal voltage is written in the first electrode
of the capacitor in a state where the first power lines have a
reduced voltage due to the voltage drop, the capacitor holds a
voltage lower than a desired voltage because the signal volt-
age is provided to the first electrode of the capacitor with the
second electrode having a decreased voltage. Moreover, the
voltages held by the capacitors vary among the respective
pixel units. As a result, not only the luminance of the display
unit becomes lower, but also there is a variation in the lumi-
nance of the display unit, which causes the problem that the
display unit is unable to produce luminescence with a desired
luminance.

In addition, during a period for which a signal voltage is
written, the driving element may become conducting and
thus, a drive current of the driving element may flow. In this
case, the drive current flowing through the first power lines
during the period for which a signal voltage is written causes
a change in the voltage of the first power lines. As a result, a
voltage lower than a desired voltage is held by the capacitor.

To solve such problems, there is a method of writing a
desired voltage in a capacitor by scanning one or both of the
first power line and the second power line for each of the lines
parallel to the scanning lines and thereby causing the transi-
tion of a driving element between conducting and non-con-
ducting states according to whether the luminescent element
is in operation for producing luminescence or a signal voltage
is written (refer to Japanese Patent Application Publication
No. 2009-271320, for example). In this method, while lumi-
nescence is produced, the voltages of the first power line and
the second power line are controlled so that a forward bias
voltage is applied to the luminescent pixel, and while a signal
voltage is provided, the voltages of the first power line and the
second power line are controlled so that no forward bias
voltage is applied to the luminescent element. This makes it
possible to prevent a drive current from flowing to the lumi-
nescent element via the first power line within a period during
which a signal voltage is provided.

However, in this case, it is necessary to additionally pro-
vide a dedicated driver for changing the voltage of the first
power line and the second power line, which causes a problem
of cost increase.

In the mean time, there is also a method of preventing flow
ofa drive current during a period for which a signal voltage is
provided, by switching off, within the period, a transistor for
switching additionally provided between the first and second
power lines and the luminescent element (refer to Japanese
Patent Application Publication No. 2009-69571, for
example). This method, however, has the problem that addi-
tionally providing the transistor for switching increases the
number of elements included in pixel units and the number of
wiring channels for controlling the transistor, which not only
reduces yield in the manufacturing process but also causes an
increase in power voltage which is provided from the power
supply, leading to increased power consumption.

The present invention has been devised in view of the
above problems, and an object of the present invention is to
provide an organic EL display device of which display unit
includes pixel units each having a simplified structure and
which is capable of causing the pixel unit to produce lumi-
nescence with a desired luminance.

In order to achieve the above object, an organic EL display
device according to an aspect of the present invention
includes: a plurality of pixel units arranged in a matrix,
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wherein each of the pixel units includes: a luminescent ele-
ment including a first electrode and a second electrode; a
capacitor for holding a voltage; a driving element having a
gate electrode connected to a first electrode of the capacitor
and a source electrode connected to a second electrode of the
capacitor, and allowing a drive current corresponding to the
voltage held by the capacitor to flow to the luminescent ele-
ment to cause the luminescent element to produce lumines-
cence, the driving element having a back gate electrode to
which a predetermined bias voltage is provided to place the
driving element in a non-conducting state; a first power line
electrically connected to the source electrode of the driving
element via the luminescent element; a second power line
electrically connected to a drain electrode of the driving ele-
ment; a third power line which is different from the first power
line, for setting a predetermined reference voltage for the
second electrode of the capacitor; a data line for providing a
signal voltage; a first switching element having one terminal
connected to the data line and the other terminal connected to
the first electrode of the capacitor, and selecting conduction or
non-conduction between the data line and the first electrode
of the capacitor; a second switching element having one
terminal connected to the second electrode of the capacitor
and the other terminal connected to the third power line, and
selecting conduction or non-conduction between the second
electrode of the capacitor and the third power line; and a bias
line for providing the predetermined bias voltage to the back
gate electrode, the organic EL display device further com-
prises a drive circuit which controls the first switching ele-
ment, the second switching element, and the bias voltage that
is provided to the back gate electrode, the predetermined bias
voltage is provided so that an absolute value of a threshold
voltage of the driving element is larger than a voltage between
the gate electrode and the source electrode of the driving
element, and the drive circuit (i) provides the predetermined
bias voltage to the back gate electrode so that the absolute
value of the threshold voltage of the driving element is larger
than the voltage between the gate electrode and the source
electrode, to place the driving element in the non-conducting
state, and (ii) sets the predetermined reference voltage for the
second electrode of the capacitor and concurrently provides
the signal voltage to the first electrode of the capacitor when
the driving element is in the non-conducting state, by placing
the first switching element and the second switching element
in a conducting state within a period during which the prede-
termined bias voltage is provided.

As described above, in the case where the second electrode
ofthe capacitoris connected to the first power line electrically
connected to the source electrode of the driving element, the
voltage at the second electrode of the capacitor is influenced
by a voltage drop in the first power line. Accordingly, the
voltage held by the capacitor fluctuates when the signal volt-
age is provided.

In the present aspect, the third power line is therefore
provided, which is different from the first power line, to set
the predetermined reference voltage for the second electrode
of'the capacitor. The second electrode, that is on the side of the
fixed voltage, of the capacitor is connected to the third power
line. As a result, since the second electrode of the capacitor is
connected to the third power line during the period for which
a signal voltage is written, it is possible to prevent a voltage
drop in the first power line from influencing the second elec-
trode of the capacitor and thus prevent fluctuations in the
voltage held by the capacitor.

With this, in the present aspect, the back gate electrode is
used to stop the drive current of the driving element and in the
state where the drive current is suspended, the predetermined
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reference voltage is set for the second electrode of the capaci-
tor, and the signal voltage is provided to the first electrode of
the capacitor. Thus, with the drive current suspended, the
predetermined reference voltage is set for the second elec-
trode of the capacitor while the signal voltage is provided to
the first electrode of the capacitor, which makes it possible to
prevent fluctuations in the voltage of the second electrode of
the capacitor which occur due to the drive current flowing
during the period for which a signal voltage is provided. As a
result, the capacitor is capable of holding a desired voltage,
and each ofthe luminescent pixels included in the display unit
is thus capable of producing luminescence with a desired
luminance.

In the present embodiment, the back gate electrode is used
as a switch for causing the transition of the driving element
between conducting and non-conducting states. The prede-
termined bias voltage is applied to the driving element so that
the threshold voltage of the driving element is larger than the
voltage between the gate electrode and the source electrode of
the driving element. As the conduction of the driving element
between the conducting and non-conducting states is con-
trolled through control of the bias voltage to be provided, the
back gate electrode can be used as a switching element. This
eliminates the need of providing another switching element
for cutting the drive current off during the period for which
the signal voltage is written. As a result, it is possible to
simplify the circuitry design of each of the pixel units and
thereby reduce the production cost.

In sum, according to the present invention, an organic EL.
display device is provided which includes a display unit
including pixel units each having a simplified structure and is
capable of producing luminescence with a predetermined
luminance.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, advantages and features of the
invention will become apparent from the following descrip-
tion thereof taken in conjunction with the accompanying
drawings that illustrate a specific embodiment of the inven-
tion. In the Drawings:

FIG. 1 is a block diagram showing a configuration of an
organic EL display device according to the first embodiment;

FIG. 2 is a circuit diagram showing a detailed circuitry
design of a luminescent pixel;

FIG. 3 is a graph showing one example of Vgs-Id charac-
teristics of a drive transistor;

FIG. 4A is a diagram schematically showing a state of a
luminescent pixel which is producing luminescence with the
maximum gradation level;

FIG. 4B is a diagram schematically showing a state of a
luminescent pixel to which a signal voltage is being written;

FIG. 5 is a timing chart showing operations of the organic
EL display device;

FIG. 6 is a block diagram showing a configuration of an
organic EL display device according to a variation of the first
embodiment;

FIG. 7 is a circuit diagram showing a detailed circuitry
design of a luminescent pixel;

FIG. 8 is a timing chart showing operations of the organic
EL display device;

FIG. 9 is a block diagram showing a configuration of an
organic EL display device according to the second embodi-
ment;

FIG. 10 is a circuit diagram showing a detailed circuitry
design of a luminescent pixel;
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FIG. 11 is a graph showing another example of Vgs-Id
characteristics of a drive transistor;

FIG. 12A is a diagram schematically showing a state of a
luminescent pixel which is producing luminescence with the
maximum gradation level;

FIG. 12B is a diagram schematically showing a state of a
luminescent pixel to which a signal voltage is being written;

FIG. 13 is a timing chart showing operations of the organic
EL display device according to the second embodiment;

FIG. 14 is a timing chart showing operations of an organic
EL display device according to a variation of the second
embodiment;

FIG. 15 is a circuit diagram showing a detailed circuitry
design of a luminescent pixel included in an organic EL
display device according to the third embodiment;

FIG. 16A is a diagram schematically showing a state of a
luminescent pixel which is producing luminescence with the
maximum gradation level;

FIG. 16B is a diagram schematically showing a state of a
luminescent pixel to which a signal voltage is being written;

FIG. 17 is a circuit diagram showing a detailed circuitry
design of a luminescent pixel included in an organic EL
display device according to a variation of the third embodi-
ment;

FIG. 18A is a diagram schematically showing a state of a
luminescent pixel which is producing luminescence with the
maximum gradation level;

FIG. 18B is a diagram schematically showing a state of a
luminescent pixel to which a signal voltage is being written;

FIG. 19A schematically shows one example of a circuitry
design of a luminescent pixel when a drive transistor is a
P-type transistor;

FIG. 19B schematically shows another example of a cir-
cuitry design of a luminescent pixel when the drive transistor
is a P-type transistor; and

FIG. 20 shows appearance of a thin flat-screen television
including the organic EL display device according to an
implementation of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

An organic EL display device according to an aspect of the
present invention includes: a plurality of pixel units arranged
in a matrix, wherein each of the pixel units includes: a lumi-
nescent element including a first electrode and a second elec-
trode; a capacitor for holding a voltage; a driving element
having a gate electrode connected to a first electrode of the
capacitor and a source electrode connected to a second elec-
trode of the capacitor, and allowing a drive current corre-
sponding to the voltage held by the capacitor to flow to the
luminescent element to cause the luminescent element to
produce luminescence, the driving element having a back
gate electrode to which a predetermined bias voltage is pro-
vided to place the driving element in a non-conducting state;
a first power line electrically connected to the source elec-
trode of the driving element via the luminescent element; a
second power line electrically connected to a drain electrode
of the driving element; a third power line which is different
from the first power line, for setting a predetermined refer-
ence voltage for the second electrode of the capacitor; a data
line for providing a signal voltage; a first switching element
having one terminal connected to the data line and the other
terminal connected to the first electrode of the capacitor, and
selecting conduction or non-conduction between the data line
and the first electrode of the capacitor; a second switching
element having one terminal connected to the second elec-
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trode of the capacitor and the other terminal connected to the
third power line, and selecting conduction or non-conduction
between the second electrode of the capacitor and the third
power line; and a bias line for providing the predetermined
bias voltage to the back gate electrode, the organic EL display
device further comprises a drive circuit which controls the
first switching element, the second switching element, and
the bias voltage that is provided to the back gate electrode, the
predetermined bias voltage is provided so that an absolute
value of a threshold voltage of the driving element is larger
than a voltage between the gate electrode and the source
electrode of the driving element, and the drive circuit (i)
provides the predetermined bias voltage to the back gate
electrode so that the absolute value of the threshold voltage of
the driving element is larger than the voltage between the gate
electrode and the source electrode, to place the driving ele-
ment in the non-conducting state, and (ii) sets the predeter-
mined reference voltage for the second electrode of the
capacitor and concurrently provides the signal voltage to the
first electrode of the capacitor when the driving element is in
the non-conducting state, by placing the first switching ele-
ment and the second switching element in a conducting state
within a period during which the predetermined bias voltage
is provided.

As described above, in the case where the second electrode
of'the capacitor is connected to the first power line electrically
connected to the source electrode of the driving element, the
voltage at the second electrode of the capacitor is influenced
by a voltage drop in the first power line. Accordingly, the
voltage held by the capacitor fluctuates when the signal volt-
age is provided.

In the present aspect, the third power line is therefore
provided, which is different from the first power line, to set
the predetermined reference voltage for the second electrode
of'the capacitor. The second electrode, that is on the side of the
fixed voltage, of the capacitor is connected to the third power
line. As a result, since the second electrode of the capacitor is
connected to the third power line during the period for which
a signal voltage is written, it is possible to prevent a voltage
drop in the first power line from influencing the second elec-
trode of the capacitor and thus prevent fluctuations in the
voltage held by the capacitor.

With this, in the present aspect, the back gate electrode is
used to stop the drive current of the driving transistor and in
the state where the drive current is suspended, the predeter-
mined reference voltage is set for the second electrode of the
capacitor, and the signal voltage is provided to the first elec-
trode of the capacitor. Thus, with the drive current suspended,
the predetermined reference voltage is set for the second
electrode of the capacitor while the signal voltage is provided
to the first electrode of the capacitor, which makes it possible
to prevent fluctuations in the voltage of the second electrode
of the capacitor which occur due to the drive current flowing
during the period for which a signal voltage is provided. As a
result, the capacitor is capable of holding a desired voltage,
and each of the luminescent pixels included in the display unit
is thus capable of producing luminescence with a desired
luminance.

In the present embodiment, the back gate electrode is used
as a switch for causing the transition of the driving element
between conducting and non-conducting states. The prede-
termined bias voltage is applied to the driving element so that
the threshold voltage of the driving element is larger than the
voltage between the gate electrode and the source electrode of
the driving element. As the transition of the driving element
between the conducting and non-conducting states is con-
trolled through control of the bias voltage to be provided, the
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back gate electrode can be used as a switching element. This
eliminates the need of providing another switching element
for cutting the drive current off during the period for which
the signal voltage is written. As a result, it is possible to
simplify the circuitry design of each of the pixel units and
thereby reduce the production cost.

In sum, according to the present aspect, an organic EL
display device is provided which includes a display unit
including pixel units each having a simplified structure and is
capable of producing luminescence with a predetermined
luminance.

According to an organic EL display device according to an
aspect of the present invention, the organic EL display device
further includes a trunk power line for providing a predeter-
mined fixed voltage to a display unit including the pixel units
arranged in the matrix, the trunk power line being disposed on
a periphery of the display unit, wherein the second power line
branches from the trunk power line so as to correspond to
each row and column of the pixel units arranged in the matrix
and form a grid pattern.

According to the present aspect, the second power lines are
disposed in a grid pattern so as to correspond to the respective
rows and columns of the multiple pixel units arranged in a
matrix. In this case, the total resistance of the second power
lines is smaller for the second power lines extending along the
columns, as compared to the case where the second power
lines branching from the trunk power line do not extend along
the columns but extend only along the rows. Accordingly, the
present aspect reduces the voltage drops which occur in the
second power lines 162. It is therefore possible to reduce the
fixed voltage Vdd which is provided from the DC power
supply 150, and thereby reduce the power consumption.

According to an organic EL display device according to an
aspect of the present invention, the predetermined bias volt-
age which is provided so that the threshold voltage of the
driving element is larger than the voltage between the gate
electrode and the source electrode is set so that the absolute
value of the threshold voltage of the driving element is larger
than the voltage between the gate electrode and the source
electrode when the gate electrode of the driving element is
supplied with a predetermined signal voltage that is required
to cause the luminescent element in each of the pixel units to
produce luminescence with a maximum gradation level.

According to the present aspect, the predetermined bias
voltage is set so that the threshold voltage of the driving
element is larger than the voltage between the gate electrode
and the source electrode when the gate electrode of the driv-
ing element is supplied with the predetermined signal voltage
that is required to cause the luminescent element in each of
the pixel units to produce luminescence with the maximum
gradation level. In this case, setting the predetermined bias
voltage allows the driving element to have a threshold voltage
of which absolute value is larger than the voltage between the
gate electrode and the source electrode, no matter what signal
voltage corresponding to any one of the gradation levels is
written. As a result, it is possible to stop the drive current by
reliably causing the transition of the driving element to the
non-conduction state when a signal voltage is being written.

According to an organic EL display device according to an
aspect of the present invention, the organic EL display device
further includes a first scan line for providing a signal for
controlling the first switching element between a conducting
state and a non-conducting state; and a second scan line for
providing a signal for controlling the second switching ele-
ment between a conducting state and a non-conducting state.

According to an organic EL display device according to an
aspect of the present invention, the third power line and the
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bias line correspond to each row of the pixel units arranged in
the matrix, and the third power line corresponding to one of
the rows and the bias line corresponding to a previous one of
the rows are the same line.

According to the present aspect, the third power line
included in each of the pixels arranged in one row and the bias
line included in each of the pixels arranged in a previous row
are the same line. Thus, switching on and off by the back gate
electrode of the driving element reduces TFTs and further
reduces the number of wiring channels. It is therefore pos-
sible to greatly reduce the size of the circuitry design and to
prevent influences of a voltage drop.

According to an organic EL display device according to an
aspect of the present invention, the drive circuit provides,
through the bias line that is the same line as the third power
line, the predetermined reference voltage to the driving ele-
ment included in each of the pixel units arranged in the
previous row, to place the driving element in the conducting
state, and concurrently sets, through the third power line that
is the same line as the bias line, the predetermined reference
voltage for the second electrode of the capacitor included in
each of the pixels units arranged in the one row.

According to the present aspect, each of the pixel units
arranged in the one row is producing no luminescence while
each of the pixel units arranged in the previous row is pro-
ducing luminescence. Thus, in the case where the third power
line included in each of the pixels arranged in the one row and
the bias line included in each of the pixels arranged in the
previous row are the same, the second electrode of the capaci-
tor included in each of the pixel units arranged in the one row
is supplied with not the predetermined reference voltage but
the back gate voltage via the third power line that is the same
line as the bias line. At this time, part of the range of the signal
voltage which is provided from the data line is offset accord-
ing to the voltage between the predetermined bias voltage and
the predetermined reference voltage so that the capacitor can
hold a predetermined voltage. Thus, even when the second
electrode of the capacitor included in each of the pixel units
arranged in the one row is supplied with the predetermined
bias voltage through the bias line that is the same line as the
third power line during the period for which the pixel unit
produces luminescence, there are no operational problems.

According to an organic EL display device according to an
aspect of the present invention, the driving circuit provides,
through the bias line that is the same line as the third power
line, the predetermined bias voltage to the driving element
included in each of the pixel units arranged in the previous
row, to place the driving element in the non-conducting state,
and concurrently places the second switching element in a
non-conducting state so that the predetermined bias voltage is
not written in the second electrode of the capacitor included in
each of the pixels units arranged in the one row through the
third power line that is the same line as the bias line.

According to the present aspect, each of the pixel units
arranged in the one row is producing luminescence while
each of the pixel units arranged in the previous row is pro-
ducing no luminescence. Thus, even when the third power
line included in each of the pixels arranged in the one row and
the bias line included in each of the pixels arranged in the
previous row are the same, the voltage at the source electrode
of'the driving element will not fluctuate by placing the second
switching element in the non-conducting state so that the
second electrode of the capacitor included in each of the pixel
units arranged in the one row is not supplied with the prede-
termined bias voltage through the third power line that is the
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same line as the bias line. There is thus no influence on the
production of luminescence in each of the pixel units
arranged in the one row.

According to an organic EL display device according to an
aspect of the present invention, the first scan line and the
second scan line are provided as a common control line. It is
to be noted that providing the lines as the common line means
that the lines are the same line.

According to the present aspect, the first scan line for
scanning the first switching element and the second scan line
for scanning the second switching element may be provided
as the common control line.

According to an organic EL display device according to an
aspect of the present invention, the first switching element
and the driving element are transistors of opposite polarities,
a period during which the predetermined bias voltage is pro-
vided to the back gate electrode is the same as a period during
which the signal voltage is provided to the first electrode of
the capacitor, and the first scan line and the bias line are
provided as a common control line.

According to the present aspect, the first switching element
and the driving element are transistors of opposite polarities,
and the period for which the predetermined voltage is pro-
vided to the back gate electrode is set to be the same as the
period for which the signal voltage is provided to the first
electrode of the capacitor. In this case, the signal which is
provided to the first switching element has a reversed polarity
which is the same as the polarity of the back gate electrode, so
that the scan line and the bias line can be the common control
line. This allows a reduction in the number of wiring channels
in the display unit, which can simplify the circuitry design.

According to an organic EL display device according to an
aspect of the present invention, the driving element is an
N-type transistor.

According to an organic EL display device according to an
aspect of the present invention, the predetermined reference
voltage which is provided through the third power line is
equal to or lower than a voltage of the first power line.

According to the present aspect, in the case where the
driving element is an N-type transistor, a value of the prede-
termined reference voltage which is provided from the third
power line is set to be equal to or lower than the voltage of the
first power line. Consequently, when the predetermined ref-
erence voltage is set for the second electrode of the capacitor,
the voltage at the first electrode of the luminescent element is
equal to or lower than the voltage at the second electrode of
the luminescent element, so that no current flows from the
third power line to the luminescent element. As a result, it is
possible to prevent a decrease in contrast which is due to
unnecessary production of luminescence during the period
for which the signal voltage is provided to the capacitor.

According to an organic EL display device according to an
aspect of the present invention, the drive circuit (i) provides
the signal voltage to the first electrode of the capacitor and
then places the first switching element in a non-conducting
state, (ii) provides, to the back gate electrode, a voltage higher
than the predetermined bias voltage so that the threshold
voltage of the driving element is smaller than the voltage
between the gate electrode and the source electrode, to place
the driving element in the conducting state, and (iii) provides,
to the luminescent element, a drive current corresponding to
the voltage held by the capacitor, so as to cause the lumines-
cent element to produce luminescence.

According to the present aspect, in the case where the
driving element is an N-type transistor, the signal voltage is
provided to the first electrode of the capacitor, and the back
gate electrode is then supplied with the reverse bias voltage
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that is higher than the predetermined bias voltage. This causes
the transition of the driving element from the non-conducting
state to the conducting state, which allows the drive current
corresponding to the voltage held by the capacitor to flow to
the luminescent element and thereby causes the luminescent
element to produce luminescence.

This makes it possible to prevent the voltage drop which
occurs due to the drive current flowing during the period for
which the signal voltage is written, so that the capacitor is
capable of holding a desired voltage. As a result, the driving
element is capable of allowing the drive current correspond-
ing to the desired voltage to flow and thereby causing the
luminescent element to produce luminescence.

According to an organic EL display device according to an
aspect of the present invention, the driving element is a P-type
transistor.

According to an organic EL display device according to an
aspect of the present invention, the predetermined reference
voltage which is provided through the third power line is
equal to or higher than a voltage of the first power line.

According to the present aspect, in the case where the
driving element is a P-type transistor, a value of the predeter-
mined reference voltage which is provided from the third
power line is set to be equal to or higher than the voltage of the
first power line. Consequently, when the predetermined ref-
erence voltage is set for the second electrode of the capacitor,
the voltage at the second electrode of the luminescent element
is equal to or higher than the voltage at the first electrode of
the luminescent element, so that no current flows from the
luminescent element to the third power line. As a result, it is
possible to prevent a decrease in contrast which is due to
unnecessary production of luminescence during the period
for which the signal voltage is provided to the capacitor.

According to an organic EL display device according to an
aspect of the present invention, the drive circuit (i) provides
the signal voltage to the first electrode of the capacitor and
then places the first switching element in a non-conducting
state, (i) provides, to the back gate electrode, a voltage lower
than the predetermined bias voltage so that the threshold
voltage of the driving element is smaller than the voltage
between the gate electrode and the source electrode, to place
the driving element in the conducting state, and (ii) provides,
to the luminescent element, a drive current corresponding to
the voltage held by the capacitor, so as to cause the lumines-
cent element to produce luminescence.

According to the present aspect, in the case where the
driving element is an N-type transistor, the signal voltage is
provided to the first electrode of the capacitor, and the back
gate electrode is then supplied with the reverse bias voltage
that is higher than the predetermined bias voltage. The supply
of the bias voltage to the back gate electrode is then stopped
to cause the transition of the driving element from the non-
conducting state to the conducting state, which allows the
drive current corresponding to the voltage held by the capaci-
tor to flow to the luminescent element and thereby causes the
luminescent element to produce luminescence.

This makes it possible to prevent the voltage drop which
occurs due to the drive current flowing to the third power line
during the period for which the signal voltage is written, so
that the capacitor is capable of holding a desired voltage. As
a result, the driving element is capable of allowing the drive
current corresponding to the desired voltage to flow and
thereby causing the luminescent element to produce lumines-
cence.

According to a method of controlling an organic EL dis-
play device according to an aspect of the present invention,
the method is to control an organic EL display device which
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includes: a luminescent element including a first electrode
and a second electrode; a capacitor for holding a voltage; a
driving element having a gate electrode connected to the first
electrode of the capacitor and a source electrode connected to
the second electrode of the capacitor, and allowing a drive
current corresponding to the voltage held by the capacitor to
flow to the luminescent element to cause the luminescent
element to produce luminescence, the driving element having
aback gate electrode to which a predetermined bias voltage is
provided to place the driving element in a non-conducting
state; a first power line electrically connected to the source
electrode of the driving element via the luminescent element;
asecond power line electrically connected to a drain electrode
of the driving element; a third power line which is different
from the first power line, for setting a predetermined refer-
ence voltage for the second electrode of the capacitor; a data
line for providing a signal voltage; a first switching element
having one terminal connected to the data line and the other
terminal connected to the first electrode of the capacitor, and
selecting conduction or non-conduction between the data line
and the first electrode of the capacitor; a second switching
element disposed between the second electrode of the capaci-
tor and the third power line and selecting conduction or non-
conduction between the second electrode of the capacitor and
the third power line; and a bias line for providing the prede-
termined bias voltage to the back gate electrode, wherein the
predetermined bias voltage is provided so that an absolute
value of a threshold voltage of the driving element is larger
than a voltage between the gate electrode and the source
electrode of the driving element, and the method includes:
providing the predetermined bias voltage to the back gate
electrode so that an absolute value of the threshold voltage of
the driving element is larger than the voltage between the gate
electrode and the source electrode, to place the driving ele-
ment in the non-conducting state, and setting the predeter-
mined reference voltage for the second electrode of the
capacitor and concurrently providing the signal voltage to the
first electrode of the capacitor when the driving element is in
the non-conducting state, by placing the first switching ele-
ment and the second switching element in a conducting state
within a period during which the predetermined bias voltage
is provided.

According to an organic EL display device according to an
aspect of the present invention, the organic EL display device
includes: a plurality of pixel units arranged in a matrix,
wherein each of the pixel units includes: a luminescent ele-
ment including a first electrode and a second electrode; a
capacitor for holding a voltage; a driving element having a
gate electrode connected to a first electrode of the capacitor
and a source electrode connected to a second electrode of the
capacitor, and allowing a drive current corresponding to the
voltage held by the capacitor to flow to the luminescent ele-
ment to cause the luminescent element to produce lumines-
cence, the driving element having a back gate electrode to
which a predetermined bias voltage is provided to place the
driving element in a non-conducting state; a first power line
electrically connected to the source electrode of the driving
element via the luminescent element; a second power line
electrically connected to a drain electrode of the driving ele-
ment; a third power line which is different from the first power
line, for setting a predetermined reference voltage for the first
electrode of the capacitor; a data line for providing a signal
voltage; a first switching element having one terminal con-
nected to the data line and the other terminal connected to the
second electrode of the capacitor, and selecting conduction or
non-conduction between the data line and the second elec-
trode of the capacitor; a second switching element having one
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terminal connected to the first electrode of the capacitor and
the other terminal connected to the third power line, and
selecting conduction or non-conduction between the first
electrode of the capacitor and the third power line; and a bias
line for providing the predetermined bias voltage to the back
gate electrode, the organic display device further includes a
drive circuit which controls the first switching element, the
second switching element, and the bias voltage that is pro-
vided to the back gate electrode, the predetermined bias volt-
age is provided so that an absolute value of a threshold voltage
of the driving element is larger than a voltage between the
gate electrode and the source electrode of the driving element,
and the drive circuit (i) provides the predetermined bias volt-
age to the back gate electrode so that the absolute value of the
threshold voltage of the driving element is larger than the
voltage between the gate electrode and the source electrode,
to place the driving element in a non-conducting state, and (ii)
sets the predetermined reference voltage for the first electrode
of the capacitor and concurrently provides the signal voltage
to the second electrode of the capacitor when the driving
element is in the non-conducting state, by placing the first
switching element and the second switching element in a
conducting state within a period during which the predeter-
mined bias voltage is provided.

According to an organic EL display device according to an
aspect of the present invention, the organic EL display device
further includes a trunk power line for providing a predeter-
mined fixed voltage to a display unit including the pixel units
arranged in the matrix, the trunk power line being disposed on
aperiphery of the display unit, wherein the second power line
branches from the trunk power line so as to correspond to
each row and column of the pixel units arranged in the matrix
and form a grid pattern.

According to an organic EL display device according to an
aspect of the present invention, the predetermined bias volt-
age which is provided so that the threshold voltage of the
driving element is larger than the voltage between the gate
electrode and the source electrode is set so that the absolute
value of the threshold voltage of the driving element is larger
than the voltage between the gate electrode and the source
electrode when the source electrode of the driving element is
supplied with a predetermined signal voltage that is required
to cause the luminescent element in each of the pixel units to
produce luminescence with a maximum gradation level.

According to an organic EL display device according to an
aspect of the present invention, the organic EL display device
further includes: a first scan line for providing a signal for
controlling the first switching element between a conducting
state and a non-conducting state; and a second scan line for
providing a signal for controlling the second switching ele-
ment between a conducting state and a non-conducting state.

According to an organic EL display device according to an
aspect of the present invention, the third power line and the
bias line correspond to each row of the pixel units arranged in
the matrix, and the third power line corresponding to one of
the rows and the bias line corresponding to a previous one of
the rows are the same line.

According to an organic EL display device according to an
aspect of the present invention, the drive circuit provides,
through the bias line that is the same line as the third power
line, the predetermined reference voltage to the driving ele-
ment included in each of the pixel units arranged in the
previous row, to place the driving element in the conducting
state, and concurrently sets, through the third power line that
is the same line as the bias line, the predetermined reference
voltage for the first electrode of the capacitor included in each
of the pixels units arranged in the one row.
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According to an organic EL display device according to an
aspect of the present invention, the driving circuit provides,
through the bias line that is the same line as the third power
line, the predetermined bias voltage to the driving element
included in each of the pixel units arranged in the previous
row, to place the driving element in the non-conducting state,
and concurrently places the second switching element in a
non-conducting state so that the predetermined bias voltage is
not written in the first electrode of the capacitor included in
each of the pixels units arranged in the one row through the
third power line that is the same line as the bias line.

According to an organic EL display device according to an
aspect of the present invention, the first scan line and the
second scan line are provided as a common control line.

According to an organic EL display device according to an
aspect of the present invention, the first switching element
and the driving element are transistors of opposite polarities,
a period during which the predetermined bias voltage is pro-
vided to the back gate electrode is the same as a period during
which the signal voltage is provided to the second electrode of
the capacitor, and the first scan line and the bias line are
provided as a common control line.

According to an organic EL display device according to an
aspect of the present invention, the driving element is an
N-type transistor.

According to an organic EL display device according to an
aspect ofthe present invention, a maximum value of the signal
voltage which is provided through the data line is equal to or
lower than a voltage of the first power line.

With this, in the case where the driving element is an
N-type transistor, it is possible to prevent a current flow from
the data line to the luminescent element while the signal
voltage is written. Consequently, the extinction of the lumi-
nescent pixel can be secured during writing of the signal
voltage.

According to an organic EL display device according to an
aspect of the present invention, the drive circuit (i) provides
the signal voltage to the second electrode of the capacitor and
then places the first switching element in a non-conducting
state, (ii) provides, to the back gate electrode, a voltage higher
than the predetermined bias voltage so that the threshold
voltage of the driving element is smaller than the voltage
between the gate electrode and the source electrode, to place
the driving element in the conducting state, and (ii) provides,
to the luminescent element, a drive current corresponding to
the voltage held by the capacitor, so as to cause the lumines-
cent element to produce luminescence.

According to an organic EL display device according to an
aspect of the present invention, the driving element is a P-type
transistor.

According to an organic EL display device according to an
aspect of the present invention, a minimum value of the signal
voltage which is provided through the data line is equal to or
larger than a voltage of the first power line.

With this, in the case where the driving element is a P-type
transistor, it is possible to prevent a current flow from the
luminescent element to the data line while the signal voltage
is written. Consequently, the extinction of the luminescent
pixel can be secured during writing of the signal voltage.

According to an organic EL display device according to an
aspect of the present invention, the drive circuit (i) provides
the signal voltage to the second electrode of the capacitor and
then places the first switching element in a non-conducting
state, (i) provides, to the back gate electrode, a voltage lower
than the predetermined bias voltage so that the threshold
voltage of the driving element is smaller than the voltage
between the gate electrode and the source electrode, to place
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the driving element in the conducting state, and (ii) provides,
to the luminescent element, a drive current corresponding to
the voltage held by the capacitor, so as to cause the lumines-
cent element to produce luminescence.

According to a method of controlling an organic EL dis-
play device according to an aspect of the present invention,
the method is to control an organic EL display device which
includes: a luminescent element including a first electrode
and a second electrode; a capacitor for holding a voltage; a
driving element having a gate electrode connected to the first
electrode of the capacitor and a source electrode connected to
the second electrode of the capacitor, and allowing a drive
current corresponding to the voltage held by the capacitor to
flow to the luminescent element to cause the luminescent
element to produce luminescence, the driving element having
aback gate electrode to which a predetermined bias voltage is
provided to place the driving element in a non-conducting
state; a first power line electrically connected to the source
electrode of the driving element via the luminescent element;
a second power line electrically connected to the source elec-
trode of the driving element via the luminescent element; a
third power line which is different from the first power line,
for setting a predetermined reference voltage for the first
electrode of the capacitor; a data line for providing a signal
voltage; a first switching element having one terminal con-
nected to the data line and the other terminal connected to the
second electrode of the capacitor, and selecting conduction or
non-conduction between the data line and the second elec-
trode of the capacitor; a second switching element disposed
between the first electrode of the capacitor and the third
power line and selecting conduction or non-conduction
between the first electrode of the capacitor and the third
power line, and a bias line for providing the predetermined
bias voltage to the back gate electrode, wherein the predeter-
mined bias voltage is provided so that an absolute value of a
threshold voltage of the driving element is larger than a volt-
age between the gate electrode and the source electrode of the
driving element, and the method includes: providing the pre-
determined bias voltage to the back gate electrode so that the
absolute value of the threshold voltage of the driving element
is larger than the voltage between the gate electrode and the
source electrode, to place the driving element in the non-
conducting state, and setting the predetermined reference
voltage for the first electrode of the capacitor and concur-
rently providing the signal voltage to the second electrode of
the capacitor when the driving element is in the non-conduct-
ing state, by placing the first switching element and the sec-
ond switching element in a conducting state within a period
during which the predetermined bias voltage is provided.

The following describes preferred embodiments of the
present invention based on the drawings. Throughout the
drawings, the same or equivalent elements are denoted by the
same numerals, and their overlapping descriptions will be
omitted hereinbelow.

First Embodiment

In the following, the first embodiment of the present inven-
tion is described with reference to the drawings.

FIG. 1 is a block diagram showing a configuration of an
organic EL display device according to the present embodi-
ment.

The organic EL display device 100 shown in FIG. 1
includes a write drive circuit 110, a data line drive circuit 120,
a bias voltage control circuit 130, a reference power supply
140, a DC power supply 150, and a display panel 160. The
display panel 160 includes a display unit 180 having multiple
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luminescent pixels arranged in n rows and m columns (n and
m are each a natural number), and a trunk power line 190
disposed on a periphery of the display unit 180 and through
which a predetermined fixed voltage Vdd is provided to the
display unit 180, and is connected to the write drive circuit
110, the data line drive circuit 120, the bias voltage control
circuit 130, the reference power supply 140, and the DC
power supply 150.

FIG. 2 is a circuit diagram showing a detailed circuitry
design of the luminescent pixel 170.

The luminescent pixel 170 shown in FIG. 2 is the pixel unit
according to an implementation of the present invention and
includes a first power line 161, second power lines 162, a
reference power line 163, a scan line 164, a bias line 165, a
data line 166, a scan transistor 171, a reset transistor 172, a
drive transistor 173, a capacitor 174, and a luminescent ele-
ment 175. While the luminescent element 170 located in the
“k”-th row and the “j”-th column (1=k=n, 1=j=m) is illus-
trated in FI1G. 2 as an example, the other luminescent elements
have the same or like structures.

As to the respective constituent elements shown in FIG. 1
and FIG. 2, their connection relationship and functions are
described below.

The write drive circuit 110 is connected to the multiple
scan lines 164 provided for the respective rows of the multiple
luminescent pixels 170 and provides scan pulses SCAN (1) to
SCAN (n) to the multiple scan lines, thereby scanning the
multiple luminescent pixels 170 sequentially on a per-row
basis. These scan pulses SCAN (1) to SCAN (n) are signals
for controlling on and off of the scanning transistors 171.

The data line drive circuit 120 is connected to the multiple
data lines 166 provided for the respective columns of the
multiple luminescent pixels 170 and provides data line volt-
age DATA (1) to DATA (m) to the multiple data lines 166. The
respective data line voltages DATA (1) to DATA (m) include,
in a time-division manner, a signal voltage corresponding to
the luminance of the luminescent element 175 in a corre-
sponding column. That is, the data line drive circuit 120
provides signal voltages to the multiple data lines 166. The
data line drive circuit 120 and the bias voltage control circuit
130 correspond to the drive circuit according to an implemen-
tation of the present invention.

The bias voltage control circuit 130 is connected to the
multiple bias lines 165 provided for the respective rows of the
multiple luminescent pixels 170 and provides back gate
pulses BG (1) to BG (n) to the multiple bias lines 165, thereby
controlling the threshold voltages of the multiple luminescent
pixels 170 on a per-row basis. In other words, the multiple
luminescent pixels 170 undergo, in units of rows, the transi-
tion between conducting and non-conducting states. The
details of control on the threshold voltages of the luminescent
pixels 170 by the back gate pulses BG (1) to BG (n) will be
described later.

The reference power supply 140 is connected to the refer-
ence power line 163 and provides a reference voltage Vref'to
the reference power line 163.

The DC power supply 150 is connected to the power lines
162 via the trunk power line 190 and provides the fixed
potential Vdd to the trunk power line 190. The fixed potential
Vddis 15V, for example.

The power line 161 is the first power line according to an
implementation of the present invention and connected to a
drain electrode of the drive transistor 173 via the luminescent
element 175. This power line 161 is a ground line at a poten-
tial of 0V, for example.

The second power lines 162 are each the second power line
according to an implementation of the present invention and

10

15

20

25

30

35

40

45

50

55

60

65

16

connected to the DC power supply 150 and the drain electrode
of the drive transistor 173. This second power line branches
from the trunk power line 190 so as to correspond to each row
and column of the multiple luminescent elements 170
arranged in a matrix, thereby forming a grid pattern.

The reference power line 163 is the third power line accord-
ing to an implementation of the present invention and con-
nected to the reference power supply 140 and one of a source
electrode and a drain electrode of the reset transistor 172.
From the reference voltage 140, the reference voltage Vrefis
provided to the reference power line 163. This reference
voltage Vref is 0V, for example.

The scan lines 164 are provided for the respective rows of
the multiple luminescent pixels 170 in a manner that the
multiple luminescent pixels 170 in a row share a correspond-
ing one of the scan lines 164, and connected to the write drive
circuit 110 and gate electrodes of the respective scan transis-
tors 171 included in the corresponding luminescent pixels
170.

The bias wires 165 are provided for the respective rows of
the multiple luminescent pixels 170 in a manner that the
multiple luminescent pixels 170 in a row share a correspond-
ing one of the bias wires 165, and are connected to the bias
voltage control circuit 130 and back gate electrodes of the
respective drive transistors 173 included in the corresponding
luminescent pixels 170.

The data lines 166 are provided for the respective columns
of the multiple luminescent pixels 170 in a manner that the
multiple luminescent pixels 170 in a column share a corre-
sponding one of the data lines 166, and supplied with the data
line voltages DATA (1) to DATA (m) from the data line drive
circuit 120.

The scan transistor 171 is the switching element according
to an implementation of the present invention, having one
terminal connected to the data line 166 and the other terminal
connected to the first electrode of the capacitor 174, and
selecting conduction or non-conduction between the data line
166 and the first electrode of the capacitor 174. Specifically,
the scan transistor 171 has the gate electrode connected to the
scan line 164, one of a source electrode and a drain electrode
connected to the data line 166, and the other one of the source
electrode and the drain electrode connected to the first elec-
trode of the capacitor 174. According to the scan pulse SCAN
(k) provided from the write drive circuit 110 to the gate
electrode via the scan line 164, the scan transistor 171 selects
the conduction or non-conduction between the data line 166
and the first electrode of the capacitor 174.

The reset transistor 172 is the second switching element
according to an implementation of the present invention,
having one terminal connected to the second electrode of the
capacitor 174 and the other terminal connected to the refer-
ence power line 163, and selecting conduction or non-con-
duction between the second electrode of the capacitor 174
and the reference power line 163. Specifically, the reset tran-
sistor 172 has a gate electrode connected the write drive
circuit 110 via the scan line 164, one of a source electrode and
a drain electrode connected to the reference power line 163,
and the other one of the source electrode and the drain elec-
trode connected to the second electrode of the capacitor 174.
According to the scan pulse SCAN (k) provided from the
write drive circuit 110 to the gate electrode via the scan line
164, the reset transistor 172 selects the conduction or non-
conduction between the reference power line 163 and the
second electrode of the capacitor 174.

The drive transistor 173 is the driving element according to
an implementation of the present invention, having a source
electrode S, a drain electrode D, a gate electrode G, and a back
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gate electrode BG. The gate electrode G is connected to the
first electrode of the capacitor 174, and the source electrode S
is connected to the second electrode of the capacitor 174. The
drive transistor 173 allows a drive current according to a
voltage held by the capacitor 174 to pass through the lumi-
nescent element 175, thereby causing the luminescent ele-
ment 175 to produce luminescence. When a predetermined
bias voltage is provided to the back gate electrode BG, the
drive transistor 173 becomes non-conducting. That is, the
drive transistor 173 supplies the luminescent element 175
with the drive current, i.e., a drain current according to the
voltage held by the capacitor 174. The details of this drive
transistor 173 will be described later.

The capacitor 174 is a capacitor for holding a voltage
which corresponds to a luminance of the luminescent element
175 of the luminescent pixel 170. Specifically, the capacitor
174 has the first electrode and the second electrode, and the
first electrode is connected to the gate electrode of the drive
transistor 173 and to the other one of the source electrode and
the drain electrode of the scan transistor 171 while the second
electrode is connected to the source electrode of the drive
transistor 173 and to the other one of the source electrode and
the drain electrode of the reset transistor 172. That is, the first
electrode of the capacitor 174 has a data line voltage DATA (j)
which is provided to the data line 166 when the scan transistor
171 is conducting. The second electrode of the capacitor 174
has the reference voltage Vref that is the fixed voltage of the
reference power line 163 while the reset transistor 172 is in
the conducting state, and upon the transition of the reset
transistor 172 from the conducting state to the non-conduct-
ing state, the second electrode of the capacitor 174 is discon-
nected from the reference power line 163. In other words, the
second electrode of the capacitor 174 is an electrode on the
side of the fixed voltage.

The luminescent element 175 is a luminescent element
having the first electrode and the second electrode and pro-
ducing luminescence when supplied with the drain current
from the drive transistor 173. For example, the luminescent
element 175 is an organic EL luminescent element. Of the
luminescent element 175, the first electrode is an anode and
the second electrode is a cathode, for example.

The scan transistor 171 and the reset transistor 172 are
P-type thin-film transistors (P-type TFTs), and the drive tran-
sistor 173 is an N-type thin-film transistor (N-type TFT), for
example.

Next, characteristics of the above-described drive transis-
tor 153 are described.

FIG. 3 is a graph showing one example of characteristics of
the drain current relative to the gate-source voltage (Vgs-1d
characteristics) in the drive transistor 173.

In FIG. 3, the horizontal axis represents the gate-source
voltage Vgs of the drive transistor 173 while the vertical axis
represents the drain current Id of the drive transistor 173.
Specifically, the horizontal axis indicates a voltage at the gate
electrode relative to a voltage at the source electrode in the
drive transistor 173, and a positive value is obtained when the
voltage at the gate electrode is higher than the voltage at the
source electrode while a negative value is obtained when the
voltage at the gate electrode is lower than the voltage at the
source electrode.

FIG. 3 shows the Vgs-Id characteristics for different back
gate voltages: specifically, the Vgs-1d characteristics with the
back gate-source voltages Vbs of -8 V, -4V, 0V, 4V, 8V, and
12 V. The back gate-source voltage Vbs of the drive transistor
173 indicates a voltage at the back gate electrode relative to a
voltage at the source electrode in the drive transistor 173, and
a positive value is obtained when the voltage at the back gate
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electrode is higher than the voltage at the source electrode
while a negative value is obtained when the voltage at the
back gate electrode is lower than the voltage at the source
electrode.

The Vgs-1d characteristics shown in FIG. 3 reveals that Id
differs depending on Vbs even when Vgs is constant. For
example, assume that the drive transistor 173 is non-conduct-
ing when the drain current Id is equal to or less than 100 pA,
and the drive transistor 173 is conducting when the drain
current Id is 1 pA ormore. In the case of Vgs=6'V and Vbs=-8
V, for example, the drive transistor 173 is non-conducting
because 1d is equal to or less than 100 pA. Likewise, in the
case of Vbs=4 V, 8 V, or 12 V even with Vgs=6 V, the drive
transistor 173 is conducting because Id is no less than 1 pA.

On the other hand, in the case of Vbs=-8V, -4V, or 0V
with Vgs=2 V, the drive transistor 173 is non-conducting
because Id is no more than 100 pA. Likewise, in the case of
Vbs=12 V even with Vgs=2 V, the drive transistor 173 is
conducting because Id is no less than 1 pA.

The drive transistor 173 thus undergoes the transition
between conducting and non-conducting according to Vbs
even when Vgs is constant. That is, the threshold voltage of
the drive transistor 173 changes according to Vbs. Specifi-
cally, the threshold voltage becomes higher as Vbs decreases.
Thus, even when the gate-source voltage is constant, the drive
transistor 173 undergoes the transition between conducting
and non-conducting according to the back gate pulses BG (1)
to BG (n) which are provided from the bias voltage control
circuit 130 via the bias lines 165.

It is to be noted that the amount of current based on which
it is determined whether the drive transistor 173 is conducting
or non-conducting is defined depending on a circuit into
which the drive transistor 173 is incorporated, and is thus not
limited to the above example. Specifically, the state where the
drive transistor 173 is conducting indicates a state where a
drain current corresponding to the maximum gradation level
can be provided when the gate-source voltage of the drive
transistor 173 corresponds to the maximum gradation level.
On the other hand, the state where the drive transistor 173 is
non-conducting indicates a state where the drain current is
equal to or less than an allowable current when the gate-
source voltage of the drive transistor 173 corresponds to the
maximum gradation level.

The allowable current is a drain current at the maximum
value with which no voltage drop will occur in the first power
line 161. In other words, even when the allowable current
flows through the luminescent pixel 170, the amount of the
allowable current is sufficiently small so that a voltage drop
occurring in the first power line 161 is sufficiently small and
thus does not cause a problem.

The following describes a determination on values of high
level voltages and low level voltages of the back gate pulses
BG (1) to BG (n) which are provided from the bias voltage
control circuit 130.

The drive transistor 173 of the luminescent pixel 170
requires the following two conditions.

(Condition i) The luminescent element 175 is supplied
with a drain current corresponding to the maximum gradation
level when producing luminescence with the maximum gra-
dation level.

(Condition ii) The luminescent pixel 175 is supplied with
the drain current equal to or less than the allowable current
when a signal voltage is written.

For example, assume that the drain current corresponding
to the maximum gradation level is 3 pA and the allowable
current during a writing period is 100 pA.
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The following describes the determination on values of
high level voltages and low level voltages of the back gate
pulses BG (1) to BG (n) using the Vgs-Id characteristics
shown in FIG. 3.

First, Vbs=8 V is selected as characteristics of the back
gate-source voltage for producing luminescence.

Next, the gate-source voltage for producing luminescence
with the maximum gradation level is determined. Specifi-
cally, since the drain current Id corresponding to the maxi-
mum gradation level is 3 pA, the selection of Vbs=8 V as
above leads to Vgs=5.6 V.

Next, the back gate-source voltage Vbs at which the drain
current Id is equal to or less than the allowable current in
writing of the signal voltage is selected. It is to be noted that
no matter what signal voltage corresponding to any one of the
gradation levels is written in the luminescent pixel 170, the
drain current Id is required to be equal to or less than the
allowable current. The luminance of the luminescent element
175 becomes higher as the voltage held by the capacitor 174
becomes larger. Thus, the drain current Id must be equal to or
less than the allowable current even when the capacitor 174
holds a voltage that corresponds to a signal voltage corre-
sponding to the maximum gradation level. For example,
when the signal voltage corresponding to the maximum gra-
dation level is written in the luminescent pixel 170, the volt-
age held by the capacitor 174 is the above-mentioned gate-
source voltage of the drive transistor 173 at which
luminescence is produced with the maximum gradation level,
that is, 5.6 V.

With Vgs=5.6V, the back gate-source voltage Vsb at which
the drain current Id is equal to or less than 100 pA is defined
by Vbs=-4 V. Thus, Vbs=—4 V is selected as the back gate-
source voltage Vbs for writing the signal voltage.

As above, the back gate-source voltage for producing lumi-
nance is determined as Vbs=8 V and the source-back gate
voltage for writing the signal voltage is determined as
Vbs=-4 V.

The high level voltage of the back gate pulses BG (1) to BG
(n) is obtained by adding the source voltage to the back
gate-source voltage for producing luminescence. The low
level voltage of the back gate pulses BG (1) to BG (n) is
obtained by adding the source voltage to the back gate-source
voltage for writing a signal voltage. Accordingly, in order to
determine the high level voltage and the low level voltage of
the back gate pulses BG (1) to BG (n), it is necessary to take
the source voltage of the drive transistor 173 into account.

FIG. 4A is a diagram schematically showing a state of the
luminescent pixel 170 which is producing luminescence with
the maximum gradation level. FIG. 4B is a diagram schemati-
cally showing a state of the luminescent pixel 170 in which a
signal voltage is being written.

When luminescence is being produced with the maximum
gradation level as shown in FIG. 4A, the source voltage Vs of
the drive transistor 173 will be 6 V with the drain current Id=3
LA as above. With the source voltage Vs of 6 V, the back gate
voltage Vb for obtaining characteristics corresponding to
Vbs=8 V shown in FIG. 3 is determined by Vb=Vs+Vbs,
resulting in Vb=14 V. In sum, the high level voltage of the
back gate pulse BG (1) to the back gate pulse BG (n) is
determined as 14 V.

On the other hand, when a signal voltage is being written as
shown in FIG. 4B, the reset transistor 172 is conducting so
that the source of the drive transistor 173 is connected to the
reference power line 163 via the reset transistor 172. The
source voltage of the drive transistor 173 is therefore the
reference voltage Vref, thatis, 0 V. With the source voltage Vs
of 0V, the back gate voltage Vb for obtaining characteristics
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corresponding to Vbs=—4 V shown in FIG. 3 is determined by
Vb=Vs+Vbs, resulting in Vb=-4 V. In sum, the low level
voltage of the back gate pulse BG (1) to back gate pulse BG
(n) is determined as —4 V.

As above, using the Vgs-1d characteristics for each Vbs
shown in FIG. 3, the high level voltage of the back gate pulses
BG (1) to BG (n) is determined as 14 V from the back
gate-source voltage Vbs at such a level as that (Condition 1)
the luminescent element 175 is supplied with the drain cur-
rent of 3 pA corresponding to the maximum gradation level
when producing luminescence with the maximum gradation
level. The low level voltage of the back gate pulses BG (1) to
BG (n) is determined as —4 V from the back gate-source
voltage Vbs at such a level that (Condition ii) the luminescent
element 175 is supplied with the drain current equal to or less
than the allowable current when a signal voltage is written.
This means that the bias voltage control circuit 130 provides,
to the bias lines 165, the back gate pulses BG (1) to BG (n)
which have a high level voltage of 14V, a low level voltage of
-4V, and amplitude of 18 V.

It is to be noted that the source voltage of the drive transis-
tor 173 depends on the amount of the drain current Id. Spe-
cifically, the source voltage of the drive transistor 173 is 6 V
when luminescence is produced with the maximum gradation
(e.g., the gradation level of 255) as described above, but the
source voltage of the drive transistor 173 will be 2 V when
luminescence is produced with the gradation level of 1. In this
case, the Vgs-Id characteristics of the drive transistor 173 of
the luminescent pixel 170 producing luminescence with the
gradation level of 1 will correspond to Vbs=12 V.

The organic EL display device 100 configured as above
includes the reference power line 163 which is a different
power line from the first power line 161 and though which the
second electrode of the capacitor 174 is set at the predeter-
mined reference voltage Vref. The second electrode, that is on
the side of the fixed voltage, of the capacitor 174 is connected
to the reference power line 163. Accordingly, for example,
when the scan transistor 171 becomes conducting, thereby
placing the reset transistor 172 in the conducting state during
a period for which a signal voltage is written in the first
electrode of the capacitor 174, the voltage held by the capaci-
tor 174, of which second electrode is connected to the refer-
ence power line 163, will not be influenced by a voltage drop
in the first power line 161, with the result that the voltage held
by the capacitor can be prevented from fluctuating.

In this state, for example, the threshold voltage of the
luminescent pixel 170 is controlled with the back gate pulses
BG (1) to BG (n) so that the drive current, i.e., the drain
current Id of the drive transistor 173 stops, and in the state
where the drive current is thus suspended, the predetermined
reference voltage Vref is applied to the second electrode of
the capacitor 174, and a signal voltage is written in the first
electrode of the capacitor 174. This makes it possible to
prevent fluctuations in the voltage at the second electrode of
the capacitor 174 due to flow of the drive current during the
period for which a signal voltage is written in the first elec-
trode of the capacitor 174. That is, the capacitor 174 is
capable of holding a desired voltage without influence of a
voltage drop in the first power line 161, and each of the
luminescent elements 170 included in the display unit is
capable of producing luminescence with a desired luminance.

In the organic EL display device 100 according to the
present embodiment, the back gate electrode of the transistor
173 is used as a switch for the transition between conducting
and non-conducting states of the drive transistor 173.

In other words, the bias voltage control circuit 130 controls
the threshold voltage of the drive transistor 173 with the back
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gate pulses BG (1) to BG (n) which are provided to the back
gate electrode via the bias line 165. Specifically, the bias
voltage control unit 130 provides such back gate pulses BG
(1) to BG (n) that stop the drain current of the drive transistor
173 while the data line drive circuit 120 writes a signal volt-
age at the first electrode of the capacitor 174 through the data
line 166 by placing the scan transistor 171 in the conducting
state. In the above, stopping the drain current of the drive
transistor 173 indicates that the drain current becomes equal
to or less than the allowable current.

This means that the voltage of the back gate pulses BG (1)
to BG (n) at which the drain current of the drive transistor 173
stops is a voltage which makes the threshold voltage of the
drive transistor 173 higher than the gate-source voltage of the
drive transistor 173 during the period for which a signal
voltage is written. The voltage of the back gate pulses BG (1)
to BG (n) at which the drain current of the drive transistor 173
stops may therefore be referred to as bias voltage hereinbe-
low.

The organic EL display device 100 according to the present
embodiment is capable of causing the transition of the drive
transistor 173 between conducting and non-conducting states
by the back gate pulses BG (1) to BG (n) which are provided
from the bias voltage control circuit 130. In other words, as
the transition of the drive transistor 173 between the conduct-
ing and non-conducting states is controlled through control of
the bias voltage to be provided, the back gate electrode can be
used as a switching element. This eliminates the need of
providing another switching element for cutting the drive
current off during the period for which a signal voltage is
written. As a result, it is possible to simplify the circuitry
design of the luminescent pixel 170 and thereby reduce the
production cost.

Next, operations of the above organic EL display device
100 are described.

FIG. 5 is a timing chart showing the operations of the
organic EL display device 100 according to the first embodi-
ment, and specifically, it mainly shows operations of the
luminescent pixel 170 located in the “k”-th row and “j”-th
column shown in FIG. 2. In FIG. 5, the horizontal axis rep-
resents time, and the vertical axis represents, in the order from
top, a data line voltage DATA (j) which is provided to the data
line 166 for the luminescent element 170 in the “j”-th column,
a scan pulse SCAN (k-1) which is provided to the scan line
164 for the luminescent element 170 in the “k-1"-th row, a
back gate pulse BG (k-1) which is provided to the bias line
165 for the luminescent element 170 in the “k-1"-th row, and
furthermore, a scan pulse SCAN (k), a back gate pulse BG (k),
a scan pulse SCAN (k+1), and a back gate pulse BG (k+1)
which are provided to the respective luminescent pixels in the
“k”-th and “k+1”-th rows.

Assume, for example, that a data line voltage VDH corre-
sponding to the signal voltage with the maximum gradation
level is 5.6 V, and the data line voltage VDL corresponding to
the signal voltage with the minimum gradation level (e.g., the
gradation level 0) is 0 V. In addition, assume that the scan
pulses SCAN (1) to SCAN (n) have a high level voltage VGH
0of 20 V and a low level voltage VGL of -5 V, for example.
Furthermore, as determined with reference to FIG. 3, assume
that the back gate pulses BG (1) to BG (n) have a high level
voltage BGH of 14 V and a low level voltage BGL of -4 V.

Before time t0, the scan pulse SCAN (k) and the back gate
pulse BG (k) are at high level, which means that the lumines-
cent pixels 170 in the “k”-th row produce luminescence
according to a signal voltage obtained in the last frame period.

Next, at time t0, the back gate pulse BG (k) transits from
high level to low level, which decreases the back gate voltage
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of'the drive transistor 173 from Vb=14V to Vb=-4V. That is,
the threshold voltage of the drive transistor 173 is set such that
even when the signal voltage corresponding to the maximum
gradation level is written in the luminescent pixel 170, the
drain current of the drive transistor 173 remains no more than
the allowable current. In other words, the threshold voltage of
the drive transistor 173 is set to be higher than the voltage
which is held by the capacitor 174 in the case where the signal
voltage corresponding to the maximum gradation level is
written in the luminescent element 170.

Next, at time t1, the scan pulse SCAN (k) transits from high
level to low level, which switches the scan transistor 171 on.
This allows conduction between the data line 166 and the first
electrode of the capacitor 174, with the result that the data line
voltage DATA (j) is provided to the first electrode of the
capacitor 174. At the same time, the reset transistor 172 turns
on. This allows conduction between the reference power line
163 and the second electrode of the capacitor 174. With the
reference power line 163 having the reference voltage Vref of
0V, the second electrode of the capacitor 174 has a voltage of
ov.

For example, when the data line voltage DATA (j) is 5.6 V,
the back gate-source voltage is Vbs=—4 V and the gate-source
voltage is Vgs=5.6 V as shown in FIG. 4B. In this case, the
drain current Id corresponding to Vgs=5.6 V is 100 pA with
reference to the Vgs-Id characteristics of Vbs=—4 V as shown
in FIG. 3. Thus, the drain current Id is equal to or less than the
allowable current, so that a voltage drop in the third power
line 163 can be sufficiently prevented during the writing
period. This allows the capacitor 174 to hold a voltage which
corresponds to the signal voltage, without influence of a volt-
age drop in the third power line 163.

Next, at time t2, the scan pulse SCAN (k) transits from low
level to high level, which switches the scan transistor 171 and
the reset transistor 172 off. Consequently, the capacitor 174
holds the voltage applied immediately before the time t2. This
means that the capacitor 174 holds the voltage which corre-
sponds to the signal voltage, without influence of a voltage
drop in the first power line 161.

As seen from the above, the period from time t1 to time t2
is a period for which a signal voltage is written. In this period
for which a signal voltage is written, the back gate pulse BG
(k) stays at low level, which keeps the drain current Id of the
drive transistor 173 equal to or less than the allowable current
even when the first electrode of the capacitor 174 is supplied
with the signal voltage corresponding to the maximum gra-
dation level. Thus, in the state where the drain current Id is
suspended, the voltage Vref=0 V is provided to the second
electrode of the capacitor 174, which makes it possible to
prevent the voltage at the second electrode of the capacitor
174 from fluctuating by the drain current Id flowing during
the period for which a signal voltage is written.

Because the signal voltage increases as the gradation level
increases, it is obvious that the drain current Id of the drive
transistor 173 is equal to or less than the allowable current
even when the signal voltage corresponding to a gradation
level other than the maximum gradation level is provided to
the first electrode of the capacitor 174.

Next, at time t3, the back gate pulse BG (k) transits from
low level to high level, with the result that the back gate
voltage of the drive transistor 173 increases from Vb=-4V to
Vb=12 V. The threshold voltage of the drive transistor 173
therefore becomes lower, so that the drain current Id corre-
sponding to the voltage held by the capacitor 174, which
voltage corresponds to the signal voltage, is provided to the
luminescent element 175 which thereby starts to produce
luminescence. For example, in the case where the signal
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voltage is 5.6 V, the voltage held by the capacitor 174, which
is the difference between the signal voltage and the reference
voltage Vref (e.g., 0 V), s 5.6 V, and with reference to FIG. 3,
the drain current Id is 3 pA, which causes the luminescent
element 175 to produce luminescence with a luminance cor-
responding to the maximum gradation level.

After this, in the period from time t3 to t4, the back gate
pulse BG (k) stays at high level, which allows the luminescent
element 175 to keep producing luminescence. As seen from
the above, the period from time t3 to time t4 is a period for
which luminescence is produced.

Next, at time t5, as in the case of time t1, the scan pulse
SCAN (k) transits from high level to low level, which
switches the scan transistor 171 on. This allows conduction
between the data line 166 and the first electrode of the capaci-
tor 174, with the result that the data line voltage DATA (j) is
provided to the first electrode of the capacitor 174. At the
same time, the reset transistor 172 turns on. This allows
conduction between the reference power line 163 and the
second electrode of the capacitor 174. With the reference
power line 163 having the reference voltage Vref of 0V, the
second electrode of the capacitor 174 has a voltage of 0 V.

The above-described period from time t1 to time t5 corre-
sponds to one frame period of the organic EL display device
100, and the same operations as those from time t1 to time t5
are repeated after time t5.

As above, the organic EL display device 100 sets the back
gate pulse BG (k) at low level to make the drain current of the
drive transistor 173 equal to or less than the allowable current,
and sets, in this state, the reference voltage Vref=0 V for the
second electrode of the capacitor 174, and furthermore pro-
vides the signal voltage to the first electrode of the capacitor
174. By so doing, the reference voltage is set for the second
electrode of the capacitor 174 and the signal voltage is pro-
vided to the first electrode of the capacitor 174 with the drain
current suspended, which can prevent fluctuations in voltage
of the second electrode of the capacitor 174 due to the drain
current Id flowing during the period for which the signal
voltage is provided. As a result, in the period from time t3 to
time t4 for which luminescence is produced, the luminescent
element 170 can produce luminescence with a desired lumi-
nance. [t is to be noted that when the drain current of the drive
transistor 173 is equal to or less than the allowable current, the
drive transistor 173 is substantially non-conducting.

As above, the organic EL display device 100 according to
the present embodiment includes: the plurality of pixel units
170 arranged in a matrix, wherein each of the pixel units 170
includes: the luminescent element 175 including the first
electrode and the second electrode; the capacitor 174 for
holding a voltage; the drive transistor 173 having the gate
electrode connected to the first electrode of the capacitor 174
and the source electrode connected to the second electrode of
the capacitor 174, and allowing a drive current corresponding
to the voltage held by the capacitor 174 to flow to the lumi-
nescent element 175 to cause the luminescent element 175 to
produce luminescence, the drive transistor 173 having the
back gate electrode to which the low level voltage BGL of the
back gate pulses BG (1) to BG (n) is provided to place the
drive transistor 173 in a non-conducting state; the first power
line 161 electrically connected to the source electrode of the
drive transistor 173 via the luminescent element 175; the
second power line 162 electrically connected to the drain
electrode of the drive transistor 173; the reference power line
163 which is different from the first power line 161, for setting
the predetermined reference voltage Vref for the second elec-
trode of the capacitor 174; the data line 166 for providing a
signal voltage; the scan transistor 171 having one terminal
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connected to the data line 166 and the other terminal con-
nected to the first electrode of the capacitor 174, and selecting
conduction or non-conduction between the data line 166 and
the first electrode of the capacitor 171; the reset transistor 172
having one terminal connected to the second electrode of the
capacitor 174 and the other terminal connected to the refer-
ence power line 163, and selecting conduction or non-con-
duction between the second electrode of the capacitor 174
and the reference power line 163; and the bias line for pro-
viding the low level voltage BGL to the back gate electrode,
and the organic EL display device further includes the write
drive circuit 110 and the bias voltage control circuit 130
which control the scan transistor 171, the reset transistor 172,
and the bias voltage that is provided to the back gate elec-
trode, the low level voltage BGL is provided so that an abso-
lute value of a threshold voltage of the drive transistor 173 is
larger than a voltage between the gate electrode and the
source electrode of the drive transistor 173, and the bias
voltage control circuit 130 (i) provides the low level voltage
BGL to the back gate electrode so that the threshold voltage of
the drive transistor 173 is larger than the voltage between the
gate electrode and the source electrode, to place the drive
transistor 173 in the non-conducting state, and (ii) sets the
predetermined reference voltage Vref for the second elec-
trode of the capacitor 174 and concurrently provides the
signal voltage to the first electrode of the capacitor 174 when
the drive transistor 173 is in the non-conducting state, by
placing the scan transistor 171 and the reset transistor 172 in
a conducting state within a period during which the low level
voltage BGL is provided.

If the second electrode of the capacitor 174 is directly
connected to the first power line 161, the voltage held by the
capacitor 174 will fluctuate due to influence of a voltage drop
in the first power line 161.

The present embodiment therefore provides the reference
power line 163 which is a different power line from the first
power line 161 and though which the second electrode of the
capacitor 174 is set at the predetermined reference voltage
Vref. The second electrode, that is on the side of the fixed
voltage, of the capacitor 174 is disconnected from the first
power line 161 and connected to the reference power line 163.
As aresult, since the second electrode of the capacitor 174 is
connected to the reference power line 163 during the period
for which a signal voltage is written, it is possible to prevent
a voltage drop in the first power line 161 from influencing the
second electrode of the capacitor 174 and thus prevent fluc-
tuations in the voltage held by the capacitor 174.

With this, in the present embodiment, the back gate elec-
trode is used to stop the drain current Id of the drive transistor
173 and in the state where the drive current Id is suspended,
the predetermined reference voltage Vref'is set for the second
electrode of the capacitor 174, and a signal voltage is pro-
vided to the first electrode of the capacitor 174. Thus, with the
drain current Id suspended, the predetermined reference volt-
age Vref is set for the second electrode of the capacitor 174
while the signal voltage is provided to the first electrode of the
capacitor 174, so that during the period for which the signal
voltage is provided, no drain current Id flows, and it is there-
fore possible to prevent fluctuations in the voltage of the
second electrode of the capacitor 174 during the period for
which a signal voltage is provided. As a result, the capacitor
174 is capable of holding a desired voltage, and the lumines-
cent pixel 170 included in the display unit is thus capable of
producing luminescence with a desired luminance.

In the present embodiment, the back gate electrode of the
transistor 173 is used as a switch for causing the transition of
the drive transistor 173 between conducting and non-con-
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ducting states. The low level voltage BGL is applied to the
back gate electrode so that the threshold voltage of the drive
transistor 173 is larger than the voltage between the gate
electrode and the source electrode of the drive transistor 173.
As the transition of the drive transistor 173 between the con-
ducting and non-conducting states is controlled through con-
trol of the bias voltage to be provided, the back gate electrode
can be used as a switching element. This eliminates the need
of providing another switching element for cutting the drive
current off during the period for which a signal voltage is
written.

That is, the drive transistor 173 undergoes the transition
between conducting and non-conducting according to the
back gate pulse BG (k) which is provided to the back gate
electrode of the drive transistor 173. Specifically, the low
level voltage (BGL=-4 V) of the back gate pulse BG (k) is
provided so that the threshold voltage of the drive transistor
173 becomes higher than the gate-source voltage of the drive
transistor 173. The high level voltage (BGH=14 V) of the
back gate pulse BG (k) is provided so that the threshold
voltage of the drive transistor 173 becomes lower than the
gate-source voltage of the drive transistor 173. The organic
EL display device 100 is thus capable of controlling the
transition of the drive transistor 173 between conducing and
non-conducting states with the back gate pulse BG (k). In
other words, the back gate electrode of the drive transistor 173
is used as a switching element.

The organic EL display device 100 is therefore capable of
causing a luminescent pixel to produce luminescence with a
desired luminance without an additional switching element
for cutting the drain current Id off during the period for which
a signal voltage is written.

In sum, the organic EL display device 100 according to the
present embodiment is capable of causing the display unit
180 to produce luminescence with a desired luminance, while
each ofthe luminescent pixels 170 included in the display unit
180 is provided with a simplified structure.

The trunk power line 190 is disposed on a periphery of the
display unit 180, and the second power lines 162 branch from
the trunk power line 190 so as to correspond to the respective
rows and columns of the multiple luminescence pixels 170,
thereby forming a grid pattern. The periphery of the display
unit 180 indicates a region between the outer edge of the
display panel 160 and the outer boundary of the minimum
region which includes all the multiple luminescent pixels 170
arranged in a matrix.

In this case, the total resistance of the second power lines
162 is smaller for the second power lines 162 extending along
the columns, as compared to the case where the second power
lines 162 branching from the trunk power line 190 do not
extend along the columns but extend only along the rows.
Accordingly, the present embodiment reduces the voltage
drops which occur in the second power lines 162. It is there-
fore possible to reduce the fixed voltage Vdd which is pro-
vided from the DC power supply 150, and thereby reduce the
power consumption.

Furthermore, in the organic EL display device 100, from
time t1 to time t2 in FIG. 5, a signal voltage is provided to the
first electrode of the capacitor 174 and then, at time t2, the
scan transistor 171 undergoes the transition to non-conduc-
tion. Subsequently, at time t3, the high level voltage
(BGH=14 V) of the back gate pulse BG (k) higher than the
low level voltage (BGL=—4 V) of the back gate pulse BG (k)
is provided to the back gate electrode so that the threshold
voltage of the drive transistor 173 becomes lower than the
gate-source voltage, which causes the transition of the drive
transistor 173 to the conducting state, and the drain current Id
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corresponding to the voltage held by the capacitor 174 is
allowed to flow to the luminescent element 175 and thereby
causes it to start to produce luminescence.

Specifically, in the case where the drive transistor 173 is an
N-type transistor as in the present embodiment, a signal volt-
age is provided to the first electrode of the capacitor 174, and
the back gate electrode of the drive transistor 173 is then
supplied with the high level voltage of the back gate pulse BG
(k), which is a reverse bias voltage higher than the low level
voltage of the back gate pulse BG (k) that is a predetermined
bias voltage. This causes the transition of the drive transistor
173 from the non-conducting state to the conducting state,
which allows the drain current Id corresponding to the voltage
held by the capacitor 174 to flow to the luminescent element
175 and thereby causes the luminescent element 175 to pro-
duce luminescence.

This makes it possible to prevent the voltage drop which
occurs due to the drain current Id flowing during the period
for which a signal voltage is written, so that the capacitor 174
is capable of holding a desired voltage. As a result, the drive
transistor 173 is capable of allowing the drain current Id
corresponding to the desired voltage to flow and thereby
causing the luminescent element 175 to produce lumines-
cence.

The scan transistor 171 and the reset transistor 172 each
undergo the transition between conducting and non-conduct-
ing with the scan pulses SCAN (1) to SCAN (n) which are
provided through the scan line 164 which is the common for
the scan transistor 171 and the reset transistor 172. This
allows a reduction in the number of wiring channels in the
display unit 180, which can simplify the circuitry design.

The reference voltage Vref which is provided from the
reference power line 163 is equal to or lower than the voltage
of'the first power line.

Accordingly, while the reference voltage Vrefis set for the
second electrode of the capacitor 174, the voltage at the anode
of the luminescent element 175 is equal to or lower than the
voltage at the cathode thereof, so that no current flows from
the reference power line 163 to the luminescent element 175.
As a result, it is possible to prevent a decrease in contrast
which is due to unnecessary production of luminescence dur-
ing the period for which a signal voltage is written. While the
reference voltage Vrefis 0V and the voltage of the first power
line is 0 V in the above description, they are an example and
not limited to the above values as long as the reference voltage
Vref is equal to or lower than the voltage of the first power
line.

Variation of First Embodiment

The organic EL display device according to the present
variation is almost the same as the organic EL display device
100 according to the first embodiment except that the period
for which a predetermined bias voltage is provided to the back
gate electrode of the drive transistor 173 is set to be the same
as the period for which a signal voltage is provided to the first
electrode of the capacitor 174 and that the scan line 164 and
the bias line 165 are provided as a common control line.

The following specifically describes the variation of the
first embodiment, especially differences thereof from the first
embodiment, with reference to the drawings.

FIG. 6 is a block diagram showing a configuration of the
organic EL display device according to the present variation,
and FIG. 7 is a circuit diagram showing a detailed circuitry
design of a luminescent pixel included in the organic EL
display device according to the present variation.
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As shown in FIG. 6, unlike the organic EL display device
100 according to the first embodiment shown in FIG. 1, an
organic EL display device 200 according to the present varia-
tion does not include the bias voltage control circuit 130 and
the bias lines 165, and includes luminescent pixels 270
instead of the luminescent pixels 170. Furthermore, the
organic EL display device 200 includes, instead of the display
panel 160, a display panel 260 that includes a display unit 280
in which the multiple luminescent pixels 270 are arranged.

As shown in FIG. 7, in each of the luminescent pixels 270,
unlike the luminescent pixel 170, the back gate electrode of
the drive transistor 173 is connected to the scan line 164. This
means that the organic EL display device 200 according to the
present variation, which requires no bias lines 165 unlike the
display device 100 according to the first embodiment, has the
reduced number of wiring channels, thus allowing for a sim-
plified circuitry design.

FIG. 8 is a timing chart showing operations of the organic
EL display device 200 according to the variation of the first
embodiment. Specifically, it mainly shows operations of the
luminescent pixel 270 located in the “k”-th row and “j”-th
column shown in FIG. 6.

First, at time t21, the scan pulse SCAN (k) transits from
high level to low level, which switches the scan transistor 171
and the reset transistor 172 on.

Assume that the scan pulse SCAN (k) has a high level
voltage VGH of 20 V and a low level voltage VGL of -5 V.
Accordingly, the transition of the scan pulse SCAN (k) from
high level to low level decreases the back gate voltage of the
drive transistor 173 from Vb=20 V to Vb=-5 V. That is, the
threshold voltage of the drive transistor 173 is set such that
even when the signal voltage corresponding to the maximum
gradation level is written in the luminescent pixel 270, the
drain current of the drive transistor 173 remains no more than
the allowable current. In other words, the low level voltage
VGL of the scan pulse SCAN (k) is such a voltage that the
threshold voltage of the drive transistor 173 becomes higher
than the voltage which is held by the capacitor 174 in the case
where the signal voltage corresponding to the maximum gra-
dation level is written in the luminescent element 270.

In sum, unlike the organic EL display device 100 according
to the first embodiment, the organic EL display device 200
according to the present variation does not include the bias
lines 165 for setting the voltage at the back gate electrode of
the drive transistor 173 to the predetermined bias voltage, but
uses, as the predetermined bias voltage, the low level voltage
VGL of the scan pulse SCAN (k) which is provided to the
scan lines 164.

Next, at time 122, the scan pulse SCAN (k) transits from
low level to high level, which switches the scan transistor 171
and the reset transistor 172 off.

As seen from the above, the period from time t21 to time
122 is a period for which a signal voltage is written. In this
period for which a signal voltage is written, the voltage which
is provided to the back gate electrode of the drive transistor
173 keeps being the low level voltage VGL of the scan pulse
SCAN (k), which keeps the drain current Id of the drive
transistor 173 equal to or less than the allowable current even
when the first electrode of the capacitor 174 is supplied with
the signal voltage corresponding to the maximum gradation
level. As in the case of the organic EL display device 100
according to the first embodiment, the organic EL display
device 200 according to the present variation is capable of
preventing the voltage at the second electrode of the capacitor
174 from fluctuating during the period for which a signal
voltage is written.
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At time t22, the back gate voltage Vb of the drive transistor
173 becomes 20 V, in the case where the high level voltage
(VGH=20 V) of the scan pulse SCAN (k) is provided. As
described in the first embodiment, when the luminescent
element 175 is producing luminescence with the maximum
gradation level, the source voltage of the drive transistor 173
is 6 'V and therefore, the back gate-source voltage Vbs of the
drive transistor 173 is 14 V. Accordingly, with the Vgs-Id
characteristics shown in FIG. 3, it is possible to satisfy the
conditions required in the drive transistor 173, namely, Con-
dition i: the luminescent element 175 is supplied with a drain
current corresponding to the maximum gradation level when
producing luminescence with the maximum gradation level.

That is, in the organic EL display device 200 according to
the present variation, the high level voltage VGH of the scan
pulse SCAN (k) which is provided to the scan lines 164 is
used as the back gate voltage for obtaining the back gate-
source voltage at which the drain current Id corresponding to
the maximum gradation level flows.

Next, at time t23, as in the case of time t21, the scan pulse
SCAN (k) transits from high level to low level, which
switches the scan transistor 171 and the reset transistor 172
on. In addition, the back gate voltage of the drive transistor
173 decreases from Vb=20V to Vb=-5V.

The above-described period from time t21 to time t23
corresponds to one frame period of the organic EL display
device 200, and the same operations as those from time t21 to
time t23 are repeated after time t23.

As above, in the organic EL display device 200 according
to the present variation, the period for which a predetermined
bias voltage (VGL=-=5 V) is provided to the back gate elec-
trode of the drive transistor 173 is set to be the same as the
period for which a signal voltage is provided to the first
electrode of the capacitor 174 and the scan line 164 and the
bias line 165 are provided as a common control line, unlike
the organic EL display device 100 according to the first
embodiment. Specifically, as compared to the first embodi-
ment, the scan line 164 is connected further to the back gate
electrode of the drive transistor 173.

Second Embodiment

An organic EL display device according to the second
embodiment is almost the same as the organic EL display
device 100 according to the first embodiment except that the
reference power line for one row and the bias line for a
previous row are the same line. The following specifically
describes the organic EL display device according to the
present embodiment, especially differences thereof from the
organic EL display device 100 according to the first embodi-
ment.

FIG. 9 is a block diagram showing a configuration of the
organic EL display device according to the second embodi-
ment.

In the organic EL display device 300 shown in FIG. 9,
unlike the organic EL display device 100 shown in FIG. 1,
multiple luminescent pixels 370 arranged in one row are
connected to the bias line 165 for the luminescent pixels 370
arranged in a previous row, and the reference power supply
140 for providing the reference voltage Vref is not included,
but a dummy bias line 365 is included. Furthermore, the
organic EL display device 300 includes, instead of the display
panel 160, a display panel 360 that includes a display unit 380
in which multiple luminescent pixels 370 are arranged.

The dummy bias line 365 is connected to the luminescent
pixels 370 arranged in the first row of the multiple lumines-
cent pixels 370, and as in the case of the bias line 165, the
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dummy bias line 365 is supplied with the back gate pulse BG
(0), which is one horizontal period earlier than the back gate
pulse BG (1), provided from the bias voltage control circuit
130.

FIG. 10 is a circuit diagram showing a detailed circuitry
design of the luminescent pixel 370 shown in FIG. 9. The
luminescent pixel 370 shown in FIG. 10 is the luminescent
pixel 370 located in the “k”-th row and “j”-th column, and
FIG. 10 includes part of the configuration of the luminescent
pixel 370 located in the “k-1"-th row and “§”-th column and
part of the configuration of the luminescent pixel 370 located
in the “k+1”-th row and “j”-th column.

In the luminescent pixel 370 shown in FIG. 10, unlike the
luminescent pixel 170 shown in FIG. 2, the reset transistor
172 is connected to the bias line 165 for the luminescent pixel
370 in a previous row, and the reference power line 163
through which the reference voltage Vref is provided is not
included.

In other words, the reference power line for one row and the
bias line 165 for a previous row are the same.

This reduces the number of wiring channels and thereby
simplifies the circuitry design in the organic EL display
device 300 according to the present embodiment, as com-
pared to the organic EL display device 100 according to the
first embodiment.

The following describes a determination on values of high
level voltages and low level voltages of the back gate pulses
BG (0) to BG (n) which are provided from the bias voltage
control circuit 130.

The drive transistor 173 of the luminescent pixel 370
requires (Condition i) and (Condition ii) described in the first
embodiment. Furthermore, the drain current corresponding to
the maximum gradation level is set at 3 pA, and the allowable
current during a writing period is set at 100 pA, as in the case
of the first embodiment.

FIG. 11 is a graph showing another example of character-
istics of the drain current relative to the gate-source voltage
(Vgs-1d characteristics) in the drive transistor 173. The Vgs-
Id characteristics shown in FIG. 11 are different from the
Vgs-1d characteristics shown in FIG. 3 in the range of Vgs and
the back gate-source voltage Vbs. Specifically, FIG. 11 shows
the Vgs-1Id characteristics with the back gate-source voltages
Vbs of =22V, =18V, =14V, =10V, -6 V, and -2 V.

The following describes the determination on values of
high level voltages and low level voltages of the back gate
pulses BG (0) to BG (n) using the Vgs-Id characteristics
shown in FIG. 11. The determination process is the same as in
the first embodiment and therefore will not be described in
detail again.

First, Vbs=—6 V is selected as characteristics of the back
gate-source voltage for producing luminescence.

Next, the gate-source voltage for producing luminescence
with the maximum gradation level is determined. Specifi-
cally, since the drain current Id corresponding to the maxi-
mum gradation level is 3 pA, the selection of Vbs=-6V as
above leads to Vgs=11.6 V.

Next, the back gate-source voltage Vbs at which the drain
current Id is equal to or less than the allowable current in
writing of the signal voltage is selected. It is to be noted that
no matter what signal voltage corresponding to any one of the
gradation levels is written in the luminescent pixel 370, the
drain current Id is required to be equal to or less than the
allowable current. With Vgs=11.6 V, the back gate-source
voltage Vbs at which the drain current Id is equal to or less
than 100 pA is defined by Vbs=-18 V. Thus, Vbs=-18 V is
selected as the back gate-source voltage Vbs for writing the
signal voltage.
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As above, the back gate-source voltage for producing lumi-
nance is determined as Vbs=—6 V and the source-back gate
voltage for writing the signal voltage is determined as Vbs=-
18 V.

The high level voltages of the back gate pulses BG (0) to
BG (n) are each obtained by adding the source voltage to the
back gate-source voltage for producing luminescence. The
low level voltages of the back gate pulses BG (0) to BG (n) are
each obtained by adding the source voltage to the back gate-
source voltage for writing a signal voltage. Accordingly, in
order to determine the high level voltage and the low level
voltage of the back gate pulses BG (0) to BG (n), it is neces-
sary to take the source voltage of the drive transistor 173 into
account.

FIG. 12A is a diagram schematically showing a state of the
luminescent pixel 370 which is producing luminescence with
the maximum gradation level. FIG. 12B is a diagram sche-
matically showing a state of the luminescent pixel 370 in
which a signal voltage is being written.

When luminescence is being produced with the maximum
gradation level as shown in FIG. 12A, the source voltage Vs
of the drive transistor 173 will be 6 V with the drain current
1d=3 pA as above. With the source voltage Vs of 6 V, the back
gate voltage Vb for obtaining characteristics corresponding to
Vbs=-6V shown in FIG. 11 is determined by Vb=Vs+Vbs,
resulting in Vb=0V. In sum, the high level voltage of the back
gate pulse BG (0) to the back gate pulses BG (n) is determined
asOV.

On the other hand, when a signal voltage is being written as
shown in FIG. 12B, the reset transistor 172 is conducting so
that the source of the drive transistor 173 is connected to the
bias line 165 for a previous row via the reset transistor 172.
The source voltage of the drive transistor 173 is therefore the
voltage of the bias line 165 for the luminescent pixels 370 in
“k-17-th row during the period for which a signal voltage is
written in the luminescent pixels 370 in the “k”-th row.

In the period for which a signal voltage is written in the
luminescent pixels 370 in the “k”-th row, the back gate pulse
BG (k-1) is at high level because the writing of a signal
voltage in the luminescent pixels 370 in the “k-1"-th row has
been completed. This means that the voltage of the bias line
165 for the luminescent pixels 370 in the “k-1"-throwis O V.

Accordingly, the source voltage of the drive transistor 173
of'the luminescent pixel 370 in the “k”-th row is 0 V. With the
source voltage Vs of 0V, the back gate voltage Vb for obtain-
ing characteristics corresponding to Vbs=—18 V shown in
FIG.11is determined by Vb=Vs+Vbs, resulting in Vb=-18 V.
In sum, the low level voltage of the back gate pulse BG (0) to
back gate pulse BG (n) is determined as =18 V.

As above, using the Vgs-1d characteristics for each Vbs
shown in FIG. 11, the high level voltage of the back gate
pulses BG (0) to BG (n) is determined as 0 V from the back
gate-source voltage Vbs at such a level as that (Condition 1)
the luminescent element 175 is supplied with the drain cur-
rent of 3 pA corresponding to the maximum gradation level
when luminescence is produced with the maximum gradation
level. The low level voltage of the back gate pulses BG (0) to
BG (n) is determined as =18 V from the back gate-source
voltage Vbs at such a level that (Condition ii) the luminescent
element 175 is supplied with the drain current Id equal to or
less than the allowable current when a signal voltage is writ-
ten. This means that, in the present embodiment, the bias
voltage control circuit 130 provides, to the bias lines 165 and
the dummy bias line 365, the back gate pulses BG (0) to BG
(n) which have a high level voltage of 0V, a low level voltage
of =18 V, and amplitude of 18 V.
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Next, operations of the above organic EL display device
300 are described.

FIG. 13 is a timing chart showing the operations of the
organic EL. display device 300 according to the second
embodiment, and specifically, it mainly shows operations of
the luminescent pixel 370 located in the “k”-th row and *j”-th
column shown in FIG. 10. In FIG. 13, the horizontal axis
represents time, and the vertical axis represents, in the order
from top, a dataline voltage DATA (j) which is provided to the
data line 166 for the luminescent element 370 in the “J”-th
column, a scan pulse SCAN (k-1) which is provided to the
scan line 164 for the luminescent element 370 in the “k—1"-th
row, a back gate pulse BG (k—1) which is provided to the bias
line 165 for the luminescent element 370 in the “k-1"-th row,
and furthermore, a scan pulse SCAN (k), a back gate pulse
BG (k), a scan pulse SCAN (k+1), and a back gate pulse BG
(k+1) which are provided to the respective luminescent pixels
in the “k”-th and “k+17-th rows.

Assume, for example, that a data line voltage VDH corre-
sponding to the signal voltage with the maximum gradation
level is 11.6 'V, and the data line voltage VDL corresponding
to the signal voltage with the minimum gradation level is 6 V.
In addition, assume that the scan pulses SCAN (1) to SCAN
(n) have a high level voltage VGH of 20 V and a low level
voltage VGL of -5 V. Furthermore, as determined with ref-
erence to FIG. 11, assume that the back gate pulses BG (0) to
BG (n) have a high level voltage BGH of 0V and a low level
voltage BGL of =18 V.

Before time t30, the scan pulse SCAN (k) and the back gate
pulse BG (k) are at high level, which means that the lumines-
cent pixels 370 in the “k”-th row produce luminescence
according to a signal voltage obtained in the last frame period.

Next, at time t0, the back gate pulse BG (k) transits from
high level to low level, which decreases the back gate voltage
of the drive transistor 173 from Vb=0V to Vb=-18 V. The
threshold voltage of the drive transistor 173 is therefore set to
be higher than the voltage which is held by the capacitor 174
in the case where the signal voltage corresponding to the
maximum gradation level is written in the luminescent ele-
ment 370.

Next, at time t31, the scan pulse SCAN (k) transits from
high level to low level, which switches the scan transistor 171
on. This allows conduction between the data line 166 and the
first electrode of the capacitor 174, with the result that the data
line voltage DATA (j) is provided to the first electrode of the
capacitor 174. At the same time, the reset transistor 172 turns
on. This allows conduction between the second electrode of
the capacitor 174 and the bias line 165 for the luminescent
pixels 370 in the “k-1"-th row. The bias line 165 for the
luminescent pixels 370 in the (k-1)-th row is supplied with
the back gate pulse BG (k-1). At time t31, the voltage of the
back gate pulse BG (k-1) is =18 V, and the second electrode
of the capacitor 174 therefore has a voltage of -18 V.

Subsequently, at time t32, the back gate pulse BG (k-1)
transits from low level to high level, which changes the volt-
age of the bias line 165 for the luminescent pixels 370 in the
(k-1)-th row from —18 V to 0 V. Accordingly, the voltage at
the second electrode of the capacitor 174 also changes from
-18Vto OV.

Consequently, as in the case of the first embodiment, even
when the signal voltage corresponding to the maximum gra-
dation level is written, the drain current Id remains no more
than the allowable current because of the Vgs-1d characteris-
tics of Vbs=-18V shown in FIG. 11, so that a voltage drop in
the bias line can be sufficiently prevented during the writing
period. This allows the capacitor 174 to hold a voltage which
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corresponds to the signal voltage, without influence of a volt-
age drop in the first power line 161.

Next, at time t33, the scan pulse SCAN (k) transits from
low level to high level, which switches the scan transistor 171
and the reset transistor 172 off. Consequently, the capacitor
174 holds the voltage applied immediately before the time
t33. This means that the capacitor 174 holds the voltage which
corresponds to the signal voltage, without influence of a volt-
age drop in the first power line 161.

In other words, the voltage held by the capacitor 174 is
determined according to the voltage which is provided to the
first electrode of the capacitor 174 and the voltage which is
provided to the second electrode of the capacitor 174 when
the scan pulse SCAN (k) transits from low level to high level.
Thus, in the organic EL display device 300 according to the
present embodiment, it is required that, at time t33 when the
scan pulse (k) transits from low level to high level, the bias
line 165 for the luminescent pixels 370 in the (k-1)-th row
have a voltage of 0 V owing to the back gate pulse BG(k-1) at
high level.

Next, at time t34, the back gate pulse BG (k) transits from
low level to high level, with the result that the back gate
voltage of the drive transistor 173 increases from Vb=-18 V
to Vb=0 V. The threshold voltage of the drive transistor 173
therefore becomes lower, so that the drain current Id corre-
sponding to the voltage held by the capacitor 174, which
voltage corresponds to the signal voltage, is provided to the
luminescent element 175 which thereby starts to produce
luminescence.

After this, in the period from time t34 to t35, the back gate
pulse BG(k) stays at high level, which allows the luminescent
element 175 to keep producing luminescence.

Next, at time t35, as in the case of time t31, the back gate
pulse BG (k) transits from high level to low level, which
decreases the back gate voltage of the drive transistor 173
from Vb=0V to Vb=-18 V. The threshold voltage of the drive
transistor 173 is therefore set to be higher than the voltage
which is held by the capacitor 174 in the case where the signal
voltage corresponding to the maximum gradation level is
written in the luminescent element 370.

The above-described period from time t30 to time t35
corresponds to one frame period of the organic EL display
device 300, and the same operations as those from time t30 to
time t35 are repeated after time t35.

As above, in the organic EL display device 300 according
to the present embodiment, the reset transistor 172 of the
luminescent pixel 370 in the “k”-th row is connected to,
instead of the reference power line 163, the bias power line
165 for the luminescent pixels 370 in the “k—1"-th row, as
compared to the organic EL display device 100 according to
the first embodiment. That is, the reference power line 163 for
the luminescent pixels 370 in the “k”-th row and the bias line
165 for the luminescent pixels 370 in the “k-1"-th row are the
same line.

This allows the organic EL display device 300 to further
reduce the number of wiring channels and thereby greatly
reduce the size of the circuitry design as compared to the
organic EL display device 100.

Furthermore, in the organic EL display device 300, as in the
case of the organic EL display device 100 according to the
first embodiment, when the scan pulse SCAN (k) which is
provided to the scan line 164 for the luminescent pixels 370 in
the “k”-th row transits from low level to high level (at time
133), the back gate pulse BG (k-1) which is provided to the
bias line 165 for the luminescent pixels 370 in the “k-1"-th
row transits to high level so that 0 V is set at the second
electrode of the capacitor 174. In other words, the drive tran-
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sistor 173 in the luminescent pixel 370 in the “k-1"-th row is
supplied with a predetermined reference voltage through the
bias line 165 for the “k-17-th row so that the drive transistor
173 is placed in a conducting state, and at the same time, the
second electrode of the capacitor 174 in the luminescent pixel
370 in the “k”-th row is supplied with a predetermined refer-
ence voltage Vref through the bias line 165 for the “k-17-th
rOw.

At time t33, the luminescent pixel 370 in the “k—-1"-th row
is producing luminescence while the luminescent pixel 370 in
the “k”-th row is producing no luminescence. Thus, even
when the reset transistor 172 in the luminescent pixel 370 in
the “k”-th row is connected to, instead of the reference power
line 163 shown in FIGS. 1 and 2, the bias line 165 for the
luminescent pixel 370 in the “k-1"-th row, there are no opera-
tional problems. More specifically, the drive transistor 173 of
the luminescent pixel 370 in the “k”-th row is supplied with
the predetermined bias voltage through the bias line 165 and
thereby placed in a non-conducting state when the lumines-
cent pixel 370 in the “k-1"-th row produces luminescence,
with the result that no operational problems occur even when
the predetermined reference voltage Vrefis set for the second
electrode of the capacitor 174 of the luminescent pixel 370 in
the “k”-th row through the bias line 165 for the luminescent
pixel 370 in the “k-1"-th row in the period for which the
luminescent pixel 370 in the “k-1"-th row produces lumines-
cence.

Furthermore, in the organic EL display device 300, the
drive transistor 173 in the luminescent pixel 370 in the “k—-1"-
th row is supplied with the predetermined bias voltage
through the bias line 165 for the luminescent pixel 370 in the
“k-17-th row and thereby placed in a non-conducting state,
and at the same time, the reset transistor 172 in the lumines-
cent pixel 370 in the “k”-th row is placed in a non-conducting
state so that the second electrode of the capacitor 174 in the
luminescent pixel 370 in the “k”-th row is not supplied with
the predetermined bias voltage through the bias line 165 for
the luminescent pixel 370 in the “k—1"-th row.

At this time, the luminescent pixel 370 in the “k-1"-th row
is producing no luminescence while the luminescent pixel
370 in the “k”-th row is producing luminescence. Thus, even
when the reset transistor 172 in the luminescent pixel 370 in
the “k”-th row is connected to, instead of the reference power
line 163 shown in FIGS. 1 and 2, the bias line 165 for the
luminescent pixel 370 in the “k-1"-th row, there are no opera-
tional problems. More specifically, when the reset transistor
172 of the luminescent pixel 370 in the “k”-th row is placed in
a non-conducting state so that the second electrode of the
capacitor 174 in the luminescent pixel 370 in the “k”-th row
is not supplied with the predetermined bias voltage of VGL=-
18 V through the bias line 165 in the “k-1"-th row, then the
predetermined reference voltage set at the second electrode of
the capacitor 174 in the “k”-th row will not fluctuate. There is
thus no influence on the production of luminescence in the
luminescent pixel 370 in the “k-1-th row.

Variation of Second Embodiment

The organic EL display device according to the variation of
the second embodiment is almost the same as the organic EL
display device 300 according to the second embodiment
except that the timing of'the transition of the back gate pulses
BG (0) to BG (n) from low level to high level is different.

FIG. 14 is a timing chart showing operations of the organic
EL display device according to the variation of the present
variation.
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As shown in FIG. 14, the operations of the organic EL.
display device according to the present variation are different
from the operations of the organic EL display device 300
according to the second embodiment shown in FIG. 13 in
points in time at which the back gate pulses BG (0) to BG (k)
transit from low level to high level. The following specifically
describes the present variation, especially differences thereof
from the operations of the organic EL display device 300
according to the second embodiment shown in FIG. 13.

At time t40, which corresponds to time t30 in FIG. 13, the
back gate pulse BG (k) transits from high level to low level.

Next, at time t41, the scan pulse SCAN (k) transits from
high level to low level, which switches the scan transistor 171
on. At this time t41, as compared to time t31 in FIG. 13, the
back gate pulse BG (k-1) which is provided to the bias line
165 for the luminescent pixel 370 in the (k—1)-th row further
transits from low level to high level.

Next, at time t42, the scan pulse SCAN (k) transits from
low level to high level, and at the same time, the back gate
pulse BG (k) also transits from low level to high level.

With the operation timing of the organic EL display device
300 according to the second embodiment shown in FIG. 13,
even when the scan pulse SCAN (k) becomes low level at time
131, which starts writing of a signal voltage, the back gate
pulse BG (k-1), which is provided to the bias line 165 for the
luminescent pixel 370 in the “k-1"-th row that is connected
via the reset transistor 172, is at low level. Subsequently, at
time t32, the back gate pulse BG (k-1) transits from low level
to high level, which causes the second electrode of the capaci-
tor 174 of the luminescent element 370 in the “k”-th row to be
supplied with a predetermined reference voltage that is 0 V. In
other words, from time t31 to time t32, the voltage corre-
sponding to the signal voltage cannot be written in the capaci-
tor 174.

That is, in the organic EL display device 300 according to
the second embodiment, the time Atl from time t32 to t33
corresponds to the period for which a signal voltage is actu-
ally written.

On the other hand, in the organic EL display device accord-
ing to the present variation shown in FIG. 14, at the same time
when the scan pulse SCAN (k) transits from high level to low
level at time t41, the back gate pulse BG (k-1) transits from
low level to high level, so that from time t41, the second
electrode of the capacitor 174 is supplied with the predeter-
mined reference voltage that is O V.

That is, in the organic EL display device according to the
present variation, the time At2 from time t41 to t42 corre-
sponds to the period for which a signal voltage is actually
written.

When it is assumed that the period for which the scan pulse
SCAN (k) is at low level is constant, then At1<At2. This
means that the period for which a signal voltage is written in
the organic EL display device according to the present varia-
tion can be longer than that in the organic EL display device
300 according to the second embodiment.

As above, in the case of the organic EL display device
according to the present variation, the timing of the transition
of'the scan pulse SCAN (k) from high level to low level is the
same as the timing of the transition of the back gate pulse BG
(k-1) from low level to high level, unlike the organic EL
display device 300 according to the second embodiment.

This means that the period for which a signal voltage is
actually written in the organic EL display device according to
the present variation can be longer than that in the organic EL,
display device 300 according to the second embodiment.

Third Embodiment

The organic EL display device according to the third
embodiment is almost the same as the organic EL display
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device 100 according to the first embodiment except that the
first switching element has one terminal connected to the data
line and the other terminal connected to the second electrode
ofthe capacitor and that the second switching element has one
terminal connected to the first electrode of the capacitor and
the other terminal connected to the third reference power line.
The following specifically describes the organic EL display
device according to the present embodiment, especially dif-
ferences thereof from the organic EL display device 100
according to the first embodiment.

FIG. 15 is a circuit diagram showing a detailed circuitry
design of a luminescent pixel included in the organic EL
display device according to the present variation.

As compared to the luminescent pixel 170 included in the
organic EL display device according to the first embodiment
shown in FIG. 2, a luminescent pixel 470 shown in FIG. 15
includes a scan transistor 471 instead of the scan transistor
171, and a reset transistor 472 instead of the reset transistor
172.

The scan transistor 471 is a first switching element in the
present embodiment, having one terminal connected to the
data line 166 and the other terminal connected to the second
electrode of the capacitor 174, and selecting conduction or
non-conduction between the data line 166 and the second
electrode of the capacitor 174. Specifically, the scan transistor
471 has a gate electrode connected to the scan line 164, one of
a source electrode and a drain electrode connected to the data
line 166, and the other one of the source electrode and the
drain electrode connected to the second electrode of the
capacitor 174. That is, the scan transistor 471 is different from
the scan transistor 171 shown in FIG. 2 in that the conduction
or non-conduction between the data line 166 and the second
electrode of the capacitor 174 is selected according to the scan
pulse SCAN (k) which is provided from the write drive circuit
110 to the gate electrode through the scan line 164.

The reset transistor 472 is the second switching element in
the present embodiment, having one terminal connected to
the first electrode of the capacitor 174 and the other terminal
connected to the reference power line 163, and selecting
conduction or non-conduction between the first electrode of
the capacitor 174 and the reference power line 163. Specifi-
cally, the reset transistor 472 has a gate electrode connected
the write drive circuit 110 via the scan line 164, one of a
source electrode and a drain electrode connected to the ref-
erence power line 163, and the other one of the source elec-
trode and the drain electrode connected to the first electrode
of the capacitor 174. That is, the reset transistor 472 is differ-
ent from the reset transistor 172 shown in FIG. 2 in that the
conduction or non-conduction between the reference power
line 163 and the first electrode of the capacitor 174 is selected
according to the scan pulse SCAN (k) which is provided from
the write drive circuit 110 to the gate electrode through the
scan line 164.

Thus, in the luminescent pixel 470 included in the organic
EL display device according to the present embodiment, of
the first and second electrodes of the capacitor 174, the sec-
ond electrode connected to the source electrode of the drive
transistor 173 is supplied with a signal voltage which is pro-
vided through the data line 166 and the scan transistor 471,
unlike the luminescent pixel 170 included in the organic EL
display device 100 according to the first embodiment. On the
other hand, the first electrode connected to the gate electrode
of the drive transistor 173 is supplied with the reference
voltage Vref which is provided through the reference power
line 163 and the reset transistor 472.

The following describes a determination on values of high
level voltages and low level voltages of the back gate pulses
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BG (1) to BG (n) which are provided from the bias voltage
control circuit 130 to the luminescent pixel 470 configured as
above.

The drive transistor 173 of the luminescent pixel 470
requires (Condition 1) and (Condition ii) described in the first
embodiment. Furthermore, the drain current corresponding to
the maximum gradation level is set at 3 pA, and the allowable
current during a writing period is set at 100 pA, as in the case
of the first embodiment.

However, in the present embodiment, the signal voltage is
written in the second electrode of the capacitor 174, with the
result that the absolute values of the data line voltage VDH
corresponding to the signal voltage with the maximum gra-
dation level and the data line voltage VDL corresponding to
the signal voltage with the minimum gradation level are
reversed as compared to the first embodiment. To be specific,
VDH=-5.6 V and VDL=0 V. In other words, with VDL=0V,
the data line voltage DATA (j) is 0 V that is the maximum
value, and with VDH=-5.6 V, the data line voltage DATA (j)
is =5.6 V that is the minimum value.

FIG. 16A is a diagram schematically showing a state of the
luminescent pixel 470 which is producing luminescence with
the maximum gradation level. FIG. 16B is a diagram sche-
matically showing a state of the luminescent pixel 470 in
which a signal voltage is being written.

When luminescence is produced with the maximum gra-
dation level as shown in FIG. 16A, the source voltage Vs of
the drive transistor 173 will be 6 V with the drain current Id=3
LA as above. With the source voltage Vs of 6 V, the back gate
voltage Vb for obtaining characteristics corresponding to
Vbs=8 V shown in FIG. 3 is determined by Vb=Vs+Vbs,
resulting in Vb=14 V. In sum, in the present embodiment, the
high level voltage of the back gate pulse BG (1) to the back
gate pulse BG (n) is determined as 14 V.

On the other hand, when a signal voltage is being written as
shown in FIG. 16B, the reset transistor 472 is conducting so
that the gate of the drive transistor 173 is connected to the
reference power line 163 via the reset transistor 472. The gate
voltage of the drive transistor 173 is the reference voltage
Vref, that is, 0 V. The source voltage of the drive transistor
173, which corresponds to the signal voltage with the maxi-
mum gradation level, is Vs=-5.6 V. With the source voltage of
-5.6V, the back gate voltage Vb for obtaining characteristics
corresponding to Vbs=—4 V shown in FIG. 3 is determined by
Vb=Vs+Vbs, resulting in Vb=-9.6 V. In sum, the low level
voltage of the back gate pulse BG (1) to back gate pulse BG
(n) is determined as —9.6 V.

As above, using the Vgs-Id characteristics for each Vbs
shown in FIG. 3, the high level voltage of the back gate pulses
BG (1) to BG (n) is determined as 14 V from the back
gate-source voltage Vbs at such a level as that (Condition 1)
the luminescent element 175 is supplied with the drain cur-
rent of 3 pA corresponding to the maximum gradation level
when luminescence is produced with the maximum gradation
level. The low level voltage of the back gate pulses BG (1) to
BG (n) is determined as -9.6 V from the back gate-source
voltage Vbs at such a level that (Condition ii) the luminescent
element 175 is supplied with the drain current Id equal to or
less than the allowable current when a signal voltage is writ-
ten. This means that the bias voltage control circuit 130 pro-
vides, to the bias lines 165, the back gate pulses BG (1) to BG
(n) which have a high level voltage of 14V, a low level voltage
of -9.6 V, and amplitude of 23.6 V. The operations of the
organic EL display device according to the present embodi-
ment including the luminescent pixel 470 are the same as the
operations of the organic EL display device 100 shown in
FIG. 5.
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As above, in the organic EL display device according to the
present embodiment including the luminescent pixel 470, of
the first and second electrodes of the capacitor 174, the sec-
ond electrode connected to the source electrode of the drive
transistor 173 is supplied with a signal voltage which is pro-
vided through the data line 166 and the scan transistor 471,
unlike the organic EL display device 100 according to the first
embodiment. On the other hand, the first electrode connected
to the gate electrode of the drive transistor 173 is supplied
with the reference voltage Vref which is provided through the
reference power line 163 and the reset transistor 472. The
predetermined bias voltage that is =9.6 V is applied to the
back gate electrode of the drive transistor 173 so that the
threshold voltage of the drive transistor 173 is larger than the
voltage between the gate electrode and the source electrode,
thereby placing the drive transistor 173 in a non-conducting
state, and within a period for which the predetermined bias
voltage is applied, the scan transistor 471 and the reset tran-
sistor 472 are placed in a conducting state so that the reference
voltage Vref is set for the first electrode of the capacitor 174
and a signal voltage is provided to the second electrode of the
capacitor 174.

This allows the organic EL display device according to the
third embodiment to produce the same effects as those pro-
duced by the organic EL display device 100 according to the
first embodiment.

In the present embodiment, the maximum value of the
signal voltage which is provided to the second electrode of the
capacitor 174 through the data line 166 is set to be equal to or
less than the voltage of the first power line 161. Accordingly,
while a signal voltage is provided to the second electrode of
the capacitor 174, the voltage at the anode of the luminescent
element 175 is equal to or lower than the voltage at the
cathode thereof, with the result that no current flows from the
reference power line 163 to the luminescent element 175.

As a result, it is possible to prevent a decrease in contrast
which is due to unnecessary production of luminescence dur-
ing the period for which a signal voltage is written. While the
signal voltage is —5.6'V or more and OV or less and the voltage
of'the first power line 161 is OV in the above description, the
signal voltage is not limited to the above example as long as
itis equal to or less than the voltage of the first power line 161.

Variation of Third Embodiment

A luminescent element included in an organic EL display
device according to the present variation is almost the same as
the luminescent pixel 470 included in the organic EL display
device according to the third embodiment except that one of
the source and the drain of the reset transistor 472 is con-
nected to, instead of the reference power line 163, the bias line
165 for luminescent pixels 570 arranged in a previous row.
That is, the organic EL display device according to the present
variation is a combination of the organic EL display device
300 according to the second embodiment and the organic EL
display device according to the third embodiment.

FIG. 17 is a circuit diagram showing a detailed circuitry
design of the luminescent pixel 570 included in the organic
EL display device according to the present variation.

As shown in FIG. 17, the reset transistor 472 included in
the luminescent pixel 570 is connected to the bias line 165 for
the luminescent pixels 570 arranged in a previous row, as in
the case of the reset transistor 172 shown in FIG. 10.

The following describes a determination on values of high
level voltages and low level voltages of the back gate pulses
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BG (0) to BG (n) which are provided from the bias voltage
control circuit 130 to the luminescent pixel 570 configured as
above.

The drive transistor 173 of the luminescent pixel 570
requires (Condition 1) and (Condition ii) described in the first
embodiment. Furthermore, the drain current corresponding to
the maximum gradation level is set at 3 pA, and the allowable
current during a writing period is set at 100 pA, as in the case
of the first embodiment.

The data line voltage VDH corresponding to the signal
voltage with the maximum gradation level and the data line
voltage VDL corresponding to the signal voltage with the
minimum gradation level have values which are the same in
digits as those in the second embodiment but with negative
signs. To be specific, VDH=-11.6 V and VDL=-6V.

FIG. 18A is a diagram schematically showing a state of the
luminescent pixel 570 which is producing luminescence with
the maximum gradation level. FIG. 18B is a diagram sche-
matically showing a state of the luminescent pixel 570 in
which a signal voltage is being written.

When luminescence is produced with the maximum gra-
dation level as shown in FIG. 18A, the source voltage Vs of
the drive transistor 173 will be 6 V with the drain current Id=3
LA as above. With the source voltage Vs of 6 V, the back gate
voltage Vb for obtaining characteristics corresponding to
Vbs=-6V shown in FIG. 11 is determined by Vb=Vs+Vbs,
resulting in Vb=0 V. In sum, in the present embodiment, the
high level voltage of the back gate pulse BG (0) to the back
gate pulse BG (n) is determined as O V.

On the other hand, when a signal voltage is written as
shown in FIG. 18B, the reset transistor 472 is conducting so
that the gate of the drive transistor 173 is connected to the bias
line 165 for a previous row via the reset transistor 472. The
gate voltage of the drive transistor 173 is therefore the voltage
of'the bias line 165 for the luminescent pixels 570 in “k—1"-th
row during the period for which a signal voltage is written in
the luminescent pixels 570 in the “k”-th row.

In the period for which a signal voltage is written in the
luminescent pixels 570 in the “k”-th row, the back gate pulse
BG (k-1) is at high level because the writing of a signal
voltage in the luminescent pixels 570 in the “k-1"-th row has
been completed. This means that the voltage of the bias line
165 for the luminescent pixels 570 in the “k-1"-throwis O V.

Accordingly, the gate voltage of the drive transistor 173 of
the luminescent pixel 570 in the “k”-th row is 0 V. With the
source voltage of —11.6'V, the back gate voltage Vb for obtain-
ing characteristics corresponding to Vbs=—18 V shown in
FIG. 11 is determined by Vb=Vs+Vbs, resulting in Vb=-29.6
V. In sum, the low level voltage of the back gate pulse BG (0)
to back gate pulse BG (n) is determined as —29.6 V. This
means that, in the present variation, the bias voltage control
circuit 130 provides, to the bias lines 165 and the dummy bias
line 365, the back gate pulses BG (0) to BG (n) which have a
high level voltage of 0V, a low level voltage of -29.6 V, and
amplitude 0 29.6 V.

The operations of the organic EL display device according
to the present variation including the luminescent pixel 570
are the same as the operations of the organic EL display
device according to the second embodiment shown in FIG. 13
or the operations of the organic EL display device according
to the variation of the second embodiment shown in FIG. 14.

As above, in the organic EL display device including the
luminescent pixel 570 according to the variation of the third
embodiment, the reset transistor 472 of the luminescent pixel
570 in the “k”-th row is connected to, instead of the reference
power line 163, the bias power line 165 for the luminescent
pixels 570 in the “k-1"-th row, as compared to the organic EL,
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display device according to the third embodiment. That is, the
reference power line 163 for the luminescent pixels 570 in the
“k”-th row and the bias line 165 for the luminescent pixels
570 in the “k-1"-th row are the same line.

This allows the organic EL display device according to the
present variation to further reduce the number of wiring chan-
nels and thereby greatly reduce the size of the circuitry design
as compared to the organic EL display device according to the
third embodiment.

While the embodiments and variations of the present
invention have been described above, the present invention is
not limited to these embodiments and variations. The scope of
the present invention includes other embodiments that are
obtained by making various modification that those skilled in
the art could think of, to the present embodiments and varia-
tions, or by combining constituents in different embodiments
and variations.

For example, in the above description, the scan transistor
and the reset transistors are each a P-type transistor which is
conducting when the pulse that is applied to the gate electrode
is at low level, and the drive transistor is an N-type transistor
which turns on when the pulse that is applied to the gate
electrode is at high level, but these transistors may each have
an opposite polarity with the scan line 164 and the bias line
165 each having an opposite polarity, in a circuitry design
shown in FIGS. 19A and 19B, for example.

In the case where such a circuitry design as shown in FIG.
19A is provided with the drive transistor 173 that is a P-type
transistor, the predetermined reference voltage Vref which is
provided from the third power line is preferably equal to or
more than the voltage of the first power line. Accordingly,
even when the drive transistor 173 is a P-type transistor, the
voltage at the anode of the luminescent element 175 is equal
to or lower than the voltage at the cathode thereof with the
reference voltage Vref set at the second electrode of the
capacitor 174, so that no current flows from the reference
power line 163 to the luminescent element 175.

In the case where such a circuitry design as shown in FIG.
19B is provided with the drive transistor 173 that is a P-type
transistor, the minimum value of the signal voltage which is
provided from the data line 166 is preferably equal to or more
than the voltage of the first power line. This makes it possible
to prevent a current flow from the luminescent element 175 to
the data line 166 during writing of the signal voltage. Conse-
quently, the extinction of the luminescent pixel 175 can be
secured during writing of the signal voltage.

The polarity of the drive transistor 173 may be the same as
that of the scan transistor 171 and the reset transistor 172.

Furthermore, while the scan transistor and the reset tran-
sistor are TFT's in the above description, they may be junction
field effect transistors, for example. Alternatively, these tran-
sistors may each be a bipolar transistor having a base, a
collector, and an emitter.

While the reference power supply 140 and the DC power
supply 150 are provided separately in the above embodi-
ments, they may be replaced by one power supply which
outputs multiple voltages.

While the first power line 161 is a ground line in the above
embodiments, the first power line 161 may be connected to
the DC power supply 150 and supplied with a voltage (e.g., 1
V) other than 0 V. Furthermore, this first power line 161 may
form a grid pattern or a solid film.

The second power line 162 may form a grid pattern (which
is two-dimensional wiring), or may extend in parallel with
either the scan line or the data line (which is one-dimensional
wiring), or may form a solid film.
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While the scan transistor and the reset transistor each
undergo the transition between the conducting state and the
non-conducting state with the scan pulses SCAN (1) to
SCAN (n) which are provided through the common scan line
in the above embodiments, it may also be possible to provide
the first scan line which supplies a signal for controlling the
scan transistor between the conducting state and the non-
conducting state and the second scan line which supplies a
signal for controlling the reset transistor between the con-
ducting state and the non-conducting state.

The organic EL display device according to an implemen-
tation of the present invention is, for example, incorporated
into such a thin flat-screen television as shown in FIG. 20. A
thin flat-screen television including the organic EL display
device according to an implementation of the present inven-
tion is capable of displaying highly precise images which
reflect video signals.

Although only some exemplary embodiments of this
invention have been described in detail above, those skilled in
the art will readily appreciate that many modifications are
possible in the exemplary embodiments without materially
departing from the novel teachings and advantages of this
invention. Accordingly, all such modifications are intended to
be included within the scope of this invention.

INDUSTRIAL APPLICABILITY

The present invention is useful especially for an active
organic EL flat-panel display.

What is claimed is:
1. An organic electroluminescent display device, compris-
ing:
a plurality of pixels arranged in a matrix, each of the plu-
rality of pixels including:

a luminescent element;

a capacitor including a first electrode and a second elec-
trode for holding a voltage;

a driver including a gate electrode connected to the first
electrode of the capacitor, a source electrode con-
nected to the second electrode of the capacitor, a drain
electrode, and a back gate electrode, the driver allow-
ing a drive current corresponding to the voltage held
by the capacitor to flow to the luminescent element to
cause the luminescent element to produce a lumines-
cence, the driver being in a non-conducting state
when a predetermined bias voltage is provided to the
back gate electrode;

a first power line electrically connected to the source
electrode of the driver via the luminescent element;

a second power line electrically connected to the drain
electrode of the driver;

a third power line being different than the first power line
for setting a predetermined reference voltage to the
second electrode of the capacitor;

a data line for providing a signal voltage;

a first switch including a first terminal connected to the
data line and a second terminal connected to the first
electrode of the capacitor, the first switch switching
between a first conduction state and a first non-con-
duction state between the data line and the first elec-
trode of the capacitor;

a second switch including a third terminal connected to
the second electrode of the capacitor and a fourth
terminal connected to the third power line, the second
switch switching between a second conduction state
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and a second non-conduction state between the sec-
ond electrode of the capacitor and the third power
line; and

a bias line for providing the predetermined bias voltage
to the back gate electrode;

the organic electroluminescent display device further com-
prising:

a drive circuit that controls the first switch, the second
switch, and the predetermined bias voltage that is
provided to the back gate electrode,

wherein the predetermined bias voltage is provided to the
back gate electrode so that an absolute value of a thresh-
old voltage of the driver is greater than a gate-source
voltage between the gate electrode and the source elec-
trode of the driver,

the drive circuit:
provides the predetermined bias voltage to the back gate

electrode so that the absolute value of the threshold
voltage of the driver is greater than the gate-source
voltage between the gate electrode and the source
electrode to place the driver in the non-conducting
state; and

sets the predetermined reference voltage to the second
electrode of the capacitor and provides the signal
voltage to the first electrode of the capacitor when the
driver is in the non-conducting state by placing the
first switch in the first conduction state and the second
switch in the second conduction state during a period
in which the predetermined bias voltage is provided to
the back gate electrode, and

the predetermined bias voltage is set so that the absolute
value of'the threshold voltage of the driver is greater than
the gate-source voltage between the gate electrode and
the source electrode when the gate electrode of the driver
is provided with a predetermined signal voltage required
to cause the luminescent element included in each of the
plurality of pixels to produce the luminescence with a
maximum gradation level.

2. The organic electroluminescent display device accord-

ing to claim 1, further comprising:

a trunk power line disposed about a periphery of a display
that includes the plurality of pixels arranged in the
matrix for providing a predetermined fixed voltage to the
display,

wherein the second power line of each of the plurality of
pixels branches from the trunk power line and corre-
sponds to one of a row and a column of the plurality of
pixels arranged in the matrix and forms a grid pattern.

3. The organic electroluminescent display device accord-

ing to claim 1, further comprising:

a first scan line for providing a first signal for switching the
first switch between the first conduction state and the
first non-conduction state; and

a second scan line for providing a second signal for switch-
ing the second switch between the second conduction
state and the second non-conduction state.

4. The organic electroluminescent display device accord-

ing to claim 3,

wherein the first scan line and the second scan line com-
prise a common control line.

5. The organic electroluminescent display device accord-

ing to claim 3,

wherein the first switch and the driver comprise transistors
of opposite polarities,

the signal voltage is provided to the first electrode of the
capacitor during the period in which the predetermined
bias voltage is provided to the back gate electrode, and
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the first scan line and the bias line comprise a common
control line.
6. The organic electroluminescent display device accord-
ing to claim 1,
wherein the third power line and the bias line each corre-
spond to a row of the plurality of pixels arranged in the
matrix, and
the third power line that corresponds to the row of the
plurality of pixels comprises an adjacent bias line that
corresponds to an adjacent row of the plurality of pixels
arranged in the matrix.
7. The organic electroluminescent display device accord-
ing to claim 6,
wherein the drive circuit provides, via the adjacent bias line
that corresponds to the adjacent row, the predetermined
reference voltage to the driver included in each of the
plurality of pixels arranged in the adjacent row to place
the driver in a conducting state, and sets, via the third
power line that corresponds to the row, the predeter-
mined reference voltage to the second electrode of the
capacitor included in each of the plurality of pixels
arranged in the row.
8. The organic electroluminescent display device accord-
ing to claim 7,
wherein the drive circuit provides, via the adjacent bias line
that corresponds to the adjacent row, the predetermined
reference voltage to the driver included in each of the
plurality of pixels arranged in the adjacent row to place
the driver in the non-conducting state, and switches the
second switch to the second non-conduction state so that
the predetermined bias voltage is not set to the second
electrode of the capacitor included in each of the plural-
ity of pixels arranged in the row through the third power
line that corresponds to the row.
9. The organic electroluminescent display device accord-
ing to claim 1,
wherein the driver comprises an N-type transistor.
10. The organic electroluminescent display device accord-
ing to claim 9,
wherein the predetermined reference voltage that is set by
the third power line is at most equal to a voltage of the
first power line.
11. The organic electroluminescent display device accord-
ing to claim 9,
wherein the drive circuit:
provides the signal voltage to the first electrode of the
capacitor and then places the first switch in the first
non-conduction state,
provides, to the back gate electrode, a voltage greater
than the predetermined bias voltage so that the abso-
lute value of the threshold voltage of the driver is less
than the gate-source voltage between the gate elec-
trode and the source electrode to place the driver in a
conducting state, and
provides, to the luminescent element, a drive current
corresponding to the voltage held by the capacitor to
cause the luminescent element to produce the lumi-
nescence.
12. The organic electroluminescent display device accord-
ing to claim 1,
wherein the driver comprises a P-type transistor.
13. The organic electroluminescent display device accord-
ing to claim 12,
wherein the predetermined reference voltage that is set by
the third power line is at least equal to a voltage of the
first power line.
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14. The organic electroluminescent display device accord-

ing to claim 12,

wherein the drive circuit:
provides the signal voltage to the first electrode of the
capacitor and then places the first switch in the first
non-conduction state,
provides, to the back gate electrode, a voltage less than
the predetermined bias voltage so that the absolute
value of the threshold voltage of the driver is less than
the gate-source voltage between the gate electrode
and the source electrode to place the driver in a con-
ducting state, and
provides, to the luminescent element, a drive current
corresponding to the voltage held by the capacitor to
cause the luminescent element to produce the lumi-
nescence.
15. A method of controlling an organic electroluminescent

display device that includes:

a luminescent element;
a capacitor including a first electrode and a second elec-
trode for holding a voltage;
a driver including a gate electrode connected to the first
electrode of the capacitor, a source electrode connected
to the second electrode of the capacitor, a drain elec-
trode, and a back gate electrode, the driver allowing a
drive current corresponding to the voltage held by the
capacitor to flow to the luminescent element to cause the
luminescent element to produce a luminescence, the
driver being in a non-conducting state when a predeter-
mined bias voltage is provided to the back gate elec-
trode;
a first power line electrically connected to the source elec-
trode of the driver via the luminescent element;
a second power line electrically connected to the drain
electrode of the driver;
a third power line being different than the first power line
for setting a predetermined reference voltage to the sec-
ond electrode of the capacitor;
a data line for providing a signal voltage;
afirst switch including a first terminal connected to the data
line and a second terminal connected to the first elec-
trode of'the capacitor, the first switch switching between
a first conduction state and a first non-conduction state
between the data line and the first electrode of the
capacitor;
a second switch including a third terminal connected to the
second electrode of the capacitor and a fourth terminal
connected to the third power line, the second switch
switching between a second conduction state and a sec-
ond non-conduction state between the second electrode
of the capacitor and the third power line; and
a bias line for providing the predetermined bias voltage to
the back gate electrode,
wherein the predetermined bias voltage is provided to the
back gate electrode so that an absolute value of a thresh-
old voltage of the driver is greater than a gate-source
voltage between the gate electrode and the source elec-
trode of the driver,
the method comprising:
providing the predetermined bias voltage to the back
gate electrode so that the absolute value of the thresh-
old voltage of the driver is greater than the gate-source
voltage between the gate electrode and the source
electrode to place the driver in the non-conducting
state; and

setting the predetermined reference voltage to the sec-
ond electrode of the capacitor and providing the sig-
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nal voltage to the first electrode of the capacitor when
the driver is in the non-conducting state by placing the
first switch in the first conduction state and the second
switch in the second conduction state during a period
in which the predetermined bias voltage is provided to
the back gate electrode,
wherein the predetermined bias voltage is set so that the
absolute value of the threshold voltage of the driver is
greater than the gate-source voltage between the gate
electrode and the source electrode when the gate elec-
trode of the driver is provided with a predetermined
signal voltage required to cause the luminescent element
included in each of the plurality of pixels to produce the
luminescence with a maximum gradation level.
16. An organic electroluminescent display device, com-

prising:

a plurality of pixels arranged in a matrix, each of the plu-
rality of pixels including:

a luminescent element;

a capacitor including a first electrode and a second elec-
trode for holding a voltage;

a driver including a gate electrode connected to the first
electrode of the capacitor, a source electrode con-
nected to the second electrode of the capacitor, a drain
electrode, and a back gate electrode, the driver allow-
ing a drive current corresponding to the voltage held
by the capacitor to flow to the luminescent element to
cause the luminescent element to produce a lumines-
cence, the driver being in a non-conducting state
when a predetermined bias voltage is provided to the
back gate electrode;

a first power line electrically connected to the source
electrode of the driver via the luminescent element;

a second power line electrically connected to the drain
electrode of the driver;

athird power line being different than the first power line
for setting a predetermined reference voltage to the
first electrode of the capacitor;

a data line for providing a signal voltage;

a first switch including a first terminal connected to the
data line and a second terminal connected to the sec-
ond electrode of the capacitor, the first switch switch-
ing between a first conduction state and a first non-
conduction state between the data line and the second
electrode of the capacitor;

a second switch including a third terminal connected to
the first electrode of the capacitor and a fourth termi-
nal connected to the third power line, the second
switch switching between a second conduction state
and a second non-conduction state between the first
electrode of the capacitor and the third power line; and

a bias line for providing the predetermined bias voltage
to the back gate electrode;

the organic electroluminescent display device further com-
prising:

a drive circuit that controls the first switch, the second
switch, and the predetermined bias voltage that is
provided to the back gate electrode,

wherein the predetermined bias voltage is provided to the
back gate electrode so that an absolute value of a thresh-
old voltage of the driver is greater than a gate-source
voltage between the gate electrode and the source elec-
trode of the driver, and set so that the absolute value of
the threshold voltage of the driver is greater than the
gate-source voltage between the gate electrode and the
source electrode when the gate electrode of the driver is
provided with a predetermined signal voltage required
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to cause the luminescent element included in each of the
plurality of pixels to produce the luminescence with a
maximum gradation level, and
the drive circuit:
provides the predetermined bias voltage to the back gate
electrode so that the absolute value of the threshold
voltage of the driver is greater than the gate-source
voltage between the gate electrode and the source
electrode to place the driver in the non-conducting
state; and

sets the predetermined reference voltage to the first elec-
trode of the capacitor and provides the signal voltage
to the second electrode of the capacitor when the
driver is in the non-conducting state by placing the
first switch in the first conduction state and the second
switch in the second conduction state during a period
in which the predetermined bias voltage is provided to
the back gate electrode.

17. The organic electroluminescent display device accord-

ing to claim 16, further comprising:

a trunk power line disposed about a periphery of a display
that includes the plurality of pixels arranged in the
matrix for providing a predetermined fixed voltage to the
display,

wherein the second power line of each of the plurality of
pixels branches from the trunk power line and corre-
sponds to one of a row and a column of the plurality of
pixels arranged in the matrix and forms a grid pattern.

18. The organic electroluminescent display device accord-

ing to claim 16, further comprising:

afirst scan line for providing a first signal for switching the
first switch between the first conduction state and the
first non-conduction state; and

a second scan line for providing a second signal for switch-
ing the second switch between the second conduction
state and the second non-conduction state.

19. The organic electroluminescent display device accord-

ing to claim 18,

wherein the first scan line and the second scan line com-
prise a common control line.

20. The organic electroluminescent display device accord-

ing to claim 18,

wherein the first switch and the driver comprise transistors
of opposite polarities,

the signal voltage is provided to the second electrode of the
capacitor during the period in which the predetermined
bias voltage is provided to the back gate electrode, and

the first scan line and the bias line comprise a common
control line.

21. The organic electroluminescent display device accord-

ing to claim 16,

wherein the third power line and the bias line each corre-
spond to a row of the plurality of pixels arranged in the
matrix, and

the third power line that corresponds to the row of the
plurality of pixels comprises an adjacent bias line that
corresponds to an adjacent row of the plurality of pixels.

22. The organic electroluminescent display device accord-

ing to claim 21,

wherein the drive circuit provides, via the adjacent bias line
that corresponds to the adjacent row, the predetermined
reference voltage to the driver included in each of the
plurality of pixels arranged in the adjacent row to place
the driver in a conducting state, and sets, via the third
power line that corresponds to the row, the predeter-
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mined reference voltage to the first electrode of the
capacitor included in each of the plurality of pixels
arranged in the row.
23. The organic electroluminescent display device accord-
ing to claim 22,
wherein the drive circuit provides, via the adjacent bias line
that corresponds to the adjacent row, the predetermined
reference voltage to the driver included in each of the
plurality of pixels arranged in the adjacent row to place
the driver in the non-conducting state, and switches the
second switch to the second non-conduction state so that
the predetermined bias voltage is not set to the first
electrode of the capacitor included in each of the plural-
ity of pixels arranged in the row through the third power
line that corresponds to the row.
24. The organic electroluminescent display device accord-
ing to claim 16,
wherein the driver comprises an N-type transistor.
25. The organic electroluminescent display device accord-
ing to claim 24,
wherein the signal voltage that is provided by the data line
is at most equal to a voltage of the first power line.
26. The organic electroluminescent display device accord-
ing to claim 24,
wherein the drive circuit:
provides the signal voltage to the second electrode of the
capacitor and then places the first switch in the first
non-conduction state,
provides, to the back gate electrode, a voltage greater
than the predetermined bias voltage so that the abso-
lute value of the threshold voltage of the driver is less
than the gate-source voltage between the gate elec-
trode and the source electrode to place the driver in a
conducting state, and
provides, to the luminescent element, a drive current
corresponding to the voltage held by the capacitor to
cause the luminescent element to produce the lumi-
nescence.
27. The organic electroluminescent display device accord-
ing to claim 16,
wherein the driver comprises a P-type transistor.
28. The organic electroluminescent display device accord-
ing to claim 27,
wherein the signal voltage that is provided by the data line
is at least equal to a voltage of the first power line.
29. The organic electroluminescent display device accord-
ing to claim 27,
wherein the drive circuit:
provides the signal voltage to the second electrode of the
capacitor and then places the first switch in the first
non-conduction state,
provides, to the back gate electrode, a voltage less than
the predetermined bias voltage so that the absolute
value of the threshold voltage of the driver is less than
the gate-source voltage between the gate electrode
and the source electrode to place the driver in a con-
ducting state, and
provides, to the luminescent element, a drive current
corresponding to the voltage held by the capacitor to
cause the luminescent element to produce the lumi-
nescence.
30. A method of controlling an organic electroluminescent
display device that includes:
a luminescent element;
a capacitor including a first electrode and a second elec-
trode for holding a voltage;
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a driver including a gate electrode connected to the first
electrode of the capacitor, a source electrode connected
to the second electrode of the capacitor, a drain elec-
trode, and a back gate electrode, the driver allowing a
drive current corresponding to the voltage held by the
capacitor to flow to the luminescent element to cause the
luminescent element to produce a luminescence, the
driver being in a non-conducting state when a predeter-
mined bias voltage is provided to the back gate elec-
trode;

a first power line electrically connected to the source elec-
trode of the driver via the luminescent element;

a second power line electrically connected to the drain
electrode of the driver;

a third power line being different than the first power line
for setting a predetermined reference voltage to the first
electrode of the capacitor;

a data line for providing a signal voltage;

afirst switch including a first terminal connected to the data
line and a second terminal connected to the second elec-
trode of'the capacitor, the first switch switching between
a first conduction state and a first non-conduction state
between the data line and the second electrode of the
capacitor;

a second switch including a third terminal connected to the
first electrode of the capacitor and a fourth terminal
connected to the third power line, the second switch
switching between a second conduction state and a sec-
ond non-conduction state between the first electrode of
the capacitor and the third power line; and

a bias line for providing the predetermined bias voltage to
the back gate electrode,

wherein the predetermined bias voltage is provided to the
back gate electrode so that an absolute value of a thresh-
old voltage of the driver is greater than a gate-source
voltage between the gate electrode and the source elec-
trode of the driver, and set so that the absolute value of
the threshold voltage of the driver is greater than the
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gate-source voltage between the gate electrode and the
source electrode when the gate electrode of the driver is
provided with a predetermined signal voltage required
to cause the luminescent element included in each of the
plurality of pixels to produce the luminescence with a
maximum gradation level,
the method comprising:
providing the predetermined bias voltage to the back
gate electrode so that the absolute value of the thresh-
old voltage of the driver is greater than the gate-source
voltage between the gate electrode and the source
electrode to place the driver in the non-conducting
state; and
setting the predetermined reference voltage to the first
electrode of the capacitor and providing the signal
voltage to the second electrode of the capacitor when
the driver is in the non-conducting state by placing the
first switch in the first conduction state and the second
switch in the second conduction state during a period
in which the predetermined bias voltage is provided to
the back gate electrode.
31. The organic electroluminescent display device accord-

ing to claim 1,

wherein the driver circuit provides the predetermined ref-
erence voltage to the second electrode of the capacitor
by placing the second switch in the second conduction
state while the signal voltage is provided to the first
electrode of the capacitor during the period in which the
predetermined bias voltage is provided to the back gate
electrode.

32. The organic electroluminescent display device accord-

ing to claim 1,

wherein the plurality of pixels arranged in the matrix is
sequentially lit on a per-row basis according to the volt-
age held by the capacitor based on the signal voltage and
the predetermined reference voltage.
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