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(57) ABSTRACT

An organic EL display apparatus has a driving circuit. In the
driving circuit, the source and drain of a driving transistor
and the anode and cathode of an organic EL device are
connected in series between voltage sources. A current
passes between the source and drain of the driving transistor
and between the anode and cathode of the organic EL device
in accordance with a voltage between the gate and source of
the driving transistor. Consequently, the organic EL device
emits light. In order to store the voltage in the capacitor, a
constant voltage source is connected to the gate of the
driving transistor and the above-described series connection
is disconnected at the source of the driving transistor and
connected to a signal source. Then, a current signal output
from the signal source passes between the source and drain
of the driving transistor, and charges are stored in a capacitor
in accordance with the current signal.
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PRIOR ART
FIG. 3
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ORGANIC EL DISPLAY APPARATUS AND
DRIVING METHOD THEREFOR

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an organic EL
(electroluminescence) display apparatus and a driving
method therefor.

[0003] 2. Description of the Related Art

[0004] An organic electroluminescence device utilizing
electroluminescence (hereinafter abbreviated as EL) of an
organic material has a first electrode, a second electrode, and
an organic compound layer sandwiched between the elec-
trodes. The organic compound layer includes a light emis-
sion layer and a carrier transport layer which are composed
of organic molecules. The organic EL device is driven by a
current passing between the electrodes. The luminance of
the organic EL device is almost exactly proportional to the
current (driving current). An organic EL display apparatus in
which organic EL devices are arranged in a matrix form has
excellent color reproducibility and excellent responsiveness
to an input signal, and is therefore ideal particularly for
display of moving color images. Furthermore, the organic
EL display apparatus can emit light of high luminance and
has a wide viewing angle, and therefore can be used in
various environments. As a material used for the organic
compound layer, there are low-molecular-weight materials
ideal for vacuum deposition, oligomer and polymer mate-
rials ideal for spin coating and ink-jet coating. Currently,
low-molecular-weight materials are in widespread use.
However, oligomer and polymer materials, which are ideal
for display on a large screen, will probably be used increas-
ingly in the future.

[0005] Examples of a pixel driving method are the passive
matrix method and the active matrix method. In the passive
matrix method, a current is directly passed between first
electrodes formed in a striped pattern and second electrodes
formed in a striped pattern, the striped patterns being
orthogonal to each other, so as to cause organic EL devices
sandwiched between the first and second electrodes to emit
light. In the active matrix method, pixel circuits each com-
posed of thin-film transistors (hereinafter abbreviated as
TFTs), a capacitor, etc. and each used to drive an organic EL
device, are arranged in a matrix form. Image signals are
individually transmitted to pixels, and are then maintained in
corresponding pixel circuits. Organic EL devices emit light
in accordance with the maintained pixel signals, thereby
displaying an image. In the case of the active matrix method,
image signals to be transmitted to individual pixels are
rarely mixed. Accordingly, this method is ideal particularly
for a display apparatus with a large screen, high definition,
and a large number of pixels.

[0006] The active matrix driving method is roughly clas-
sified into the voltage programming method and the current
programming method. In the voltage programming method,
a potential, which serves as an image signal, is directly
applied to the gate of a driving TFT and is then maintained.
A current passing through the driving TFT is controlled by
the potential of the gate thereof. However, the relationship
between the current and the potential of the gate varies
according to the TFT, and sometimes changes with operating
time. Accordingly, in the case of the voltage programming
method, luminance is prone to vary from pixel to pixel, and
image burn-in is prone to occur. On the other hand, in the
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case of the current programming method, a current, which
serves as an image signal, is passed through a driving TFT
included in each pixel just before an image is displayed, and
the gate potential of the driving TFT at that time is main-
tained. Accordingly, variation of driving TFT characteristics
and a change in driving TFT characteristics with time have
little effect on display of an image compared with the
voltage programming method.

[0007] FIG. 3 shows an example of a driving circuit
compliant with the current programming method disclosed
in U.S. Pat. No. 6,373,454. This driving circuit includes
pixel circuits 100, first constant voltage sources 101, second
constant voltage sources 102, signal lines 103, and signal
current sources 104 connected to the signal lines 103.
[0008] Each of the pixel circuits 100 includes an organic
EL device 106 one of whose electrodes is connected to one
of the first constant voltage sources 101, a driving TFT 107
whose drain is connected to the other electrode of the
organic EL device 106, a voltage maintaining unit 108 for
maintaining a gate-to-source voltage of the driving TFT 107,
a first switch 109 disposed between the gate and drain of the
driving TFT 107, a second switch 110 disposed between the
source of the driving TFT 107 and one of the signal lines
103, and a third switch 111 disposed between the source of
the driving TFT 107 and one of the second constant voltage
sources 102.

[0009] In a programming period, that is, a signal write
period, the first switch 109 and the second switch 110 are
closed and the third switch 111 is opened so as to provide a
signal current for the source of the driving TFT 107 in
accordance with an image signal transmitted from one of the
signal current sources 104. The source-to-gate voltage at that
time is maintained in the voltage (capacitance in FIG. 3)
maintaining unit 108 disposed between the source and the
gate.

[0010] In animage display period, the first switch 109 and
the second switch 110 are opened, and the third switch 111
is closed. Consequently, a current passes through the driving
TFT 107 in accordance with the source-to-gate voltage
determined and maintained in the signal write period,
whereby the organic EL device 106 emits light.

[0011] The driving TFT 107 shown in FIG. 3 is a p-chan-
nel TFT. The drain terminal of the driving TFT 107 is
connected to the anode of the organic EL device 106, so that
a current passes from the drain to the organic EL device 106.
If the driving TFT 107 is an n-channel TFT, the positions of
the source and drain may be interchanged. The drain termi-
nal may be connected to the cathode of the organic EL
device 106, so that a current passes from the organic EL
device 106 to the drain. This example is disclosed in U.S.
Pat. No. 6.229,506.

[0012] The pixel circuits 100 are formed on a glass
substrate using amorphous silicon or polysilicon. However,
a metal oxide such as InGaZnO disclosed in WO 05/088726
may be used.

[0013] An organic EL display apparatus is often used in
mobile apparatuses such as mobile telephones or digital
cameras. Accordingly, power consumption is required to be
reduced. In order to reduce power consumption during the
image display period, it is advantageous that a power supply
voltage (a voltage between the first and second constant
voltage sources in FIG. 3) is reduced.

[0014] In the case of a known pixel circuit compliant with
the current programming method, a driving TFT is diode-
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connected at the time of current programming. Subse-
quently, a signal current is externally provided for the
driving TFT, whereby a gate-to-source voltage of the driving
TFT is determined and maintained. In the image display
period, a current that is the same as the signal current is
passed through an organic EL device in accordance with the
maintained gate-to-source voltage.

[0015] When the organic EL device emits light at the
maximum luminance, the gate-to-source voltage of the driv-
ing TFT and the current passing through the organic EL
device also become maxima. At least the sum of the voltage
across the organic EL device when it emits light at the
maximum luminance and the gate-to-source voltage of the
driving TFT at that time is required as a power supply
voltage. A voltage lower than the sum cannot be used.
[0016] In order to further reduce power consumption of
the organic EL display apparatus, a new driving circuit is
required instead of the known driving circuit compliant with
the current programming method.

[0017] Like the above-described power supply voltage, a
voltage of an output terminal of a signal current source also
becomes the maximum value when the organic EL device
emits light at the maximum luminance. Accordingly, at least
the sum of the voltage across the organic EL device when it
emits light at the maximum luminance and the gate-to-
source voltage of the driving TFT at that time is required as
a power supply voltage used to drive the signal current
source. From the viewpoint of power saving, the power
supply voltage for the signal current source is preferably
reduced.

SUMMARY OF THE INVENTION

[0018] The present invention provides a driving method
for an organic EL display apparatus capable of accurately
performing image display with less power and a driving
circuit suitable for performing the driving method.

[0019] According to an aspect of the present invention,
there is provided a driving method of an organic EL device
in which, when the organic EL device emits light, a source
and a drain of a driving transistor and an anode and a cathode
of the organic EL device are connected in series between
first and second constant voltage sources and a current flows
between the anode and the cathode of the organic EL device
in accordance with a gate-to-source voltage of the driving
transistor. The gate-to-source voltage of the driving transis-
tor being set in the following steps: (1) disconnecting the
series connection of the driving transistor and the organic EL
device at the source of the driving transistor; (2) connecting
a third constant voltage source maintaining a potential
different from a potential of each of the first and second
constant voltage sources to a gate of the driving transistor;
(3) connecting the source of the driving transistor to a signal
current source and passing a signal current between the
source and the drain of the driving transistor to generate a
voltage between the gate and the source of the driving
transistor in a capacitor disposed between the gate and the
source of the driving transistor; (4) disconnecting the gate of
the driving transistor from the third constant voltage source;
(5) disconnecting the source of the driving transistor from
the signal current source; and (6) reconnecting the source of
the driving transistor to recover the series connection of the
driving transistor and the organic EL device.

[0020] According to another aspect of the present inven-
tion, there is provided an organic EL display apparatus
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including: an organic EL device having two terminals, an
anode and a cathode; a driving transistor having three
terminals, a gate, a source, and a drain; a capacitor disposed
between the gate and the source of the driving transistor;
first, second, and third constant voltage sources each main-
taining a constant voltage; a signal current source providing
a signal current; a first switch disposed between the gate of
the driving transistor and the third constant voltage source;
a second switch disposed between the source of the driving
transistor and the signal current source; a third switch
disposed between the source of the driving transistor and the
second constant voltage source; and an opening and closing
control portion for controlling opening and closing of the
first to third switches.

[0021] In a driving circuit according to an embodiment of
the present invention, when an image signal is written into
a driving TFT that controls a current to be sent to an organic
EL device, a potential determined in advance is externally
applied to the gate of the driving TFT. Consequently, even
if a signal current source and a power supply voltage at the
time of image display are lowered, the driving TFT can
operate in a saturation region. Even if a TFT having incom-
plete saturation characteristics is used, a current passing
through the organic EL device in an image display period
can be more accurately written. Thus, image display can be
accurately achieved with less power. In addition, the driving
circuit has a simple configuration and is adaptable to various
TFTs. Accordingly, it can be easily produced and can be
used to achieve high-definition organic EL display appara-
tuses with large screens.

[0022] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1is a diagram used to describe an organic EL
display apparatus according to a first embodiment of the
present invention by focusing on a pixel circuit.

[0024] FIG. 2 is a diagram used to describe an entire
configuration of an organic EL display apparatus according
to an embodiment of the present invention including driving
circuits.

[0025] FIG. 3 is a diagram used to describe a driving
circuit included in a known organic EL display apparatus by
focusing on a pixel circuit.

[0026] FIG. 4 is a diagram used to describe an entire
configuration of a known organic EL display apparatus
including driving circuits.

[0027] FIG. 5 is a diagram used to describe driving
sequences in a driving circuit included in an organic EL
display apparatus according to an embodiment of the present
invention and a known organic EL display apparatus.
[0028] FIGS. 6A and 6B are diagrams used to describe
operations of a driving circuit using a driving TFT having
complete saturation characteristics in a known organic EL
display apparatus.

[0029] FIGS. 7A and 7B are diagrams used to describe
operations of a driving circuit using a driving TFT having
incomplete saturation characteristics in a known organic EL
display apparatus.

[0030] FIG. 8 is a diagram used to describe operation
points at the time of diode-connection.

[0031] FIGS. 9A and 9B are diagrams used to describe
operations of a driving circuit using TFTs having complete
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saturation characteristics in an organic EL display apparatus
according to an embodiment of the present invention.
[0032] FIGS. 10A and 10B are diagrams used to describe
operations of a driving circuit using TFTs having incomplete
saturation characteristics in an organic EL display apparatus
according to an embodiment of the present invention.
[0033] FIG. 11 is a diagram used to describe a driving
circuit included in an organic EL display apparatus accord-
ing to a second embodiment of the present invention by
focusing on a pixel circuit.

[0034] FIG. 12 is a diagram used to describe driving
sequences of a driving circuit included in the organic EL
display apparatus according to the second embodiment of
the present invention.

[0035] FIG. 13 is a diagram used to describe a driving
circuit included in an organic EL display apparatus of a first
example.

[0036] FIG. 14 is a diagram used to describe a driving
circuit included in an organic EL display apparatus of a
second example.

[0037] FIG. 15 is a diagram used to describe a driving
circuit included in an organic EL display apparatus of a third
example.

[0038] FIG. 16 is a driving timing chart of the organic EL
display apparatus of the third example.

[0039] FIG. 17 is a diagram used to describe a driving
circuit included in an organic EL display apparatus of a
fourth example.

[0040] FIG. 18 is a driving timing chart of the organic EL
display apparatus of the fourth example.

[0041] FIG. 19 is a diagram used to describe a driving
circuit included in an organic EL display apparatus of a fifth
example by focusing on a pixel circuit.

[0042] FIG. 20 is a diagram used to describe a driving
circuit included in an organic EL display apparatus of a sixth
example by focusing on a pixel circuit.

[0043] FIG. 21 is a diagram used to describe a driving
circuit included in an organic EL display apparatus of a
seventh example by focusing on a pixel circuit.

[0044] FIG. 22 is a diagram used to describe a driving
circuit included in an organic EL display apparatus of an
eighth example by focusing on a pixel circuit.

[0045] FIG. 23 is a diagram used to describe a driving
circuit included in an organic EL display apparatus of a ninth
example by focusing on a pixel circuit.

[0046] FIG. 24 is a block diagram showing a configuration
of an organic EL display apparatus of a tenth example.

DESCRIPTION OF THE EMBODIMENTS

Operation of Circuit Programming Circuit

[0047] For comparison between a driving circuit accord-
ing to an embodiment of the present invention and a known
driving circuit, first, a known current programming circuit
shown in FIG. 3 and the operation thereof will be described.
[0048] FIG. 4 shows the entire driving circuit of a display
apparatus in which the pixel circuits 100 shown in FI1G. 3 are
arranged in a matrix form. The internal configuration of each
of the pixel circuits 100 is shown in FIG. 3, and is therefore
omitted in FIG. 4.

[0049] The pixel circuits 100 are connected to the corre-
sponding first constant voltage sources 101 and the corre-
sponding second constant voltage sources 102. The pixel
circuits 100 in the same column are connected to one of the
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signal lines 103. The pixel circuits 100 in the same row are
connected to one of scanning lines 114. The opening and
closing of the first switch 109, the second switch 110, and
the third switch 111 are controlled in accordance with a
potential applied to one of the scanning lines 114.

[0050] An image signal 112, which has been transmitted
as a time series signal, is input into the signal current sources
104 at the same time. However, at a certain point, the image
signal 112 is input into only one of the signal current sources
104 in a specific column that has been selected on the basis
of a signal transmitted from a horizontal shift register 113.
The horizontal shift register 113 sequentially selects the
signal current sources 104 so as to input an image signal into
the signal current sources 104 in all columns.

[0051] A unique signal current is output from each of the
signal current sources 104 to one of the signal lines 103. The
pixel circuits 100 in the same column are connected to one
of the signal lines 103. However, at a certain point, the signal
current on one of the signal lines 103 is input into only one
of the pixel circuits 100 in a specific row that has been
selected on the basis of a signal transmitted from a vertical
shift register 115 to one of the scanning lines 114. At that
time, the pixel circuits 100 in the same column and in rows
other than the selected row are electrically separated from
the one of the signal lines 103. The vertical shift register 115
sequentially selects the pixel circuits 100 in a vertical
direction so as to input the signal current into the pixel
circuits 100 in all rows.

[0052] FIG. 5 is a chart showing an operation sequence of
each switch. The operations of the circuits shown in FIGS.
3 and 4 will be described with reference to FIG. 5. Periods
500 and 501 individually denote one frame period. If thirty
frames are displayed per second, one frame period is 33
msec. In the period 500 shown in FIG. 5, high-luminance
display is performed. In the period 501, low-luminance
display is performed. One frame period includes a signal
write period 502 and an image display period 503.

[0053] Operation sequences 504, 505, and 506 denote
operation sequences of the first, second, and third switches,
respectively. The level shown in each of the operation
sequences 504 to 506 does not represent the actual level of
a gate voltage, but rather simply a high level represents the
switch being closed (ON) and a low level represents the
switch being opened (OFF).

[0054] The change in a gate-to-source voltage 507 of a
driving TFT and the change in a driving current 508 of the
driving TFT are shown. Here, in the gate-to-source voltage
507, a dotted line represents a source potential, and a solid
line represents a gate potential. The channel conductivity
type of the driving TFT 107 is p channel. Accordingly, if the
gate potential is lower than the source potential by a thresh-
old voltage, the driving current 508 passes from a source to
a drain.

[0055] FIG. 6A shows how the operation point of the
circuit shown in FIG. 3 is determined in the case of display
at the maximum luminance. FIG. 6B shows how the opera-
tion point of the circuit shown in FIG. 3 is determined in the
case of display at low luminance. A horizontal axis is a
voltage axis 600. A vertical axis is a current axis 601. A
plurality of relationships between a voltage and a current are
illustrated in FIGS. 6A and 6B. The voltage axis 600
represents a drain potential based on a source potential. In
reality, the drain potential changes in a negative direction,
however, in FIGS. 6A and 6B, the drain potential is shown
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as changing in a positive direction. It may be considered that
the origin is the source potential and the potential decreases
from left to right. A direction in which a current flows to the
first constant voltage source is defined as a positive direc-
tion.

[0056] A case shown in FIG. 6A in which a signal current
604 is the maximum value will be described. A case of FIG.
6B can be similarly described.

[0057] A curve 602 represents the drain current of the
driving TFT 107 when the gate-to-source voltage is main-
tained constant. As the drain potential increases in the
negative direction, that is, as the source-to-drain voltage
increases, the drain current increases. However, when the
source-to-drain voltage is equal to or larger than a prede-
termined voltage 613 (hereinafter referred to as a saturation
drain voltage), the drain current is maintained substantially
constant. In FIG. 6A, it is assumed that the driving TFT 107
has saturation characteristics in which the drain current is
maintained perfectly constant at equal to or larger than the
saturation drain voltage.

[0058] A dotted line 603 represents a relationship between
the source-to-drain voltage and the drain current in a state in
which the drain and source of the driving TFT 107 are
short-circuited (diode-connected).

[0059] In a saturation region in which the drain current is
maintained constant, the drain potential is lower than a
channel potential at the drain terminal of a channel. That is,
the pinch-off state in which the p-n junction is reverse-biased
occurs. The saturation drain voltage 613 is a pinch-off start
voltage, that is, a drain voltage when the channel potential
is equal to the drain potential at the drain terminal. The gate
potential is lower than the channel potential by a threshold
voltage. Accordingly, the source-to-drain voltage providing
the drain current characteristics 602 is larger than the
saturation drain voltage 613 by the threshold voltage. When
the TFT is diode-connected, the drain voltage is therefore
higher than the saturation drain voltage 613 by the threshold
voltage. The above corresponds to a first operation point
605.

[0060] A curve 611 shown in FIG. 6A represents a rela-
tionship of a voltage between two electrodes of the organic
EL device and a current between them. When the voltage
between the electrodes of the organic EL device is zero, the
current between them is zeto. Accordingly, that condition is
shown at the horizontal axis at that time. That is, the drain
potential based on the source potential is equal to a potential
of the first constant voltage source. As the voltage between
the electrodes of the organic EL device increases, the current
passing through the organic EL device increases. This cor-
responds to a direction in which the drain potential is higher
than the potential of the first constant voltage source. In FIG.
6A, as the drain potential moves in the negative direction,
the current passing through the organic EL device increases.
[0061] In the signal write period 502, the first switch 109
and the second switch 110 are closed and the third switch
111 shown in FIG. 3 is open in the circuit shown in FIG. 3.
Accordingly, the characteristics of the driving TFT 107 are
represented by the dotted line 603. At that time, the signal
current 604 represented by a horizontal line in FIG. 6A
passes from the signal current source to the source of the
driving TFT 107 and flows as a drain current. Accordingly,
an intersection 605 of the characteristics curve (the dotted
line 603) and the curve depicting the signal current 604 at
the time of diode-connection is determined as the drain
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potential in FIG. 6A. This intersection 605 is called a first
operation point. Furthermore, since the same driving current
passes through the organic EL device 106 connected to the
driving TFT 107 in series, an organic EL device character-
istics curve 607 passes through the first operation point 605.
A voltage between electrodes of the organic EL device 106
is represented by a double sided arrow 608 in FIG. 6A.
[0062] The gate potential of the driving TFT 107 is
determined by the source-to-gate voltage of the drain current
characteristics 602 depicted by a curve passing through the
first operation point 605. This source-to-gate voltage is used
to determine an electric charge of the capacitor 108 disposed
between the source and the gate.

[0063] A voltage drop from the output terminal of one of
the signal current sources 104 to the first constant voltage
source in the signal write period 502 is the sum of a
source-to-drain voltage 606 of the driving TFT and the
voltage across the organic EL device 608. Accordingly, the
voltage drop corresponds to a magnitude represented by a
double sided arrow 609 shown in FIG. 6A. This magnitude
also corresponds to a voltage of the output terminal of one
of the signal current sources 104 for the potential of the first
constant voltage source.

[0064] In the image display period 503, the first switch
109 and the second switch 110 are opened and the third
switch 111 is closed. The source potential of the driving TFT
107 is equal to the potential of one of the second constant
voltage sources 102. Since the first switch is opened, the
capacitor 108 maintains a charge determined in the signal
write period and the source-to-gate voltage of the driving
TFT 107.

[0065] Accordingly, the drain current characteristics in the
signal write period 502 and the drain current characteristics
in the image display period 503 are the same, and are
represented by the same curve 602 in FIG. 6A.

[0066] Since the diode-connection of the driving TFT 107
1s disconnected, a drain voltage cannot be determined by the
characteristics at the time of diode-connection 603. Alter-
natively, since the source potential is fixed to the potential of
the second constant voltage source, a current zero position
of the organic EL device current and voltage characteristics
611 is determined by a voltage between the first and second
constant voltage sources (the magnitude represented by an
double sided arrow 610 in FIG. 6A). Accordingly, an opera-
tion point is the intersection of the curve depicting the
organic EL device characteristics 611 and the curve depict-
ing the driving TFT drain current characteristics 602 (here-
inafter referred to as a second operation point 612).

[0067] When the driving TFT 107 has complete saturation
characteristics, the voltage between the first and second
constant voltage sources (hereinafter referred to as a power
supply voltage) should be set so that it can be equal to or
larger than the signal source voltage 609. Consequently,
even if the operation point 605 is changed to the operation
point 612, a driving current is not changed.

[0068] The case in which the signal current 604 is the
maximum value has been described with reference to FIG.
6A. Even if the signal current is lowered to a level shown in
FIG. 6B, the basic operation of a case shown in FIG. 6B is
the same as that of the case shown in FIG. 6A.

[0069] In FIG. 6B, the same reference numerals as those
of FIG. 6A are used. If an element has a value or a shape
different from that of a corresponding element shown in
FIG. 6A, a prime indicator is added to the reference numeral
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of the element. In FIG. 6B, the signal current 604' is smaller
than the signal current 604. The potential of the first opera-
tion point 605" is lower than that of the first operation point
605. The potential of the second operation point 612" is
higher than that of the second operation point 612. Accord-
ingly, a moving distance from the first operation point 605'
to the second operation point 612" is larger than that from the
first operation point 605 to the second operation point 612.
However, the driving current is not changed in the saturation
characteristics region.

[0070] In the above description, it was assumed that the
driving TFT had complete saturation characteristics as
shown in FIGS. 6A and 6B.

[0071] It can be considered that as the screens of display
apparatuses increase in size, semiconductors such as metal
oxides (InGaZnQO disclosed in WO 05/088726, amorphous
silicon, and ZnO) and organic semiconductors (poly-
thiophene and pentacene), with which display apparatuses
having large screens can be easily produced, will be in
widespread use. TFTs composed of these semiconductors
sometimes have incomplete saturation characteristics. Poly-
silicon TFTs that have been widely used are also prone to
have incomplete saturation characteristics if the channel
length is shortened so as to achieve high definition.

[0072] A case in which the driving TFT 107 has incom-
plete saturation characteristics will be described with refer-
ence to FIGS. 7A and 7B. Like FIG. 6A, FIG. 7A shows how
the operation point of the circuit shown in FIG. 3 is
determined in the case of display at the maximum lumi-
nance. Like FIG. 6B, FIG. 7B shows how the operation point
of the circuit shown in FIG. 3 is determined in the case of
display at low luminance. Since the driving TFT 107 has
incomplete saturation characteristics, drain currents 702 and
702" are not maintained constant even if the drain-to-source
voltage is equal to or larger than a saturation voltage.
Accordingly, a current at a first operation point 705 and a
current at a second operation point 712 are different. This
means that a current at the time of programming and a
current at the time of display are different. As a result,
display processing cannot be accurately performed. In FIG.
7B, since the moving distance between the operation points
705" and 712' is larger than that between the operation points
705 and 712 shown in FIG. 7A, this becomes more notable.
[0073] In order to pass a predetermined drain current (Ids)
through a TFT, a gate-to-source voltage (Vgs) is generally
required to be equal to or larger than a threshold voltage
(Vth) of a driving TFT. In the case of a low-temperature
polysilicon TFT, Vth is usually approximately 1 to 3V. A
curve 802 shown in FIG. 8 represents a drain-to-source
voltage (Vds) dependency of Ids of a TFT having complete
saturation characteristics in a state in which Vgs is main-
tained constant (Vgs>Vth).

[0074] In a non-saturation region 815 (Vds=Vgs-Vth), it
is generally known that Ids increases with Vds in accordance
with the following equation 1.

Ids=k{2(Vgs—Vth)-Vds}-Vds Equation 1

Here, k denotes a constant determined by the configuration
of a TFT or the characteristics of a semiconductor used.
Equation 1 corresponds to a quadratic curve in which the
maximum point is a saturation drain voltage 813 (=Vgs-
Vth). The maximum value (saturation drain current) of Ids
is obtained using the following equation 2.

Ids=k(Vgs-Vith)? Equation 2
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A locus 817 represents the locus of the saturation drain
voltage 813 when Vgs is changed. The saturation drain
voltage is approximately 5 to 10V when high-luminance
display is performed. In a saturation region 816 (Vds>Vgs-
Vth), Ids is a constant value obtained by Equation 2, and
depends on Vgs, but does not depend on Vds.

[0075] Accordingly, in order to make Ids conform to a
predetermined signal current 804 in the image display
period, an operation point is required to be in the saturation
region 816. The minimum Vds required for that purpose
may be lower than Vgs by Vth from the viewpoint of the
definition of the saturation drain voltage 813. However,
since the first switch 109 is closed and Vds is equal to Vgs
when diode-connection is performed, a first operation point
805 larger than the saturation drain voltage 813 by Vth has
to be added. Accordingly, the voltage and current charac-
teristics of the driving TFT at the time of diode-connection
correspond to a curve 803 obtained by shifting the locus 817
of the saturation drain voltage by Vth in a high-voltage
direction. Conversely, if Vds is lowered to the saturation
drain voltage 813 during the diode-connection, Vgs is also
lowered and Ids becomes lower than the signal current §04.
As a result, a signal cannot be accurately written.

[0076] If Vgs and Vds can be separately set, Vds can be
lowered to the saturation drain voltage 813 with Vgs main-
tained. In order to feed the signal current 604 from one of the
signal current sources 104 in FIGS. 6A and 6B, one of the
signal current sources 104 is required to output a voltage that
is equal to the sum of the Vds 606 of the driving TFT and
the voltage drop 608 across the organic EL device 106 when
a signal current flows. However, if Vds can be lowered, the
maximum output voltage required for one of the signal
current sources 104 can be lowered.

First Embodiment

[0077] A circuit according to a first embodiment of the
present invention which is based on the above-described
concepts will be described. The same reference numerals are
used for components having the same functions as those of
FIG. 3.

[0078] An organic EL device and a driving circuit therefor
in FIG. 1 include the following components: the organic EL
device 106 having two terminals, an anode and a cathode;
the driving transistor (TFT) 107 having three terminals, a
gate, a source, and a drain; the voltage maintaining unit 108
configured with a capacitor disposed between the gate and
the source of the driving transistor; one of the first constant
voltage sources (V1) 101, one of the second constant voltage
sources (V2) 102, and one of the third constant voltage
sources (V3) 105, each of which maintains a fixed potential;
one of the signal current sources 104 for providing a signal
current; the first switch 109 disposed between the gate of the
driving transistor 107 and one of the third constant voltage
sources 105; the second switch 110 disposed between the
source of the driving transistor 107 and one of the signal
current sources 104; and the third switch 111 disposed
between the source of the driving transistor 107 and one of
the second constant voltage sources 102. In addition to the
above-described components, the organic EL device and the
driving circuit therefor include an opening and closing
control portion (not shown) for controlling opening and
closing of the first to third switches.
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[0079] The drain of the driving transistor 107 is connected
to the anode of the organic EL device, and the cathode of the
organic EL device is connected to the first constant voltage
source.

[0080] The differences between the circuits shown in
FIGS. 1 and 3 are that in FIG. 1 a third constant voltage
source 105 is disposed so as to provide a potential at the gate
of the driving TFT 107, which is different from a potential
for the drain thereof, and the first switch 109 switches
between connection and disconnection of the third constant
voltage source 105.

[0081] The driving TFT 107 shown in FIG. 1 is a p-chan-
nel TFT. However, as will be described later in a second
example with reference to FIG. 14, an n-channel TFT may
be used.

[0082] FIG. 2 shows an entire configuration of an organic
EL display apparatus in which the organic EL devices and
the driving circuits (the combinations of them are referred to
as pixel circuits) shown in FIG. 1 are arranged in a matrix
form.

[0083] In FIG. 2, each of the pixel circuits 100 is con-
nected to the first constant voltage source 101, the second
constant voltage source 102, and the third constant voltage
power source 105. Control lines, each of which controls the
first to third switches included in one of the pixel circuits
100, are disposed as the scanning lines 114. The vertical shift
register 115 for outputting signals to the scanning lines, the
signal lines 103 each of which is provided in a column, the
signal current sources 104 each of which is provided in a
column, the image signal line 112 for transmitting image
signals to the signal current sources, and the horizontal shift
register 113 that outputs timing pulses used for sampling of
image signals are disposed around a matrix pixel arrange-
ment.

[0084] In FIG. 2, only one of the scanning lines 114 is
provided in a row. However, a plurality of scanning lines
may be provided in each row. Specific examples of this case
will be described later in a third example (FIG. 15) and a
fourth example (FIG. 17).

[0085] The circuit shown in FIG. 1 operates in accordance
with the sequences shown in FIG. 5. FIG. 5 shows the
following in one of the pixel circuits 100: control signals
504, 505, and 506 for the first switch 109, the second switch
110, and the third switch 111; the gate potential 507 based
on a source potential (dotted line) of the driving TFT 107,
and a time change in the drain current 508. Each switch is
turned on (connected) at a high level and is turned off
(opened) at a low level.

[0086] A period 500 or 501 for displaying a single image
includes the signal write period 502 and the image display
period 503.

[0087] In the image display period 503, the first switch
109 and the second switch 110 are in an off state, that is, are
open, and the third switch 111 is in an on state, that is, is
connected. At that time, the source and the drain of the
driving TFT 107 and the anode and the cathode of the
organic EL device 106 are connected in series between one
of the first constant voltage sources 101 and one of the
second constant voltage sources 102, whereby a current path
including these terminals is created. At that time, the gate-
to-source current of the driving TFT 107 passes between the
anode and the cathode of the organic EL device 106, thereby
causing the organic EL device 106 to emit light.
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[0088] The value of this current is determined by a gate-
to-source voltage of the driving TFT 107. The gate-to-source
voltage of the driving TFT 107 is set in the signal write
period 502 antecedent to the image display period 503.
[0089] In the signal write period 502, first, the third switch
111 is turned off, so that the series connection between the
driving TFT 107 and the organic EL device 106 is separated
at the source of the driving TFT 107. At the same time, the
first switch 109 and the second switch 110 are turned on, so
that the gate of the driving TFT 107 is connected to one of
the third constant voltage sources (V3) 105 and the source
thereof is connected to one of the signal current sources 104.
At that time, a signal current passes through between the
source and the drain of the driving TFT 107, so that a
gate-to-source voltage of the driving TFT 107 occurs in
accordance with the signal current. This voltage is main-
tained in the capacitor 108 disposed between the gate and the
source of the driving TFT 107.

[0090] Subsequently. the first switch 109 is opened so as
to disconnect the gate of the driving TFT 107 from one of
the third constant voltage sources (V3) 105. At the same
time, or after some delay, the second switch 110 is turned off
and the third switch 111 is turned on. Consequently, the
source of the driving TFT 107 is disconnected from one of
the signal current sources 104, and the driving TFT 107 and
the organic EL device 106 are reconnected in series.
[0091] FIG. 9A shows the operation of the circuit shown
in FIG. 1 when high-luminance display is performed. FIG.
9B shows the operation of the circuit shown in FIG. 1 when
lo-luminance display is performed. First, description will be
made with reference to FIG. 9A. In the signal write period
502, the first switch 109 and the second switch 110 are also
closed and the third switch 111 is also open. Since the
potential of one of the third constant voltage sources 105 is
applied to the gate of the driving TFT 107, a difference
between the voltage of the gate of the driving TFT 107 and
a voltage output from one of the signal current sources 104
is Vigs. In a saturation region, Ids of a TFT is determined by
Vgs. Accordingly, one of the signal current sources 104
outputs a voltage allowing Ids to be equal to a signal current
904. Vgs at that time is written into the voltage maintaining
unit 108. The written potential is not changed after the first
switch 109 is opened even if potentials of the first to third
feeders are changed and a potential drop occurs near the
pixel circuit due to a wiring resistance in the display
apparatus.

[0092] A voltage drop 908 occurs between electrodes of
the organic EL device 106 in accordance with the signal
current 904. If display is performed at the maximum lumi-
nance, the voltage drop 908 is typically approximately 3 to
5V. Accordingly, Vds of the driving TFT 107 is obtained by
subtracting the voltage drop 908 of the organic EL device
from an output voltage 909 of one of the signal current
sources 104. However, in order to ensure an operation in the
saturation region, Vds is required to be larger than a satu-
ration drain voltage 913. FIG. 9A shows a case in which Vds
and the saturation drain voltage 913 are matched. This
matching point is defined as a typical first operation point
905 of the present invention. In the circuit shown in FIG. 1,
Vds and Vgs are independent of each other different from
the circuit shown in FIG. 3. Accordingly, Vgs can be
controlled by the potential of one of the third constant
voltage sources 105. In order to achieve the state shown in
FIG. 9A, the potential of the third feeder is required to be
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closer to the potential of the second feeder on the basis of the
potential of the first feeder. More specifically, the potential
of the third feeder is obtained by subtracting a threshold
voltage of the driving TFT from the voltage drop of the
organic EL device and adding the obtained number to the
potential of the first feeder.

[0093] As the signal current 904 increases, a correspond-
ing saturation drain voltage increases. An assumed maxi-
mum saturation drain voltage becomes therefore a value
corresponding to an assumed maximum signal current. If a
line 904 shown in FIG. 9A denotes the assumed maximum
signal current, a double sided arrow 909 that denotes the
sum of a saturation drain voltage of the driving TFT and a
voltage drop of the organic EL device corresponds to the
assumed maximum value of a voltage at the output terminal
of one of the signal current sources 104. This value is lower
than the first operation point 605 of the known current
programming circuit shown in FIG. 3 by the threshold
voltage Vth of the driving TFT 107. That is, according to an
embodiment of the present invention, the maximum voltage
at the output terminal of one of the signal current sources
104 can be lowered by the threshold voltage Vth of the
driving TFT compared with the known circuit.

[0094] For example, in the known circuit, if the saturation
drain voltage of the driving TFT is 6V, the threshold voltage
is 2V, and the voltage drop of the organic EL device is 4V,
the signal current source had to output a voltage of 12V as
the maximum voltage. However, the maximum voltage at an
output terminal of the signal current source required in the
typical example of the present invention is only 10V. The
first operation point may be another point between the first
operation point 905 shown in FIG. 9A and the first operation
point 605 shown in FIG. 6A if the point can produce an
improvement effect and accommodate variations in charac-
teristics of the organic EL device. That is, the maximum
value at the output terminal of the signal current source may
be equal to or larger than the sum of the saturation drain
voltage of the driving TFT and the voltage drop of the
organic EL device when the maximum signal current flows,
and may be smaller than the sum of the saturation drain
voltage of the driving TFT, the voltage drop of the organic
EL device, and the threshold voltage when the maximum
signal current flows. Accordingly, the potential of the third
feeder may be equal to or larger than a number obtained by
subtracting the threshold voltage of the driving TFT from the
voltage drop of the organic EL device when the maximum
signal current flows, and may be smaller than the voltage
drop of the organic EL device.

[0095] If a power supply voltage 910 and the output
voltage 909 of the signal current source are matched when
image display is performed, power consumption at the time
of image display can be reduced. In addition, in the case of
the display at the maximum luminance shown in FIG. 9A, a
second operation point 912 is matched with the first opera-
tion point 905, and the shift of the operation point does not
occur. In the case of the display at low luminance, the shift
of the operation point from 905" to 912' occurs, but the range
of the shift is smaller than that of the shift from 605' to 612'
shown in FIG. 6B. Accordingly, as shown in FIG. 104, in
the case of display at the maximum luminance, if the driving
TFT has incomplete saturation characteristics, operation
points 1005 and 1012 are matched, the shift of the operation
point does not occur, and a driving current and a signal
current 1004 are matched. In the case of display at low
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luminance shown in FIG. 10B, the range of the shift of the
operation point from 1005' to 1012' is smaller than that of the
shift from 705' to 712" in the known current programming
circuit shown in FIG. 7B. The error of the driving current
can be reduced, and the accuracy of image display when a
driving TFT with incomplete saturation characteristics is
used can be improved.

[0096] Thus, a gate-to-source voltage at the time of pro-
gramming is maintained by setting a gate voltage at the time
of the programming as a fixed potential irrespective of a
signal current and then disconnecting a gate from a constant
voltage source. When image display is performed, a source
terminal is disconnected from a signal current source and is
then connected to a constant power supply voltage of a
second feeder. Consequently, a current flows from the source
terminal to a drain terminal in accordance with the gate-to-
source voltage, whereby an organic EL device can be driven.
According to this method, the fixed potential of the second
feeder can be set to a voltage that is the sum of a saturation
drain voltage of a TFT and a voltage across the organic EL
device, both of which are obtained when the maximum
signal current flows within the range of a change in the
signal current. This power supply voltage is lower than a
power supply voltage obtained using the known driving
method in which a TFT is diode-connected at the time of
current programming by a threshold voltage. Consequently,
power consumption can be reduced.

Second Embodiment

[0097] A circuit according to another embodiment of the
present invention will be described with reference to FIG.
11. The same reference numbers are used for components
having the same functions as those of FIG. 1.

[0098] InFIG. 11, at the time of light emission, the source
of the driving TFT 107 is connected to the anode of the
organic EL device 106 and the drain of the driving TFT 107
is connected to one of the second constant voltage sources
102. The driving TFT 107 is an n-channel TFT, but may be
ap-channel TFT. If a p-channel TFT is used, voltage settings
of the first and second constant voltage sources are inter-
changed, and the terminals of the organic EL device 106 are
also interchanged.

[0099] The circuit shown in FIG. 11 operates in accor-
dance with sequences shown in FIG. 12. In FIG. 12, the
same reference numerals are used for items having the same
descriptions as those of FIG. 5. Each of the first to third
switches performs the same operations as those described
with reference to FIG. 5. In this case, the driving TFT 107
is an n-channel TFT. Accordingly, as a driving current
increases, a gate-to-source potential increases differently
from the case shown in FIG. 5.

[0100] The operation of the circuit shown in FIG. 11 when
high-luminance display is performed will be described with
reference to FIG. 9A. The operation of the circuit shown in
FIG. 11 when low-luminance display is performed will be
described with reference to FIG. 9B. In this case, since the
driving TFT 107 is an n-channel TFT, a direction in which
a potential decreases on the basis of a potential of the second
constant voltage source is defined as a positive direction in
the voltage axis.

[0101] First, in the case of high-luminance display shown
in FIG. 9A, in the signal write period 502, the first switch
109 and the second switch 110 are closed and the third
switch 111 is open. Vgs of the driving TFT 107 is determined
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so that the saturation value of Ids is matched with the signal
current 904 using equation 2. The source-to-drain voltage
Vds of the driving TFT 107 is determined using the follow-
ing equation 3.

Vds=(The potential of the second constant voltage

source)-(The potential of the third constant voltage

source)+Vgs Equation 3

This voltage Vds is defined as a first drain-to-source voltage.
This voltage Vds is required to be in the saturation region of
the driving TFT 107. Accordingly, the potential of the third
constant voltage source can be determined so that Vds
obtained when the maximum signal current flows is matched
with the first operation point 905 shown in FIG. 9A. The
third feeding potential point 913 shown in FIG. 9A is a point
determined in such a manner.

[0102] In the image display period, the first switch 109 is
opened. After that, the potential written in the voltage
maintaining unit 108 is not changed even if the potentials of
the first to third constant voltage sources are changed and a
potential drop occurs near the pixel circuit due to a wiring
resistance in the display apparatus. Since the second switch
is opened and the third switch is closed, the source of the
driving TFT 107 is disconnected from one of the signal lines
103. However, since Vgs is maintained, the shape of a curve
is not changed. The organic EL device 106 and the driving
TFT 107 are connected in series between one of the first
constant voltage sources 101 and one of the second constant
voltage sources 102. Since the signal current 904 also passes
through the organic EL device, the voltage drop 908 occurs
between electrodes thereof in accordance with the charac-
teristics 907. Accordingly, Vds of the driving TFT 107 is
obtained using the following equation 4.

Vds=(The power supply voltage 910)—(The voltage

drop 908 of the organic EL device) Equation 4

This voltage Vds is defined as a second drain-to-source
voltage.

[0103] When the first and second drain-to-source voltages
are matched, even if a transistor has incomplete saturation
characteristics, a current value at the time of programming
and a current value at the time of light emission can be
matched. FIG. 9A shows the case in which the first and
second operation points are the same.

[0104] The potential of the third constant voltage source is
obtained using equation 5 based on equations 3 and 4 on the
basis of GND as follows.

(The gate-to-source voltage Vgs when a predeter-
mined current flows)+(The voltage drop 908 in the

organic EL device at that time) Equation 5

This equation can be also represented as (the saturation drain
voltage 913+the threshold voltage+the voltage drop 907 in
the organic EL device) on the basis of conditions required
for a saturation operation of the driving transistor. The
saturation drain voltage 913 and the voltage drop 907 in the
organic EL device depend on the level of the signal current
904. After the signal current 904 is determined in accordance
with a luminance level used for display, the value of the
saturation drain voltage 913 and the value of the voltage
drop 907 in the organic EL device are determined as
represented by the double sided arrows 906 and 908 in FIG.
9A. The potential 903 of the third constant voltage source is
obtained by using these values in equation 5.
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[0105] The maximum potential of the third constant volt-
age source is calculated by obtaining a current with the
maximum luminance level to be used for display as the
signal current 904 and using equation 5. If the power supply
voltage is 15V, Vgs at the time of the maximum luminance
is 7V, and the voltage drop of the organic EL device is 6V,
the third feeding potential becomes 13V using equation 5.
An EL current at that time is in exact agreement with the
programming current.

[0106] When the third feeding potential is determined and
fixed in such a manner, if the luminance is lowered, the first
drain-to-source voltage obtained by equation 3 decreases
and the second drain-to-source voltage obtained by equation
4 increases. They become different from each other. That is,
the operation point at the time of programming and the
operation point at the time of light emission become differ-
ent from each other. If the transistor has incomplete satura-
tion characteristics, the programming current is not matched
with the EL current.

[0107] FIG. 9B shows the above-described case. A first
operation point 905' is set to a potential that is lower than a
third feeding potential 920 by the gate-to-source voltage Vgs
determined by the signal current 904'. A second operation
point 912' is set as a point of an intersection of the same
organic EL characteristics curve as that shown in FIG. 9A
and a line depicting the signal current 904'.

[0108] In the case of the known circuit shown in FIG. 3,
if the signal current is changed, the second operation point
moves downward along the diode-connection current and
voltage characteristics curve. However, in this case, the
potential of the third constant voltage source is fixed. The
first operation point 905' shown in FIG. 9B is on the right
side of the first operation point 905 show in FIG. 9A.
Accordingly, the difference between the first operation point
905" and the second operation point 912" at the time of the
low-luminance display is smaller compared with the known
circuit shown in FIG. 3.

[0109] If the signal current decreases, Vgs becomes 5V,
and the voltage drop of the organic EL device becomes 4V
while the potential of the third constant voltage source is
13V, the first drain-to-source voltage becomes 7V and the
second drain-to-source voltage becomes 11V. That is, Vds
increases by +4V. If a transistor has incomplete saturation
characteristics, and if Ids increases at the ratio of 3%/V in
accordance with Vds in a saturation region, a luminance
error of 12% occurs. This value is smaller than a luminance
error of 18% in the circuit shown in FIG. 3 which has been
described with reference to FIGS. 7A and 7B.

[0110] Conversely, If the potential of the third constant
voltage source is optimized for the signal current 904" in
FIG. 9B, that is, the first and second operation points are
matched, since Vgs is 5V and the voltage drop of the organic
EL device is 4V, an optimum value becomes 9V using
equation 5. Accordingly, an image can be accurately dis-
played at this luminance level.

[0111] Here, the signal current is raised to the level of the
signal current 904 with the above-described settings main-
tained. Since Vgs is 7V and the voltage drop of the organic
EL device is 6V, the first drain-to-source voltage becomes
13V using equation 5 and the second drain-to-source voltage
becomes 9V using equation 4. That is, Vds decreases by 4V.
If Ids of a TFT increases at the ratio of 3%/V in accordance
with Vds, a luminance error of —12% occurs.
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[0112] 1In the case of a general image, it is desirable that
optimization be performed for the luminance of a geometric
average of the maximum value and the minimum value. A
case in which optimization is performed for the luminance
level that is approximately one-third of the maximum lumi-
nance level will be shown in FIGS. 10A and 10B. Here,
since Vgs is 6V and the voltage drop of the organic EL
device is 5V, an optimum value becomes 11V. A first
drain-to-source voltage 1005 and a second drain-to-source
voltage 1012 are matched at this luminance level (in this
drawing, they are slightly unmatched for the sake of clarity).
If a signal current is more than three times as large as a
signal current 1004 with the above-described settings main-
tained, Vds increases by 2V and the luminance increases by
6% in the image display period. The signal current is
reduced to less than one-third thereof, Vds decreases by 2V
and the luminance decreases by 6%. However, all in all, the
luminance error can be improved. As a method of obtaining
the average of the maximum and minimum values, arith-
metic average may be used instead of geometric average.
Alternatively, a value that occurs with a high frequency may
be chosen.

[0113] As described previously, the luminance error due to
incomplete saturation characteristics of a driving TFT can-
not be completely prevented. However, for example, in the
case of a high-luminance document image having a white
background, settings described in the case of high-lumi-
nance display can be performed. In the case of a low-
luminance document image having a gray background,
settings described in the case of low-luminance display can
be performed. Consequently, luminance nonuniformity is
suppressed. In the case of an image with an average lumi-
nance level, settings described with reference to FIGS. 9A
and 9B can be performed. Consequently, the display accu-
racy of an image with an average luminance level can be
improved. As is apparent from equation 5, this change does
not depend on a power supply voltage, and can be easily
performed only by controlling the potential 903 of the third
constant voltage source.

[0114] In the circuits shown in FIGS. 1 and 11, when a
current is provided for an organic EL device, the source and
the drain of a driving transistor and the anode and the
cathode of the organic EL device are connected in series
between constant voltage sources. A current passes through
a current path, which connects the source and the drain of the
driving transistor and the anode and the cathode of the
organic EL device, in accordance with a voltage between the
gate and the source of the driving transistor, whereby the
organic EL device emits light. A capacitor for maintaining a
voltage is disposed between the gate and the source of the
driving transistor. Such a configuration is the same as that of
the known circuit shown in FIG. 3.

[0115] However, as described previously, at the time of
programming, that is, when generating a voltage between
the gate and the source of the driving transistor in accor-
dance with a signal, a method different from that used by the
circuit shown in FIG. 3 is performed. That is, the potential
of the gate of the driving transistor is set as a fixed potential
that does not depend on a signal current, the series connec-
tion at the time of the above-described light emission, the
series connection being composed of the source and the
drain of the driving transistor and the anode and the cathode
of the organic EL device, is separated at the source terminal
of the driving transistor, and the source terminal is connected
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to a current signal source that is a data line. The capacitor is
always connected between the source and the gate. If a
signal current passes between the source and the drain of the
driving transistor, a voltage occurs between the gate and the
source in accordance with the value of the signal current. In
this state, the gate is disconnected from a constant voltage
power supply so as to maintain a gate-to-source voltage.
[0116] In the first circuit shown in FIG. 1, the series
connection at the time of light emission is a connection in
which the drain of the driving transistor, that is, a terminal
other than a terminal connected to the gate via the capacitor,
is directly connected to the anode terminal of the organic EL
device. At that time, the source of the driving transistor and
the capacitor are connected to the second constant voltage
source. The cathode of the organic ELL device is fixedly
connected to the first constant voltage source.

[0117] If the polarity of the driving transistor is reversed,
that is, the driving transistor is an n-channel transistor, the
direction of a current is reversed. Accordingly, the anode and
the cathode of the organic EL device in FIG. 1 are inter-
changed.

[0118] In the second circuit shown in FIG. 11, the series
connection at the time of light emission is a connection in
which the source of the driving transistor and the anode of
the organic EL device are directly connected. At that time,
the drain of the driving transistor is fixedly connected to the
second constant voltage source. The cathode of the organic
EL device is fixedly connected to the first constant voltage
source.

[0119] If the polarity of the driving transistor is reversed,
that is, the driving transistor is a p-channel transistor, the
direction of a current is reversed. Accordingly, the anode and
the cathode of the organic EL device in FIG. 11 are inter-
changed.

[0120] According to this method, the fixed potential of the
second constant voltage source can be set to a voltage that
is the sum of a saturation drain voltage of a TFT and a
voltage across the organic EL device, both of which are
obtained when the maximum signal current within the range
of a change in the signal current flows. This power supply
voltage is lower than a power supply voltage obtained using
the known driving method in which a TFT is diode-con-
nected at the time of current programming by a threshold
voltage. Consequently, power consumption can be reduced.
[0121] In the following, description will be made by
providing specific circuits as examples. First to fourth
examples are specific examples of the circuit shown in FIG.
1. Fifth to ninth examples are specific examples of the circuit
shown in FIG. 11.

FIRST EXAMPLE

[0122] FIG. 13 shows an example of a circuit according to
an embodiment of the present invention which is configured
with a low-temperature polysilicon CMOS. In the case of a
display apparatus in which a driving circuit is formed on a
substrate, and the organic EL device 106 is formed on the
driving circuit, the display apparatus can be easily produced
by connecting the drain of the driving TFT 107 to the anode
of the organic EL device 106 as a pixel electrode and
forming a metallic or transparent electroconductive film or
the like on the entire top surface as the first constant voltage
power sources 101. It is known that the organic EL device
106 included in the display apparatus created in the above-
described order has excellent carrier injection characteris-
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tics. A voltage drop in the organic EL device is reduced,
whereby the maximum output voltage of the signal current
source and the power supply voltage can be further reduced.
[0123] A p-channel TFT is used for each of the driving
TET, the first switch 109, and the second switch 110, and an
n-channel TFT is used for the third switch 111. The gate of
each TFT is connected to a corresponding one of the
scanning lines 114. When a low-level signal is applied from
the vertical shift register 115 to one of the scanning lines
114, the first switch 109 and the second switch 110 are
closed and the third switch 111 is opened. When a high-level
signal is applied to one of the scanning lines 114, operations
of all switches are reversed. Accordingly, the sequences
shown in FIG. 5 can be achieved with only one of the
scanning lines 114.

SECOND EXAMPLE

[0124] FIG. 14 shows another example of a circuit accord-
ing to an embodiment of the present invention which is
configured with a low-temperature polysilicon CMOS.
Here, a display apparatus can be easily produced by con-
necting the drain of the driving TFT 107 to the cathode of
the organic EL device 106 as a pixel electrode and forming
a metallic or transparent electroconductive film or the like
on the entire top surface as the first constant voltage power
source 101.

[0125] An n-channel TFT is used for each of the driving
TFT, the first switch 109, and the second switch 110, and a
p-channel TFT is used for the third switch 111. The gate of
each TFT is connected to a corresponding one of the
scanning lines 114. When a high-level signal is applied from
the vertical shift register 115 to one of the scanning lines
114, the first switch 109 and the second switch 110 are
closed and the third switch 111 is opened. When a low-level
signal is applied to one of the scanning lines 114, operations
of all switches are reversed. Accordingly, the sequences
shown in FIG. 5 can be achieved with only one of the
scanning lines 114.

[0126] The circuits of the first and second examples indi-
vidually have an additional component, the third constant
voltage power source 105, as compared with a known
current programming circuit disclosed in U.S. Pat. No.
6,229,506. However, the number of circuit elements such as
TFTs does not increase. Accordingly, the circuits can be
easily produced and can be said to be practical circuits.

THIRD EXAMPLE

[0127] A capacitor is widely used as the voltage maintain-
ing unit 108 in the circuit shown in FIG. 1. In the sequences
shown in FIG. 5, since the first switch 109 is closed in the
signal write period 502, a current flows into the voltage
maintaining unit 108 and the gate-to-source voltage used to
cause a signal current to pass through the drain and the
source of the driving TFT is written therein. The written
potential is required to be maintained with certainty in the
image display period 503.

[0128] In the image display period 503, the written poten-
tial is not usually changed, because the first switch 109 is
opened. However, if the third switch 111 is closed before the
first switch 109 is opened and the source of the driving TFT
107 is connected to one of the second constant voltage
power sources 102, a current may flow into the voltage
maintaining unit 108 and the appropriately written potential
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may be changed. As shown in FIG. 13, the specification such
as a conductivity type of the first switch 109 is often
different from that of the third switch 111. State transition
periods are therefore different between them. In addition,
since a wiring capacity of one of the second constant voltage
power sources 102 is different from that of one of the third
constant voltage power sources 105, switching may not be
appropriately performed.

[0129] FIG. 15 shows an example of a circuit for prectud-
ing the possibility of error occurrence and performing
switching from the signal write period 502 to the image
display period 503 with certainty. A circuit shown in FIG. 15
is created on the basis of the circuit shown in FIG. 13.
Circuit elements such as TFTs of the circuit shown in FIG.
15 are the same as those of the circuit shown in FIG. 13.
However, in the circuit shown in FIG. 15, a scanning line
117 for the first switch 109 and a scanning line 116 for the
second switch 110 and the third switch 111 are separately
disposed. Accordingly, as shown in FIG. 16, when the signal
write period 502 is changed to the image display period 503,
a switching operation 504' of the first switch 109 can precede
the switching operation 505 of the second switch 110 and the
switching operation 506 of the third switch 111 by a prede-
termined period At. Alternatively, the switching operations
of the second switch 110 and the third switch 111 can follow
the switching operation of the first switch 109 after a
predetermined period At delay. Consequently, a current
cannot improperly flow into the voltage maintaining unit
108. In addition, in the image display period 503, a driving
current can propetly flow.

FOURTH EXAMPLE

[0130] Like the circuits shown in FIGS. 13 to 15, by using
a CMOS, a plurality of switches can be driven in reverse
phase in accordance with a signal transmitted from a single
scanning line. Conversely, in the case of a polysilicon
CMOS, the manufacturing process thereof is complex. In the
case of metal oxide semiconductors such as amorphous
silicon, ZnO, and InGaZnO, only n-channel TFTs can pro-
vide excellent characteristics. In the case of organic semi-
conductors, only p-channel TFTs can provide excellent
characteristics. The above-described circuits cannot cover
such cases.

[0131] FIG. 17 shows an example of a circuit in which
p-channel TFTs are used for all of the driving TFTs 107, the
first switch 109, the second switch 110, and the third switch
111. Here, the gates of the first switch 109 and the second
switch 110 are connected to a first scanning line 118. On the
other hand, the gate of the third switch 111 is connected to
a second scanning line 119. Accordingly, the sequences
shown in FIG. 5 can be achieved by providing signals
having opposite phases to the scanning lines 118 and 119.
[0132] Furthermore, as shown in FIG. 18, signal switching
of the first scanning line 118 precedes signal switching of the
second scanning line 119 by a predetermined period At.
Consequently, like the circuit of the third example shown in
FIG. 15, a signal written in the voltage maintaining unit 108
can be accurately maintained.

FIFTH EXAMPLE

[0133] FIG. 19 shows an example of a circuit according to
an embodiment of the present invention which is configured
with a low-temperature polysilicon CMOS. In the case of a
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display apparatus in which a driving circuit is formed on a
substrate, and the organic EL device 106 is formed on the
driving circuit, the display apparatus can be easily produced
by setting a pixel electrode connected to the drain of the
driving TFT 107 as the anode of the organic EL device 106
and forming a metallic or transparent electroconductive film
or the like on the entire top surface as the cathode of the
organic EL device 106, because the first constant voltage
source can be integrated therein. It is known that the organic
EL device 106 included in the display apparatus produced in
the above-described order has excellent carrier injection
characteristics. A voltage drop in the organic EL device is
reduced, whereby the power supply voltage can be easily
reduced.

[0134] An n-channel TFT is used for each of the driving
TFT and the third switch 111, and a p-channel TFT is used
for each of the first switch 109 and the second switch 110.
The gate of each TFT is connected to a corresponding one
of the scanning lines 114. When a high-level signal is
applied from the vertical shift register 115 to one of the
scanning lines 114, the first switch 109 and the second
switch 110 are closed and the third switch 111 is opened.
When a low-level signal is applied to one of the scanning
lines 114, operations of all switches are reversed. Accord-
ingly, the sequences shown in FIG. 12 can be achieved with
only one of the scanning lines 114.

SIXTH EXAMPLE

[0135] FIG. 20 shows another example of a circuit accord-
ing to an embodiment of the present invention which is
configured with a low-temperature polysilicon CMOS.
Here, a display apparatus can be easily produced by setting
a pixel electrode connected to the drain of the driving TFT
107 as the cathode of the organic EL device 106 and forming
a metallic or transparent electroconductive film or the like
on the entire top surface as the anode of the organic EL
device 106, because the first constant voltage source can be
integrated therein.

[0136] A p-channel TFT is used for each of the driving
TFT and the third switch 111, and an n-channel TFT is used
for each of the first switch 109 and the second switch 110.
The gate of each TFT is connected to a corresponding one
of the scanning lines 114. When a low-level signal is applied
from the vertical shift register 115 to one of the scanning
lines 114, the first switch 109 and the second switch 110 are
closed and the third switch 111 is opened. When a high-level
signal is applied to one of the scanning lines 114, operations
of all switches are reversed. Accordingly, the sequences
shown in FIG. 12 can be achieved with only one of the
scanning lines 114. Circuits according to the first and second
embodiments individually have an additional component,
the third constant voltage power sources 105, compared with
a known current programming circuit disclosed in U.S. Pat.
No. 6,373,454. However, the number of circuit elements
such as TFTs does not increase. Accordingly, the circuits can
be easily produced and can be said to be practical circuits.

SEVENTH EXAMPLE

[0137] A capacitor is widely used as the voltage maintain-
ing unit 108 in the circuit shown in FIG. 11. In the sequences
shown in FIG. 12, since the first switch 109 is closed in the
signal write period 502, a current flows into the voltage
maintaining unit 108 and Vgs used to appropriately cause a
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signal current to pass through the drain and the source of the
driving TFT is written therein. The written potential is
required to be maintained with certainty in the image display
period 503.

[0138] In the image display period 503, the written poten-
tial is not usually changed, because the first switch 109 is
opened. However, if the third switch 111 is closed before the
first switch 109 is opened and the source of the driving TFT
107 is connected to the organic EL device 106, a current may
flow into the voltage maintaining unit 108 and the appro-
priately written potential may be changed. As shown in FIG.
19, the specification such as a conductivity type of the first
switch 109 is often different from that of the third switch
111. State transition periods are therefore different between
them. In addition, since a wiring capacity of one of the
second constant voltage power sources 102 is different from
that of one of the third constant voltage power sources 105,
switching may not be appropriately performed.

[0139] FIG. 21 shows an example of a circuit for preclud-
ing the possibility of error occurrence and performing
switching from the signal write period 502 to the image
display period 503 with certainty. A circuit shown in FIG. 21
is created on the basis of the circuit shown in FIG. 19.
Circuit elements such as TFTs of the circuit shown in FIG.
21 are the same as those of the circuit shown in FIG. 19.
However, in the circuit shown in FIG. 21, the scanning line
117 for the first switch 109 and the scanning line 116 for the
second switch 110 and the third switch 111 are separately
disposed. Accordingly, the method of delaying the switching
time described in the third example with reference to FIG.
16 can be used for this example. Consequently, a current
cannot improperly flow into the voltage maintaining unit
108. In addition, in the image display period, a driving
current can propetly flow.

EIGHTH EXAMPLE

[0140] Like the circuits shown in FIGS. 19 to 21, by using
a CMOS, a plurality of switches can be driven in reverse
phase in accordance with a signal transmitted from a single
scanning line. Conversely, in the case of a polysilicon
CMOS, the manufacturing process thereof is complex. In the
case of metal oxide semiconductors such as amorphous
silicon, ZnO, and InGaZnO, only n-channel TFTs can excel-
lent characteristics. The above-described circuits cannot
cover such a case.

[0141] FIG. 22 shows an example of a circuit in which
n-channel TFTs are used for all of the driving TFT 107, the
first switch 109, the second switch 110, and the third switch
111. Here, the gates of the first switch 109 and the second
switch 110 are connected to the first scanning line 118. On
the other hand, the gate of the third switch 111 is connected
to the second scanning line 119. Accordingly, the sequernces
shown in FIG. 12 can be achieved by providing signals
having opposite phases to the scanning lines 118 and 119.
[0142] Like the case described in the fourth example with
reference to FIG. 18, signal switching of the first scanning
line 118 precedes signal switching of the second scanning
line 119 by a predetermined period At. Consequently, like
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the circuit of the seventh example, a signal written in the
voltage maintaining unit 108 can be accurately maintained.

NINTH EXAMPLE

[0143] FIG. 23 shows an example of a circuit suitable for
a case in which p-channel TFTs such as TFTs with organic
semiconductors are used. The gates of the first switch 109
and the second switch 110 are also connected to the first
scanning line 118. On the other hand, the gate of the third
switch 111 is connected to the second scanning line 119.
Accordingly, signals having opposite phases are provided
for the scanning lines 118 and 119, whereby the sequences
shown in FIG. 12 can be achieved. Furthermore, like the
circuit of the fourth example, switching from the signal write
period to the image display period can be performed with
certainty by using the sequences shown in FIG. 18.

TENTH EXAMPLE

[0144] Inacircuit shown in FIG. 24, a signal analyzer 120
and a voltage source 121 are added to the components
included in the circuit shown in FIG. 2. The signal analyzer
120 analyzes an image signal and the frequency of occur-
rence of a luminance level in an image, and extracts a
representative luminance level. The voltage source 121
obtains a voltage that can most faithfully achieve the lumi-
nance level by using the value of a signal current corre-
sponding to the luminance level and equation 5, and outputs
the obtained voltage to the third constant voltage power
sources 105. According to the additional components, for
example, when characters are displayed against the back-
ground with uniform brightness on a computer monitor, the
potential of the third constant voltage source is set on the
basis of the luminance of the background. As a result,
background nonuniformity due to variations of saturation
characteristics of a driving TFT can be improved. In the case
of moving images on a TV screen, an image signal, which
is provided every one frame, is analyzed. The potential of
one of the third constant voltage power sources 105 is set on
the basis of a luminance level that has occurred at high
frequency in the preceding frame. As a result, moving
images can be accurately displayed at desired luminance.
Thus, high-quality images can be efficiently obtained. The
circuit shown in FIG. 24 may be simplified by removing the
signal analyzer 120. In this case, the voltage source 121 may
be manually controlled so as to control the potentials of the
third constant voltage power sources 105.

[0145] While the present invention has been described
with reference to exemplary embodiments, it is to be under-
stood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims
is to be accorded the broadest interpretation so as to encom-
pass all modifications, equivalent structures and functions.
[0146] This application claims the benefit of Japanese
Applications No. 2006-098009 filed Mar. 31, 2006 and No.
2006-098010 filed Mar. 31, 2006, which are hereby incor-
porated by reference herein in their entirety.

What is claimed is:

1. A driving method of an organic EL device in which,
when the organic EL device emits light, a source and a drain
of a driving transistor and an anode and a cathode of the
organic EL device are connected in series between first and
second constant voltage sources and a current flows between
the anode and the cathode of the organic EL device in

Oct. 4, 2007

accordance with a gate-to-source voltage of the driving
transistor, the gate-to-source voltage of the driving transistor
being set in the following steps:

(1) disconnecting the series connection of the driving
transistor and the organic EL device at the source of the
driving transistor;

(2) connecting a third constant voltage source maintaining
a potential different from a potential of each of the first
and second constant voltage sources to a gate of the
driving transistor;

(3) connecting the source of the driving transistor to a
signal current source and passing a signal current
between the source and the drain of the driving tran-
sistor to generate a voltage between the gate and the
source of the driving transistor in a capacitor disposed
between the gate and the source of the driving transis-
tor,

(4) disconnecting the gate of the driving transistor from
the third constant voltage source;

(5) disconnecting the source of the driving transistor from
the signal current source; and

(6) reconnecting the source of the driving transistor to
recover the series connection of the driving transistor
and the organic EL device.

2. The driving method according to claim 1, wherein the
series connection is established by connecting the drain of
the driving transistor to the anode or cathode of the organic
EL device.

3. The driving method according to claim 2,

wherein a potential of the third constant voltage source is
set to a value closer to a potential of the second constant
voltage source on the basis of a potential of the first
constant voltage source, and

wherein, a voltage between the third and first constant

voltage sources is equal to or larger than a sum of an
anode-to-cathode voltage of the organic EL device and
a gate-to-source voltage of the driving transistor, the
voltages being obtained in the step (3) when the signal
current is a signal current that minimizes luminance of
an organic EL display apparatus, and is equal to or
smaller than a sum of an anode-to-cathode voltage of
the organic EL device and a gate-to-source voltage of
the driving transistor, the voltages being obtained in the
step (3) when the signal current is a signal current that
maximizes luminance of the organic EL display appa-
ratus.

4. The driving method according to claim 2, wherein a
voltage between the first and second constant voltage
sources is equal to or larger than a sum of a source-to-drain
voltage of the driving transistor and an anode-to-cathode
voltage of the organic EL device, the voltages being
obtained in the step (3) when the signal current is a signal
current that maximizes luminance of the organic EL display
apparatus, and is smaller than a sum of a source-to-drain
voltage of the driving transistor, an anode-to-cathode volt-
age of the organic EL device, and a threshold voltage of the
driving transistor, the voltages being obtained in the step (3)
when the signal current is a signal current that maximizes
luminance of the organic EL display apparatus.

5. The driving method according to claim 1, wherein the
series connection is established by connecting the source of
the driving transistor to the anode or cathode of the organic
EL device.
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6. The driving method according to claim 5, wherein a
potential of the third constant voltage source is equal to or
larger than a sum of a gate-to-source voltage of the driving
transistor and an anode-to-cathode voltage of the organic EL
device, the voltages being obtained when the signal current
is a signal current that minimizes luminance to be used at the
time of display, and is equal to or smaller than a sum of a
gate-to-source voltage of the driving transistor and an
anode-to-cathode voltage of the organic EL device, the
voltages being obtained when the signal current is a signal
current that maximizes luminance to be used at the time of
display.

7. The driving method according to claim 5, wherein a
potential of the third constant voltage source is a sum of a
gate-to-source voltage of the driving transistor and an
anode-to-cathode voltage of the organic EL device, the
voltages being obtained when the signal current is a signal
current that sets luminance to be used at the time of display
to average luminance.

8. The driving method according to claim 1, wherein the
steps (4) and (5) are simultaneously performed.

9. The driving method according to claim 1, wherein the
step (4) follows the step (5) after a predetermined time delay.

10. An organic EL display apparatus, comprising:

an organic EL device having two terminals, an anode and

a cathode;

a driving transistor having three terminals, a gate, a

source, and a drain;

a capacitor disposed between the gate and the source of

the driving transistor;

first, second, and third constant voltage sources each

maintaining a constant voltage;

a signal current source providing a signal current;

a first switch disposed between the gate of the driving

transistor and the third constant voltage source;

a second switch disposed between the source of the

driving transistor and the signal current source;

a third switch disposed between the source of the driving

transistor and the second constant voltage source; and
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opening and closing control means for controlling open-
ing and closing of the first to third switches.
11. The organic EL display apparatus according to claim
10,
wherein the first to third switches are each configured
with a respective TFT, channel conductivity types of
the TFTs of the first and second switches being the
same, and a channel conductivity type of the TFT of the
third switch being different from that of the TFTs of the
first and second switches, and
wherein the opening and closing control means is a
control line connected to gates of the TFTs of the first
to third switches.
12. The organic EL display apparatus according to claim
10,
wherein the first to third switches are each configured
with a respective TFT, channel conductivity types of
the TFTs of the second and third switches being dif-
ferent, and
wherein the opening and closing control means includes
a first control line connected to gates of the TFTs of the
second and third switches, and a second control line
connected to a gate of the TFT of the first switch.
13. The organic EL display apparatus according to claim
11,
wherein the first to third switches are each configured
with a TFT having the same channel conductivity types
as a conductivity type of the driving transistor, and
wherein the opening and closing control means includes
a first control line connected to gates of the TFTs of the
first and second switches, and a second control line
connected to a gate of the TFT of the third switch.
14. The organic EL display apparatus according to claim
11, wherein TFTs of the first to third switches and the driving
transistor are made of amorphous silicon.
15. The organic EL display apparatus according to claim
11, wherein TFTs of the first to third switches and the driving
transistor are made of metal oxide semiconductor.
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