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switching TFT and a current controlling TFT further is
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The switching TFT charges a capacitor in accordance with
a data signal and the current controlling TFT controls light
emission of an organic light emitting element in accordance
with voltage supplied from the capacitor. Reverse bias is
readily applied to the organic light emitting element by
applying voltage to the element that has a rectifying char-
acteristic in the forward direction from an alternating current
source.
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DISPLAY DEVICE AND METHOD OF
DRIVING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a display device which
has an organic light emitting element and to a method of
driving the display device. Specifically, the present inven-
tion relates to a display device in which an organic light
emitting element is driven with alternating current and a
driving method thereof.

2. Description of the Related Art

In recent years, a technique of forming a transistor, for
example, a TFT (thin film transistor) on a substrate has been
advanced greatly to promote development of active matrix
display devices. Active matrix display devices are free from
the problem of cross talk in passive matrix display devices
and therefore are capable of displaying images with higher
definition and contrast compared to passive matrix display
devices.

TFTs using polysilicon for their active layers have higher
field effect mobility than conventional TFTs that use amor-
phous silicon and therefore can operate at high speed. This
makes it possible to perform control the luminance of pixels,
which has conventionally been done by an external driving
circuit to the substrate, by a driving circuit formed on the
same substrate on which the pixels are formed. Thus formed
active matrix display devices can have various circuits and
elements on the same substrate, which helps to reduce the
display devices in size.

A display device using organic light emitting elements
(hereinafter referred to as organic light emitting displays)
has also been developed actively in recent years. An organic
light emitting elements is self-luminous and does not need a
light source such as back light, unlike liquid crystal display
devices. Therefore, organic light emitting elements is
deemed as promising means for reducing weight and thick-
ness of display devices, and are expected to be used in
cellular phones, personal portable information terminals
(personal digital assistant: PDA), and the like.

An organic light emitting element has a diode structure
with an organic compound layer sandwiched between two
electrodes and emits light by re-combining electrons
injected from one of the electrodes with holes injected from
the other electrode in an organic compound layer. The
organic light emitting element provides electro-lumines-
cence (EL), for example, fluorescence or phosphorescence.
Because of the diode structure, the organic light emitting
elements is also called organic light emitting diodes
(OLEDs).

An organic light emitting element is often composed of an
anode, a hole transporting layer, a light emitting layer, an
electron transporting layer, and a cathode. This structure is
s0 high in light emission efficiency that almost all organic
light emitting elements that are under development at
present employ this structure. One or both of hole injection
layer and electron injection layer are omitted in some cases.
However, a light emitting layer is an indispensable compo-
nent to an organic light emitting element since an organic
light emitting element emits light through recombination of
carriers when current flows into the light emitting layer.

An organic compound layer is a collective name for
carrier (electrons and holes) transporting layers, a light
emitting layer that is formed of a material with high quantum
yield, and other layers. The light emitting layer, hole inject-
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ing layer, and electron injecting layer mentioned above are
included in the organic compound layer.

An organic light emitting element has a high rectifying
characteristic and emits light through recombination of
carriers when the electric potential of its anode exceeds the
electric potential of the cathode to cause current to flow in
the organic compound layer. On the other hand, when the
electric potential of the anode is lower than the electric
potential of the cathode, current does not flow in the organic
compound layer and no light is emitted. In the diode
structure as an organic light emitting element, voltage
applied in a direction, in which current readily flows is
called forward bias whereas voltage applied in a direction in
which current finds it difficult to flow, is called reverse bias.

FIG. 19 shows an equivalent circuit of a pixel portion in
a conventional active matrix organic light emitting display.

Gate signal lines (G, to G,) are connected to gate elec-
trodes of switching TFTs of pixels. Each switching TFT is
denoted by 901 and each pixel is denoted by 900. Each
switching TFT has a source and a drain, one of which is
connected to one of source signal lines (S, to S,) for
inputting data signals and the other of which is connected to
a gate electrode of a current controlling TFT 902 and to one
of electrodes of a capacitor 903. Each pixel has one current
controlling TFT 902 and one capacitor 903. The other
electrode, namely, one of electrodes of a capacitor that is not
connected to a switching TFT is connected to one of power
supply lines (V, to V).

Each current controlling TFT has a source and a drain, one
of which is connected to one of the power supply lines and
the other of which is connected to a pixel electrode of an
organic light emitting element 905. Each pixel has one
organic light emitting element 905. An opposite electrode of
an organic light emitting element faces the pixel electrode of
the organic light emitting element and sets the reference
electric potential for the pixel electrode.

For conveniences’ sake of explanation, an opposite elec-
trode is connected to an opposite power supply 906. The
difference in electric potential between the power supply
lines and the opposite power supply is set to a level at which
the voltage is large enough to cause an organic light emitting
element to emit light.

Each organic light emitting element 905 has an anode and
a cathode, one of which serves as a pixel electrode and the
other of which serves as an opposite electrode. An anode of
an organic light emitting element serves as a pixel electrode
and a cathode of the organic light emitting element serves as
an opposite electrode when the anode of the organic light
emitting element is connected to a source or drain of a
current controlling TFT. On the other hand, a cathode of an
organic light emitting element serves as a pixel electrode and
an anode of the organic light emitting element serves as an
opposite electrode when the cathode of the organic light
emitting element is connected to a source or drain of a
current controlling TFT.

The luminance of light emitted from an organic light
emitting element is determined as follows. A selection signal
is inputted from the gate signal line to the gate electrode of
the switching TFT 901 to turn the switching TFT ON
(conductive). Then, a data signal inputted to the source
signal line is inputted to the gate electrode of the current
controlling TFT 902 through the switching TFT. The electric
potential of the gate electrode of the current controlling TFT
is held by the capacitor 903. Accordingly, the difference in
electric potential between the gate electrode of the current
controlling TFT 902 and the power supply line (one of V| to
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V..), namely, the gate voltage of the current controlling TFT
is kept constant until a next data signal is inputted to the
pixel.

When the current controlling TFT is turned ON, current
flows from a semiconductor layer of the current controlling
TFT to the organic light emitting element that is connected
in series to the semiconductor layer of the current control-
ling TFT. The intensity of light emitted from the organic
light emitting element is determined in accordance with the
amount of current that flows into the organic light emitting
element. The amount of current flowing into a current
controlling TFT is controlled by a data signal inputted to
each pixel and therefore the luminance of light emitted from
each pixel can be controlled by the electric potential of data
signal.

In general, ‘driving an organic light emitting element with
direct current’” means maintaining light emission by keeping
the electric potential of an anode higher than the electric
potential of a cathode to cause direct current to flow. In this
case, the anode is either an opposite electrode or a pixel
electrode and the cathode is the other of the two electrodes.

However, when an organic light emitting element is
driven with direct current, the luminance of light emitted
from the organic light emitting element is lowered with time.
Direct current driving causes degradation of luminance with
age supposedly because ionic impurities accumulate in the
interface of the organic compound layer and molecules
constituting the organic compound layer are polarized in a
single direction along the electric field to create inside the
organic compound layer an electric field reversely oriented
with respect to an electric field applied by the pixel electrode
or the opposite electrode of the organic light emitting
element.

In particular, the luminance of light emitted from an
organic light emitting element is markedly lowered with
time if the organic light emitting element is driven while the
voltage applied between the cathode and anode of the
organic light emitting element is kept constant (hereinafter
referred to as constant voltage method). In the constant
voltage method, since the level of the voltage applied to the
cathode and the anode is always constant, the effective
voltage applied to the organic compound layer is reduced as
the intensity of the electric field created in the organic
compound layer increases to lower the luminance of light
emitted from the organic light emitting element.

In order to prevent this degradation of luminance, the
organic light emitting element has to be driven with alter-
nating current. ‘Driving an organic light emitting element
with alternating current’ means alternately applying voltages
with different polarities to the organic light emitting ele-
ment. In other words, reverse bias is applied in addition to
forward bias that is necessary for light emission. Forward
bias and reverse bias may not always have the same mag-
nitude or application time. When a minute reverse bias is
applied, it still is regarded as alternating current driving.

However, in the conventional circuit described above,
connecting an alternating current source to the opposite
electrode of the organic light emitting element and to the
power supply lines is sometimes not enough to apply a
sufficient reverse bias to the organic light emitting element.
This will be explained below.

The circuit shown in FIG. 19 is a closed circuit in which
the source or drain of the current controlling TFT 902 is
connected serially to the organic light emitting element 905
between the opposite power supply 906 and the power
supply line (one of V, to V). The operation of this closed
circuit in applying voltages to the organic light emitting
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element with alternating current is described. To simplify the
explanation, the current controlling TFT in the description
below is a p-channel TFT. The p-channel TFT is turned ON
when the electric potential of the gate is lower than the
electric potential of the source, namely, the electric potential
of the power supply line and the difference thereof exceeds
the threshold.

Therefore, in order to apply forward bias to the organic
light emitting element, the electric potential of the opposite
electrode of the organic light emitting element 905 is set to
the Lo level whereas the electric potential of the power
supply line is set to the Hi level, and the electric potential of
the gate of the current controlling TFT is lower than the
electric potential of the power supply line (the source of the
current controlling TFT) to exceeding the threshold. The
current controlling TFT is turned ON, namely, conductive,
and current flows into the organic light emitting element 905
to cause the organic light emitting element to emit light.

When the current flowing into the organic light emitting
element is to be stopped without changing the electric
potentials of the power supply line and opposite electrode,
the electric potential of the gate of the current controlling
TFT is set higher than the electric potential of the source
thereof to turn the current controlling TFT OFF.

Suppose that now the current controlling TFT is ON and
the electric potentials of the power supply line and opposite
electrode are inverted to apply reverse bias to the organic
light emitting element. That is, the electric potential of the
opposite electrode of the organic light emitting element 905
is set to the Hi level whereas the electric potential of the
power supply line is set to the Lo level. At this point, the
series circuit consisting of the opposite electrode, the
organic light emitting element, the current controlling TFT,
and the power supply line is equivalent to a source follower
circuit. Accordingly, a great reduction in voltage occurs here
since the gate electric potential of the current controlling
TFT is low, and therefore only insufficient reverse bias is
applied to the organic light emitting element.

As has been described, outputting an alternating current
waveform between the opposite power supply 906 and the
power supply line is sometimes not enough to apply a
sufficient reverse bias to the organic light emitting element.
The same applies to the case where the current controlling
TFT is an n-channel TFT in order that current flows from an
anode to a cathode in an organic light emitting element when
a pixel electrode of the organic light emitting element serves
as the cathode and a opposite electrode thereof serves as the
anode.

It is thus difficult to drive an organic light emifting
element with alternating current in the conventional circuit
structure described above, and the problem of great reduc-
tion in luminance of an organic light emitting element with
time due to application of direct current voltage is yet to be
solved.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above
and an object of the present invention is therefore to provide
a display device and driving method thereof, in order that an
organic light emitting element is driven by applying alter-
nating current voltage to prevent reduction in luminance of
the organic light emitting element and the quality of dis-
played images are improved.

An organic light emitting element can be driven with
alternating current by adding an element which has a recti-
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fying characteristic (hereinafter referred to as rectifying
element) to the conventional circuit.

In a circuit where a rectifying element and a semicon-
ductor layer of a current controlling TFT are connected in
parallel to each other, when one of the rectifying element
and the semiconductor layer of the current controlling TFT
has a high resistance and the other have a low resistance at
a voltage level set in accordance with the low resistance,
voltage in accordance with the low resistance can be applied
to the organic light emitting element.

A rectifying element refers to an element which has a
rectifying characteristic in which a characteristic curve
indicating the relation between applied voltage and current
flowing into the rectifying element is asymmetric with
respect to the origin. Current flows when voltage with one
polarity is applied to the rectifying element whereas almost
no current flows when voltage with the other polarity is
applied to the rectifying element. The direction in which
current readily flows is called forward direction and a
direction in which current finds it difficult to flow is called
reverse direction.

An example of a circuit to which the present invention is
applied is described with reference to FIG. 17. FIG. 17
shows an equivalent circuit of a pixel 100. According to the
present invention, a rectifying element 109 is added to a
conventional closed circuit in which a semiconductor layer
of a current controlling TFT 102 and an organic light
emitting element 105 are connected in series to an alternat-
ing current source 106, The rectifying element 109 and the
semiconductor layer of the current controlling TFT 102 are
in parallel to each other. For conveniences’ sake of expla-
nation, the conductivity type of the current controlling TFT
is the p-type.

InFIG. 17, the alternating current source 106 is connected
to a power supply line (V) by a dotted line and another
dotted line is used to connect the alternating current source
106 with the organic light emitting element 105. This
indicates that the alternating current source is placed outside
a pixel portion in which the pixel 100 and similarly struc-
tured pixels are arranged to form a matrix and that the
alternating current source supplies an alternating current
waveform to the pixel 100 through a connection wiring line
113 that connects the alternating current source to the pixel
portion.

Forward bias is applied to the organic light emitting
element as follows. The electric potential of the gate of the
current controlling TFT 102 is set lower than the electric
potential of the power supply line (V,) to exceed the thresh-
old while the electric potential of the opposite electrode of
the organic light emitting element 105 is set to the Lo level
and the electric potential of the power supply line is set to
the Hi level. Then, the current controlling TFT is turned ON,
namely, conductive. Forward bias is thus applied to the
organic light emitting element and voltage is applied to the
rectifying element 109 in the reverse direction.

Reverse bias is applied to the organic light emitting
element as follows. The electric potential of the opposite
electrode of the organic light emitting element 105 is set to
the Hi level and the electric potential of the power supply
line (V,) is set to the Lo level. At this time, voltage is applied
to the rectifying element 109 in the forward direction in spite
of that the gate electric potential of the current controlling
TFT is high or low, and thus reverse bias is applied to the
organic light emitting element.

In the circuit where the rectifying element 109 is con-
nected in parallel to the semiconductor layer of the current
controlling TFT 102, the resistance is reduced to a low level
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enough to let in flowing current in at least one of the
rectifying element or the semiconductor layer of the current
controlling TFT in accordance with the polarity of the
voltage outputted from the alternating current source 106. In
this way, voltage can be applied to the organic light emitting
element by the alternating current source whether it is
forward bias or reverse bias.

In order to drive with alternating current, the forward
direction of the rectifying element 109 is set reverse to the
direction of the current flowing in the current controlling
TFT 102 being ON. In other words, the forward direction of
the rectifying element 109 is reverse to the forward direction
of the organic light emitting element 105 that has the diode
structure.

The circuit shown in FIG. 17 is merely an example of the
present invention, and the conductivity of the current con-
trolling TFT 102, the rectifying direction of the rectifying
element 109, and the rectifying direction of the organic light
emitting element 105 that has the diode structure can be set
freely as long as the effects of the present invention are
obtained.

FIGS. 18A and 18B show examples of waveform chart in
driving an organic light emitting element with alternating
current. The axis of abscissa indicates time and the axis of
ordinate indicates voltage. When a signal is inputted from an
alternating current source to drive an organic light emitting
element, the electric potential (V_) of an opposite electrode
is kept constant whereas the electric potential (V ;) of a
power supply line is changed in a driving method shown in
FIG. 18A. On the other hand, the electric potential (V) of
an opposite electrode and the electric potential (V;) of a
power supply line are both changed in a driving method
shown in FIG. 18B. Either of the two driving methods can
be employed.

However, it is generally preferred to employ the driving
method of FIG. 18B in which the electric potential of an
opposite electrode and the electric potential of a power
supply line are both changed. The amplitude of voltage
outputted from an alternating current source is smaller in the
driving method of FIG. 18B than in the driving method of
FIG. 18A and therefore the method of FIG. 18B is capable
of reducing the cost of alternating current source by using a
low-voltage driving alternating current source. When the
amplitude of voltage of an alternating current source is
smaller, load on circuits that constitute the alternating cur-
rent source is reduced to improve the reliability of the
alternating current source. Furthermore, it is also advanta-
geous in terms of reduction of cost to require less power
supply systems in total.

The structure of a display device according to the present
invention is described below.

The present invention provides a display device compris-
ing a plurality of pixels each comprising a transistor, an
organic light emitting element, and a rectifying element,
characterized in that:

the transistor has a source and a drain, one of which is
connected to a pixel electrode of the organic light emitting
element and the other of which is connected to one terminal
of an alternating current source;

the rectifying element is connected to the terminal and to
the pixel electrode of the organic light emitting element;

an opposite electrode of the organic light emitting element
is connected to the other terminal of the alternating current
source; and

a forward direction of the rectifying element is reverse to
forward bias of the organic light emitting element.
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The present invention provides a display device compris-
ing a plurality of pixels each comprising a switching tran-
sistor, a current controlling transistor, a rectifying transistor,
and an organic light emitting element, characterized in that:

a gate of the switching transistor is connected to a gate
signal line;

the switching transistor has a source and a drain, one of
which is connected to a source signal line and the other of
which is connected to a gate of the current controlling
transistor;

the current controlling transistor has a source and a drain,
one of which is connected to one terminal of an alternating
current source and the other of which is connected to a pixel
electrode of the organic light emitting element;

a gate of the rectifying transistor is connected to the
terminal;

the rectifying transistor has a source and a drain, one of
which is connected to the terminal and the other of which is
connected to the pixel electrode of the organic light emitting
element;

an opposite electrode of the organic light emitting element
is connected to the other terminal of the alternating current
source; and

a forward direction of the rectifying transistor is reverse
to forward bias of the organic light emitting element.

In the above structure, the display device is characterized
in that:

the pixel electrode of the organic light emitting element is
an anode and the opposite electrode thereof'is a cathode; and

the current controlling transistor and the rectifying tran-
sistor have a p type conductivity.

Alternatively, the display device in the above structure is
characterized in that:

the pixel electrode of the organic light emitting element is
a cathode and the opposite electrode thereof is an anode; and

the current controlling transistor and the rectifying tran-
sistor have an n type conductivity.

In the above structures, the display device is characterized
in that the transistor is a thin film transistor, or the switching
transistor, the current controlling transistor, and the rectify-
ing transistor are thin film transistors.

In the above structures, the display device is characterized
in that the plural pixels are integrated with a driving circuit
for driving the plural pixels on a glass substrate.

The present invention provides a method of driving a
display device comprising a plurality of pixels each com-
prising a transistor, a rectifying element, and an organic light
emitting element, the transistor has a source and a drain, one
of which is connected to one terminal of an alternating
current source and the other of which is connected to a pixel
electrode of the organic light emitting element, one side of
the rectifying element is connected to the terminal and the
other is connected to the pixel electrode of the organic light
emitting element, and an opposite electrode of the organic
light emitting element is connected to the other terminal of
the alternating current source, the method being character-
ized in that:

reverse bias is applied to the organic light emitting
element when voltage is applied by the alternating current
source in a forward direction of the rectifying element; and

the reverse bias applied to the organic light emitting
element is lifted when voltage is applied in a reverse
direction of the rectifying element.

The present invention provides a method of driving a
display device comprising a plurality of pixels each com-
prising a switching transistor, a current controlling transistor
a rectifying transistor, and an organic light emitting element,
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the switching transistor has a gate that is connected to a gate
signal line, the switching transistor has a source and a drain,
one of which is connected to a source signal line and the
other of which is connected to a gate of the current control-
ling transistor, the current controlling transistor has a source
and a drain, one of which is connected to one terminal of an
alternating current sources and the other of which is con-
nected to a pixel electrode of the organic light emitting
element, the rectifying transistor has a gate that is connected
to the terminal, the rectifying transistor has a source and a
drain one of which is connected to the terminal and the other
of which is connected to the pixel electrode of the organic
light emitting element, and the organic light emitting ele-
ment has an opposite electrode that is connected to the other
terminal of the alternating current source, the method being
characterized in that:

reverse bias is applied to the organic light emitting
element when voltage is applied by the alternating current
source in a forward direction of the rectifying transistor; and

the reverse bias applied to the organic light emitting
element is lifted when voltage is applied in a reverse
direction of the rectifying transistor.

In the above structures. the method of driving a display
device is characterized in that:

an address period in which a data signal is inputted to the
organic light emitting element and a sustain period in which
the organic light emitting element emits or does not emit
light in accordance with the inputted data signal are pro-
vided; and

a polarity of voltage outputted from the alternating current
source is changed when the address period is ended to start
the sustain period.

In the above structures, the method of driving a display
device is characterized in that a waiting period in which a
voltage with the same polarity as the voltage in the address
period is outputted from the alternating current source is
interposed between the address period and the sustain
period.

In the above structures. the method of driving a display
device is characterized in that the plurality of address
periods and the plurality of sustain periods with different
lengths make one frame period for time ratio gray scale
display.

In the above structures, the method of driving a display
device is characterized in that the electric potential of the
pixel electrode of the organic light emitting element and the
electric potential of the opposite electrode are changed
simultaneously when the reverse bias is applied to the
organic light emitting element by the alternating current
sources.

The present invention structured as above will be
described in detail through the following embodiment
modes and embodiments. The embodiment modes and
embodiments may be used as appropriate in combination.
The use of the structure of the present invention is not
limited to the following embodiment modes and embodi-
ments.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIGS. 1A and 1B are examples of circuit diagrams of a
pixel and a pixel portion in an organic light emitting display
of the present invention;

FIG. 2 is a timing chart of driving for time ratio gray scale
display in accordance with Embodiment Mode 1 of the
present invention;
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FIG. 3 is a timing chart of driving for time ratio gray scale
display in accordance with Embodiment Mode 1 of the
present invention;

FIG. 4 is an example of waveform chart showing a
method of driving an organic light emitting element with
alternating current in accordance with Embodiment Mode 2
of the present invention;

FIG. 5 is a timing chart of driving for time ratio gray scale
display in accordance with Embodiment Mode 3 of the
present invention;

FIGS. 6A and 6B are examples of circuit diagrams of a
pixel and a pixel portion in an organic light emitting display
in accordance with Embodiment Mode 4 of the present
invention;

FIG. 7 is a timing chart of driving for analog gray scale
display in accordance with Embodiment Mode 4 of the
present invention;

FIG. 8 is a timing chart of driving for analog gray scale
display in accordance with Embodiment Mode 4 of the
present invention;

FIG. 9 is a timing chart of driving for analog gray scale
display in accordance with Embodiment Mode 5 of the
present invention,

FIG. 10 is a sectional view showing a pixel portion and a
driving circuit portion of an organic light emitting display
according to Embodiment 1 of the present invention;

FIG. 11 is a top view of the pixel portion of the organic
light emitting display according to Embodiment 1 of the
present invention;

FIG. 12 is a top view of the pixel portion of the organic
light emitting display according to Embodiment 1 of the
present invention;

FIG. 13 is a circuit diagram of a pixel of the organic light
emitting display according to Embodiment 1 of the present
imvention;

FIG. 14 is a perspective view showing the exterior of an
organic light emitting display according to Embodiment 3 of
the present invention;

FIGS. 15A to 15D are perspective views showing
examples of electronic equipment in accordance with
Embodiment 5 of the present invention;

FIGS. 16A to 16C are perspective views showing
examples of electronic equipment in accordance with
Embodiment 5 of the present invention;

FIG. 17 is an example of circuit diagram of a pixel in an
organic light emitting display of the present invention;

FIG. 18 is an example of waveform chart showing an
alternating current driving method of the present invention;
and

FIG. 19 is an example of circuit diagram of a pixel in a
conventional organic light emitting display.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[Embodiment Mode 1]

Described here is an example of applying the structure of
the present invention to an organic light emitting display in
which gray scale display is performed through time division
driving. The gray scale display through time division driving
is a method of gray scale display in which gray scales of
pixels are controlled by combining several periods that have
different time for light emission.

FIG. 1A is an equivalent circuit of a pixel. Each pixel is
denoted by 100 and receives signals from a gate signal line
(G,) and a source signal line (S,). Bach pixel has a switching
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TFT 101, a current controlling TFT 102, a capacitor 103, a
rectifying TFT 104, and an organic light emitting element
105. An alternating current source 106 gives electric poten-
tials to a power supply line (V,) and an opposite electrode of
the organic light emitting element 105.

A gate electrode of the switching TFT 101 is connected to
the gate signal line (G,) for inputting a selection signal. The
switching TFT has a source and a drain, one of which is
connected to the source signal line (S;) for inputting a digital
image data signal (hereinafter referred to as digital data
signal) which has information of ‘0’ or ‘1” and the other of
which is connected to a gate electrode of the current con-
trolling TFT 102 and to one of electrodes of the capacitor
103. The other electrode of the capacitor is connected to the
power supply line (V,). The capacitor 103 is provided to hold
the gate voltage of the current controlling TFT 102 when the
switching TFT 101 is not selected.

The current controlling TFT 102 has a source and a drain,
one of which is connected to the power supply line (V,) and
the other of which is connected to the pixel electrode of the
organic light emitting element 105.

The rectifying TFT 104 has a source and a drain, one of
which is connected to the power supply line (V,) and the
other of which is connected to the pixel electrode of the
organic light emitting element 105. A gate electrode of the
rectifying TFT 104 is connected to the power supply line
(V,). The gate electrode of the rectifying TFT 104 is con-
nected to the source or drain thereof. Accordingly, the
rectifying TFT 104 has a rectifying characteristic that allows
current to flow only in one direction.

The rectifying TFT 104 and the current controlling TFT
102 desirably have the same conductivity type. In this
embodiment mode, the current controlling TFT and the
rectifying TFT have the p type conductivity. The switching
TFT 101 may have the n type conductivity or the p type
conductivity.

Since the rectifying TFT is a p-channel TFT and its gate
is connected to its source or drain, the rectifying character-
istic of the rectifying TFT 104 makes it easy for current to
flow from the organic light emitting element side to the
power supply line side and difficult in the other direction.

The organic light emitting element 105 is composed of an
organic compound layer, an anode, and a cathode with the
organic compound layer sandwiched between the anode and
the cathode. In this embodiment mode, a pixel electrode of
the organic light emitting element, which is connected to the
current controlling TFT 102 and to the rectifying TFT 104,
serves as the anode, and an opposite electrode of the organic
light emitting element serves as the cathode. Current flows
from the pixel electrode to the opposite electrode to cause
the organic light emitting element to emit light.

The alternating current source 106 is connected to the
opposite electrode of the organic light emitting element 105
and to the power supply line (V). In this embodiment mode,
the electric potential of the opposite electrode and the
electric potential of the power supply line are simulta-
neously changed for alternating current driving. The differ-
ence between the electric potential of the opposite electrode
and the electric potential of the power supply line is set to
a level that causes the organic light emitting element to emit
light when the current controlling TFT is turned ON.

An opposite mode to this embodiment mode may be
employed, in which the current controlling TFT and the
rectifying TFT are n-channel TFTs, the pixel electrode of the
organic light emitting element serves as a cathode whereas
the opposite electrode thereof serves as an anode, and
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current flows from the opposite electrode to the pixel
electrode to cause the organic light emitting element to emit
light.

FIG. 1B is an equivalent circuit of a pixel portion. In a
pixel portion 110, the pixel 100 and similarly structured
pixels are arranged to form a matrix and signals are inputted
1o the respective pixels from gate signal lines (G, to G),
source signal lines (S, to S,,), and an alternating current
source (not shown in the drawing) to control the luminance
of the pixels.

The gate signal lines (G, to G,,) are connected to gate
electrodes of switching TFTs of the respective pixels. Each
switching TFT has a source and a drain, one of which is
connected to one of the source signal lines (S, to S,,) and the
other of which is connected to a capacitor and to a gate
electrode of a current controlling TFT.

Each current controlling TFT has a source and a drain, one
of which is connected to one of power supply lines (V| to
V) and the other of which is connected to a pixel electrode
of an organic light emitting element. A gate electrode of a
rectifying TFT is connected to one of the power supply lines
(V, to V). Each rectifying TFT has a source and a drain,
one of which is connected to one of the power supply lines
(V, 10 V,,) and the other of which is connected to the pixel
electrode of the organic light emitting element. An opposite
electrode of each organic light emitting element and the
power supply lines (V| to V) are connected to the alter-
nating current source.

In order to simplify the explanation, the pixels in this
embodiment mode emit light for a single color and the
relation between the voltage applied to the organic light
emitting element and the intensity of light emitted from the
organic light emitting element is the same for all of the
pixels that form a matrix in the pixel portion. Accordingly,
all the pixels in the pixel portion have the same electric
potential from the power supply lines (V, to V,,) and the
opposite electrodes of all the pixels in the pixel portion have
the same electric potential.

Described next is a method of driving an organic light
emitting display that has the pixel portion circuit of FIGS.
1A and 1B. First, an example of gray scale display by time
division driving according to this embodiment mode will be
described with reference to FIG. 2.

One frame period (F) is divided into n sub-frame periods
(SF, to SF)). To simplify the explanation, only a first
sub-frame period (SF,) and a second sub-frame period (SF,)
are shown in the drawing. One frame period refers to a
period for forming one image with controlled gray scales. In
this embodiment mode, 60 or more frame periods are
provided in one second. When less than 60 images are
displayed in one second, flicker or the like is recognizable to
the eye.

Sub-frame periods (SF, to SF,) are periods obtained by
dividing one frame period. As the number of gray scales is
increased, one frame period is divided into more sub-frame
periods and a driving circuit has to be driven at higher
frequency.

One sub-frame period is divided into an address period
(Ta) and a sustain period (T5). An address period is a period
required to input data to all pixels in one sub-frame period
and a sustain period is a period in which a constant current
flows into an organic light emitting element to perform
display in accordance with data inputted to the pixels.

Address periods (Ta, to Ta,) of n sub-frame periods (SF,
to SF,)) have the same length. Sustain periods (Ts, to Ts,,) of
n sub-frame periods (SF, to SF,) have different lengths.
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Lengths of sustain periods are set so as to satisfy Ts;:Ts,:
Tsy: ... Tsg, oy Ts, ) Ts,=24:2%2% . 200,

Lengths of sustain periods differ from one sub-frame period
to another sub-frame period. The order of sub-frame periods
(SF, to SF,) is not fixed. A desired gray scale out of 2" gray
scales is obtained by combining the sustain periods.

Next, signals inputted to pixels for time division gray
scale display according to the timing shown in FIG. 2 are
described with reference to a timing chart of FIG. 3. To
simplify the explanation, only a first sub-frame period and a
second sub-frame period out of one frame period are shown
mn FIG. 3.

A first sub-frame period (SF,) consists of a first address
period (Ta,) and a first sustain period (T5,). The address
period is divided into a first line period (L) to an n-th line
period (L,).

In the first line period (L,), a selection signal is inputted
to a gate signal line (G,) and every switching TFT that is
connected to the gate signal line (G,) is turned ON.

While every switching TFT that is connected to the gate
signal line (G,) is turned ON, digital data signals are
inputted to source signal lines (S, to S,,) in order.

The digital data signals inputted to the source signal lines
(8, to S,,) are inputted to gate electrodes of current control-
ling TFTs through the switching TFTs that are ON. The
digital data signals are also input and stored in capacitors.

Since the digital data signals are stored in the capacitors,
the electric potential of the gate electrodes of the current
controlling TFTs is held after the switching TFts connected
to the gate signal line (G,) are turned OFF.

When the digital data signal are inputted to a source signal
line (8,,) of the m-th column, the first line period (L)) is
ended. Alternatively, one line period may be composed of a
period for which input of digital data signals to the source
signal lines (S, to S,,) is completed and a horizontal retrace
period.

The second line period (L,) is a period in which a
selection signal is inputted to a gate signal line (G,) and
every switching TFT that is connected to the gate signal line
(G,) is turned ON. While every switching TFT that is
connected to the gate signal line (G,) is turned ON, digital
data signals are inputted to the source signal lines (S, t0 S,,)
in order. The digital data signals are inputted to gate elec-
trodes of current controlling TFTs through the switching
TFTs. The digital data signals are also input and stored in
capacitors.

The operation described above is repeated until the n-th
line period is ended to complete inputting digital data signals
to all of the pixels. In other words, a period required to input
digital data signals to all pixels is an address period. Alter-
natively, one address period may be composed of a period
required to input digital data signals to all pixels and a
vertical retrace period.

During an address period, the electric potential of the
power supply lines (V| to V,) is kept lower than the electric
potential of the gate electrode of the current controlling TFT.
The current controlling TFT is therefore turned OFF. On the
other hand, voltage is applied to the rectifying TFT in the
forward direction and reverse bias is applied to the organic
light emitting element through the rectifying TFT. At this
point, no current flows in the organic light emitting element
and the organic light emitting element keeps emitting no
light.

When the first address period (Ta,) is ended, the first
sustain period (Ts;) is started. With the start of the sustain
period, the polarity of the voltage outputted from the alter-
nating current source is changed. The change in waveform
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inputted from the alternating current source sets the electric
potential of the power supply lines (V, to V, ) higher than the
electric potential (C) of the opposite electrode.

If the current controlling TFT is turned ON and voltage
larger than the threshold is applied to the organic light
emitting element during the sustain period, the organic light
emitting element emits light. On the other hand, the current
controlling TFT is kept turned OFF in a pixel where a digital
data signal of ‘no light emission’ is written in the gate of the
current controlling TFT. In either case, the reverse bias that
has been applied to the organic light emitting element during
the address period is lifted.

Alternating current driving is achieved in this way and
voltages applied to the organic light emitting element in an
address period and in a sustain period have different polari-
ties in an arbitrary sub-frame period in which the organic
light emitting element emits light. However, note that this
method is not the only method for alternating current driving
using the circuit of the present invention.

As the first sustain period is ended, the polarity of the
voltage outputted from the alternating current source is
changed to finish the first sub-frame period. As the first
sub-frame period is ended, the second sub-frame period is
started.

When the first sustain period is ended and the polarity of
the voltage outputted from the alternating current source is
changed, the electric potential of the gate of the current
controlling TFT is set higher than the electric potential of the
power supply lines. The current controlling TFT is turned
OFF and the rectifying TFT is turned ON to apply reverse
bias voltage to the organic light emitting element of every
pixel. Then no organic light emitting element emits light.

In the second sub-frame period, when the second address
period is started, digital data signals are inputted to the
pixels in order from the first line period through the n-th line
period. After completing inputting digital data signals to all
of the pixels to end the second address period, the second
sustain period is started. As the second sustain period is
ended, the second sub-frame period is completed.

Subsequently, the same operation is repeated in the third
through n-th sub-frame periods. Each sub-frame period has
one address period and one sustain period, and one image is
displayed in each sustain period.

As the n-th sub-frame period is ended, the first frame
period is completed. At this point, the gray scale of a pixel
is determined by adding up lengths of sustain periods in
which the pixel emits light.

As described above, an organic light emitting element can
be driven with alternating current. The present invention is
applicable to an organic light emitting display for time
division driving.

According to this embodiment mode, the polarity of
voltage applied to an organic light emitting element can be
changed for alternating current driving simply by providing
a rectifying TFT in each pixel and using an alternating
current source to change both the electric potential of power
supply line and electric potential of opposite electrode.

[Embodiment Mode 2]

In a color organic light emitting display, a material of a
light emitting layer may differ among a pixel that emits red
light, a pixel that emits blue light, and a pixel that emits
green light, and the relation between the voltage applied to
the organic light emitting element and the intensity of light
emitted from the organic light emitting element may vary
among pixels of different colors. In this case, one of the
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electric potential of power supply line and the electric
potential of opposite electrode may vary among pixels of
different colors.

For example, a driving method of an organic light emit-
ting display, as illustrated in the waveform of FIG. 4, can be
employed. The diagram show electric potentials given by an
alternating current source to a power supply line and to an
opposite electrode of an organic light emitting element. The
electric potential of the power supply line varies in accor-
dance with the color of light emitted from a pixel. The axis
of abscissa indicates time and the axis of ordinate indicates
voltage. To simplify the explanation, only a first sub-frame
period (SF,) and a second sub-frame period (SF,) are shown
in the drawing. A plurality of sub-frame periods that con-
stitute one frame period are divided into address periods (Ta,
to Ta,) and sustain periods (Ts, to Ts,). The waveform
outputted from the alternating current source is changed
when an address period is ended to start a sustain period. The
electric potential of a power supply line is set with the
electric potential (V) of an opposite electrode as the
reference. The electric potential (V) of a power supply
line of a pixel that emits red light, the electric potential
(V,;5) of a power supply line of a pixel that emits blue light,
and electric potential (V ;) of a power supply line of a pixel
that emits green light are different from one another.

In the case of displaying a color image by transmitting
white light that is emitted from an organic light emitting
element through color filters, or in the case of monochrome
display, every pixel uses a common material for the light
emitting layer of the organic light emitting element. Then all
the pixels may have the same opposite electrode electric
potential and the same power supply line electric potential.
Anexample, in which all power supply lines (V| to V, ) have
the same electric potential and every opposite electrode (C)
has the same electric potential, has already been described in
Embodiment Mode 1 with reference to FIG. 3.

[Embodiment Mode 3]

In this embodiment mode, a sustain period is started by
changing the polarity of the alternating current voltage
outputted from an alternating current source after a certain
waiting period which is subsequent to an address period.

A circuit of a pixel portion in an organic light emitting
display of this embodiment mode is the same as the circuit
of Embodiment Mode 1. This embodiment mode is different
from Embodiment Mode 1 in how the organic light emitting
display is driven. The difference between this embodiment
mode and Embodiment Mode 1 will be described with
reference to a timing chart of FIG. 5, which illustrates
driving of the organic light emitting display. In FIG. 5,
components which have the same functions as those in FIG.
3 are denoted by the same reference symbols and the
description will focus on the difference. For conveniences’
sake of explanation, only a first sub-frame period (SF,) and
a second sub-frame period (SF,) are shown in the drawing.
One sub-frame period (SF) is divided into an address period
(Ta), a waiting period (Tw), and a sustain period (Ts).

For example, voltage is applied to the rectifying TFT in
the forward direction in a first address period (Ta, ) and a first
waiting period (Tw,) to apply reverse bias to the organic
light emitting element. Therefore the organic light emitting
element does not emit light.

After the first waiting period (Tw,) is ended, the wave-
form outputted from the alternating current source is
changed to start a first sustain period (Ts;). When the
waveform outputted from the alternating current source is
changed, the electric potential of the opposite electrode (C)
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of the organic light emitting element and the electric poten-
tial of the power supply lines (V, to V) are changed.

In the first sustain period, the current controlling TFT is
turned ON or OFF in accordance with the digital data signal
inputted to the pixel. If the current controlling TFT is turned
ON, the organic light emitting element emits light, and the
organic light emitting element does not emit light when the
current controlling TFT is turned OFF. In either case, the
reverse bias voltage applied to the organic light emitting
element is lifted.

According to this embodiment mode, how long an organic
light emitting element receives reverse bias in one sub-frame
period can be adjusted by adjusting the length of waiting
period. The switch from a waiting period over to a sustain
period is done by merely changing the waveform outputted
from the alternating current source and does not require a
complicated circuit.

[Embodiment Mode 4]

This embodiment mode describes an example of method
for driving an organic light emitting display in which gray
scale display is obtained by analog driving. Analog driving
1s a method of obtaining gray scale display by controlling the
intensity of light emitted from an organic light emitting
element through analog change in amount of current flowing
into the organic light emitting element.

A circuit of a pixel portion of this embodiment mode is
shown in FIGS. 6A and 6B. Gate signal lines (G, to G,) are
connected to gate electrodes of switching TFTs of respective
pixels. Each switching TFT is denoted by 101. Each switch-
ing TFT has a source and a drain, one of which is connected
1o one of source signal lines (S, to S,,) and the other of which
is connected to a gate electrode of a current controlling TFT
102 and to a capacitor 103. Each pixel has one current
controlling TFT 102 and one capacitor 103. Each current
controlling TFT has a source and a drain, one of which is
connected to one of power supply lines (V, to V,,) and the
other of which is connected to an organic light emitting
element 105. Each pixel has one organic light emitting
element 105. Each power supply line is connected to a gate
electrode of a rectifying TFT 104 and to the capacitor 103.
The rectifying TFT has a source and a drain, one of which
is connected to one of the power supply lines and the other
of which is connected to a pixel electrode of the organic light
emitting element.

In this embodiment mode, the pixel electrode of the
organic light emitting element serves as a cathode and the
opposite electrode thereof serves as an anode. The current
controlling TFT is an n-channel TFT so that a current flows
in the organic light emitting element in the forward direc-
tion. Similarly to the current controlling TFT, an n-channel
TFTis used for the rectifying TFT so that the rectifying TFT
has a rectifying effect in the reverse direction to the direction
of current flowing into the current controlling TFT in an ON
state. The switching TFT may have either the n type con-
ductivity or the p type conductivity.

Since the current controlling TFT is an n-channel TFT, the
current controlling TFT is turned ON when the electric
potential of the gate of the current controlling TFT is higher
than the electric potential of the power supply line over the
threshold.

Since the rectifying TFT is an n-channel TFT and the
electric potential of its gate electrode is set to the same level
as the electric potential of the power supply line, a current
flows from the organic light emitting element side to the
power supply line side if the current flows in the forward
direction.
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FIGS. 7 and 8 are timing charts for analog gray scale
driving of an organic light emitting display device that has
the circuit shown in FIGS. 6A and 6B.

As shown in the timing chart of FIG. 7, each frame period
is divided into one address period (Ta) and one sustain
period (Ts). An address period is a period for inputting
analog signals to all pixels in order. A sustain period is a
period for gray scale display in which a current flows into an
organic light emitting element in accordance with the elec-
tric potential of an analog signal inputted to a pixel to
determine the gray scale of the pixel.

FIG. 8 shows signals inputted to pixels. When a first
address period (Ta,) of a first frame period (F,) is started, a
first line period (L, ) is started simultaneously. The first line
period is a period in which a gate signal line (G,) is selected.

There are n gate signal lines and therefore n line periods
are provided in one address period. As the resolution
becomes higher, the number of ling periods is increased and
a driving circuit has to be driven at higher frequency.

In the first line period, a selection signal is inputted to the
gate signal line. Data signals (analog data signals) with
various analog potentials are inputted to source signal lines
(S, to S,). Since the selection signal is inputted to the gate
signal line to turn the switching TFT ON, an analog data
signal is inputted to the gate electrode of the current con-
trolling TFT from the source signal line through the switch-
ing TFT. The electric potential of the analog data signal is
held by a capacitor that is connected to the source or drain
of the current controlling TFT and to the power supply line.

When a signal is inputted to the pixel from the source
signal line (S,,), the first line period (L,) is ended. Alterna-
tively, one line period may be composed of a period required
to complete inputting analog video signals to the source
signal lines (S, to S,,) and a horizontal retrace period. When
the first line period is ended, a second line period is started.

As a second line period (L,) is started, a selection signal
is inputted to a gate signal line (G,). Similarly to the first line
period (L)), analog video signals are inputted to the source
signal lines (S, to S,,) in order.

After finishing inputting selection signals to all the gate
signal lines (G, to G,), all the line periods (L, to L,) are
completed. As the line periods are all ended, one address
period is ended. Alternatively, one address period may be
composed of all the line periods (L, to L) and a vertical
retrace period.

In an address period, voltage is applied to the rectifying
TFT that has a rectifying characteristic in the forward
direction to apply reverse bias to the organic light emitting
element. Therefore, the organic light emitting element does
not emit light.

A sustain period is started as the address period is ended.
With the sustain period is started, the polarity of voltage
outputted from the alternating current source is inverted.

When the polarity of voltage outputted from the alternat-
ing current source is inverted, current flows into the current
controlling TFT in accordance with the level of the gate
voltage of the current controlling TFT. The amount of
current flowing into the current controlling TFT is controlled
by the level of electric potential of the analog data signal
inputted to its gate during the address period.

The intensity of light emitted from the organic light
emitting element is controlled by the amount of current
flowing into the current controlling TFT. As the next address
period is started, reverse bias is applied to the organic light
emitting element. voltage with a different polarity is applied
to the organic light emitting element in the sustain period
from the address period for alternating current driving.
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The rectifying TFT has a rectifying characteristic and
voltage is applied to the rectifying TFT in the reverse
direction to the rectifying characteristic during a sustain
period. Therefore, no current flows in the rectifying TFT in
a sustain period.

As the sustain period is ended, the polarity of the voltage
outputted from the alternating current source is changed.
When the sustain period of the first frame period is ended,
the second frame period is started to start the address period
of the second frame period. Subsequently, the same opera-
tion is repeated and an image with controlled gray scales is
displayed in each frame period.

Reverse bias is applied to an organic light emitting
element during an address period in this embodiment mode.
However, the present invention is not limited thereto. For-
ward bias may be applied to an organic light emitting
element in an address period and sustain period whereas
reverse bias is applied to the organic light emitting element
in a waiting period by appropriately changing the waveform
outputted from the alternating current source.

[Embodiment Mode 5]

The present invention can freely change lengths of time in
which voltages with different polarities are applied to an
organic light emitting element by changing the timing of
inverting the electric potential of a power supply line and the
electric potential of an opposite electrode of the organic light
emitting element in analog driving.

Acircuit of a pixel portion of this embodiment mode is the
same as the circuit illustrated in FIGS. 6A and 6B, and the
description is therefore omitted here.

FIG. 9 is a timing chart of a driving method according to
this embodiment mode. In FIG. 9, components which have
the same functions as those in FIG. 8 are denoted by the
same reference symbols and difference between FIG. 8 and
FIG. 9 will be described.

As an address period (Ta) is ended, a waiting period (Tw)
is started, and then the waiting period is ended to start a
sustain period (Ts). The electric potential of the power
supply line and the electric potential of the opposite elec-
trode of the organic light emitting element are kept constant
during an address period and a waiting period, and are
inverted as the waiting period is ended and a sustain period
is started.

Reverse bias is applied to an organic light emitting
element with the diode structure during an address period
and a waiting period, and therefore the organic light emitting
element does not emit light. In a sustain period, forward bias
is applied to an organic light emitting element with the diode
structure. In this way, the polarity of the voltage applied to
an organic light emitting element in an address period and a
waiting period is made different from the polarity of the
voltage applied in a sustain period.

By changing the electric potential of power supply line
and the electric potential of opposite electrode using an
alternating current source, the case of applying voltage to a
rectifying TFT in the reverse direction and applying voltage
forward bias to an organic light emitting element can be
switched to the case of applying voltage to a rectifying TFT
in the forward direction and applying voltage to an organic
light emitting element in the reverse direction. In short, the
polarity of voltage applied to an organic light emitting
element is determined by the polarity of voltage outputted
from the alternating current source.
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In this embodiment mode, the length of time for applying
voltage with a different polarity to an organic light emitting
element can be set freely by adjusting the length of waiting
period.

[Embodiment 1]

The present invention can be applied to every display
device that uses an organic light emitting element. FIG. 10
shows an example thereof and an active matrix display
device using a TFT is illustrated.

TFTs in the embodiment can be classified into an amor-
phous silicon TFT and a polysilicon TFTs by a material of
a semiconductor layer for forming a channel formation
region. The present invention is applicable to both types of
TFTs. However, a polysilicon TFT is preferred for a TFT of
this embodiment because a polysilicon TFT is high in field
effect mobility and therefore can enhance the intensity of
light emitted from an organic light emitting element.

A substrate 401 is a quartz substrate or a substrate of glass
such as barium borosilicate glass and aluminoborosilicate
glass, typical examples of which are Corning #7059 glass
and # 1737 glass (products of Corning Incorporated).

Next, an insulating film such as a silicon oxide film, a
silicon nitride film, and a silicon oxynitride film is formed as
a base film 402. For example, a silicon oxynitride film 402a
formed by plasma CVD from SiH,, NH;, and N,O to have
a thickness of 10 to 200 nm (preferably 50 to 100 nm) and
a silicon oxynitride film 4025 formed by plasma CVD from
SiH, and N,O to have a thickness of 50 to 200 nm (pref-
erably 100 to 150 nm) are layered. Although the base film
402 in this embodiment has a two-layered structure, the base
film may be a single layer or three or more layers of the
above insulating films.

Next, a semiconductor layer is formed and patterned to
form a first semiconductor layer 403, a second semiconduc-
tor layer 404, a third semiconductor layer 405, a fourth
semiconductor layer 406, a fifth semiconductor layer 407,
and a sixth semiconductor layer 408.

A gate insulating film 409 is formed to cover these
semiconductor layers. The gate insulating film is a silicon
oxynitride film formed of SiH, and N,O and here has a
thickness of 10 to 200 nm, preferably 50 to 150 nm.

A tantalum nitride (TaN) film is formed by sputtering and
an aluminum alloy film mainly containing aluminum (Al) is
formed next. The two layers of conductive films are pat-
terned to form a gate signal line 410, an island-like gate
electrode 411, a capacitance electrode 412, and a gate
electrode 413. These electrodes are used as masks for
self-aligning doping with an impurity element.

Next, a silicon oxynitride film is formed by plasma CVD
from SiH,, NH,, and N,O to have a thickness of 10 to 200
nm (preferably 50 to 100 nm) as a first interlayer insulating
film 414. The first interlayer insulating film may be an
oxynitride film. An organic resin film with a thickness of 0.5
to 10 um (preferably 1 to 3 pm) is formed as a second
interlayer insulating film 415. The second interlayer insu-
lating film is preferably an acrylic resin film or a polyimide
resin film. Desirably, the second interlayer insulating film is
thick enough to level the unevenness due to the semicon-
ductor layers, the gate electrodes or the like.

A silicon oxynitride film is formed by plasma CVD from
SiH,, NH;, and N,O to have a thickness of 10 to 200 nm
(preferably 50 to 100 nm) as a protective film 416. The
protective film prevents leakage of an alkaline component
contained in a cathode that is an electrode material consti-
tuting an organic light emitting element described later. If
the leakage of alkaline component is not avoided, electric
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characteristics of TFTs is degraded. Although the protective
film in this embodiment is a silicon oxynitride film, a silicon
nitride film may be used instead of the silicon oxynitride
film.

The first interlayer insulating film, the second interlayer
insulating film, the protective film, and the gate insulating
film are selectively etched to form contact holes. A conduc-
tive film is formed so as to cover the contact holes and then
patterned. The conductive film is a laminate of a Ti film with
a thickness of 50 nm and an alloy film (film of an alloy of
Al and Ti) with a thickness of 500 nm.

In a driving circuit portion 438, wiring lines 417 to 420
are formed. In the pixel portion, a source signal line 421, a
connection electrode 422, a drain side electrode 423, and a
power supply line 424 are formed. The source signal line
421 is connected to a source of a switching TFT 434 and the
connection electrode 422 is connected to a drain of the
switching TFT 434. Though not shown in the drawing, the
connection electrode 422 is connected to the gate electrode
412 of a current controlling TFT 436. The power supply line
424 is connected to a source of the current controlling TFT
436 and the drain side electrode 423 is connected to a drain
of the current controlling TFT 436. The gate electrode 412
and drain of a rectifying TFT are connected to the power
supply line 424 and a source of the rectifying TFT is
connected to the drain side electrode 423. The switching
TFT is an n-channel TFT and p-channel TFTs are used for
the current controlling TFT and the rectifying TFT.

A power supply line is an electrode common to pixels
which have organic light emitting elements that emit red
light, another power supply line is an electrode common to
pixels which have organic light emitting elements that emit
blue light, and still another power supply line is an electrode
common to pixels which have organic light emitting ele-
ments that emit green light. In short, different power supply
lines are provided for different colors of light emitted from
organic light emitting elements in the pixel portion.

In this way, the driving circuit portion 438 which has an
n-channel TFT 432 and a p-channel TFT 433 and the pixel
portion 439 which has the switching TFT 434, the rectifying
TFT 435, the current controlling TFT 436, and a storage
capacitor 437 can be formed on the same substrate.

Next, an ITO (indium tin oxide) film is formed by vacuum
sputtering. The ITO film is patterned for each pixel to be in
contact with the drain side electrode 423, to form an anode
(pixel electrode) 426 of an organic light emitting element.
ITOhas as high work function as 4.5t0 5.0 ¢V and is capable
of injecting holes to an organic light emitting layer effi-
ciently.

A photosensitive resin film is formed next. A part of the
photosensitive resin film that is inside the perimeter of the
anode is removed by patterning to form a bank 425. The
organic compound layer described later is formed along the
gentle slope of the bank, in order to prevent wire breakage
of the organic compound layer at the perimeter of the pixel
electrode of the organic light emitting element and prevent
short circuit of the pixel electrode and the opposite electrode
at the point of the wire breakage.

Next, an organic compound layer 427 of the organic light
emitting element is formed by evaporation. The organic
compound layer may be a single layer or a laminate. With a
laminate structure, the organic compound layer can provide
better light emission efficiency. Generally, an organic com-
pound layer is composed of a hole injecting layer, a hole
transporting layer, a light emitting layer, and an electron
transporting layer which are formed in this order on an
anode. Other examples include a structure consisting of a
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hole transporting layer, a light emitting layer, and an electron
transporting layer, and a structure consisting of a hole
injecting layer, a hole transporting layer, a light emitting
layer, an electron transporting layer, and an electron inject-
ing layer. The present invention may employ any known
structure for the organic compound layer.

In this embodiment, a color image is displayed by forming
three types of light emitting layers, namely, forming Red
light emitting layers, Green light emitting layers, and Blue
light emitting layers through evaporation. Specifically, cya-
nopolyphenylene vinylene is used for a red light emitting
layer, polyphenylen vinylene is used for a green light
emitting layer, and polyphenylen vinylene or polyalkyl
phenylene is used for a blue light emitting layer. Each light
emitting layer is 30 to 150 nm in thickness. The above
materials are merely examples of organic compounds that
can be used for light emitting layers and do not preclude
employment of other materials.

A cathode (opposite electrode) 428 of the organic light
emitting element is formed next by evaporation. The cathode
is formed of a light-reflective material which contains a
small amount of alkaline component such as MgAg and LiF.
The thickness of the cathode is 100 to 200 nm. The opposite
electrode covers the entire surface of the pixel portion to
serve as a common electrode to all pixels. The opposite
electrode is electrically connected to an FPC (flexible
printed circuit) through a wiring line.

The organic light emitting element with the organic
compound layer sandwiched between the anode and the
cathode is thus completed. The pixel electrode of the organic
light emitting element 429 is a transparent electrode, and the
opposite electrode thereof is reflective overlaps the anode.
Therefore, it is possible that light emitted from the organic
light emitting element travels in the direction indicated by
the arrow of FIG. 10.

Next, a DLC (diamond like carbon) film is formed as a
protective film 430 to prevent degradation of the organic
light emitting element due to steam, oxygen, and the like that
enter the sealed region of the organic light emitting display.

A substrate with the structure as above is called an active
matrix substrate in this specification.

A filler 440 is formed next so as to cover the pixel portion
439 and the driving circuit portion 438. The filler has to be
adhesive and capable of bonding a sealing substrate.
Examples of the filler include PVC (polyvinyl chloride), an
epoxy resin, a silicone resin, PVB (polyvinyl butyral), and
EVA (ethylene vinyl acetate). It is preferable to place a
drying agent inside the filler because a moisture absorbing
effect is provided.

The adhesive filler bonds a sealing substrate 431 to the
active matrix substrate to complete sealing of the organic
light emitting element.

Then the FPC (flexible printed circuit) is connected to the
connection wiring line using an anisotropic conductive resin
by a known method. The connection wiring line receives
signals from the FPC that serves as a connection terminal to
external equipment, and sends the signals to the pixels and
the driving circuit.

FIGS. 11 and 12 are top views of the pixel portion in the
thus manufactured organic light emitting display of this
embodiment. The structure of the pixel portion of this
embodiment will be described with reference to FIGS. 11
and 12.

In FIGS. 11 and 12, components which are common to
those in FIG. 10 are denoted by the same reference symbols.
Sectional views taken along the dot-dash lines A-A', B-B',
C-C', and D-D' of FIGS. 11 and 12 are shown in FIG. 10.
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A first semiconductor layer 403, a second semiconductor
layer 404, a third semiconductor layer 405, and a fourth
semiconductor layer 406 are formed in pixels on a substrate.

A gate insulating film (not shown) is formed on the
semiconductor layers. A gate signal line 410 and an island-
like gate electrode 411 are arranged in the row direction
whereas an island-like capacitor electrode 412 is arranged in
the column direction. 410, 411, and 412 are in contact with
the gate insulating film.

The gate signal line, the island-like gate electrode, and the
capacitor electrode are used as masks to dope the semicon-
ductor layers with an impurity element in a self-aligning
manner. As a result, sources and drains are formed in the
semiconductor layers.

A first interlayer insulating film is formed from an inor-
ganic material to cover the wiring lines and electrodes. A
second interlayer insulating film is formed from an organic
material on the first interlayer insulating film and a protec-
tive film is formed thereon (FIG. 11). The first and second
interlayer insulating films and the protective film are not
shown.

Contact holes 501 to 509 are formed. A conductive film is
formed into contact with the protective film. The conductive
film is patterned to form a source signal line 421, a connec-
tion electrode 422, a drain side electrode 423, and a power
supply line 424.

The source signal line 421 arranged in the column direc-
tion is in contact with the first semiconductor layer 403
through the contact hole 501. The connection electrode 422
is in contact with the first semiconductor layer 403 through
the contact hole 502 and is further in contact with the
capacitor electrode 412 through the contact hole 503. The
power supply line 424 arranged in the column direction is in
contact with the island-like gate electrode 411 through the
contact hole 504, is further in contact with the second
semiconductor layer 404 through the contact hole 505, and
is furthermore in contact with the fourth semiconductor
layer 406 through the contact hole 506. The drain side
electrode 423 is in contact with the second semiconductor
layer 404 through the contact hole 508 and is further in
contact with the third semiconductor layer 405 through the
contact hole 509.

When a selection signal is inputted from a gate signal line
410 that serves as a gate electrode of a switching TFT, the
switching TFT inputs a data signal inputted to the source
signal line 421 to the connection electrode 422 through a
channel formed in the first semiconductor layer.

The data signal inputted from the source signal line
through the switching TFT to the connection electrode 422
is inputted to the capacitor electrode 412 that is connected to
the connection electrode.

When the data signal is inputted to the capacitor electrode
412 that serves as a gate electrode of a current controlling
TFT, a current flows between the power supply line 424 and
the drain side electrode 423 in accordance with the level of
electric potential of the data signal and the current flows into
the organic light emitting element that is connected in series
to the current controlling TFT.

In a rectifying TFT, its gate electrode is the island-like
gate electrode 411 and is connected to the power supply line
424. A source or drain of the rectifying TFT is also con-
nected to the power supply line 424 and therefore the
rectifying TFT has a rectifving characteristic that causes a
current to flow readily in the forward direction.

A capacitor has, as its one of electrodes, the fourth
semiconductor layer 406 which receives the electric poten-
tial of power supply line. The other electrode of the capacitor
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is the capacitor electrode 412. A capacitance is formed in a
region where the capacitor overlaps the capacitor electrode
412 with the gate insulating film (not shown) interposed
therebetween.

An ITO film is patterned for each pixel to be into contact
with the drain side electrode 423. A pixel electrode (anode)
426 of the organic light emitting element is thus formed. A
bank is formed using a photosensitive resin film outside a
region surrounded by a dotted line in FIG. 12.

An organic compound layer of the organic light emitting
element has a light emitting layer alone. A red light emitting
layer, a green light emitting layer, and a blue light emitting
layer are respectively formed inside regions surrounded by
dotted lines of FIG. 12 to form three types of pixels.

A cathode of the organic light emitting element covers the
entire surface of the pixel portion to serve as a common
electrode to all pixels, and is electrically connected to the
FPC through a wiring line.

An equivalent circuit of such a pixel is shown in FIG. 13.
In FIG. 13, components which common to those in FIG. 10
are denoted by the same reference symbols. A switching TFT
434 has a multi-gate structure. A current controlling TFT
436 has an LDD that overlaps a gate electrode. A polysilicon
TFT operates at high speed and therefore is weak against
degradation such as hot carrier injection. Accordingly, it is
very effective in manufacturing a highly reliable display
device which is capable of displaying an image with a high
quality (high operational performance) to form TFTs with
different structures in one pixel so as to suit different
functions (a switching TFT which is sufficiently low in OFF
current and a current controlling TFT which is strong against
hot carrier injection).

[Embodiment 2]

In the present invention, the organic material used as an
organic compound layer of an organic light emitting element
may be a low molecular weight organic material or a high
molecular weight organic material. Major examples of the
low molecular weight organic material include Alq, (tris-8-
quinolilite-aluminum) or TPD (triphenylamine derivative).
A m-conjugate polymer material can be given as an example
of the high molecular weight organic material. Typically, a
n-conjugate polymer is PPV (polyphenylene vinylene),
PVK (polyvinyl carbazole), or polycarbonate.

A high molecular weight organic material can be formed
into a thin film by a simple method such as spin coating,
dipping, dispensing, printing, or ink jet, and has higher heat
resistance than a low molecular weight organic material.

In an organic light emitting element of an organic light
emitting display of the present invention, if an organic
compound layer of the organic light emitting element has an
electron transporting layer and a hole transporting layer, an
amorphous semiconductor layer of an inorganic material
may be used for the electron transporting layer and the hole
transporting layer. Examples of the inorganic material
include amorphous silicon and amorphous Si, .C..

An amorphous semiconductor has a large number of trap
levels and forms many interface levels at the interface
between the amorphous semiconductor and another layer.
Therefore, the organic light emitting element can emit light
at a low voltage and can have high luminance.

The organic compound layer may be doped with a dopant
to change the color of light emitted from the organic light
emitting element. Examples of the dopant includes DCM1,
Nile red, rubrene, Coumarin 6, TPB, and quinacridon.
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[Embodiment 3]

This embodiment describes an example of the exterior of
an organic light emitting display according to the present
invention. The description is given with reference to FIG.
14. FIG. 14 is a perspective view of the state in which an
organic light emitting element formed on an active matrix
substrate is sealed and an FPC (flexible printed circuit) is
attached. In FIG. 14, components with similar functions to
those of FIG. 9 are denoted by the same reference symbols.
A region 438a surrounded by a dotted line is a gate signal
side driving circuit portion; 4385, a source signal side
driving circuit portion, and 439; a pixel portion. 431 denotes
a seating substrate. Though not shown in the drawing, a filler
may be placed in a gap between the sealing substrate and a
substrate 401.

Denoted by 441 is a connection wiring line for transmit-
ting signals to be inputted to the gate signal side driving
circuit portion 438a, the source signal side driving circuit
portion 4385, and the pixel portion 439. The connection
wiring line 441 receives signals from an FPC 442 that serves
as a connection terminal to external equipment.

The source signal side driving circuit portion and the gate
signal side driving circuit portion are built from a CMOS
circuit in which an n-channel TFT and a p-channel TFT are
combined complementarily.

Known circuits are employed for the source signal side
driving circuit portion and the gate signal side driving circuit
portion to suit the driving method of the organic light
emitting display, such as time division driving or analog
driving.

[Embodiment 4]

A light-emitting device formed by implementing the
present invention can be incorporated to various electric-
equipment, and a pixel portion is used as an image display
portion. Given as such electronic equipment of the present
invention are cellular phones, PDAs, electronic books, video
cameras, lap-top computers, and image play back devices
with the recording medium, for example, DVD (digital
versatile disc), digital cameras, and the like. Specific
examples of those are shown in FIGS. 15A to 16C.

FIG. 15A shows a cellular phone, which is composed of
a display panel 9001, an operation panel 9002, and a
connecting portion 9003. The display panel 9001 is provided
with a display device 9004, an audio output portion 9005, an
antenna 9009, etc. The operation panel 9002 is provided
with operation keys 9006, a power supply switch 9007, an
audio input portion 9008, etc. The present invention is
applicable to the display device 9004.

FIG. 15B shows a mobile computer, or a portable infor-
mation terminal, which is composed of a main body 9201,
a camera portion 9202, an image receiving portion 9203,
operation switches 9204, and a display device 9205. The
present invention can be applied to the display device 9205.
In such electronic devices, the display device of 3 to 5 inches
is employed, however, by employing the display device of
the present invention, the reduction of the weight in the
portable information terminal can be attained.

FIG. 15C shows a portable book, which is composed of a
main body 9301, display devices 9302 to 9303, and a
recording medium 9304, an operation switch 9305, and an
antenna 9306, and which displays the data recorded in MD
or DVD and the data received by the antenna. The present
invention can be applied to the display devices 9302 to 9303.
In the portable book, the display device of the 4 to 12 inches
is employed. However, by employing the display device of

15

20

25

45

50

60

65

24

the present invention, the reduction of the weight and
thickness in the portable book can be attained.

FIG. 15D shows a video camera, which is composed of a
main body 9401, a display device 9402, an audio input
portion 9403, operation switches 9404, a battery 9405, an
image receiving portion 9406, and the like. The present
invention can be applied to the display device 9402.

FIG. 16 A shows a personal computer, which is composed
of a main body 9601, an image input portion 9602, a display
device 9603, and a key board 9604. The present invention
can be applied to the display device 9603.

FIG. 16B shows a player employing a recording medium
with programs recorded thereon (hereinafter referred to as
recording medium), which is composed of a main body
9701, a display device 9702, a speaker portion 9703, a
recording medium 9704, and an operation switch 9705. The
device employs DVD (digital versatile disc), CD, etc. as the
recording medium so that music can be listened, movies can
be seen and games and Internet can be done. The present
invention can be applied to the display device 9702.

FIG. 16C shows a digital camera, which is composed of
a main body 9801, a display device 9802, an eyepiece
portion 9803, an operation switch 9804, and an image
receiving portion (not shown). The present invention can be
applied to the display device 9802.

The display device of the present invention is employed
in the cellular phones in FIG. 15A, the mobile computer or
the portable information terminal in FIG. 15B, the portable
book in FIG. 15C, and the personal computer in FIG. 16A.
The display device can reduce the power consumption of the
above device by displaying white letters on the black display
in a standby mode.

In the operation of the cellular phones shown in FIG. 10A,
luminance is lowered when the operation keys are used, and
the luminance is raised after usage of the operation switch,
whereby the low power consumption can be realized. Fur-
ther, the luminance of the display device is raised at the
receipt of a call, and the luminance is lowered during a call,
whereby the low power consumption can be realized.
Besides, in the case where the cellular phone is continuously
used, the cellular phone is provided with a function of
turning off a display by time control without resetting,
whereby the low power consumption can be realized. Note
that the above operations may be conducted by manual
control.

Although it is not shown here, the present invention can
be applied to the display device which is employed in a
navigation system, a refrigerator, a washing machine, a
micro-wave oven, a telephone, a fax machine, etc. As
described above, the applicable range of the present inven-
tion is so wide that the present invention can be applied to
various products.

In a pixel of an organic light emitting display of the
present invention, reverse bias can readily be applied to an
organic light emitting element by using a rectifying element.
As a result, lowering of luminance in an organic light
emitting element, which is a problem in direct current
driving, can be prevented and quality of display is ensured.

If the electric potential of an opposite electrode of an
organic light emitting element and the electric potential of a
power supply line are both changed in driving the organic
light emitting element with alternating current, an alternat-
ing current source that outputs an alternating current wave-
form can be driven at low voltage, the long-term operation
of the alternating current source is stabilized, and the alter-
nating current source can cost lower.
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What is claimed is:
1. A display device comprising a plurality of pixels each
comprising a transistor, a light emitting element comprising
an organic compound, and a rectifying element,
wherein one of a source and a drain of the transistor is
connected to a pixel electrode of the organic light
emitting element and the other one of the source and the
drain of the transistor is connected to a first terminal of
an alternating current source and the rectifying ele-
ment,
wherein the rectifying element is connected to the first
terminal of the alternating current source and to the
pixel electrode of the light emitting element, and

wherein an opposite electrode of the organic light emit-
ting element is connected to a second terminal of the
alternating current source.
2. A display device according to claim 1, wherein the
transistor is a thin film transistor.
3. A display device according to claim 1, wherein the
plurality of pixels are integrated with a driving circuit for
driving the pixels on a glass substrate.
4. A display device according to claim 1, wherein said
display device is one selected from the group consisting of
a cellular phone, a computer, a video camera, and a digital
camera.
5. A method of driving a display device according to claim
1, wherein a forward direction of the rectifying element and
a reverse bias of the light emitting element have the same
direction.
6. A display device comprising a plurality of pixels each
comprising a switching transistor, a current controlling
transistor, a rectifying transistor, and a light emitting ele-
ment comprising an organic compound,
wherein a gate of the switching transistor is connected to
a gate signal line,

wherein one of a source and a drain of the switching
transistor is connected to a source signal line and the
other one of the source and the drain of the switching
transistor is connected to a gate of the current control-
ling transistor,
wherein one of a source and a drain of the current
controlling transistor is connected to an alternating
current source and the other one of the source and the
drain of the current controlling transistor is connected
to a pixel electrode of the light emitting element,

wherein a gate of the rectifying transistor is connected to
the alternating current source,

wherein one of a source and a drain of the rectifying

transistor is connected to the alternating current source
and the other one of the source and the drain of the
rectifying transistor is connected to the pixel electrode
of the light emitting element.

7. A display device according to claim 6,

wherein the pixel electrode of the organic light emitting

element is an anode and the opposite electrode thereof
is a cathode, and

wherein the current controlling transistor and the rectify-

ing transistor have a p type conductivity.

8. A display device according to claim 6,

wherein the pixel electrode of the light emitting element

is a cathode and the opposite electrode thereof is an
anode, and

wherein the current controlling transistor and the rectify-

ing transistor have an n type conductivity.

9. A display device according to claim 6, wherein the
switching transistor, the current controlling transistor, and
the rectifying transistor are thin film transistors.
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10. A display device according to claim 6, wherein the
plurality of pixels are integrated with a driving circuit for
driving the pixels on a glass substrate.
11. A display device according to claim 6, wherein said
display device is one selected from the group consisting of
a cellular phone, a computer, a video camera, and a digital
camera.
12. A method of driving a display device according to
claim 6, wherein a forward direction of the rectifying
element and a reverse bias of the light emitting element have
the same direction.
13. A method of driving a display device comprising a
plurality of pixels each comprising a transistor, a rectifying
element, and a light emitting element comprising an organic
compound,
wherein one of a source and a drain of the transistor is
connected to a first terminal of an alternating current
source and the other one of the source and the drain of
the transistor is connected to a pixel electrode of the
light emitting element and the rectifying element,

wherein the rectifying element is connected to the first
terminal of the alternating current source and to the
pixel electrode of the light emitting element,

wherein an opposite electrode of the light emitting ele-

ment is connected to a second terminal of the alternat-
ing current source,

wherein reverse bias is applied to the light emitting

element when voltage is applied by the alternating
current source in a forward direction of the rectifying
element, and

wherein forward bias is applied to the light emitting

element when voltage is applied by the alternating
current source in a reverse direction of the rectifying
element.

14. A method of driving a display device according to
claim 13,

wherein an address period, in which a data signal is

inputted to the light emitting element, and a sustain
period, in which the light emitting element emits or
does not emit light in accordance with the inputted data
signal, are provided, and

wherein a polarity of voltage outputted from the alternat-

ing current source is changed when the address period
is ended to start the sustain period.

15. A method of driving a display device according to
claim 11, wherein a waiting period, in which voltage with
the same polarity as the voltage in the address period is
outputted from the alternating current source, is interposed
between the address period and the sustain period.

16. A method of driving a display device according to
claim 13, wherein a plurality of address periods and a
plurality of sustain periods with different lengths form one
frame period for performing time division of a gray scale
display.

17. A method of driving a display device according to
claim 13, wherein the electric potential of the pixel electrode
of the light emitting element and the electric potential of the
opposite electrode are changed simultaneously when the
reverse bias or forward bias is applied to the light emitting
element by the alternating current source.

18. A method of driving a display device comprising a
plurality of pixels each comprising a switching transistor, a
current controlling transistor, a rectifying transistor, and a
light emitting element comprising an organic compound,

wherein a gate of the switching transistor is connected to

a gate signal line,
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wherein one of a source and a drain of the switching
transistor is connected to a source signal line and the
other one of the source and the drain of the switching
transistor is connected to a gate of the current control-
ling transistor,

wherein one of a source and a drain of the current
controlling transistor is connected to a first terminal of
an alternating current source and the other one of the
source and the drain of the current controlling transistor
is connected to a pixel electrode of the light emitting
element,

wherein a gate of the rectifying transistor is connected to
the first terminal of alternating current source,

wherein one of a source and a drain of the rectifying
transistor is connected to the first terminal of the
alternating current source and the other one of the
source and the drain of the rectifying transistor is
connected to the pixel electrode of the light emitting
element,

28
19. A method of driving a display device according to

claim 18,

wherein an address period, in which a data signal is
inputted to the light emitting element, and a sustain
period, in which the Light emitting element emits or
does not emit light in accordance with the inputted data
signal, are provided, and

wherein a polarity of voltage outputted from the alternat-
ing current source is changed when the address period
is ended to start the sustain period.

20. A method of driving a display device according to

claim 19, wherein a waiting period, in which voltage with
the same polarity as the voltage in the address period is

15 qutputted from the alternating current source, is interposed

wherein an opposite electrode of the light emitting ele- 20

ment is connected to a second terminal of the alternat-
ing current source,

wherein reverse bias is applied to the light emitting
element when voltage is applied by the alternating
current source in a forward direction of the rectifying
transistor, and

wherein forward bias is applied to the light emitting
element when voltage is applied by the alternating
current source in a reverse direction of the rectifying
transistor.

between the address period and the sustain period.

21. A method of driving a display device according to

claim 18, wherein a plurality of address periods and a
plurality of sustain periods with different lengths form one
frame period for performing time division of a gray scale
display.

22. A method of driving a display device according to

claim 18, wherein the electric potential of the pixel electrode

»5 of the light emitting element and the electric potential of the
opposite electrode are changed simultaneously when the
reverse bias or forward bias is applied to the light emitting
element by the alternating current source.
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