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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The presentinvention relates to an EL (electro-
luminescence) display (an electro-optical device) formed
by preparing an EL element on a substrate. More partic-
ularly, the invention relates to an EL display using a sem-
iconductor element (an element using a semiconductor
thin film). Furthermore, the present invention relates to
an electronic device in which the EL display is used in a
display portion thereof.

2. Description of the Related Art

[0002] In recent years, technology for forming a TFT
on a substrate has been largely improved, and an appli-
cation development of the TFT to an active matrix-type
display device has been carried out. In particular, the
TFT using a polysilicon film has a higher electric field
effect mobility than the TFT using a conventional amor-
phous silicon film thereby the TFT may be moved at a
high speed. Therefore, the pixel control which has been
conducted at a driver circuit outside of the substrate may
be conducted at the driver circuit which is formed on the
same substrate as the pixel.

[0003] Such an active matrix-type display device can,
by preparing various circuits and elements on the same
substrate, obtain various advantages such as adecrease
in the manufacturing cost, a decrease in the size of the
display device, an increase in the yield ratio, and a de-
crease in the throughput.

[0004] Further, research on the active matrix-type EL
display having an EL element as a self-light-emitting de-
vice is becoming more and more active. The EL display
is referred to as an organic EL display (OELD) or an or-
ganic light-emitting diode (OLED).

[0005] TheELdisplayis a self-light-emitting type diode
unlike a liquid crystal display device. The EL element is
constituted in such a manner that an EL layer is sand-
wiched between a pair of electrodes. However, the EL
layer normally has a lamination structure. Typically, the
lamination structure of a "positive hole transport layer/ a
luminous layer/ an electron transport layer" proposed by
Tang et al. of the Eastman Kodak Company can be cited.
This structure has a very high light-emitting efficiency,
and this structure is adopted in almost all the EL displays
which are currently subjected to research and develop-
ment.

[0006] In addition, the structure may be such that on
the pixel electrode, a positive hole injection layer/ a pos-
itive hole transport layer/ a luminous layer/ an electron
transport layer, or a positive hole injection layer/ a positive
hole transport layer/ a luminous layer/ an electron trans-
port layer/ an electron injection layer may be laminated
in order. Phosphorescent dye or the like may be doped
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into the luminous layer.

[0007] In this specification, all the layers provided be-
tween the pair of electrodes are generally referred to as
EL layers. Consequently, the positive hole injection layer,
the positive hole transport layer, the luminous layer, the
electron transport layer, the electron injection layer or the
like are all included in the EL layers.

[0008] Then, a predetermined voltage is applied to the
EL layer having the above structure from the pair of the
electrodes, so that a recombination of carriers is gener-
ated in the luminous layer and light is emitted. Inciden-
tally, in this specification, the fact that the EL element is
emitted is described as the fact that the EL element is
driven. Furthermore, in this specification, the anode, the
light-emitting element formed of the EL layer and the
cathode is referred to as an EL element.

[0009] A problem in the practical application of the EL
display is the short life of the EL element resulting from
the deterioration of the EL layer. As factors which affect
the length of the life of the EL layer, the structure of a
device which drives the EL display, the characteristic of
the organic EL material which constitutes the EL layer,
the material of the electrode, and the conditions in the
manufacture process or the like can be cited.

[0010] Then,inadditiontothe factors described above,
what is recently noted as a factor which affects the length
of life ofthe EL layeris a method for driving the EL display.
[0011] Conventionally, in order to emit light from the
EL element, a method for applying a direct current to two
electrodes, an anode and a cathode sandwiching the EL
element has been generally used. The conventional dig-
ital style time division gray scale display will be explained
by referring to Fig. 16. Here, the case of providing a 2"
gray scale full color display with an n-bit digital drive sys-
tem will be explained.

[0012] Fig. 15 shows a structure of the EL display pixel
portion. A gate signal lines (G1 through Gn) to which a
gate signalisinputted are connected to the gate electrode
of the switching TFT 1501 incorporated in each of the
pixels. Furthermore, one of the source region or the drain
region of the switching TFT 1501 incorporated in each
of the pixels is connected to source signal lines (which
are referred to also as data signal lines) (S1 through Sn),
while the other is connected to a gate electrode of the
EL driving TFT 1504 incorporated in each of the pixels
and a capacitor 1508 incorporated in each of the pixels,
respectively.

[0013] One of the source region and the drain region
of the EL driving TFT 1504 incorporated in each of the
pixels is connected to the power source supply lines (V1
through Vn) while the other is connected to the EL ele-
ment 1506. The potential of the power source supply lines
(V1 through Vn) isreferred to as the potential of the power
source. Note that, the power source supply lines (V1
through Vn) is connected to a capacitor 1508 incorporat-
ed in each of the pixels. Note that, the digital data signal
refers to a digital video signal.

[0014] The EL element 1506 comprises an anode and
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a cathode and an EL layer provided between the anode
and the cathode. In the case where the anode is con-
nected to the source region and the drain region of the
EL driving TFT 1504, namely, in the case where the an-
ode is the pixel electrode, the cathode which is the op-
posite electrode is held at a constant potential. On the
contrary, in the case where the cathode is connected to
the source region or the drain region of the EL driving
TFT 1504, that is, in the case the cathode is the pixel
electrode, the anode, which is an opposite electrode is
held at a constant potential.

[0015] Furthermore, in this specification, the potential
of the opposite electrode is referred to as a stationary
potential. Note that, the power source for giving the sta-
tionary potential to the opposite electrode is referred to
as a stationary power source. It is desirable that the po-
tential of the anode is higher than the potential applied
to the cathode. Therefore, the stationary potential chang-
es in accordance with the fact that the opposite electrode
is the anode or the cathode. For example, in the case
where the opposite electrode is the anode, it is desirable
that the stationary potential is set to be higher than the
power source potential. On the contrary, in the case
where the opposite electrode is the cathode, it is desir-
able that the stationary potential is set to be higher than
the power source potential.

[0016] A difference in the potential between the sta-
tionary potential of the opposite electrode and the power
source potential of the pixel electrode is the EL driving
voltage, and this EL driving voltage is applied to the EL
layer.

[0017] Fig. 16 shows a timing chart in a digital style
driving with a direct current in the conventional EL dis-
play. In the beginning, one frame period is divided into n
sub-frame periods (SF1 through SFn). Note that, a period
in which all the pixels in the pixel portion display one
image is referred to as one frame period (F). In a normal
EL display, a frame period is provided in which the oscil-
lation frequency is 60 Hz or more, that is, 60 or more
frame period per one second is provided, so that 60 or
more images are displayed in one second. When the
number of images displayed in one second becomes 60
or less, flickering of images such as a flicker or the like
becomes visually conspicuous. Note that, the period into
which one frame period is further divided into a plurality
of periods is referred to as a sub-frame period. With an
increase in the number of gray scale levels, the division
number of one frame period also increases, and the driver
circuit must be driven at a high frequency.

[0018] One sub-frame period is divided into anaddress
period (Ta) and a sustain period (Ts). The address period
is time required for inputting data to all the pixels during
one sub-frame period, while the sustain period (which is
also referred to as a lighting period) is the period in which
the EL element is lit.

[0019] The length of the address periods incorporated
in each of the n sub-frame periods (SF1 through SFn)
are the same. The sustain periods (Ts) incorporated in
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sub-frame periods SF1 through SFn respectively are set
to Ts1 through Tsn, respectively.
[0020] The length of the sustain periods is set to be

2-(n-1). However, the order in which the sustain periods
SF1 through SFn are allowed to appear may be any. With
the combination of this sustain periods, a desired gray
scale display can be provided out of 2" gray scale levels.
[0021] Inthe beginning,inthe address period, the pow-
er source supply lines (V1 through Vn) can be held at the
same height with the stationary potential. In this specifi-
cation, the power source potential in the digital driving
address period is referred to as an off power source po-
tential. Note that, the height of the off power source po-
tential should be on the same level with the stationary
potential within the scope in which the EL element 1506
does not emit light. Note that, the EL driving voltage at
this time is referred to as an off EL driving voltage. It is
desired that the EL driving voltage at the OFF time is 0
V, but the voltage may be on the order of not allowing
the EL element 1506 to emit light.

[0022] Then, the gate signalis inputted to the gate sig-
nal line G1, so that the switching TFTs 1501 having the
gate electrode connected to the gate signal line G1, are
all turned on.

[0023] Then, in the state in which the switching TFTs
1501 having the gate electrode connected to the gate
signal line G1 is on, the digital data signal is inputted to
the source signal lines (S1 through Sn) in order. The dig-
ital data signal have information of "0" or "1", and the
digital data signal of "0" and "1" refers to a signal which
has either Hi voltage or Lo voltage. Then, the digital data
signal inputted to the source signal lines (S1 through Sn)
is inputted to the gate electrode of the EL driving TFTs
1504 via the switching TFTs 1501 in the ON state. Fur-
thermore, the digital data signal is inputted to the capac-
itor 1508 to be held.

[0024] Next, the gate signal is inputted to the gate sig-
nal line G2, and all the switching TFTs 1501 having the
gate electrode connected to the gate signal line G2 are
turned on. Then, in the state in which the switching TFT
1501 having the gate electrode connected to the gate
signal line G2 is turned on, the digital data signal is in-
putted to the source signal lines (S1 through Sn) in order.
The digital signal inputted to the source signal lines (S1
through Sn) is inputted to the gate electrode of the EL
driving TFTs 1504 via the switching TFT 1501. Further-
more, the digital data signal is also inputted to the capac-
itor 1508 to be held.

[0025] The above operationisrepeated, and the digital
datasignalis inputted to all the pixels. The period in which
the digital data signal is inputted to all the pixels is an
address period.

[0026] When the address period is completed, simul-
taneously the sustain period begins. When the sustain
period begins, the potential of the power source supply
lines (V1 through Vn) changes from the OFF power
source potential to the ON power source potential. In this



5 EP 1 094 436 B1 6

specification, in the case of the digital driving, the power
source potential in the sustain period is referred to as the
on power source potential. The difference in potential of
the on power source potential and the stationary potential
should be such that the EL element emits light. Note that
this potential difference is referred to as on EL driving
potential. The off power source potential and the on pow-
er source potential are generally referred to as the power
source potential. Furthermore, the on EL driving voltage
and off EL driving voltage are generally referred to as EL
driving voltage.

[0027] In the sustain period, the switching TFTs 1501
are turned off. Then, the digital data signal held in the
capacitor 1508 is inputted to the gate electrode of the EL
driving TFTs 1504.

[0028] In the case where the digital data has informa-
tion of "0", the EL driving TFT 1504 is turned off, so that
the pixel electrode of the EL element 1506 is held at the
off power potential. As a consequence, the EL element
1506 incorporated in the pixel to which digital data signal
having information of "0" is applied, does not emit light.
[0029] On the other hand, in the case where the digital
data has information of "1", the EL driving TFT 1504 is
turned on, so that the pixel electrode of the EL element
1506 becomes the on power source potential. As a con-
sequence, the EL element 1506 incorporated in the pixel
to which digital data signal having information of "1" is
applied, emits light.

[0030] The period in which all the switching TFTs 1501
are turned off is the sustain period.

[0031] The EL element emits lightin any of the periods
Ts1 through Tsn. In the period of Tsn, a predetermined
EL elementis allowed to emit light (a predetermined pixel
is lit).

[0032] Next, the address period appears again. After
the digital data signal is inputted to all the pixels, the
sustain period appears. At this time, any of the sustain
periods Ts1 through Tsn(n-1) appears. Here, Ts(n-1) ap-
pears, and a predetermined pixel is allowed to be lit in
the Ts(n-1) period.

[0033] Thereafter, the similar operation in the remain-
ing n-2 sub-frames is repeated, and the sustain periods
Ts(n-2), Ts(n-3)...Ts1 appear one after another, and the
predetermined pixel is allowed to be lit in the sub-frame.
[0034] When n sub-frame periods appear, one frame
period is completed. At this time, the gray scale level of
the pixel can be determined by summing up the sustain
period in which the pixel is litin one frame period, namely
the length of the sustain period immediately after the ad-
dress period in which the digital data signal having the
information of "1" is applied to the pixel.

[0035] For example, in case of n=8, when the lumi-
nance of the pixel which emits light in all the sustain pe-
riods is set to 100%, the luminance of 75% can be rep-
resented in the case where the pixel emits light in Ts1
and Ts2. In the case where Ts3, Ts5 and Ts8 are select-
ed, the luminance of 16% can be represented.

[0036] In this manner, the conventional EL display is
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driven with direct current, and the EL driving voltage ap-
plied to the EL layer always has the same polarity.
[0037] However, as has beenintroducedin"TSUTSUI.
T, Jpn. J. Appl. Phys. Part 2 VOL. 37,NO. 11B, p. L1406-
L1408, 1998", it has been found that the deterioration of
the current-voltage characteristic of the EL element has
been improved by applying the EL driving voltage having
the opposite polarity to the EL element for each period.
[0038] However, no concrete proposal has been made
with respect to a method for driving an EL display which
utilizes the fact that the deterioration of the current-volt-
age characteristic of the EL element is improved by ap-
plying an EL driving voltage having the opposite polarity
to the EL element for each period, and with respect to
the EL display using the driving method.

[0039] Then, in order to prolong the life of the EL ele-
ment, a proposal on the method for driving the EL display
for providing a display (hereinafter referred to as an al-
ternate current driving in this specification) by applying
the EL driving voltage having the opposite polarity to the
EL element for each of the definite period, and manufac-
ture of the EL display using the driving method has been
expected. In particular, manufacture of an active matrix-
type EL display for providing a display with the alternate
current drive has been expected.

[0040] Anexample of active matrix electroluminescent
display device and a driving method thereof can be found
in WO 98/33165.

[0041] Afurtherexample ofadisplay device, according
to the preamble of claim 1, is in document EP0942407

SUMMARY OF THE INVENTION

[0042] The presentinvention is set forth in claim 1 and
described in embodiment 11, which can be combined
with embodiments 2 to 9. Embodiment 1 is thus not cov-
ered by the claims. Embodiments are only covered by
the claims in sofar they are combined with embodiment
11.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] In the accompanying drawings:

Fig. 1 is a view showing a structure of an EL display
according to the present invention;

Figs. 2A and 2B are circuit diagrams showing pixel
portions according to the present invention;

Fig. 3 is a timing chart showing a digital style driving
with the alternate current according to the present
invention;

Fig. 4 is a timing chart of an analog style driving with
the alternate current according to the present inven-
tion;

Fig. 5 is a timing chart of a digital style driving with
the alternate current according to the present inven-
tion;

Figs. 6A and 6B are a circuit diagram and a top view
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of an EL display according to the present invention;
Fig. 7 is a view showing a sectional structure of the
EL display according to the present invention;

Figs. 8A to 8E are views showing a process of man-
ufacturing the EL display;

Figs. 9A to 9D are views showing the process of
manufacturing the EL display;

Figs. 10A to 10D are views showing the process of
manufacturing the EL display;

Figs. 11A to 11C are views showing the process of
manufacturing the EL display;

Fig. 12 is a view showing an external appearance of
an EL module;

Figs. 13A and 13B are views showing the external
appearances of the EL module;

Figs. 14A and 14E are views showing concrete ex-
amples of an electric appliance;

Fig. 15 is a circuit diagram of the pixel portion of an
EL display;

Fig. 16 is a conventional timing chart showing driving
with the alternate current;

Figs. 17A and 17B are circuit diagrams showing a
pixel portion of the EL display according to the
present invention;

Figs. 18A and 18B are circuit diagrams showing the
pixel portion of the EL display according to the
present invention;

Figs. 19A and 19B are circuit diagrams showing the
pixel portion of the EL display according to the
present invention;

Figs. 20A and 20B are circuit diagrams showing the
pixel portion of the EL display according to the
present invention; and

Fig. 21 is a view showing a sectional structure of the
EL display according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0044] A structure of the present invention will be ex-
plained by using an example of an EL display for provid-
ing a digital driving style time division gray-scale display.
Fig. 1 shows an example of a circuit structure according
to the present invention.

[0045] The EL display of Fig. 1 has a pixel portion 101
formed of a TFT on a substrate, a source signal side
driver circuit 102 arranged in the periphery of the pixel
portion 101, and a gate signal side driver circuit 103. Note
that, in the embodiment, the EL display has the source
signal side driver circuit and the gate signal side driver
circuit, respectively. However, in the present invention,
the source signal side driver circuit may be two. Further-
more, the gate signal side driver circuit may be two as
well.

[0046] The source signal side driver circuit 102 basi-
cally includes a shift register 102a, a latch (A) 102b, and
a latch (B) 102c. Furthermore, a clock signal (CK) and a
start pulse (SP) are inputted to the shift register 102a.
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Digital data signals are inputted to the latch (A) 102b.
Latch signals are inputted to the latch (B) 102c.

[0047] Furthermore, though not shown, the gate signal
side driver circuit 103 has a shift register and a buffer. A
multiplexer may be provided on the output side of the
buffer.

[0048] The digital data signal inputted to the pixel por-
tion 101 is formed at the time division gray-scale data
signal generating circuit 114. In this circuit, a video signal
(signal including image information) comprising an ana-
log signal and a digital data signal is converted into a
digital data signal for providing a time division gray-scale
display, and at the same time, is a circuit for generating
a timing pulse or the like required for providing a time
division gray-scale display.

[0049] Typically, the time division gray-scale data sig-
nal generating circuit 114 includes means for dividing
one frame period into a plurality of sub-frame periods
corresponding to a gray scale of n (n is an integer of 2
or more) bits, means for selecting an address period and
a sustain period in a plurality of the sub-frame periods,
and means for setting the length of the sustain periods
to Ts1: Ts2: Ts3:...: Ts(n-1): Ts(n)=20: 2-1: 2-2:_ : 2-(n-2):
2-(n-1),

[0050] At this time, the time division gray scale data
signal generating circuit 114 may be provided on the out-
side portion of the EL display according to the present
invention. In such a case, the circuit is constituted in such
amannerthat a digital data signal formed there is inputted
to the EL display according to the present invention. In
this case, an electronic device (an EL display device)
having an EL display according to the present invention
as a display includes an EL display of the present inven-
tion and a time division gray scale data signal generating
circuit as a separate component.

[0051] Furthermore, the time division gray scale data
signal generating circuit 114 may be packaged on the EL
display according to the present invention in the form of
an IC chip or the like. In such a case, the circuit may be
constituted in such a manner that the digital data signal
formed on the IC chip is inputted to the EL display ac-
cording to the present invention. In this case, the elec-
tronic device having the EL display as a display in the
present invention includes the EL display packaging the
IC chip including the time division gray scale data signal
generating circuit as a component.

[0052] Furthermore, finally, the time division gray scale
data signal generating circuit 114 can be formed of TFTs
on the same substrate with the pixel portion 101, the
source signal side driver circuit 102, and the gate signal
side driver circuit 103. In this case, when the video signal
including the image information is inputted to the EL dis-
play, the video signal can be processed all on the sub-
strate. In this case, the time division gray scale data signal
generating circuit may be formed of the TFTs in which a
polysilicon film serves as an active layer. Furthermore,
in this case, the electronic device having the EL display
as a display is such that the time division gray scale data
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signal generating circuit is incorporated in the EL display
itself thereby makingit possible to attempt miniaturization
of the electronic device.

[0053] On the pixel portion 101, a plurality of pixels 104
are arranged in a matrix-like configuration. Fig. 2A shows
an enlarged view of the pixel 104. In Fig. 2A, reference
numeral 105 denotes a switching TFT. The gate elec-
trode of the switching TFT 105 is connected to the gate
signal line 106 for inputting the gate signal. The source
region and the drain region of the switching TFT 105 is
constituted in such a manner that one of the source region
or the drain region is connected to the source signal lines
107 for inputting the digital data signal while the other is
connected to a capacitor 113 which the gate electrode
of the EL driving TFT 108 and each of the pixels have
respectively.

[0054] In addition, one of the source region and the
drain region of the EL driving TFTs 108 is connected to
the power source supply line 111 while the other is con-
nected to the EL element 110. The power source supply
line 111 is connected to the capacitor 113. When the
switching TFT 105 is in the non-selection mode (off-
state), the capacitor 113 is provided to hold the gate volt-
age of the EL driving TFT 108.

[0055] The EL element 110 comprises an anode and
a cathode and an EL layer provided between the anode
and the cathode. In the case where the anode is con-
nected to the source region or the drain region of the EL
driving TFTs 110, where the anode is a pixel electrode,
the cathode is an opposite electrode. On the contrary, in
the case where the cathode is connected to the source
region or the drain region of the EL driving TFTs 110,
namely in the case where the cathode is the pixel elec-
trode, the anode is the opposite electrode.

[0056] The powersource supply lines 111 are connect-
ed to the potential of the power source. In this embodi-
ment, the power source potential is always held at a con-
stant potential.

[0057] Note that, a resistor may be provided between
the source region or the drain region of the EL driving
TFTs 108 and the EL element 110. By providing the re-
sistor, a current quantity supplied from the EL driving TFT
to the EL element is controlled thereby preventing the
influence of the disparity of the EL driving TFT 108 char-
acteristic. Since the resistor may be an element showing
a sufficiently larger resistance value than the resistance
value of the on resistance of the EL driving TFTs, the
structure or the like is not restricted in any way. Note that,
the resistance of the on resistor is a value obtained by
dividing the drain voltage of the TFTs by the drain current
flowing at that time when the TFTs are turned on. The
resistance value of the resistor may be selected from the
scope of 1 kQ to 50 MQ, (preferably, 10 kQ to 10 MQ
and more preferably the scope of 50 kO to 1 MQ). Using
a semiconductor layer having a high resistance value as
a resistor facilitates the formation of the resistor, so that
the usage of such semiconductor layer is preferable.
[0058] Next, there will be explained the driving with the
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alternate current of the present invention by referring to
Fig. 2B and Fig. 3. Here, there will be explained a case
in which 2" gray scale full color time division gray scale
display is provided by the n-bit digital driving style.
[0059] Fig. 2B shows a structure of a pixel portion in
an EL display according to the present invention. The
gate signal lines (G1 through Gn) are connected to the
gate electrode of the switching TFT incorporated in each
of the pixels. One of the source region or the drain region
of the switching TFTs incorporated in each of the pixels
is connected to the source signal lines (S1 through Sn)
while the other is connected to the gate electrode of the
EL driving TFTs and the capacitor. Furthermore, one of
the source region and the drain region of the EL driving
TFTs is connected to the power source supply lines (V1
through Vn) while the other is connected to the EL ele-
ment incorporated in each of the pixels. The power
source supply lines (V1 through Vn) are also connected
to the capacitor incorporated in each of the pixels.
[0060] Fig. 3 shows a timing chart in the EL display
shown in Fig. 2A. In the beginning, one frame period (F)
is divided into n sub-frame periods (SF1 through SFn).
Note that, the period in which all the pixels in the pixel
portion display one image is referred to as one frame
period. In the EL display according to the present inven-
tion, it is preferable that 120 or more frame periods are
provided in one second, so that 60 or more images are
displayed in one second in the end.

[0061] When the number of images displayed in one
second becomes 120 or less, flickering of images such
as a flicker or the like becomes visually conspicuous.
[0062] Note that, a plurality of periods into which one
frame period is further divided are referred to as sub-
frame periods. With an increase in the number of gray
scale levels the divided number of one frame period in-
creases, and the driver circuit must be driven at a high
frequency.

[0063] One sub-frame periodis divided into an address
period (Ta) and a sustain period (Ts). The address period
refers to time required for inputting data to all the pixels
while the sustain period (also referred to as lighting pe-
riod) refers to a period in which a display is provided.
[0064] The length of the address periods (Ta1 through
Tan) incorporated in n sub-frame periods (SF1 through
SFn) respectively are all the same. The sustain period
(Ts) incorporated in the sub-frame periods SF1 through
SFn respectively are setto Ts1 through Tsn respectively.
[0065] The length of the sustain period is settobe Ts1:

However, the orderin which SF1 through SFn are allowed
to appear may be any. With the combination of these
sustain periods, a desired gray scale display can be pro-
vided out of 2" gray scale levels.

[0066] In the beginning, in the address period, the op-
posite electrode is held at the stationary potential of the
same height as the power source potential. In this spec-
ification, the stationary potential in the address period of
the digital driving is referred to as an off stationary po-
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tential. Note that, the height of the off stationary potential
may be the same as the height of the power source po-
tential within the scope in which the EL element does not
emit light. Note that, the EL driving voltage at this time is
referred to as the off EL driving voltage. Ideally, it is de-
sired that the off EL driving voltage is 0 V, but the voltage
may be on the level on which the EL element does not
emit light.

[0067] Then, the gate signalis inputted to the gate sig-
nal line G1, and all the switching TFTs having the gate
electrode connected to the gate signal line G1 are turned
on.

[0068] In the state in which the switching TFTs having
the gate electrode connected to the gate signal line G1
are turned on, the digital data signals are inputted to all
the source signal lines (S1 through Sn) at the same time.
The digital data signal has information of either "0" or "1".
The digital data signals of "0" and "1" refer to a signal
having a voltage of either Hi or Lo. Then, the digital data
signal inputted to the source signal lines (S1 through Sn)
is inputted to the gate electrode of the EL driving TFT via
the switching TFTs in the on state. Furthermore, the dig-
ital data signal is inputted to the capacitor as well and is
held.

[0069] Next, the gate signal is inputted to the gate sig-
nalline G2, and there arises a state in which all the switch-
ing TFTs having the gate electrode connected to the gate
signal line G2 are turned on. Then in the state in which
the switching TFTs having the gate electrode connected
to the gate signal lines G2 are turned on, the digital data
signals are inputted to all the source signal lines (S1
through Sn) at the same time. The digital data signals
inputted to the source signal lines (S1 through Sn) are
inputted to the gate electrode of the EL driving TFT via
the switching TFT. Besides, the digital data signal is also
inputted to the capacitor and is held.

[0070] The above operationis repeated and the digital
data signals are inputted to all the pixels. The period until
the digital data signals are inputted to all the pixels is an
address period.

[0071] At the same time as when the address period
is completed, the sustain period begins. When the sus-
tain period begins, the potential of the opposite electrode
changes from the off stationary potential to the on sta-
tionary potential. In this specification, the stationary po-
tential in the digital driving sustain period is referred to
as an on stationary potential. The on stationary potential
may have a potential difference with the power source
potential to a degree to which the EL element emits light.
Note that, this potential difference is referred to as an on
EL driving voltage.

[0072] Then, the switching TFTs are turned off, and
the digital data signal held in the capacitor is inputted to
the gate electrode of the EL driving TFTs.

[0073] In the form of embodiments, in the case where
the digital data signal has information of "0", the EL driv-
ing TFTs are turned off, and the pixel electrode of the EL
element is held at the off stationary potential. As a con-
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sequence, the EL element incorporated in the pixel to
which the digital data signal having information of "0" is
applied does not emit light.

[0074] On the contrary, in the case where the digital
data signal has information of "1", the EL driving TFTs
are turned on, so that a power source potential is given
to the pixel electrode of the EL element. As a conse-
quence, the EL elementincorporated in the pixel to which
the digital data signal having information of "1" is applied
emits light.

[0075] The period in which all the switching TFTs are
in the off state is a sustain period.

[0076] The period in which the EL element is allowed
to emit light (the pixel is lit) is any of the periods Ts1
through Tsn. Here, suppose that a predetermined pixel
is lit in a period of Tsn.

[0077] Next, the address period appears again, and
the sustain period appears when the data signal is input-
ted to all the pixels. At this time, any of the sustain periods
Ts1 through Ts(n-1) appears. Here, suppose that a pre-
determined pixel is allowed to be lit in the period of Ts(n-
1).

[0078] Hereinbelow, suppose that a similar operation
is repeated with respect to the remaining n-2 sub-frames,
so that the sustain periods Ts(n-2), Ts(n-3)... Ts1 are set,
and a predetermined pixel is litin respective sub-frames.
[0079] When n sub-frame periods appear, one frame
period is completed. At this time, the sustain period in
which the pixelis litin one frame period, namely the length
of the sustain period immediately after the address period
in which the digital data signal having information of "1"
is applied to the pixel is summed, so that the gray scale
level of the pixel is determined. For example, suppose
that the luminance is set to 100% in the case where the
pixel emits light in all the sustain period in case of n=8,
the luminance of 75% can be represented in the case
where the pixel emits light in Ts1 and Ts2. In the case
where Ts3, Ts5 and Ts8 are selected, the luminance of
16% can be represented.

[0080] When oneframe period is completed, the height
of the on stationary potential is changed so that the po-
larity of the on EL driving voltage which is a difference in
the power source voltage and the on stationary voltage
becomes opposite to each other in the next frame period.
Then, in the same manner as the previous frame period,
the operation is conducted. However, the on EL driving
voltage in the frame period has a polarity opposite to the
on EL driving voltage in the previous frame period, so
thatthe all the EL elements do not emit light. In this spec-
ification, the frame period in which the EL element dis-
plays the image is referred to as the display frame period.
Besides, on the contrary, the frame period in which all
the EL elements do not emit light and the image is not
displayed is referred to as the non-display frame period.
[0081] When the non-display frame period is complet-
ed, another display frame period begins next. Then, the
on EL driving voltage changes to a voltage having a po-
larity opposite to the on EL driving voltage in the non-
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display frame period.

[0082] In this manner, the image is displayed by alter-
nately repeating the display frame period and the non-
display frame period. The present invention has the
above structure, so that the EL driving voltage having the
opposite polarity is applied to the EL layer incorporated
in the EL element for each one definite period. Thus, the
deterioration of the current-voltage characteristic of the
EL element is improved with the result that the life of the
EL element can be prolonged as compared with the con-
ventional driving method.

[0083] Furthermore, as described above, in the case
where the image is displayed for each one frame period
in the alternate current driving, flickering is generated as
a flicker to the eyes of observers.

[0084] Therefore, according to the present invention,
the EL display is driven with the alternate current at a
frequency which is twice as large as the frequency at
which no flickering is generated to the eyes of observers
in the driving with the direct current. In other words, 120
or more frame periods are provided in one second. Then,
as a consequence, 60 or more images are displayed in
one second. With this structure, flickering resulting from
the driving with the alternate current is prevented.
[0085] Note that, in the method for driving the EL dis-
play shown in this embodiment, the power source poten-
tialis held at the constantlevel, and the opposite potential
is changed in the address period and in the sustain period
with the result that the size of the EL driving voltage is
changed, and the light emission of the EL element is con-
trolled. However, the present invention is not restricted
to this structure. The EL display of the present invention
may be such that the opposite potential is held on a con-
stant level at all times, and the potential of the pixel elec-
trode may be changed. In other words, contrary to the
case of the embodiments, the potential of the opposite
electrode is held on the same level at all times, and the
power source potential is changed in the address period
and in the sustain period thereby changing the size of
the EL driving voltage, so that the light emission of the
EL element may be controlled.

[0086] Furthermore, in this embodiment, since the po-
tential of the opposite electrode and the power source
potential are held at the same potential in the address
period, the EL element does not emit light. However, the
present invention is not restricted to this structure. The
display can be provided in the address period in the same
manner as in the display period by providing at all times
between the opposite electrode and the power source
potential the potential difference on a degree to which
the EL element emits light. However, in this case, since
the whole sub-frame periods become a period in which
the EL elements emit light, the length of the sub-frame

pared with the driving method which does not allow light
emission in the address period, an image with a high
luminance can be obtained.
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[0087] Next, there will be explained a method for driv-
ing the EL display shown in Figs. 1 to 2B according to
the present invention with the alternate current in an an-
alog style. Note that, Fig. 4 will be referred to with respect
to the timing chart thereof.

[0088] A structure of a pixel portion of the EL display
which is driven with the alternate current in the analog
style is the same as the EL display which is driven with
the alternate current in a digital style, and the gate signal
lines (G1through Gn) are connected to the gate electrode
of the switching TFTs incorporated in each of the pixels.
One of the source region and the drain region of the
switching TFTs incorporated in each of the pixels is con-
nected to the source signal lines (S1 through Sn) while
the other is connected to the gate electrode of EL driving
TFT and the capacitor. One of the source region and the
drain region of the EL driving TFT is connected to the
power source supply lines (V1 through Vn) while the other
is connected to the EL element incorporated in each of
the pixels. The power source supply lines (V1 through
Vn) are also connected to the capacitor incorporated in
each of the pixels.

[0089] Fig. 4 shows a timing chart in the case where
the EL display is driven with the alternate current in the
analog style. The period in which one gate signal line is
selected is referred to as one line period. Furthermore,
the period until the selection of all the gate signal lines
is completed corresponds to one frame period. In the
case of this embodiment, n line periods are provided in
one frame period because n gate signal lines are present.
[0090] Note that, with the EL display of the present
invention, it is preferable to provide 120 or more frame
period in one second and it is desired that 60 or more
images are displayed in one second. When the number
of images displayed in one second becomes 60 or less,
flickering of images such as a flicker becomes visually
conspicuous.

[0091] With an increase in the number of gray scale
levels, the number of line periods in one frame period
also increases, and the driver circuit must be driven at a
high frequency.

[0092] Inthe beginning, the power source voltage lines
(V1 through Vn) are held at off power source potential.
Note that, in the case of the analog style driving with the
alternate current, the height of the off power source po-
tential may be the same with as height of the stationary
potential within the scope in which the EL element does
not emit light. Note that, the EL driving voltage at this
time is referred to as off EL driving voltage. Ideally, it is
desired that the off EL driving voltage is 0 V, but the volt-
age may be to such a degree that the EL element 1506
does not emit light.

[0093] Inthe firstline period (L1), an analog video sig-
nal in inputted in order to the source signal lines (S1
through Sn). The gate signal is inputted to the gate signal
line G1 in the first line period (L1). As a consequence,
the analog video signal inputted to the source signal line
S1is inputted to the gate electrode of the EL driving TFTs
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(1, 1) via the switching TFTs (1, 1) because the switching
TFTs is in the on state.

[0094] Then, the potential of the power source supply
line V1 changes from the off power source potential to
the saturated power source potential. Note that, in this
specification, the saturated power source potential refers
to a potential that has a potential difference with the sta-
tionary potential to such a degree that the EL element
emits light in the analog driving.

[0095] The quantity of the current that flows in the EL
driving TFT channel formation region is controlled de-
pending on the size of the analog video signal voltage
input to the gate electrode. In the case of the analog
driving, the analog video signal is inputted to the gate
electrode of the EL driving TFT. When one of the source
region or the drain region is held at the saturated power
source potential, the other potential is set as the on power
source potential. The EL driving voltage at this time is
referred to as on EL driving voltage.

[0096] Depending on the analog video signal applied
to the gate electrode of the EL driving TFTs (1, 1), the
on EL driving voltage the size of which is controlled is
applied to the EL element.

[0097] Next, the analog video signal is inputted to the
source signal line S2 inthe same manner, and the switch-
ing TFTs are turned on. Consequently, the analog video
signal input to the source signal line S2 is inputted to the
gate electrode of the EL driving TFTs (2, 1) via the switch-
ing TFTs (2, 1).

[0098] Thus, the EL driving TFTs (2, 1) are turned on.
Then, the potential of the power source supply line V2
changes from the off power source potential to the sat-
urated power source potential. Consequently, the on EL
driving voltage the size of which is controlled with the
analog video signal applied to the gate electrode of the
EL driving TFTs (2, 1) is applied to the EL element.
[0099] When the above operation is repeated, and the
input of the analog video signal to the source signal lines
(S1 through Sn) is completed, the first line period (L1) is
completed. Then, nextthe second line period (L2) begins,
so that the gate signal is inputted to the gate signal line
G2. Then, in the same manner as the first line period
(L1), the analog video signal is inputted to the source
signal lines (S1 through Sn) in order.

[0100] Theanalogvideosignalisinputtedtothe source
signal line S1. Since the switching TFTs (1, 2) are turned
on, the analog video signal input to the source signal line
S1isinputted to the gate electrode of the EL driving TFTs
(1, 2) via the switching TFTs (1, 2).

[0101] Consequently, the EL driving TFT (1, 2) is
turned on. Then, the potential of the power source supply
line V1 changes from the off power source potential to
the saturated power source potential. Thus, the EL driv-
ing voltage the size of which is controlled with the analog
video signal applied to the gate electrode of the EL driving
TFTs (1, 2) is applied to the EL element.

[0102] When the above operation is repeated, and the
input of the analog video signal to the source signal lines
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(S1through Sn) is completed, the second line period (L2)
is completed. Then, next the third line period (L3) begins,
and the gate signal is inputted to the gate signal line G3.
Then, the gate signal is inputted to the gate signal lines
(G1through Gn) in order with the resultthatthe one frame
period is completed.

[0103] When this frame period is completed, the satu-
rated power source voltage changes in the next frame
period with the result that the on power source potential
changes. Then, the on EL driving voltage changes to the
voltage having the opposite polarity. Then, in the same
manner as the previous frame period, the above opera-
tion is conducted. However, the on EL driving voltage in
this frame period has a polarity opposite to the polarity
of the on EL driving voltage in the previous frame period.
Consequently, the on EL driving voltage having the po-
larity opposite to the polarity of the EL driving voltage in
the previous frame periodis applied to allthe EL elements
with the result that the EL elements do not emit light. In
this specification, the frame period in which the EL ele-
ments display the image is referred to as a display frame
period, while on the contrary the frame period in which
all the EL elements do not emit light and no image is
displayed is referred to as non-display frame period.
[0104] When the non-display frame period is complet-
ed, another display frame period begins at the next step.
The EL driving voltage changes to a voltage having the
polarity opposite to the polarity of the EL driving voltage
in the non-display frame period.

[0105] In this manner, the image is displayed by alter-
nately repeating the display frame period and the non-
display frame period. The presentinvention has the struc-
ture described above so that the on EL driving voltage
having the opposite polarity is applied to the EL element
in each definite period. Consequently, the deterioration
of the current-voltage characteristic of the EL element is
improved, and the life of the EL element can be prolonged
as compared with the conventional driving method.
[0106] Furthermore, in this embodiment, there is ex-
plained a case where the display device is driven with
the non-interlace scanning, but the device of the inven-
tion can also be driven with the interlace scanning.

[Embodiments]

[0107] Embodiments of the present invention will be
explained hereinbelow.

[Embodiment 1]

[0108] InEmbodiment 1, there will be explained a case
in which the polarity of the on EL driving voltage is
changed to the opposite polarity for each sub-frame pe-
riod in the case where the time division gray scale display
is provided in the digital-style driving with the alternate
current. Here, there will be explained a case in which 2"
grays scale full-color time division gray scale display is
provided by the n-bit digital device method.
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[0109] The structure of the pixel portion of the EL dis-
play in Embodiment 1 is the same as the structure shown
in Fig. 2B. The gate signal lines (G1 through Gn) are
connected to the gate electrode of the switching TFT in-
corporated in each of the pixels. One of the source region
and the drain region of the switching TFTs incorporated
in each of the pixels is connected to the source signal
lines (S1 through Sn) while the other is connected to the
gate electrode of the EL driving TFTs and the capacitor.
Furthermore, one of the source region and the drain re-
gion of the EL driving TFTs is connected to the power
source supply lines (V1 through Vn) while the other is
connected to the EL element incorporated in each of the
pixels. The power source supply lines (V1 through Vn)
are also connected to the capacitor incorporated in each
of the pixels.

[0110] Fig.5 showsatiming chart of the driving method
in Embodiment 1. In the beginning, one frame period is
divided into n sub-frame periods (SF1 through SFn). Note
that, the period in which all the pixels in the pixel portion
display one image is referred to as one frame period.
[0111] Note that, a plurality of periods into which one
frame period is divided are referred to as sub-frame pe-
riods. With an increase in the number of gray scale levels,
the number of the division of one frame period increases,
so that the driver circuit must be driven at a high frequen-
cy.

[0112] One sub-frame period is divided into address
periods (Ta) and sustain periods (Ts). The address pe-
riod refers to time required for inputting data into all the
pixels in one sub-frame period while the sub-frame period
(also referred to as lighting period) refers to the period in
which EL elements are allowed to emit light.

[0113] Thelengthsofthe address periods (Ta1through
Tan) incorporated in n sub-frame periods respectively
are all the same. The sustain periods (Ts) incorporated
in n sub-frame periods SF1 through SFn are set to Ts1
through Tsn respectively.

[0114] The lengths of the sustain periods is set to be

2-(n-1), However, the order in which sub-frame periods
SF1 through SFn are allowed to appear may be any. With
the combination of these sustain periods, a desired gray
scale display can be provided out of 2" gray scale levels.
[0115] In the beginning, the opposite electrode is held
at a stationary potential. Then, the gate signal is inputted
to the gate signal line G1. All the switching TFTs having
the gate electrode connected to the gate signal line G1
are turned on.

[0116] Then, in the state in which the switching TFTs
having the gate electrode connected to the gate signal
line G1 are turned on, the digital data signals are inputted
to all the source signal lines (S1 through Sn) at the same
time. Then, the digital data signals inputted to the source
signal lines (S1 through Sn) are inputted to the gate elec-
trode of the EL driving TFTs via the switching TFTs in
the on state. Further, the digital data signal is also input-
ted to the capacitor and held.
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[0117] The above operationis repeated, and the digital
data signals are inputted to all the pixels. The period until
the digital data signals are inputted to all the pixels is the
address period.

[0118] At the same time as when the address period
is completed, the sustain period begins. When the sus-
tain period begins, the potential of the opposite electrode
changes from the off stationary potential to the on sta-
tionary potential. Then, the switching TFTs are turned
off, the digital signal held in the capacitor is inputted to
the gate electrode of the EL driving TFTs.

[0119] In Embodiment 1, the polarity of the on EL driv-
ing voltage which is a difference between the on station-
ary potential and the power source potential becomes
opposite to each other for each of the sub-frame periods
by changing the height of on the stationary potential. Con-
sequently, the EL display repeats the display and the
non-display by setting the polarity of the on EL driving
voltage for each of the sub-frame periods to the opposite.
The sub-frame periods in which the display is provided
is referred to as the display sub-frame period while the
sub-frame period in which no display is provided is re-
ferred to as the non-display sub-frame period.

[0120] For example, in the first frame period, suppos-
ing that the first sub-frame period is a display period, the
second sub-frame period is a non-display period, and the
third frame period becomes again the display period.
Then, when all the sub-frame period appears, and the
first frame period is completed, the second frame period
begins. In the first sub-frame period in the second frame
period, since the EL driving voltage having the polarity
opposite to the EL driving voltage applied to the EL ele-
ment in the first sub-frame period in the first frame period
is applied to the EL layer of the EL element, the non-
display period begins. Then, the next second sub-frame
period becomes a display period, and the display period
and the non-display period alternately are provided for
each of the sub-frame periods.

[0121] Note that, in this specification, when the display
and the non-display is changed over by the setting of the
polarity of the EL driving voltage to the opposite, the pe-
riod whenthe display is provided is referred to as a display
period. In addition, the period when the display is not
provided on the contrary, is referred to as a non-display
period. Consequently, in this specification, the display
frame period and the display sub-frame period are gen-
erally referred to as a display period. Furthermore, on
the contrary, the non-display frame period and the non-
display sub-frame period are generally referred to as a
non-display period.

[0122] In the case where the digital data signal has
information of "0" in Embodiment 1, the EL driving TFTs
are turned off, and the pixel electrode of the EL element
is held at the off stationary potential. As a consequence,
the EL element incorporated in the pixel to which the
digital data signal having information of "0" is applied
does not emit light.

[0123] On the contrary, in the case where the digital
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data signal has information of "1", the EL driving TFTs
are turned on, so that the power source potential is given
to the pixel electrode of the EL element. As a conse-
quence, the EL elementincorporated in the pixel to which
the digital signal having information of "1" is inputted
emits light.

[0124] The period in which all the switching TFTs are
turned off is the sustain period.

[0125] The period in which the EL element is allowed
to emit light (the pixel is allowed to be lit) is any of the
periods Ts1 through Tsn. Here, suppose that a predeter-
mined pixel is allowed to light during the period of Tsn.
[0126] Next,the address period begins again, and then
the sustain period begins upon the input of the digital
data signals to all the pixels. At this time, any of the pe-
riods Ts1 through Ts(n-1) becomes the sustain period.
Here, suppose that the predetermined pixel is allowed to
be lit in a period of Ts(n-1).

[0127] A similar operation is repeated with respect to
the remaining n-2 sub-frame hereinbelow, so that the Ts
(n-2), Ts(n-3)...Ts1 and the sustain period is set in order
and a predetermined pixel is allowed to be lit in respective
sub-frames.

[0128] Inthis manner, in the case where the EL driving
voltage having an opposite polarity with respect to each
of the sub-frames is applied to the EL element in the time
division gray scale display at the time of driving with the
alternate current, one gray scale display is provided in
two frame periods. The gray scale level of the pixel can
be determined by summing the length of the sustain pe-
riod in which the pixel is litin two adjacent frame periods,
namely the length of the sustain period immediately after
the address period in which the digital data signal having
information of "1" is input to the pixel. For example, in
case of n=8, when the luminance is set to 100% in the
case where the pixel emits light in all the sustain periods,
the luminance of 75% can be represented in the case
where the pixel emits light in Ts1 and Ts2. In the case
where Ts3, Ts5 and Ts8 are selected, the luminance of
about 16% can be represented.

[0129] The present invention has the above structure,
sothat the EL driving voltage having the opposite voltage
is applied to the EL layer incorporated in the EL element
in each of the sub-frame periods. Consequently, the de-
terioration of the current-voltage characteristic of the EL
element can be improved, and the life of the EL element
can be prolonged as compared with the conventional
driving method.

[0130] In Embodiment 1, there is obtained an effect
that flickering will occur with difficulty as compared with
the digital style EL display which is driven with the alter-
nate current for each of the frame periods shown in the
embodiment.

[Embodiment 2]

[0131] In Embodiment 2, an example is shown which
is different from the pixel portion of the EL display ac-
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cording to the present invention shown in Fig. 2A.
[0132] Fig. 6A shows a circuit diagram showing an ex-
ample of an enlarged view of the pixel portion of the EL
display according to Embodiment 2. In the pixel portion,
a plurality of pixels are arranged in a matrix-like config-
uration. The pixel 603 and the pixel 604 are provided
adjacent to each other. In Fig. 6A, reference numerals
605 and 625 denote switching TFTs. The gate electrode
of the switching TFTs 605 and the 625 are connected to
the gate signal line 606 to which the gate signal is input-
ted. One of the source region and the drain region of
switching TFTs 605 and 625 is connected to the data
signal lines (also referred to as source signal lines) 607
and 627 to which the digital data signal is inputted while
the other is connected to the gate electrode of the EL
driving TFTs and the capacitors 613 and 633, respec-
tively.

[0133] Then, the source region of the EL driving TFTs
608 and 628 is connected to the common power source
supply line 611, while the drain region is connected to
the pixel electrode incorporated in the EL elements 610
and 630, respectively. In this manner, in Embodiment 2
two adjacent pixels share the power source supply line.
[0134] TheEL elements 610 and 630 comprise an an-
ode(a pixel electrode in Embodiment 2), a cathode (an
opposite electrode in Embodiment 2) and an EL layer
provided between the anode and the cathode respec-
tively. In Embodiment 2, the drain region of the EL driving
TFTs 608 and 628 is connected to the anode while the
cathode is connected to the stationary power sources
612 and 622 and is held at the stationary potential. The
presentinvention is not limited to this structure. The drain
region of the EL driving TFTs 608 and 628 may be con-
nected to the cathode.

[0135] Note that, a resistor may be respectively pro-
vided between the drain region of the EL driving TFTs
608 and 628, and the anode (pixel electrode) incorporat-
ed in the EL elements 610 and 630, respectively. By pro-
viding the resistor, a current quantity supplied from the
EL driving TFTs to the EL element is controlled, so that
the influence of disparity of the EL driving TFTs can be
prevented. The resistor may be an element which shows
a sufficiently large resistance value than the on resist-
ance of the EL driving TFTs 608 and 628, so that there
is no restriction on the structure or the like. Note that, the
on resistance is a value obtained by dividing the drain
voltage of the TFTs by the drain current which flows at
thattime. As the resistance value of the resistor, the value
may be selected from the scope of 1 kQ through 50 MQ
(preferably, 10 kQ through 10 MQ, and more preferably
50 kQ through 1 MQ). When a semiconductor layer hav-
ing a high resistance value is used as the resistor, the
formation is easy and preferable.

[0136] Furthermore, when the switching TFTs 605 and
the 625 are set in the non-selection state (off state), the
capacitors 613 and 633 are provided for holding the gate
voltage of the EL driving TFTs 608 and 628. One of two
electrodes incorporated in these capacitors 613 and 633
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is connected to the drain region of the switching TFTs
605 and 625 while the other electrode is connected to
the power source supply line 611. Note that, the capac-
itors 613 and 633 may not necessarily be provided.
[0137] Fig. 6B shows a structural view of the circuit
diagram shown in Fig. 6A. In aregion surrounded by the
source signal lines 607 and 627, the gate signal lines 606
and 616, and the power source supply lines 611, pixels
603 and 604 are provided. The source regions of the EL
driving TFTs 608 and 628 incorporated in the pixels 603
and 604 respectively are both connected to the power
source supply line 611. In this embodiment, the two ad-
jacent pixels share the power source supply line. As a
consequence, as compared with the structure shown in
Fig. 2A, the ratio of the wiring in the whole pixel portion
may be made small. When the ratio of the wiring with
respect to the whole pixel portion is small, a wiring is
provided in a direction in which the EL layer emits light,
light shielding by the wiring can be suppressed.

[0138] The structure shown in Embodiment 2 may be
made in a free combination with Embodiment 1.

[Embodiment 3]

[0139] Next, reference is made to Fig. 7 schematically
showing the sectional structure of the EL display device
of the present invention.

[0140] In Fig. 7, reference numeral 11 is a substrate,
and 12 is an insulating film that is a base (hereinafter,
this film is designated as base film). For the substrate
11, use can be made of a light transmissible substrate,
representatively, a glass substrate, a quartz substrate, a
glass ceramic substrate, or a crystallized glass substrate.
However, it must be resistible to the highest processing
temperature in a manufacturing process.

[0141] The base film 12 is effective especially in using
a substrate that has a movable ion or a substrate that
has conductivity, but it is not necessarily disposed on the
quartz substrate. An insulating film that contains silicon
can be used as the base film 12. It should be noted that,
in this specification, "insulating film that contains silicon"
signifies an insulating film in which oxygen or nitrogen is
added to silicon at a predetermined ratio (SiOxNy: x and
y are arbitrary integers), such as a silicon oxide film, a
silicon nitride film or a silicon nitride oxide film.

[0142] Reference numeral 201 is a switching TFT, and
202 is a EL driving TFT. The switching TFT is formed by
an n-channel type TFT and the EL driving TFT is formed
by ap-channel type TFT. When the EL luminous direction
is toward the under surface of a substrate (the under
surface is not provided TFT or EL layer), above men-
tioned structure is preferable. However, in the present
invention, there is no need to limit this structure. The
switching TFT and the EL driving TFT are possible to use
the p-channel type TFT or n-channel TFT for both of them
or any one thereof.

[0143] The switching TFT 201 is made up of an active
layer that includes a source region 13, a drain region 14,
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LDD (Lightly-Doped Drain) regions 15a-15d, an isolation
region 16, and channel formation regions 17a, 17b, a
gate insulating film 18, gate electrodes 19a, 19b, a first
interlayer insulating film 20, a source signal line 21, and
a drain wiring line 22. The gate insulating film 18 or the
first interlayer insulating film 20 can be common to all
TFTs on the substrate, or can be varied according to
circuits or elements.

[0144] In the switching TFT 201 shown in Fig. 7, the
gate electrodes 19a, 19b are connected electrically, in
other words, a so-called double-gate structure is estab-
lished. Not only the double-gate structure but also a so-
called multi-gate structure, such as a triple-gate struc-
ture, can be established, of course. The multi-gate struc-
ture signifies a structure including an active layer that
has two channel formation regions or more connected in
series.

[0145] The multi-gate structure is very effective to de-
crease an off current, and if the off current of the switching
TFT is decreased sufficiently, the minimum capacity nec-
essary for the capacitor can be reduced, which is con-
nected to the gate electrode of the driver TFT 202. That
is, since the possession area of the capacitor can be
reduced, the multi-gate structure is also effective towiden
the effective luminescence area of the EL element.
[0146] Inthe switching TFT 201, the LDD regions 15a-
15d are disposed not to overlap with the gate electrodes
19a and 19b, with the gate insulating film 18 therebe-
tween. The thus built structure is very effective to de-
crease the off current. The length (width) of the LDD re-
gions 15a-15d is 0.5-3.5 wm, representatively, 2.0-2.5
pm.

[0147] Itis more desirable to form an offset region (i.e.,
region formed with a semiconductor layer whose com-
position is the same as the channel formation region, and
in which a gate voltage is not applied) between the chan-
nel formation region and the LDD region, in order to de-
crease the off current. In the multi-gate structure that has
two gate electrodes or more, the isolation region 16 (i.e.,
region whose concentration is the same and to which the
same impurity element is added as the source region or
the drain region) formed between the channel formation
regions is effective to decrease the off current.

[0148] The EL driving TFT 202 is made up of an active
layer that includes a source region 26, a drain region 27,
and a channel formation region 29, a gate insulating film
18, a gate electrode 30, the first interlayer insulating film
20, a source signal line 31, and a drain wiring line 32. In
this embodiment, EL driving TFT 202 is a p-channel type
TFT.

[0149] The drainregion 14 of the switching TFT 201 is
connected to the gate electrode 30 of the EL driving TFT
202.In more detail, the gate electrode 30 of the EL driving
TFT 202 is connected electrically to the drain region 14
of the switching TFT 201 through the drain wiring line 22
(also called connection wiring line), which is not shown.
While the gate electrode 30 is a single gate structure in
this embodiment, multi-gate structure is also applicable.
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The source signal line 31 of the EL driving TFT is con-
nected to the current-supply line.

[0150] The ELdriving TFT 202 is an element to control
the amount of current supplied to the EL element, and a
comparatively large amount of current can flow there-
through. Therefore, preferably, the channel-width (W) is
designed to be greater than the channel-width of the
switching TFT. Additionally, preferably, the channel-
length (L) is designed to be long so that an excessive
current does not flow through the EL driving TFT 202. A
desirable value is 0.5-2 mA (1-1.5 mA preferably) per
pixel.

[0151] From the viewpoint of restraining the deteriora-
tion of TFT, it is effective to thicken the film thickness of
the active layer (specifically, the channel formation re-
gion) of the EL driving TFT 202 (50-100 nm preferably,
and 60-80 nm further preferably). On the other hand, from
the viewpoint of decreasing the off currentin the switching
TFT 201, it is also effective to thin the film thickness of
the active layer (specifically, the channel formation re-
gion)(20-50 nm preferably, and 25-40 nm further prefer-
ably).

[0152] The structure of the TFT formed in the pixel was
described above. In this formation, a driver circuit is also
formed at the same time. A CMOS circuit that is a base
unit to form the driver circuit is shown in Fig. 7.

[0153] InFig.7,aTFT thathas a structure to decrease
the hot carrier injection without reducing the operation
speed to the utmost is used as the n-channel type TFT
204 of the CMOS circuit. The driver circuit described
herein is the source signal side driver circuit and the gate
signal side driver circuit. It is also possible to form other
logic circuits (level shifter, A/D converter, signal division
circuit, etc.), of course.

[0154] The active layer of the n-channel type TFT 204
of the CMOS circuit includes a source region 35, a drain
region 36, an LDD region 37, and a channel formation
region 38. The LDD region 37 overlaps with the gate elec-
trode 39, with the gate insulating film 18 therebetween.
[0155] The reason for forming the LDD region 37 only
on the drain region 36 side is not to reduce the operation
speed. There is no need to worry about the off current
value in the n-channel type TFT 204. Instead, the oper-
ation speed should be rated above it. Therefore, prefer-
ably, the LDD region 37 is completely laid on the gate
electrode, thus reducing a resistance component as
much as possible. That is, a so-called offset should be
omitted.

[0156] In the p-channel type TFT 205 of the CMOS
circuit, there is no need to provide the LDD region espe-
cially because the deterioration caused by the hot carrier
injection is quite negligible. Therefore, the active layer
includes a source region 40, a drain region 41, and a
channel formation region 42. The gate insulating film 18
and the gate electrode 43 are disposed thereon. ltis also
possible to dispose the LDD region as well as the n-chan-
nel type TFT 204 in order to take countermeasures
against the hot carrier, of course.
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[0157] The n-channel type TFT 204 and the p-channel
type TFT 205 are covered with the first interlayer insu-
lating film 20, and the source wiring lines 44, 45 are
formed. The two are connected electrically by the drain
wiring line 46.

[0158] Reference numeral47 is afirst passivation film.
The film thickness thereof is 10 nm-1 pm (200-500 nm
preferably). An insulating film including silicon (especial-
ly, a silicon nitride oxide film or a silicon nitride film is
desirable) can be used as its material. The passivation
film 47 serves to protect a formed TFT from alkali metal
and water. The EL layer finally disposed above the TFT
includes alkali metal such as sodium. In other words, the
first passivation film 47 serves also as a protective layer
by which the alkali metal (movable ions) is not allowed
to enter the TFT side.

[0159] Reference numeral 48 is a second interlayer
insulating film, and serves as a flattening film to flatten
level differences formed by the TFT. Preferably, an or-
ganic resin film, such as polyimide, polyamide, acrylic
resin, or BCB (benzocyclobutene) is used as the second
interlayer insulating film 48. These organic resin films
have an advantage in that a good smooth plane can be
easily formed, and the dielectric constantis low. It is pref-
erable to entirely absorb the level difference caused by
the TFT by means of the second interlayer insulating film
48 because the EL layer is very sensitive to ruggedness.
Additionally, it is preferable to form a low-dielectric con-
stant material thick, in order to decrease the parasitic
capacitance formed between the gate signal line or the
datasignalline and the cathode of the EL element. There-
fore, preferably, the film thickness thereof is 0.5-5 pm
(1.5-2.5 wm preferably).

[0160] Reference numeral 49 is a pixel electrode (an-
ode of the EL element) that is made of a transparent
conductive film. After a contact hole (opening) is made
in the second interlayer insulating film 48 and the first
passivation film 47, the electrode is connected to the
drain wiring line 32 of the EL driving TFT 202 through the
opening. When the pixel electrode 49 and the drain region
27 are arranged not to be connected directly, as in Figs.
2A and 2B, the alkali metal of the EL layer can be pre-
vented from entering the active layer via the pixel elec-
trode.

[0161] A third interlayer insulating film 50 whose thick-
ness is 0.3-1 um is disposed on the pixel electrode 49.
The film 50 is made of a silicon oxide film, a silicon nitride
oxide film, or an organic resin film. The third interlayer
insulating film 50 is provided with an opening on the pixel
electrode 49 by etching, and the edge of the opening is
etched to have a taper shape. Preferably, the angle of
the taper is 10-60° (30-50° preferably).

[0162] An EL layer 51 is formed on the third interlayer
insulating film 50. The EL layer 51 is used in the form of
a single-layer structure or a laminate structure. The lam-
inate structure is superior in luminous efficiency. Gener-
ally, a positive hole injection layer/ a positive hole trans-
porting layer/ a luminescent layer/ an electronic trans-
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porting layer are formed on the pixel electrode in this
order. Instead, a structure may be used which has the
order of positive hole transporting layer/ luminescent lay-
er/ electronic transporting layer or the order of positive
hole injection layer/ positive hole transporting layer/ lu-
minescent layer/ electronic transporting layer/ electronic
injection layer. In the present invention, any one of the
known structures can be used, and fluorescent coloring
matter, etc., can be doped to the EL layer.

[0163] For example, materials indicated in the follow-
ing U.S. Patents or publications can be used as the or-
ganic EL material; U.S. Patent Nos. 4,356,429:
4,539,507:4,720,432: 4,769,292: 4,885,211: 4,950,950:
5,059,861:5,047,687:5,073,446: 5,059,862: 5,061,617
5,151,629: 5,294,869: 5,294,870, and Japanese Laid-
Open Patent Publication Nos. 10-189525: 8-241048:
8-78159.

[0164] TheEL display device mainly has four color dis-
play methods; method of forming three kinds of EL ele-
ments that correspond to R(red), G(green), and B(blue),
respectively: method of combining an EL element of
white luminescence and a color filter (coloring layer):
method of combining an EL element of blue or blue-green
luminescence and a fluorescent body (fluorescent color
conversion layer: CCM): and method of stacking the EL
elements that correspond to RGB while using a trans-
parent electrode for a cathode (opposite electrode).
[0165] The structure of Figs. 2A and 2B is an example
in which the method of forming three kinds of EL elements
that correspond to RGB is used. Only one pixel is shown
in Fig. 7. In fact, pixels, each having the same structure,
are formed to correspond to each color of red, green, and
blue, and thereby color display can be performed.
[0166] The presentinvention canbe performed regard-
less of the luminescence method, and can use all the
four methods. However, since the speed of response of
the fluorescent body is slower than that of the EL, and
the problem of afterglow occurs, the method in which the
fluorescent body is not used is preferable. Additionally,
it can be said that a color filter that causes the fall of
luminescence brightness should not be used if possible.
[0167] A cathode 52 of the EL element is disposed on
the EL layer 51. A material that includes magnesium
(Mg), lithium (Li) or calcium (Ca) that is small in work
function is used as the cathode 52. Preferably, use is
made of an electrode made of MgAg (material in which
Mg and Ag are mixed in the ratio of Mg: Ag=10: 1). In-
stead, aMgAgAl electrode, a LiAl electrode, or LiFAl elec-
trode can be used.

[0168] EL element206 is formed by pixel electrode (an-
ode) 49, EL layer 51amd cathode 52.

[0169] Itis necessarytoformalayered body comprised
of the EL layer 51 and the cathode 52 by each pixel in-
dividually. However, the EL layer 51 is quite weak to wa-
ter, and a normal photolithography technique cannot be
used. Therefore, it is preferable to use a physical mask
material, such as metal mask, and selectively form it ac-
cording to a vapor phase method, such as a vacuum
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deposition method, a sputtering method, or a plasma
CVD method.

[0170] It is also possible to use an ink jet method, a
screen printing method, a spin coating method, and the
like, as the method of selectively forming the EL layer.
However, these methods cannot continuously form the
cathode in the current state of the art, and it can be said
that the method described above, not the ink jet method,
etc., is desirable.

[0171] Reference numeral 53 is a protective electrode.
This is to protect the cathode 52 from outside water, etc.,
and, at the same time, connect the cathode 52 of each
pixel. For the protective electrode 53, it is preferable to
use a low-resistance material including aluminum (Al),
copper (Cu), or silver (Ag). A cooling effect to lower the
heat of the EL layer can be expected from the protective
electrode 53.

[0172] Reference numeral 54 is a second passivation
film, and, preferably, the film thickness thereof is 10 nm-
1 wm (200-500 nm preferably). A main purpose to dis-
pose the second passivation film 54 is to protect the EL
layer 51 from water. It is also effective to give it a cooling
effect. However, the EL layer is weak to heat as men-
tioned above, and film formation should be performed at
a low temperature (ranging from a room temperature to
120 °C preferably). Therefore, it can be said that a de-
sirable film formation method is the plasma CVD method,
sputtering method, vacuum deposition method, ion plat-
ing method, or solution application method (spin coating
method).

[0173] Needless to say, all the TFTs shown in Fig. 7
have the polysilicon films used in the present invention
as active layers.

[0174] The presentinvention is not limited to the struc-
ture of the EL display device of Fig. 7. The structure of
Fig. 7 is only one of the preferable form for operating the
present invention.

[0175] The structure shown in this embodiment can be
freely to combine and operate with Embodiment 1 or Em-
bodiment 2.

[Embodiment 4]

[0176] In this embodiment, reference is made to Fig.
21 schematically showing the sectional structure of the
EL display device of the present invention using another
example than Fig. 7. An example of TFT can be used as
the thin film transistor of bottom gate type TFT is ex-
plained in this embodiment.

[0177] InFig.21,reference numeral 811 is a substrate,
and 812 is an insulating film that is a base (hereinafter,
this film is designated as base film). For the substrate
811, use can be made of a light transmissible substrate,
representatively, a glass substrate, a quartz substrate, a
glass ceramic substrate, or a crystallized glass substrate.
However, it must be resistible to the highest processing
temperature in a manufacturing process.

[0178] Thebase film 812 is effective especially in using
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a substrate that has a movable ion or a substrate that
has conductivity, but it is not necessarily disposed on the
quartz substrate. An insulating film that contains silicon
can be used as the base film 812. It should be noted that,
in this specification, "insulating film that contains silicon"
signifies an insulating film in which oxygen or nitrogen is
added to silicon at a predetermined ratio (SiOxNy: x and
y are arbitrary integers), such as a silicon oxide film, a
silicon nitride film or a silicon nitride oxide film.

[0179] Reference numeral 8201 is a switching TFT,
and 8202 is an EL driving TFT. The switching TFT is
formed by an n-channel type TFT and the EL driving TFT
is formed by a p-channel type TFT. When the EL lumi-
nous direction is toward the under surface of a substrate
(the under surface is not provided TFT or EL layer), above
mentioned structure is preferable. However, in the
present invention, there is no need to limit this structure.
The switching TFT and the EL driving TFT are possible
to use the p-channel type TFT or n-channel type TFT for
both of them or any one thereof.

[0180] The switching TFT 8201 is made up of an active
layer that includes a source region 813, a drain region
814, LDD regions 815a-815d, an isolation region 816,
and channel formation regions 863, 864, a gate insulating
film 818, gate electrodes 819a, 819b, a first interlayer
insulating film 820, a source signal line 821, and a drain
wiring line 822. The gate insulating film 818 or the first
interlayer insulating film 820 can be common to all TFTs
on the substrate, or can be varied according to circuits
or elements.

[0181] Inthe switching TFT 8201 shown in Fig. 21, the
gate electrodes 819a, 819b are connected electrically,
in other words, a so-called double-gate structure is es-
tablished. Not only the double-gate structure but also a
so-called multi-gate structure, such as a triple-gate struc-
ture, can be established, of course. The multi-gate struc-
ture signifies a structure including an active layer that
has two channel formation regions or more connected in
series.

[0182] The multi-gate structure is very effective to de-
crease an off current, and if the off current of the switching
TFT is decreased sufficiently, the capacity necessary for
the capacitor can be reduced, which is connected to the
gate electrode of EL driving TFT 8202. That s, since the
possession area of the capacitor can be reduced, the
multi-gate structure is also effective to widen the effective
luminescence area of the EL element.

[0183] In the switching TFT 8201, the LDD regions
815a-815d are disposed not to overlap with the gate elec-
trodes 819a and 819b, with the gate insulating film 818
therebetween. The thus built structure is very effective
to decrease the off current. The length (width) of the LDD
regions 815a-815d is 0.5-3.5 pm, representatively,
2.0-2.5 pm.

[0184] Itis more desirable to form an offset region (i.e.,
region formed with a semiconductor layer whose com-
position is the same as the channel formation region, and
in which a gate voltage is not applied) between the chan-
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nel formation region and the LDD region, in order to de-
crease the off current. In the multi-gate structure that has
two gate electrodes or more, theisolation region 816 (i.e.,
region whose concentration is the same and to which the
same impurity element is added as the source region or
the drain region) formed between the channel formation
regions is effective to decrease the off current.

[0185] The current controlling TFT 8202 is made up of
an active layer that includes a source region 826, a drain
region 827, and a channel formation region 805, a gate
insulating film 818, a gate electrode 830, the first inter-
layer insulating film 820, a source signal line 831, and a
drain wiring line 832. In this embodiment, the EL driving
TFT 8202 is a p-channel type TFT.

[0186] The drain region 814 of the switching TFT 8201
is connected to the gate electrode 830 of the EL driving
TFT 8202. In more detail, the gate electrode 830 of the
EL driving TFT 8202 is connected electrically to the drain
region 814 of the switching TFT 8201 through the drain
wiring line 822(also called connection wiring line). While
the gate electrode 830 is a single gate structure, the multi-
gate structure is also applicable. The source signal line
831 of the EL driving TFT 8202 is connected to the cur-
rent-supply line.

[0187] TheELdriving TFT 8202is an elementto control
the amount of current supplied to the EL element, and a
comparatively large amount of current can flow there-
through. Therefore, preferably, the channel-width (W) is
designed to be greater than the channel-width of the
switching TFT. Additionally, preferably, the channel-
length (L) is designed to be long so that an excessive
current does not flow through the EL driving TFT 202. A
desirable value is 0.5-2 mA (1-1.5 mA preferably) per
pixel.

[0188] From the viewpoint of restraining the deteriora-
tion of TFT, itis also effective to thicken the film thickness
of the active layer (specifically, the channel formation re-
gion) of the EL driving TFT 8202 (50-100 nm preferably,
and 60-80 nm further preferably). On the other hand, from
the viewpointof decreasing the off currentin the switching
TFT 8201, it is also effective to thin the film thickness of
the active layer (specifically, the channel formation re-
gion)(20-50 nm preferably, and 25-40 nm further prefer-
ably).

[0189] The structure of the TFT formed in the pixel was
described above. In this formation, a driver circuit is also
formed at the same time. A CMOS circuit that is a base
unit to form the driver circuit is shown in Fig. 21.

[0190] InFig.21,aTFT thathasa structuretodecrease
the hot carrier injection without reducing the operation
speed to the utmost is used as the n-channel type TFT
8204 of the CMOS circuit. The driver circuit described
herein is the source signal side driver circuit and the gate
signal side driver circuit. It is also possible to form other
logic circuits (level shifter, A/D converter, signal division
circuit, etc.), of course.

[0191] The active layer of the n-channeltype TFT 8204
includes a source region 835, a drain region 836, an LDD
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region 837, and a channel formation region 862. The LDD
region 837 overlaps with the gate electrode 839, with the
gate insulating film 818 therebetween.

[0192] Thereason for forming the LDD region 837 only
onthe drainregion side 836 is notto reduce the operation
speed. There is no need to worry about the off current
value in the n-channel type TFT 8204. Instead, the op-
eration speed should be rated above it. Therefore, pref-
erably, the LDD region 837 is completely laid on the gate
electrode, thus reducing a resistance component as
much as possible. That is, a so-called offset should be
omitted.

[0193] In the p-channel type TFT 8205 of the CMOS
circuit, there is no need to provide the LDD region espe-
cially because the deterioration caused by the hot carrier
injection is quite negligible. Therefore, the active layer
includes a source region 840, a drain region 841, and a
channel formation region 861. The gate insulating film
818 and the gate electrode 843 are disposed thereon. It
is also possible to dispose the LDD region as well as the
n-channel type TFT 8204 in order to take countermeas-
ures against the hot carrier, of course.

[0194] It should be noted that the numeral 817a, 817b,
829, 838, and 842 are mask to form channel forming
regions 861, 862, 863, 864, and 805.

[0195] The n-channel type TFT 8204 and the p-chan-
nel type TFT 8205, respectively, have the source signal
line 844 and 845 with the first interlayer film 820 there-
between. The each drain region of the n-channel type
TFT 8204 and the p-channel type TFT 8205 are connect-
ed electrically by the drain wiring line 846.

[0196] Reference numeral 847 is a first passivation
film. The film thickness thereof is 10 nm-1 wm (200-500
nm preferably). An insulating film including silicon (espe-
cially, a silicon nitride oxide film or a silicon nitride film is
desirable) can be used as its material. The passivation
film 847 serves to protect a formed TFT from alkali metal
and water. The EL layer finally disposed above the TFT
includes alkali metal such as sodium. In other words, the
first passivation film 847 serves also as a protective layer
by which the alkali metal (movable ions) is not allowed
to enter the TFT side.

[0197] Reference numeral 848 is a second interlayer
insulating film, and serves as a flattening film to flatten
level differences formed by the TFT. Preferably, an or-
ganic resin film, such as polyimide, polyamide, acrylic
resin, or BCB (benzocyclobutene) is used as the second
interlayer insulating film 848. These films have an advan-
tage in that a good smooth plane can be easily formed,
and the dielectric constant is low. It is preferable to en-
tirely absorb the level difference caused by the TFT by
means of the second interlayer insulating film 848 be-
cause the EL layer is very sensitive to ruggedness. Ad-
ditionally, it is preferable to form a low-dielectric constant
material thick, in order to decrease the parasitic capaci-
tance formed between the gate wiring line or the data
wiring line and the cathode of the EL element. Therefore,
preferably, the film thickness thereof is 0.5-5 um (1.5-2.5
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pwm preferably).

[0198] Reference numeral 849 is a pixel electrode (an-
ode of the EL element) that is made of a transparent
conductive film. After a contact hole (opening) is made
in the second interlayer insulating film 848 and the first
passivation film 847, the electrode is connected to the
drain wiring line 832 of the current controlling TFT 8202
through the opening. When the pixel electrode 849 and
the drain region 827 are arranged not to be connected
directly, as in Fig. 21, the alkali metal of the EL layer can
be prevented from entering the active layer via the pixel
electrode.

[0199] Athirdinterlayerinsulating film 850 whose thick-
ness is 0.3-1 pwm is disposed on the pixel electrode 849.
The film 850 is made of a silicon oxide film, a silicon
nitride oxide film, or an organic resin film. The third inter-
layer insulating film 850 is provided with an opening on
the pixel electrode 849 by etching, and the edge of the
opening is etched to have a taper shape. Preferably, the
angle of the taper is 10-60° (30-50° preferably).

[0200] An EL layer 851 is formed on the third interlayer
insulating film 850. The EL layer 851 is used in the form
of a single-layer structure or a layered structure. The lay-
ered structure is superior in luminous efficiency. Gener-
ally, a positive hole injection layer/ a positive hole trans-
porting layer/ a luminescent layer/ an electronic trans-
porting layer are formed on the pixel electrode in this
order. Instead, a structure may be used which has the
order of positive hole transporting layer/ luminescent lay-
er/ electronic transporting layer or the order of positive
hole injection layer/ positive hole transporting layer/ lu-
minescent layer/ electronic transporting layer/ electronic
injection layer. In the present invention, any one of the
known structures can be used, and fluorescent coloring
matter, etc., can be doped to the EL layer.

[0201] The structure of Fig. 21 is an example in which
the method of forming three kinds of EL elements that
correspond to RGB is used. Only one pixel is shown in
Fig. 21. In fact, pixels, each having the same structure,
are formed to correspond to each color of red, green, and
blue, and thereby color display can be performed. The
present invention can be performed regardless of the lu-
minescence method.

[0202] A cathode 852 of the EL element is disposed
on the EL layer 851. A material that includes magnesium
(Mg), lithium (Li) or calcium (Ca) that is small in work
function is used as the cathode 852. Preferably, use is
made of an electrode made of MgAg (material in which
Mg and Ag are mixed inthe ratioof Mg:Ag=10:1). Instead,
a MgAgAl electrode, a LiAl electrode, or LiFAI electrode
can be used.

[0203] The EL element 8206 is formed by the pixel
electrode (anode) 849, the EL layer 851 and the cathode
852.

[0204] Itis necessary to form alaminate structure com-
prised of the EL layer 851 and the cathode 852 by each
pixel individually. However, the EL layer 851 is quite weak
to water, and a normal photolithography technique can-
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not be used. Therefore, it is preferable to use a physical
mask material, such as metal mask, and selectively form
it according to a vapor phase method, such as a vacuum
deposition method, a sputtering method, or a plasma
CVD method.

[0205] It is also possible to use an ink jet method, a
screen printing method, spin coating method, and the
like, as the method of selectively forming the EL layer.
However, these methods cannot continuously form the
cathode in the current state of the art, and it can be said
that the method described above, not the ink jet method,
etc., is desirable.

[0206] Reference numeral 853 is a protective elec-
trode. This is to protect the cathode 852 from outside
water, etc., and, at the same time, connect the cathode
852 of each pixel. For the protective electrode 853, it is
preferable to use a low-resistance material including alu-
minum (A1), copper (Cu), or silver (Ag). A cooling effect
to lower the heat of the EL layer can be expected from
the protective electrode 853.

[0207] Reference numeral 854 is a second passivation
film, and, preferably, the film thickness thereof is 10 nm-
1 wm (200-500 nm preferably). A main purpose to dis-
pose the second passivation film 854 is to protect the EL
layer 851 from water. Itis also effective to give it a cooling
effect. However, the EL layer is weak to heat as men-
tioned above, and film formation should be performed at
a low temperature (ranging from a room temperature to
120°C preferably). Therefore, it can be said that a desir-
able film formation method is the plasma CVD method,
sputtering method, vacuum deposition method, ion plat-
ing method, or solution application method (spin coating
method).

[0208] Needless to say, all the TFTs shown in Fig. 21
have the poly-silicon films used in the present invention
as active layers.

[0209] The presentinvention is not limited to the struc-
ture of the EL display device of Fig. 21. The structure of
Fig. 21 is only one of the preferable form for operating
the present invention.

[0210] The structure which is shown in this embodi-
ment can be freely combined with Embodiment 1 or Em-
bodiment 2.

[Embodiment 5]

[0211] An embodiment of the present invention will be
described a method of simultaneously manufacturing
TFTs of a pixel portion and a driver circuit portion around
the pixel portion. Concerning the driver circuit, a CMOS
circuit that is a base unitis shown in the figure, for a brief
description.

[0212] First, a substrate 501 in which a base film (not
shown) is disposed on the surface thereof is prepared
as shown in Fig. 8A. In this embodiment, a silicon nitride
oxide film whose thickness is 200 nm and another silicon
nitride oxide film whose thickness is 100 nm are laminat-
ed and are used as a base film on a crystallized glass.
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At this time, preferably, the concentration of nitrogen of
the film contacting the crystallized glass substrate is kept
to 10-25wt%. It is possible to form an element directly on
the quartz substrate without any base film, of course.
[0213] Thereafter, an amorphous silicon film 502
whose thickness is 45 nm is formed on the substrate 501
by a well-known film formation method. There is no need
to limit it to the amorphous silicon film. Instead, a semi-
conductor film (including a micro-crystal semiconductor
film) that has an amorphous structure can be used in this
embodiment. A compound semiconductor film that has
an amorphous structure, such as an amorphous silicon
germanium film, also can be used herein.

[0214] Concerning the steps from here to Fig. 8C, itis
possible to completely cite Japanese Laid-open Patent
Publication No. 10-247735 filed by the present applicant.
This publication discloses a technique concerning a
method of crystallizing a semiconductor film, which uses
an element, such as Ni, as a catalyst.

[0215] First, a protective film 504 that has openings
503a and 503b is formed. A silicon oxide film 150 nm
thickis usedin this embodiment. A layer 505 that contains
nickel (Ni) is formed on the protective film 504 by a spin
coating method. Concerning the formation of the Ni con-
taining layer, reference can be made to the above pub-
lication.

[0216] Thereafter, as shown in Fig. 8B, heating
processing at 570°C for 14 hours is performed in an inert
atmosphere, and the amorphous silicon film 502 is crys-
tallized. At this time, crystallization progresses schemat-
ically in parallel with the substrate, starting from regions
506a and 506b (hereinafter, designated as Ni addition
region) with which Ni is in contact. As a result, a polysil-
icon film 507 is formed that has a crystal structure in
which rod-like crystals gather and form lines.

[0217] Thereafter, as shown in Fig. 8C, an element
(phosphorus preferably) that belongs to 15-group is add-
ed to the Ni addition regions 506a and 506b, while leaving
the protective film 504 as a mask. Regions 508a and
508b (hereinafter, designated as phosphorus addition re-
gion) to which phosphorus was added at high concen-
tration are thus formed.

[0218] Thereafter, heat processing at 600 °C for 12
hours is performed in an inert atmosphere as shown in
Fig. 8C. Ni existing in the polysilicon film 507 is moved
by this heat processing, and almost all of them are finally
captured by the phosphorus addition regions 508a and
508b as shown by the arrow. It is thought that this is a
phenomenon caused by the gettering effect of a metallic
element (Ni in this embodiment) by phosphorus.

[0219] By this process, the concentration of Ni remain-
ing in the polysilicon film 509 is reduced to at least 2 x
1017 atoms/cm3 according to the measurement value by
SIMS (secondary ion-mass spectrography). Although Ni
is a lifetime killer for a semiconductor, no adverse influ-
ence is given to the TFT characteristic when it is de-
creased to this extent. Additionally, since this concentra-
tion is the measurement limit of the SIMS analysis in the
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current state of the art, it will show an even lower con-
centration (less than 2 x 1017atoms/cm3) in practice.
[0220] The polysilicon film 509 can be thus obtained
that is crystallized by a catalyst and is decreased to the
level in which the catalyst does not obstruct the operation
of a TFT. Thereafter, active layers 510-513 that use the
polysilicon film 509 only are formed by a patterning proc-
ess. At this time, a marker to conduct mask alignment in
the following patterning should be formed by using the
above polysilicon film. (Fig. 8D)

[0221] Thereafter, a silicon nitride oxide film 50 nm
thick is formed by the plasma CVD method as shown in
Fig. 8E, heating processing at 950 °C for 1 hour is then
performed in an oxidation atmosphere, and a thermal
oxidation process is performed. The oxidation atmos-
phere can be an oxygen atmosphere or another oxygen
atmosphere in which halogen is added.

[0222] In this thermal oxidation process, the oxidation
progresses in the interface between the active layer and
the silicon nitride oxide film, and a polysilicon film whose
thickness is about 15 nm is oxidized, so that a silicon
oxide film whose thickness is about 30 nm is formed.
That s, a gate insulating film 514 of a thickness of 80 nm
is formed in which the silicon oxide film 30 nm thick and
the silicon nitride oxide film 50 nm thick are laminated.
The film thickness of the active layers 510-513 is made
30 nm by the thermal oxidation process.

[0223] Thereafter, as shown in Fig. 9A, a resist mask
515isformed, and animpurity element (hereinafter, des-
ignated as p-type impurity element) that gives the p-type
through the medium of the gate insulating film 514 is add-
ed to active layers 511 to 513. As the p-type impurity
element, an element that belongs to 13-group represent-
atively, boron or gallium typically, can be used. This
(called a channel dope process) is a process for control-
ling the threshold voltage of a TFT.

[0224] In this embodiment, boron is added by the ion
dope method in which plasma excitation is performed
without the mass separation of diborane (B,Hg). The ion
implantation method that performs the mass separation
can be used, of course. According to this process, impu-
rity regions 516 to 518 are formed that include boron at
the concentration of 1 x 1015 to 1 x 108 atoms/cm3 (5 x
1016 to 5 x 1017 atoms/cm3 representatively).

[0225] Thereafter, resist masks 519a and 519b are
formed as shown in Fig. 9B, and an impurity element
(hereinafter, designated as n-type impurity element) that
gives the n-type through the medium of the gate insulat-
ing film 514 is added. As the n-type impurity element, an
elementthat belongs to 15-group representatively, phos-
phorus or arsenic typically, can be used. In this embod-
iment, a plasma doping method in which plasma excita-
tion is performed without the mass separation of phos-
phine (PH3;) is used. Phosphorus is added in the concen-
tration of 1 x 1018 atoms/cm3. The ion implantation meth-
od that performs mass separation can be used, of course.
[0226] A dose amount is adjusted so that the n-type
impurity elementis included inthe n-type impurity regions
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520, 521 formed by this process at the concentration of
2x1016-5x 1019 atoms/cm3 (5x 1017-5x 1018 atoms/cm3
representatively).

[0227] Thereafter, a process is performed for activat-
ing the added n-type impurity element and the added p-
type impurity element as shown in Fig. 9C. There is no
need to limit the activation means, but, since the gate
insulating film 514 is disposed, the furnace annealing
process that uses an electro-thermal furnace is desirable.
Additionally, it is preferable to perform heat processing
at a temperature as high as possible because there is a
possibility of having damaged the interface between the
active layer and the gate insulating film of a part that is
a channel formation region in the process of Fig. 9A.
[0228] Since the crystallized glass with high heat re-
sistance is used in this embodiment, the activating proc-
ess is performed by the furnace annealing processing at
800 °C for 1 hour. The thermal oxidation can be per-
formed keeping a processing atmosphere in an oxidizing
atmosphere, or the heat processing can be performed in
an inert atmosphere.

[0229] This process clarifies the edge of the n-type im-
purity regions 520, 521, namely, the boundary (junction)
between the n-type impurity regions 520, 521 and the
region (p-type impurity region formed by the process of
Fig. 9A) around the n-type impurity regions 520, 521,
where the n-type impurity element is not added. This
means that the LDD region and the channel formation
region can form an excellent junction when a TFT is later
completed.

[0230] Thereafter, a conductive film 200-400 nm thick
is formed, and patterning is performed, so that gate elec-
trodes 522-525 are formed. According to the width of
gate electrodes 522 to 525, the channel length of each
TFTs are decided.

[0231] The gate electrode can be made of a conductive
film of a single-layer preferably, a lamination film, such
as two-layer or three-layer film, is used when necessary.
Specifically, use can be made of a film of an element
selected from the group of consisting of aluminum (Al),
tantalum (Ta), titanium (Ti), molybdenum (Mo), tungsten
(W), chrome (Cr), and silicon (Si); a film of a nitride of
the aforementioned elements (tantalum nitride film, tung-
sten nitride film, or titanium nitride film representatively);
an alloy film of a combination of the aforementioned el-
ements (Mo-W alloy or Mo-Ta alloy representatively); or,
a silicide film of the aforementioned elements (tungsten
silicide film or titanium silicide film representatively). They
can have a single-layer structure or a lamination-layer
structure, of course.

[0232] In this embodiment, a lamination film is used
that is made of a tungsten nitride (WN) film 50 nm thick
and a tungsten (W) film 350 nm thick. This can be formed
by the sputtering method. By adding an inert gas, such
as Xe or Ne, as a spattering gas, the film can be prevented
from peeling off because of stress.

[0233] At this time, the gate electrodes 523, 525 are
formed to overlap with part of the n-type impurity regions
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520, 521, respectively, with the gate insulating film 514
therebetween. The overlapping partis latermade an LDD
region overlapping with the gate electrode. According to
the sectional view of the figure, the gate electrodes 524a
and 524b are seen as separate, in fact, they are connect-
ed electrically to each other.

[0234] Thereafter, with the gate electrodes 522-525 as
masks, an n-type impurity element (phosphorus in this
embodiment) is added self-adjustably, as shown in Fig.
10A. At this time, an adjustment is performed so that
phosphorus is added to the thus formed impurity regions
527-533 at the concentration of ¥2-1/10 (1/3-1/4 repre-
sentatively) of that of the n-type impurity regions 520,
521. Preferably, the concentration is 1 x 1016-5 x 1018
atoms/cm3 (3 x 1017-3 x 1018 atoms/cm3 typically).
[0235] Thereafter, as shown in Fig. 10B, resist masks
534a-534d are formed to cover the gate electrode, an n-
type impurity element (phosphorus in this embodiment)
is then added, and impurity regions 535-541 including a
high concentration of phosphorus are formed. The ion
dope method using phosphine (PH;) is applied also here-
in, and an adjustment is performed in order that the con-
centration of phosphorus in these regions is 1 x 1020-1
x 1021 atoms/cm3 (2 x 1020-5 x 1020 atoms/cm3 repre-
sentatively).

[0236] A source region or a drain region of the n-chan-
nel type TFT is formed through this process, and the
switching TFT leaves a part of the n-type impurity regions
530-532formed in the process of Fig. 10A. The leftregion
corresponds to the LDD regions of the switching TFT.
[0237] Thereafter, as shown in Fig. 10C, the resist
masks 534a-534d are removed, and a resist mask 543
is newly formed. A p-type impurity element (boron in this
embodiment) is then added, and impurity regions 544,
545 including a high concentration of boron are formed.
Herein, according to the ion dope method using diborane
(B,oHg), boron is added to obtain a concentration of 3 x
1020-3 x 102" atoms/cm3 (5 x 1020-1 x 102" atoms/cm3
representatively).

[0238] Phosphorus has been already added to the im-
purity regions 544, 545 at a concentration of 1 x 1020-1
x 1021 atoms/cm3. Boron added herein has at least three
times as high concentration as the added phosphorus.
Therefore, the impurity region of the n-type formed be-
forehand is completely changed into that of the p-type,
and functions as an impurity region of the p-type.
[0239] Thereafter, as shown in Fig. 10D, the resist
mask 543 isremoved, and then afirstinterlayer insulating
film 546 is formed. As the first interlayer insulating film
546, an insulating film that includes silicon is used in the
form of a single-layer structure or a laminate structure as
a combination thereof. The film thickness thereof can be
400 nm-1.5 pm. In this embodiment, a structure is cre-
ated in which an 800 nm-thick silicon oxide film is stacked
on a 200 nm-thick silicon nitride oxide film.

[0240] Thereafter, the n-type or p-type impurity ele-
ment added at each concentration is activated. The fur-
nace annealing method is desirable as an activation
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means. In this embodiment, heat treatment is performed
at 550°C for 4 hours in a nitrogen atmosphere in an elec-
tro-thermal furnace.

[0241] Heat treatment is further performed at
300-450°C for 1-12 hours in an atmosphere that includes
hydrogen of 3-100% for hydrogenation. This is a process
to hydrogen-terminate an unpaired connector of a sem-
iconductor film by thermally excited hydrogen. As another
means for hydrogenation, plasma hydrogenation (hydro-
gen excited by plasma is used) can be performed.
[0242] Hydrogenation can be performed during the for-
mation of the first interlayer insulating film 546. In more
detail, the 200 nm-thick silicon nitride oxide film is formed,
and hydrogenation is performed as mentioned above,
and thereafter the remaining 800 nm-thick silicon oxide
film can be formed.

[0243] Thereafter, as shown in Fig.11A, contact holes
are made in the first interlayer insulating film 546, and
source wiring lines 547-550 and drain wiring lines
551-553 are formed. In this embodiment, this electrode
is formed with a lamination film of a three-layer structure
in which a 100 nm-thick Ti film, a 300 nm-thick aluminum
film that includes Ti, and a 150 nm-thick Ti film are con-
tinuously formed according to the sputtering method.
Other conductive films can be used, of course.

[0244] Thereafter, afirst passivation film 554 is formed
to be 50-500 nm thick (200-300 nm thick representative-
ly). In this embodiment, a 300 nm-thick silicon nitride ox-
ide film is used as the first passivation film 554. A silicon
nitride film can be substituted for this.

[0245] At this time, it is effective to perform plasma
treatment by the use of gas that includes hydrogen, such
as H, or NHj, prior to the formation of the silicon nitride
oxide film. Hydrogen excited by this pre-process is sup-
plied to thefirstinterlayerinsulating film 546, and, through
heat treatment, the film quality of the first passivation film
554 is improved. At the same time, since hydrogen that
is added to the first interlayer insulating film 546 diffuses
onto the lower side, the active layer can be effectively
hydrogenated.

[0246] Thereafter, as shown in Fig. 11B, a second in-
terlayer insulating film 555 made of organic resin is
formed. Polyimide, acrylic fiber, or BCB (benzocy-
clobutene) can be used as the organic resin. Especially,
since the second interlayer insulating film 555 is required
to flatten the level differences formed by TFTs, an acrylic
film excellent in smoothness is desirable. An acrylic film
is formed to be 2.5 um thick in this embodiment.

[0247] Thereafter, contact holes that reach the drain
wiring line 553 are made in the second interlayer insu-
lating film 555 and the first passivation film 553, and a
protective electrode 556 is formed. A conductive film
which is made of almost aluminum can be used as pro-
tective electrode 556. A protective electrode 556 can be
made by vacuum deposition method.

[0248] Thereafter, aninsulating film (a silicon oxide film
in this embodiment) that includes silicon is formed to be
500 nm thick, an opening is then formed at the position
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corresponding to the pixel electrode, and a third interlayer
insulating film 557 is formed. It is possible to easily form
a tapered sidewall by using the wet etching method when
the opening is formed. If the sidewall of the opening does
not have a sufficiently gentle slope, deterioration of the
EL layer caused by level differences will lead to an im-
portant problem.

[0249] Thereafter, a cathode (MgAg electrode) 558 is
continuously formed by the vacuum deposition method.
Preferably, the thickness of the cathode 558 is 180-300
nm (200-250 nm typically).

[0250] Next, an EL layer 559 is made without air ex-
posure by the vacuum deposition method. The film thick-
ness of the EL layer 559 is 800-200 nm (100-120 nm
typically), and that of the pixel electrode (anode) 560 can
be 110 nm.

[0251] Inthis process, an EL layerand a pixel electrode
(anode) are sequentially formed for a pixel corresponding
to red, a pixel corresponding to green, and a pixel corre-
sponding to blue. However, since the EL layer is poor in
tolerance to solutions, they must be independently
formed for each color without using the photolithography
technique. Thus, itis preferable to conceal pixels except
a desired one by the use of the metal mask, and selec-
tively form an EL layer and a pixel electrode (anode) for
the desired pixel.

[0252] In detail, a mask is first set for concealing all
pixels except a pixel corresponding to red, and an EL
layer and a pixel electrode (anode) of red luminescence
are selectively formed by the mask. Thereafter, a mask
is set for concealing all pixels except a pixel correspond-
ing to green, and an EL layer and pixel electrode (anode)
of green luminescence are selectively formed by the
mask. Thereafter, as above, a mask is set for concealing
all pixels except a pixel corresponding to blue, and an
EL layer and a pixel electrode (anode) of blue lumines-
cence are selectively formed by the mask. In this case,
the different masks are used for the respective colors.
Instead, the same mask may be used for them. Prefer-
ably, processing is performed without breaking the vac-
uum until the EL layer and the pixel electrode (anode)
are formed for all the pixels. Preferably, it is continuously
formed without air exposure after the EL layer and the
pixel electrode (anode) are formed.

[0253] A known material can be used for the EL layer
559. Preferably, as a known materials, that is an organic
material in consideration of driving voltage. For example,
the EL layer can be formed with a four-layer structure
consisting of a positive hole injection layer, a positive
hole transporting layer, a luminescent layer, and an elec-
tronic injection layer. Further, as the EL element of pixel
electrode (cathode) 560, indium oxide and tin oxide (ITO)
film is formed. A transparent conductive layer which is
mixed zinc oxide (ZnO) of 2-20% can be used to indium
oxide. Other known material can be used.

[0254] Lastly, the second passivation film 561 made
of silicon nitride film is formed 300 nm thick.

[0255] An EL display device constructed as shown in
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Fig. 11C is completed. In practice, preferably, the device
is packaged (sealed) by a highly airtight protective film
(laminate film, ultraviolet cured resin film, etc.) or a hous-
ing material such as a ceramic sealing can, in order not
to be exposed to the air when completed as shown in
Fig. 11C. In that situation, the reliability (life) of the EL
layer is improved by making the inside of the housing
material an inert atmosphere or by placing a hygroscopic
material (for example, barium oxide) therein.

[0256] After airtightness is improved by, for example,
packaging, a connector (flexible print circuit: FPC) for
connecting a terminal drawn from the element or circuit
formed on the substrate to an external signal terminal is
attached, and a product is completed. In this specifica-
tion, the EL display device, thus wholly prepared for mar-
ket, is called EL module.

[0257] The structure shown in this embodiment can be
freely combined with embodiment 1 or embodiment 2.

[Embodiment 6]

[0258] In Embodiment 6, a structure of the EL display
will be explained by using a perspective view of Fig. 12.
[0259] The EL display according to Embodiment 6
formed on a glass substrate 3201 comprises a pixel por-
tion 3202, a gate signal side driver circuit 3203, a source
signal side driver circuit 3204. The switching TFT 3205
of the pixel portion 3202 is an n-channel type TFT and
is arranged on a cross point of the gate signal line 3206
connected to the gate signal side driver circuit 3203 and
of the source signal line 3207 connected to the source
signal side driver circuit 3204. Furthermore, the drain re-
gion of the switching TFT 3205 is connected to the gate
of the EL driving TFT 3208.

[0260] Furthermore, the source region of the EL driving
TFT 3208 is connected to the power source supply line
3209. Furthermore, a capacitor 3216 connected to the
gate region of the EL driving TFT 3208 and the power
source supply line 3209 is provided. In Embodiment 6,
the power source potential is applied to the power source
supply line 3209. In addition, the opposite electrode (the
cathode in Embodiment 6) of the EL element 3211 is held
at this stationary potential (0 V in Embodiment 6).
[0261] Then, on an FPC 3212 which serves as an ex-
ternal input and output terminal, input and output wirings
(connection wirings) 3213, 3214 for transmitting a signal
to a driver circuit and an input and output wiring 3215
connected to the power source supply line 3209, are pro-
vided.

[0262] Furthermore, the EL module according to Em-
bodiment 6 including a housing material will be explained
by using Figs. 13A and 13B. Note that, depending upon
the need, reference numeral used in Fig. 12 will be cited.
[0263] On the glass substrate 3201, a pixel portion
3202, a gate signal side driver circuit 3203 and a source
signal side driver circuit 3204 are formed. Each kind of
wiring from respective driver circuits is extended to the
FPC 3212 via the input and output wirings 3213 to 3215
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and is connected to the external device.

[0264] At this time, the housing material 3304 is pro-
vided in such a manner at least that the pixel portion
3202, preferably the driver circuits 3203 and 3204 and
the pixel portion 3302 are surrounded by the housing
material 3304. Note that, the housing material 3304 has
a configuration having a recessed portion with an inner
diameter larger than the external diameter of the EL el-
ement or a sheet configuration, so that the housing ma-
terial is fixed on the glass substrate 3201 by an adhesive
3305, in such a manner that a closed space is formed in
cooperation with the glass substrate 3201. At this time,
the EL element is being closed in the closed space to be
completely shielded from the external atmosphere. Note
that, the housing materials 3304 may be provided in plu-
rality.

[0265] Furthermore, the material quality of the housing
material 3304 is preferably an insulation material such
as glass, polymer or the like. For example, non-crystal
glass (borosilicate glass, quartz or the like), crystalline
glass, ceramic glass, organic resin (acrylic resin, styrene
resin, polycarbonate resin, epoxy resin or the like) and
silicone resin can be given. Furthermore, ceramics may
be used. Furthermore, when the adhesive 3305 is an
insulation material, a metal material such as stainless
alloy or the like can be used as well.

[0266] Furthermore, bonding agents epoxy resin, acr-
ylate resin or the like can be used as the material quality
of the adhesive 3305. Furthermore, it is possible to use
thermosetting resin, and light-setting resin as the bonding
agent. However, itis required that the material is of quality
which does not permeate oxygen or water as much as
possible.

[0267] Furthermore, it is desired that a gap 3306 be-
tween the housing material 3304 and the glass substrate
3201 is filled with inert gas (argon, helium, nitrogen or
the like). Besides, it is also possible to use inert liquid
(liquid carbon fluoride or the like represented by perfluor-
oalkane) in addition to gas. With respect to inert liquid,
the material used in Japanese Patent Application Laid-
open No. 8-78519 may be used.

[0268] Furthermore, it is also effective to provide a dry
agent in the gap 3306. As the dry agent, a material de-
scribed in Japanese Patent Application Laid-open No.
9-148006 can be used. Generally, barium oxide is used.
[0269] Note that, as shownin Fig.13B, on the pixel por-
tion, a plurality of pixels are provided which have individ-
ually isolated EL element. These pixels have all protec-
tion electrodes 3307 as common electrodes. In Embod-
iment 6, it is described that preferably the EL layer, the
cathode (an MgAg electrode) and the protection elec-
trode are continuously formed without air release.
Though the EL layer and the cathode are formed of the
same mask material, only the protection electrode may
be formed of a different mask material.

[0270] Atthistime, the EL layer and the cathode needs
to be provided only on the pixel portion. It is not required
that the EL layer and the cathode are provided on the
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driver circuit. Needless to say, no problem arises when
the EL layer and the cathode are provided on the driver
circuit. When it is considered that the EL layer includes
alkaline metal, preferably the EL layer and the cathode
are not provided on the driver circuit.

[0271] Note that, the protection electrode 3307 is con-
nected to the input and output wiring 3310 via a connec-
tion wiring 3309 formed of the same material as the pixel
electrode in the region shown by reference numeral
3308. The input and output wiring 3310 is a power source
supply line for applying a power source potential to the
protection electrode 3307, and is connected to the FPC
3212 via the conductive paste material 3311.

[0272] The structure shown in Embodiment 6 can be
put into effect in a free combination with Embodiment 1.

[Embodiment 7]

[0273] In Embodiment 7, there will be explained a
structure of a pixel of an EL display according to the
present invention.

[0274] On the pixel portion of the EL display according
to the present invention, a plurality of pixels are arranged
in a matrix-like configuration. Fig. 17A shows an example
of a circuit diagram of the pixel. In the pixel 1000, a switch-
ing TFT 1001 is provided in Fig. 17A. Note that, in the
present invention, as a switching TFT 1001, either an n-
channel type TFT or a p-channel type TFT may be used.
InFig. 17A, the n-channel type TFT is used as the switch-
ing TFT 1001. The gate electrode of the switching TFT
1001 is connected to the gate signal line 1002 for input-
ting a gate signal. One of the source region and the drain
region of the switching TFT 1001 is connected to the data
signal line (also referred to as source signal line) 1003
forinputting either an analog or a digital video signal while
the other is connected to the gate electrode of the EL
driving TFT 1004.

[0275] One of the source region and the drain region
of the EL driving TFT 1004 is connected to the power
source supply line 1005 while the other is connected to
the EL element 1006.

[0276] The EL element 1006 comprises an anode, a
cathode an EL layer provided between the anode and
the cathode. Note that, according to the present inven-
tion, in the case where the anode is a pixel electrode and
the cathode is an opposite electrode, either the source
region or the drain region of the EL driving TFT 1004 is
connected to the anode of the EL element 1006. On the
contrary, in the case where the anode is the opposite
electrode and the cathode is the pixel electrode, either
the source region or the drain region of the EL driving
TFT is connected to the cathode of the EL element 1006.
Note that, as the EL driving TFT 1004, either n-channel
type TFT or p-channel type TFT may be used. However,
in the case where the anode of the EL element 1006 is
the pixel electrode and the cathode is the opposite elec-
trode, it is preferable that the EL driving TFT 1004 is the
p-channel type TFT. Furthermore, on the contrary, in the
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case where the anode of the EL element 1006 is the
opposite electrode, and the cathode is the pixel elec-
trode, it is preferable that the EL driving TFT 1004 is an
n-channel type TFT. In Fig. 17A, the p-channel type TFT
is used as the EL driving TFT 1004. The cathode of the
EL element 1006 is connected to the stationary power
source 1007.

[0277] Furthermore, an LDD region may be provided
in the active layer of the EL driving TFT 1004, and a
region (an Lov region) may be formed wherein the LDD
region and the gate electrode are overlapped via the gate
insulating film. In the case where the EL driving TFT 1004
is particularly the n-channel type TFT, the Lov region is
formed on the side of the drain region of the active layer,
with the result that the on current can be increased, and
a capacity can be further formed between the gate elec-
trode of the EL driving TFT 1004 and the Lov region.
[0278] Furthermore, in the case where the switching
TFT 1001 is set in the non-selection state (off state), a
capacitor may be provided to hold the gate voltage of the
EL driving TFT 1004. In the case where the capacitor is
provided, the capacitor is connected between the side of
the source region or the drain region of the switching TFT
1001 which is not connected to the source signal line,
and the power supply line 1005. In a circuit diagram
shown in Fig. 17A, the power source supply line 1005 is
arranged in parallel with the source signal line 1003.
[0279] In order to use the Lov region of the EL driving
TFT as a capacitor for holding the gate voltage of the EL
driving TFT 1004, a capacity value of about 19.8 fF is
required in the case where the pixel size is 22 pm X 22
wm, the thickness of the gate insulating film is 800 A and
the relative dielectric constant of the gate insulating film
is 4.1. Consequently, as the area of the Lov region (an
area in which the LDD region and the gate electrode are
overlapped via the gate insulating film), an area of about
66 wm?2 is required.

[0280] Note that, in the circuit diagram shown in Fig.
17A, either the switching TFT 1001 or the EL driving TFT
1004 may be formed into a multi-gate structure (a struc-
ture including an active layer having two or more channel
formation regions connected in series). Fig. 18A shows
a circuit diagram of a pixel in which the switching TFT
1001 of the pixel shown in Fig. 17A is formed into a multi-
gate structure.

[0281] Theswitching TFT 1001aand the switching TFT
1001b are connected in series to be provided in Fig. 18A.
Except for the switching TFT 1001a and the switching
TFT 1001b, the structure is the same as the circuit dia-
gram shown in Fig. 17A. By forming the switching TFT
into a multi-gate structure (a structure including an active
layer having two or more channel formation regions con-
nected in series), the off current can be decreased. Note
that, in Fig. 18A a double-gate structure is adopted. How-
ever, Embodiment 7 is not restricted to the double-gate.
Any multi-gate structure may be used.

[0282] Besides, though not shown, in the case where
the EL driving TFT is formed into a multi-gate structure,
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the deterioration of the EL driving TFT by heat can be
suppressed.

[0283] Next, Fig. 17B shows another example of the
circuit diagram of the pixel according to the present in-
vention. In Fig. 17B, the switching TFT 1101 is provided
in the pixel 1100. Note that, in the present invention, ei-
ther the n-channel type TFT or the p-channel type TFT
may be used as the switching TFT 1101. In Fig. 17B, the
n-channel type TFT is used as the switching TFT 1101.
The gate electrode of the switching TFT 1101 is connect-
ed tothe gate signal line 1102 for inputting the gate signal.
One of the source region and the drain region of the
switching TFT 1101 is connected to the digital data signal
line (also referred to as a source signal line) 1103 for
inputting either an analog or a digital video signal while
the other is connected to the gate electrode of the EL
driving TFT 1104.

[0284] Then, one of the source region and the drain
region of the EL driving TFT 1104 is connected to the
power source supply line 1105 while the other is con-
nected to the EL element 1106.

[0285] The EL element 1106 comprises an anode, a
cathode and an EL layer provided between the positive
layer and the negative layer. Note that, in the present
invention, in the case where the anode is the pixel elec-
trode and the cathode is the opposite electrode, either
the source region or the drain region of the EL driving
TFT 1104 is connected to the anode of the EL element
1106. On the contrary, in the case where the anode is
the opposite electrode and the cathode is the pixel elec-
trode, either the source region or the drain region of the
EL driving TFT 1104 is connected to the cathode of the
EL element 1106. Note that, as the EL driving TFT 1104,
either the n-channel type TFT or the p-channel type TFT
may be used. However, in the case where the anode of
the EL element 1106 is the pixel electrode and the cath-
ode thereof is the opposite electrode, it is preferable that
the EL driving TFT 1104 is the p-channel type TFT. Fur-
thermore, on the contrary, in the case where the anode
of the EL element 1106 is the opposite electrode and the
cathode thereof is the pixel electrode, it is preferable that
the EL driving TFT 1104 is the n-channel type TFT. In
Fig. 17B, the p-channel type TFT is used in the EL driving
TFT 1104. The cathode of the EL element 1106 is con-
nected to the stationary power source 1107.

[0286] Besides, the LDD region is provided in the ac-
tive layer of the EL driving TFT 1104 so that a region (Lov
region) may be formed wherein the LDD region and the
gate electrode are overlapped via the gate insulating film.
In the case where the EL driving TFT 1104 is particularly
the n-channel type TFT, the on current can be increased
by forming the Lov region on the side of the drain region
in the active layer. Furthermore, a capacity may be
formed between the gate electrode of the EL driving TFT
1104 and the Lov region.

[0287] Furthermore, when the switching TFT 1101 is
set in the non-selection state (off state), a capacitor may
be provided to hold the gate voltage of the EL driving
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TFT 1104. In the case where the capacitor is provided,
the capacitoris connected between the side of the source
region or the drain region of the switching TFT 1101 which
is not connected to the source signal line, and the power
source supply line 1105. In the circuit diagram shown in
Fig. 17B, the power source supply line 1105 and the gate
signal line 1102 are arranged in parallel.

[0288] Note that, in the circuit diagram shown in Fig.
17B, either the switching TFT 1101 or the EL driving TFT
1104 may be formed into a multi-gate structure. Fig. 18B
shows a circuit diagram of a pixel in which the switching
TFT 1101 of the pixel shown in Fig. 17B is formed into a
multi-gate structure.

[0289] Theswitching TFT 1101aand the switching TFT
1101b are connected in series and provided. Except for
the switching TFTs 1101a and 1101b, the structure is the
same as the circuit diagram shown in Fig. 17B. The off
current can be lowered by forming the switching TFT into
the multi-gate structure. Note that, a double-gate struc-
ture is provided in Figs. 18A and 18B. However, the em-
bodiment is not restricted to the double-gate structure.
Any multi-gate structure may be used.

[0290] Besides, though not shown, in the case where
the EL driving TFT is formed in a multi-gate structure,
the deterioration of the EL driving TFT by heat can be
suppressed.

[0291] Next, Fig. 19A shows another example of a cir-
cuit diagram of a pixel according to the present invention.
In Fig. 19A, the pixel 1200 and the pixel 1210 are provided
adjacent to each other. In Fig. 19A, reference numerals
1201 and 1211 denote switching TFTs. Note that, in the
present invention, as switching TFTs 1201 and 1211 ei-
ther the n-channel type TFT or the p-channel type TFT
may be used. In Fig. 19A, the n-channel type TFT is used
in the switching TFT 1201 and the switching TFT 1211.
The gate electrodes of the switching TFTs 1201 and 1211
are connected to the gate signal line 1202 for inputting
the gate signal. One of the source region and the drain
region of the switching TFTs is connected to the data
signal line (hereinafter referred to as a source signal line)
for inputting an analog 1203 or a digital video signal 1204
while the other is connected to the gate electrodes of the
EL driving TFTs 1204 and 1214, respectively.

[0292] Then, one of the source region and the drain
region ofthe EL driving TFTs 1204 and 1214 is connected
to the power source supply line 1220 while the other is
connected to the EL elements 1205 and 1215, respec-
tively. In this manner, in Embodiment 7, two adjacent
pixels share one power source supply line 1220. As a
consequence, as compared with the structure shown in
Fig. 17A to Fig. 18B, the number of the power source
supply lines can be decreased. When the ratio of the
wiring with respect to the whole pixel portion is small, the
light shielding by the wiring can be suppressed in the
case where the wiring is provided in a direction of the
light emission of the EL layer.

[0293] The EL elements 1205 and 1215 comprise an
anode, a cathode, and an EL layer provided between the
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anode and the cathode respectively. Note that, according
to the present invention, in the case where the anode is
the pixel electrode and the cathode is the opposite elec-
trode, either the source region or the drain region of the
EL driving TFTs 1204 and the 1214 is connected to the
anodes of the EL elements 1205 and 1215. On the con-
trary, in the case where the anode is the opposite elec-
trode and the cathode is the pixel electrode, either the
source region or the drain region of the EL driving TFTs
1204 and 1214 is connected to the cathodes of the EL
elements 1205 and 1215. Note that, as the EL driving
TFTs 1204 and 1214, either the n-channel type TFT or
the p-channel type TFT may be used. However, in the
case where the anodes of the EL elements 1205 and
1215 are pixel electrodes while the cathodes thereof are
opposite electrodes, it is preferable that the EL driving
TFTs 1204 and 1214 are the p-channel type TFTs. Be-
sides, on the contrary, in the case where the anodes of
the EL elements 1205 and 1215 are the opposite elec-
trodes and the cathodes thereof are the pixel electrodes,
preferably the EL driving TFTs 1204 and 1214 are n-
channel type TFTs. In Fig. 19A, as the EL driving TFTs
1204 and 1214, the p-channel type TFTs are used. The
cathodes of the EL elements 1205 and 1215 are con-
nected to the stationary power sources 1206 and 1216.
[0294] Furthermore, an LDD region is provided in the
active layers of the EL driving TFTs 1204 and 1214 with
the result that a region (a Lov region) may be formed
wherein the LDD region and the gate electrode overlaps
via the gate insulating film. In the case where the EL
driving TFT 1204 is particularly the n-channel type TFT,
the on current can be increased by forming the Lov region
on the side of the drain region of the active layer with the
result that the capacity can be formed between the gate
electrode of the EL driving TFT 1204 and the Lov region.
[0295] Furthermore, when the switching TFT 1201 and
1211 are set in the non-selection state (off state), a ca-
pacitor may be provided for holding the gate voltage of
the EL driving TFTs 1204 and 1214. In the case where
the capacitor is provided, the capacitor may be connect-
ed between the side of the drain region or the source
region which is not connected to the source signal line
and the power source supply line 1220.

[0296] Notethat,ina circuitdiagram showninFig. 19A,
the switching TFT 1201 and 1211, or the EL driving TFT
1204 and 1214 may be formed into a multi-gate structure.
Fig. 20A shows a circuit diagram of a pixel in which the
switching TFTs 1201 and 1211 are formed into the multi-
gate structure of a pixel shown in Fig. 19A.

[0297] The switching TFT 1201aandthe switching TFT
1201b are connected in series to be provided. Further-
more, the switching TFT 1211a and the switching TFT
1211b are connected in series to be provided. Except for
the switching TFTs 1201a and 1201b, and the switching
TFTs 1211a and 1211b, the structure is the same as the
circuit diagram shown in Fig. 19A. The off current can be
lowered by forming the switching TFT into a multi-gate
structure. Note that, in Fig. 20A, a double-gate structure
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is adopted, but Embodiment 7 is not limited to the double-
gate structure. Any multi-gate structure may be used.
[0298] Besides, though not shown, in the case where
the EL driving TFT is formed into a multi-gate structure,
the deterioration of the EL driving TFT by heat can be
suppressed.

[0299] Next, Fig. 19B shows another example of a cir-
cuit diagram of a pixel according to the present invention.
In Fig. 19B, the pixel 1300 and the pixel 1310 are provided
adjacent to each other. In Fig. 19B, reference numerals
1301 and 1311 denote the switching TFTs. Note that, in
the present invention, as the switching TFT 1301 and
1311, either the n-channel type TFT or the p-channel
type TFT can be used. In Fig. 19B, the n-channel type
TFT is used as the switching TFT 1301 and 1311. The
gate electrodes of the switching TFTs 1301 and the 1311
are connected to the gate signal lines 1302 and 1312 for
inputting the gate signal respectively. One of the source
region and the drain region of the switching TFT 1301
and 1311 is connected to the data signal line 1303 (also
referred to as a source signal line) for inputting an analog
or digital video signal, while the other is connected to the
gate electrode of the EL driving TFTs 1304 and 1314
respectively.

[0300] Then, one of the source region and the drain
region ofthe EL driving TFTs 1304 and 1314 is connected
to the power source supply line 1320, while the other is
connected to the EL elements 1305 and 1315 respec-
tively. In this manner, in Embodiment 7, two adjacent
pixels share one power source supply line 1320. As a
consequence, as compared with the structure shown in
Figs. 17A to 18B, the number of power supply lines can
be decreased. When the ratio of the wiring with respect
to the whole pixel portion is small, the light shielding by
the wiring can be suppressed in the case where the wiring
is provided in a direction of light emission of the EL layer.
Then, in a circuit diagram shown in Fig. 20B, the power
supply line 1320 is provided in parallel with the gate signal
lines 1302 and 1312.

[0301] The EL elements 1305 and 1315 comprise an
anode, a cathode, and an EL layer provided between the
anode and the cathode respectively. Note that, according
to the present invention, in the case where the anode is
the pixel electrode and the cathode is an opposite elec-
trode, either the source region or the drain region of the
EL driving TFTs 1304 and 1314 is connected to the an-
odes of the EL elements 1305 and 1315. On the contrary,
in the case where the anode is the opposite electrode
and the cathode is the pixel electrode, either the source
region or the drain region of the EL driving TFTs 1304
and 1314 is connected to the cathodes of the EL elements
1305 and 1315. Note that, as the EL driving TFTs 1304
and 1314, either the n-channel type TFT or the p-channel
type TFT may be used. However, in the case where the
anodes of the EL elements 1305 and 1315 are pixel elec-
trodes and the cathodes thereof are opposite electrodes,
it is preferable that the EL driving TFT 1304 and 1314
are p-channel type TFTs. Besides, on the contrary, in the
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case where the anodes of the EL elements 1305 and
1315 are opposite electrodes and the cathodes thereof
are pixel electrodes, it is preferable that the EL driving
TFTs 1304 and 1314 are n-channel type TFTs. In Fig.
19B, the p-channel type TFTs are used as the EL driving
TFTs 1304 and 1314, so that the cathodes of the EL
elements 1305 and 1315 are connected to the stationary
power sources 1306 and 1316.

[0302] Furthermore, an LDD region is provided in the
active layers of the EL driving TFTs 1304 and 1314, so
that a region (the Lov region) may be formed wherein the
LDD region and the gate electrode are overlapped via
the gate insulating film. In the case where the EL driving
TFTs 1304 and 1314 are particularly the n-channel type
TFTs, the on current can be increased by forming a Lov
region on the side of the drain region of the active layers.
Besides, a capacity can be formed between the gate elec-
trodes of the EL driving TFT 1304 and 1314 and the Lov
region.

[0303] Furthermore, when the switching TFT 1301 and
1311 are set in the non-selection state (off-state), a ca-
pacitor may be provided for holding the gate voltage of
the EL driving TFTs 1304 and 1314. In the case where
the capacitor is provided, the capacitor is connected be-
tween the side of the source region and the drain region
which is connected to the source signal line, and the pow-
er source supply line 1320.

[0304] Notethat,ina circuitdiagram showninFig. 19B,
the switching TFTs 1301 and 1311 or the EL driving TFTs
1304 and 1314 may be formed into a multi-gate structure.
Fig. 20B shows a circuit diagram of a pixel in which the
switching TFTs 1301 and 1311 of a pixel shown in Fig.
19B are formed into a multi-gate structure.

[0305] The switching TFT 1301aandthe switching TFT
1301b are connected in series to be provided. Further-
more, the switching TFTs 1311aand 1311b are connect-
ed in series to be provided. Except for the switching TFTs
1301a and 1311b and the switching TFTs 1311a and
1311b, the structure is the same as the circuit diagram
shown in Fig. 19B. The off current can be decreased by
forming the switching TFTs in the multi-gate structure.
Note that, in Fig. 20B, the double-gate structure is adopt-
ed. But Embodiment 7 is not restricted to the double-gate
structure. Any multi-gate structure may be used.

[0306] Besides, though not shown, in the case where
the EL driving TFT is formed into the multi-gate structure,
the deterioration of the EL driving TFTs by heat can be
suppressed.

[0307] Note that, in Embodiment 7, a resistor may be
provided between the pixel electrodes the drain region
of the EL driving TFT and the EL element have. By pro-
viding the resistor, the quantity of current supplied from
the EL driving TFT to the EL element is controlled so that
the influence of the characteristic of the EL driving TFT
on the disparity may be prevented. The resistor may be
an element showing a resistance value sufficiently larger
than the on resistance of the EL driving TFT. Therefore,
the structure or the like is not restricted. Note that, the
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on resistance is a value obtained by dividing the drain
voltage of the TFT with the drain current which flows at
that time when the TFT is turned on. As a resistance
value of the resistor, any in the scope of 1 kQ through 50
MQ (preferably, 10 kQ through 10 MQ, or more preferably
50 kQ through 1 MQ) may be selected When a semicon-
ductor layer having a high resistance value as a resistor
is used, the formation is easy and preferable.

[0308] The structure shown in Embodiment 7 can be
putinto practice in a free combination with Embodiments
1,3,4,50r6.

[Embodiment 8]

[0309] This invention can be operated not limited to
organic EL material, but using inorganic EL materials.
Since the inorganic EL material of the present time is of
a very high driving voltage, TFTs to be used must have
resisting-pressure characteristics resistible to such a
driving voltage.

[0310] Ifaninorganic EL material of an even lower driv-
ing voltage is developed in the future, it will be applicable
to the present invention.

[0311] The structure of this embodiment can be freely
combined with any one of the structures of Embodiments
1 through 7.

[Embodiment 9]

[0312] In the present invention, an organic material
used as an EL layer may be either alow molecular organic
material or a polymer (high molecular) organic material.
As the low molecular organic material, materials are
known centering on Alqs (tris-8-quinolylite-aluminum),
TPD (triphenylamine derivative) or the like. As polymer
organic material, 8-cooperative polymer materials can
be given. Typically, PPV (polyphenylenevynilene), PVK
(polyvynilcarbazole), polycarbonate or the like can be
given.

[0313] The polymer (high molecular) organic material
can be formed with a simple thin film formation method
such as the spin coating method (which is referred to
also as solution application method), the dispense meth-
od, the printing method, the ink jet method or the like.
The polymer organic material has a high heat endurance
compared with the low molecular organic material.
[0314] Furthermore, in the case where the EL layer
incorporated in the EL element incorporated in the EL
display according to the presentinvention has an electron
transport layer and a positive hole transport layer, the
electron transport layer and the positive hole transport
layer may be formed of inorganic material such as, for
example, a non-crystal semiconductor formed of non-
crystal Si or non-crystal Siy_,C, or the like.

[0315] Inthe non-crystal semiconductor, a large quan-
tity of trap level is present, and at the same time, the non-
crystal semiconductor forms a large quantity of interface
levels at an interface at which the non-crystal semicon-

EP 1 094 436 B1

10

15

20

25

30

35

40

45

50

55

25

48

ductor contacts other layers. As a consequence, the EL
element can emit light at a low voltage, and at the same
time, an attempt can be made to provide a high lumi-
nance.

[0316] Besides, a dopant (impurity) is added to the or-
ganic EL layer, and the color of light emission of the or-
ganic EL layer may be changed. These dopant includes
DCMH1, nile red, lubren, coumarin 6, TPB and quinaque-
lidon.

[0317] Besides, the structure of Embodiment 9 may be
combined freely with any of the structures in Embodi-
ments 1 through 7.

[Embodiment 10]

[0318] Next, there will be explained another method
for driving the EL display according to the present inven-
tion shown in Figs. 1 to 2B. Here, there will be explained
acase inwhich 2" gray scale full color display is provided
with the n-bit digital driving method. Note that, the timing
chartis the same as the case shown in the embodiments.
Fig. 3 will be referred to.

[0319] Inthe pixel portion 101, a plurality of pixels 104
are arranged in a matrix-like configuration. Fig. 2A is an
enlarged view of the pixels 104. In Fig. 2A, reference
numeral 105 denotes a switching TFT. The gate elec-
trode of the switching TFT is connected to the gate signal
line 106 for inputting the gate signal. One of the source
region and the drain region of the switching TFT 105 is
connected to the source signal line 107 for inputting the
digital data signal while the other is connected to the gate
electrode of the EL driving TFT 108 and a capacitor 113
incorporated in each pixel respectively.

[0320] Besides, one of the source region and the drain
region of the EL driving TFT 108 is connected to the pow-
er source supply line 111 while the other is connected to
the EL element 110. The power source supply line 111
is connected to the capacitor 113. When the switching
TFT 105 is set in the non-selection state (off state), the
capacitor 113 is provided for holding the gate voltage of
the EL driving TFT 108.

[0321] The EL element 110 comprises an anode, a
cathode, and an EL layer provided between the anode
and the cathode. In the case where the anode is con-
nected to the source region or the drain region of the EL
driving TFT 110, in other words, in the case where the
anode is a pixel electrode, the cathode, which is an op-
posite electrode is held at a constant potential. On the
contrary, in the case where the cathode is connected to
the source region or the drain region of the EL driving
TFT 110, in other words, in the case where the cathode
is a pixel electrode, the anode, which is the opposite elec-
trode 112 is held at a constant potential.

[0322] The power source supply line 111 is held at a
power source potential.

[0323] Note that, a resistor may be provided between
the drain region or the source region of the EL driving
TFT 108 and the EL element 110. By providing the re-
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sistor, the quantity of current which is supplied from the
EL driving TFT to the EL element is controlled with the
result that the influence of the disparity of the character-
isticofthe EL driving TFT can be prevented. Norestriction
is placed on the structure or the like because an element
may be used that which shows a resistance value which
is sufficiently larger than the on resistance of the EL driv-
ing TFT 108. Note that, the on resistance refers to a value
obtained by dividing the drain voltage of the TFT with the
drain current which flows at that time when the TFT is in
an on state. A resistance value of the resistor may be
selected from the scope of 1 kQ through 50 MQ (prefer-
ably 10 kQ through 10 MQ, and more preferably 50 kQ
through 1 MQ). When a semiconductor layer having a
high resistance value as a resistor, the formation is easy
and preferable.

[0324] Fig. 2B shows a structure of a pixel portion of
the EL display according to the present invention. The
gate signal lines (G1 through Gn) are connected to the
gate electrode of the switching TFT incorporated in each
pixel. One of the source region and the drain region of
switching TFT incorporated in each pixel is connected to
the source signal lines (S1 through Sn) while the other
is connected to the gate electrode of the EL driving TFT
and the capacitor. Besides, one of the drain region and
the source region of the EL driving TFT is connected to
the power source supply lines (V1 through Vn) while the
otheris connected to the EL elementincorporated in each
pixel. The power source supply lines (V1 through Vn) are
also connected to the capacitor incorporated in each pix-
el.

[0325] Fig. 3 shows a timing chart in the EL display
shown in Fig. 2A. In the beginning, one frame period (F)
is divided into n sub-frame periods (SF1 through SFn).
Note that, the period in which all the pixels in a pixel
portion display one image is referred to as one frame
period. In the EL display according to the present inven-
tion, 120 or more frame periods are provided in one sec-
ond. As a consequence, 60 or more images are displayed
in one second.

[0326] When the number of images displayed in one
second becomes 120 or smaller, flickering of images,
such as a flicker or the like begins to become visually
conspicuous.

[0327] Note that, a plurality of periods into which one
frame period is further divided are referred to as sub-
frame periods. With an increase in the number of gray
scale levels the divided number of one frame period in-
creases and the driver circuit must be driven at a high
frequency.

[0328] One sub-frame period is divided into anaddress
period (Ta) and a sustain period (Ts). The address period
refers to time required for inputting data to all the pixels
while the sustain period (referred to also as lighting pe-
riod) refers to a period in which a display is provided in
one sub-frame period.

[0329] Thelengths ofthe address periods (Ta1through
Tan) incorporated in n sub-frame periods (SF1 through
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SFn) have are all the same. The sustain periods (Ts)
which is incorporated in SF1 through SFn respectively
are set to Ts1 through Tsn respectively.

[0330] The lengths of the sustain periods are set to be

2-("-1)_ However, the order in which SF1 through SFn are
allowed to appear may be any. A desired gray scale dis-
play can be given out of 2" gray scale levels with a com-
bination of these sustain periods.

[0331] Inthe beginning, in an address period, the pow-
er source supply lines (V1 through Vn) are held at the
power source potential having the same height as the
stationary potential. In this specification, the power
source potential in the digital driving address period is
referred to as off power source potential. Note that, the
height of the off power source potential may be set to the
same height of the stationary potential within the scope
in which the EL element does not emit light. Note that,
the EL driving voltage at this time is referred to as off EL
driving voltage. Ideally, it is desired that the off EL driving
voltage is 0 V, but may be set to a level at which the EL
element does not emit light.

[0332] Then, the gate signal is input to the gate signal
line G1, so that all the switching TFT having the gate
electrode connected to the gate signal line G1 are all
turned on.

[0333] In the state in which the switching TFT having
the gate electrode connected to the gate signal line G1
is turned on, the digital data signal is input to the source
signal lines (S1 through Sn) in order. The digital data
signal has information of "0" or "1". This means that the
digital data signal of "0" or "1" has a voltage of either Hi
or Lo respectively. Then the digital data signals inputted
to the source signal lines (S1 through Sn) are inputted
to the gate electrode of the EL driving TFT via the switch-
ing TFT in the on state. Besides, the digital data signal
is inputted to the capacitor and is held.

[0334] Next, the gate signal is inputted to the gate sig-
nal line G2, so that all the switching TFTs having the gate
electrode connected to the gate signal line G2 are turned
on. Then, in the state in which the switching TFTs having
the gate electrode connected to the gate signal line G2
are turned on, the digital signal is inputted in order to the
source signal lines (S1 through Sn). The digital data sig-
nal inputted to the source signal lines (S1 through Sn) is
inputted to the gate electrode of the EL driving TFTs via
the switching TFTs. Furthermore, the digital data signal
is also inputted to the capacitor and is held.

[0335] The above operation is repeated, so that the
digital data signal is inputted to all the pixels. The period
until the digital signal is inputted to all the pixels is referred
to as the address period.

[0336] At the same time as when the address period
is completed, the sustain period begins. When the sus-
tain period begins, the potential of the power supply lines
(V1 through Vn) changes from the off power source po-
tential to the on power source potential. In this specifica-
tion, the power source potential in the digital driving sus-
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tain period is referred to as on power source potential.
The on power source potential may be such that a po-
tential difference is present with the stationary potential
to such a degree that the EL element emits light. Note
that, this potential difference is referred to as on EL driv-
ing voltage.

[0337] Then, the switching TFT is turned off, and the
digital data signal held in the capacitor is inputted to the
gate electrode of the EL driving TFT.

[0338] In Embodiment 10, in the case where the digital
data signal has information of "0", the EL driving TFT is
turned off, so that the pixel electrode of the EL element
is held at the off power source potential. As a conse-
quence, the EL element does not emit light, the element
being incorporated in the pixel to which the digital data
signal having information of "0" is applied.

[0339] On the contrary, when the EL element has in-
formation of "1", the EL driving TFT is turned on, and the
pixel electrode of the EL element becomes on power
source potential. As a consequence, the EL element
emits light, the element being incorporated in the pixel
to which the digital data signal having information of "1"
is applied.

[0340] The period in which all the switching TFTs are
turned off is a sustain period.

[0341] The period in which the EL element is allowed
to emit light (the pixel is allowed to be lit) is any of the
periods of Ts1 through Tsn. Here, a predetermined pixel
is lit in the period of Tsn.

[0342] Next, the address period begins again, and the
sustain period begins when the data signal is inputted to
all the pixels. At this time, any of the periods Ts1 through
Ts(n-1) becomes a sustain period. Here, a predeter-
mined pixel is allowed to be lit in the period of Ts(n-1).
[0343] Hereinbelow, a similar operation is repeated
with respect to the remaining n-2 sub-frames, so that the
sustain periods are subsequently set to Ts(n-2), Ts(n-
3)...Ts1 and a predetermined pixel is litin respective sub-
frames.

[0344] When n sub-frame periods appear, it can be
considered that one frame period is completed. At this
time, the gray scale level of the pixel can be determined
by summing the sustain period in which the pixel is lit, in
other words, the length of the sustain period immediately
after the address period in which the digital data signal
having information of "1" is applied to the pixel. For ex-
ample, in case of n=8, when the luminance is setto 100%
in the case where the pixel emits light in all the sustain
periods, the luminance of 75% can be represented in the
case where the pixel emits light in Ts1 and Ts2. In the
casewhere Ts3, Ts5and Ts8 are selected, the luminance
of 16% can be represented.

[0345] When one frame period is completed, the height
of the on power source potential is changed so that the
polarity of the on EL driving voltage becomes opposite
which voltage is a difference between the stationary po-
tential and the on power source potential during the next
frame period. Then, the above operation is conducted
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whichisthe same as the previous frame period. However,
the on EL driving voltage in this frame period has a po-
larity opposite to the polarity of the on EL driving voltage
in the previous frame period, therefore all the EL ele-
ments do not emit light. In this specification, the frame
period in which the EL element displays an image is re-
ferred to as a display frame period. Besides, on the con-
trary, the frame period in which no EL elements emit light
and display images is referred to as non-display frame
periods.

[0346] When the non-display frame period is complet-
ed, next another display frame period begins. The on EL
driving voltage changes to a voltage having a polarity
opposite to the on EL driving voltage in the non-display
frame period.

[0347] Theimage is displayed by alternately repeating
the display frame period and the non-display frame pe-
riod. The present invention has the above structure with
the result that the EL driving voltage having an opposite
polarity is applied for each definite period to the EL layer
incorporated in the EL element. Consequently, the dete-
rioration of the voltage-current characteristic of the EL
element is improved so that the life of the EL element
can be prolonged as compared to the conventional driv-
ing method.

[0348] Furthermore, as has been described above, in
the driving with the alternate current, in the case where
the image is displayed for each of the frame periods,
flickering is generated as a flicker to the eyes of observ-
ers.

[0349] Consequently, according to the present inven-
tion, the EL display is driven with alternate current at a
frequency two or more times higher than the frequency
at which no flicker is generated to the eyes of observers
in the driving with the direct current. In other words, 120
or more frame periods are provided in one second, so
that 60 or more images are displayed in one second. With
the above structure, flickering in the driving with the al-
ternate current is prevented.

[0350] The structure shown in Embodiment 10 can be
put into practice in a free combination with Embodiments
2 through 9.

[Embodiment 11]

[0351] In the case where a time division gray scale
display is provided in a digital style driving with the alter-
nate current, the polarity of the on EL driving voltage
changes to the opposite for each sub-frame period. In
Embodiment 11, an example different from Embodiment
1 will be explained. Here, the case of 2" gray scale full
color time division gray scale display in the n-bit digital
driving method will be explained. Since the timing chart
is the same as the case shown in Embodiment 1, Fig. 5
will be referred to.

[0352] The structure of the pixel portion of the EL dis-
play in Embodiment 11 is the same as the structure
shown in Fig. 2B. The gate signal lines (G1 through Gn)
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are connected to the gate electrode of the switching TFT
incorporated in each pixel. One of the drain region and
the source region of the switching TFT incorporated in
each pixel is connected to the source signal lines (S1
through Sn) while the other is connected to the gate elec-
trode of the EL driving TFT and the capacitor. Besides,
one of the source region and the drain region of the EL
driving TFT is connected to the power source supply lines
(V1 through Vn) while the other is connected to the EL
element incorporated in each pixel. The power supply
lines (V1 through Vn) are also connected to the capacitor
incorporated in each pixel.

[0353] Fig. 5 shows a timing chart of a driving method
according to Embodiment 11. Inthe beginning, one frame
period is divided into n sub-frame periods (SF1 through
SFn). Note that, the period in which all the pixels in the
pixel portion display one image isreferred to as one frame
period.

[0354] One sub-frame period is divided into an address
period (Ta) and a sustain period (Ts). The address period
refers to time required for inputting data into all the pixels,
and the sustain period (also referred to as lighting period)
refers to a period in which EL element emits light in one
sub-frame period.

[0355] Thelength of the address periods (Ta1 through
Tan) incorporated in n sub-frame periods (SF1 through
SFn) respectively are all the same. The sustain periods
(Ts) incorporated in the sub-frame periods SF1 through
SFnrespectively are setto Ts1 through Tsnrespectively.
[0356] The lengths of the sustain periods are set to be

2-(n-1),

However, the orderin which SF1 through SFn are allowed
to appear may be any. With the combination of this sus-
tain period, a desired gray scale display can be provided
out of 2" gray scale levels.

[0357] Inthe beginning, the power source supply lines
(V1 through Vn) can be held at the off power source po-
tential. Then, the gate signal is input to the gate signal
line G1, so that all the switching TFTs having the gate
electrode connected to the gate signal line G1 are turned
on.

[0358] Then, in the state in which the switching TFTs
having the gate electrode connected to the gate signal
line G1 are turned on, the digital data signal is inputted
to the source signal lines (S1 through Sn) in order. Then,
the digital data signals input to the source signal lines
(S1 through Sn) are inputted to the gate electrode of the
EL driving TFT via the switching TFT in the on state.
Furthermore, the digital data signal is input to the capac-
itor and held.

[0359] The above operationis repeated so that the dig-
ital data signal is inputted to all the pixels. The period
until the digital data signal is inputted to all the pixels is
an address period.

[0360] At the same time when the address period is
completed, the sustain period begins. When the sustain
period begins, the potential of the power source supply
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lines (V1 through Vn) changes from the off power source
potential to the on power source potential. Then, the
switching TFT is turned off, so that the digital data signal
held in the capacitor is input to the gate electrode of the
EL driving TFT.

[0361] InEmbodiment 11, the polarity of the on EL driv-
ing voltage which is a difference between the on power
source potential and the stationary potential becomes
opposite to each other for each sub-frame period when
the height of the power source potential is changed. Con-
sequently, the EL display repeats the display and the
non-display by setting the polarity of the on EL driving
voltage to the opposite for each of the sub-frame periods.
The sub-frame period in which the display is provided is
referred to as a display sub-frame period while the sub-
frame period in which no display is provided is referred
to as non-display sub-frame period.

[0362] For example, in the first frame period, when the
first sub-frame period is a display period, the second sub-
frame period is a non-display period. The third display
period again becomes the display period. Then all the
sub-frame periods appear again and the first frame pe-
riod is completed, and the second frame period begins.
In the first sub-frame period in the second frame period,
the EL driving voltage having a polarity opposite to the
polarity of the EL driving voltage applied to the EL ele-
ment in the first sub-frame period of the first frame period
is applied to the EL layer of the EL element so that the
non-display period begins. Then, next the second sub-
frame period becomes a display period with the result
that the display period and the non-display period come
alternately for each of the sub-frame periods.

[0363] Note that, in this specification, when the display
period and the non-display period are changed over by
setting the polarity of the EL driving voltage opposite, the
period in which display is provided is referred to as a
display period. Furthermore, on the contrary, the period
in which no display is provided is referred to as a non-
display period. Consequently, in this specification, the
display frame period and the display sub-frame period
are generally referred to as display periods. Besides, on
the contrary, the non-display frame period and the non-
display sub-frame period are generally referred toas non-
display periods.

[0364] InEmbodiment 11, inthe case where the digital
data signal has information of "0", the EL driving TFT is
turned off, and the pixel electrode of the EL element is
held at the off power source potential. As a consequence,
the EL element does not emit light, the element being
incorporated in the pixel to which the digital data signal
having information of "0" is applied.

[0365] On the contrary, in the case where the digital
data signal has information of "1", the EL driving TFT is
turned on, so that the pixel electrode of the EL element
becomes on power source potential. As a consequence,
the EL element emits light, the element being incorpo-
rated in the pixel to which the digital data signal having
information of "1" is applied.
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[0366] The period in which all the switching TFTs are
turned off is the sustain period.

[0367] The period in which the EL element is allowed
to emit light is any of the periods Ts1 through Tsn. Here,
a predetermined pixel is lit in the period of Tsn.

[0368] Next,the address period begins again, and then
the sustain period begins upon the input of the data signal
to all the pixels. At this time, any of the periods Ts1
through Ts(n-1) becomes the sustain period. Here, a pre-
determined pixel is lit in the period of Ts(n-1).

[0369] Hereinafter, the similar operation is repeated
with respect to the remaining n-2 sub-frames. Subse-
quently, the sustain periods are set as Ts(n-2), Ts(n-
3)...Ts1 and a predetermined pixel is litin respective sub-
frames.

[0370] Inthis manner, in the case where the EL driving
voltage having the opposite polarity for each of the sub-
frames is applied to the EL element in the time division
gray scale displayin the driving with the alternate current,
one gray scale display is provided in two frame periods.
In two adjacent frame periods, the gray scale level of the
pixel can be determined by summing the sustain period
in which the pixel is lit, namely the length of the sustain
periods immediately after the address period in which
the digital data signal having information of "1" is inputted
to the pixel. For example, in case of n=8, when the lumi-
nance is set to 100% in the case where the pixel emits
lightin all the sustain periods, the luminance of 75% can
be represented in the case where the pixel emits light in
Ts1 and Ts2. In the case where Ts3, Ts5 and Ts8 are
selected, the luminance of 16% can be represented.
[0371] The present invention has the structure de-
scribed above, so that the EL driving voltage having the
opposite polarity for each of the sub-frame periods is ap-
plied to the EL layer incorporated in the EL element. Con-
sequently, the deterioration of the current-voltage char-
acteristic of the EL element is improved with the result
that the life of the EL element can be prolonged as com-
pared with the conventional driving method.

[0372] In Embodiment 11, there is obtained an effect
in that a flicker occurs with difficulty as compared with
the digital style EL display which is driven with the alter-
nate current for each of the frame periods shown in the
embodiment.

[0373] The structure shown in Embodiment 11 can be
putinto practice in a free combination with Embodiments
2 through 9.

[Embodiment 12]

[0374] The EL display device (EL module) formed by
performing the present invention is superior to a liquid
crystal display device in visibility in bright places because
of its self-luminous properties. Therefore, the present in-
vention can be used as a display portion of a direct-view
type EL display (indicating a display equipped with an EL
module). As the EL display, there are a personal com-
puter monitor, a TV receiving monitor, an advertisement
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display monitor, and so on.

[0375] The present invention can be operated to all
electronic equipment that includes displays as constitu-
ent parts, including the aforementioned EL display.
[0376] As the electronic equipment, there are an EL
display, video camera, digital camera, head mounted
type display, car-navigator, personal computer, portable
information terminal (mobile computer, mobile phone,
electronic book, etc.), and picture reproducer provided
with recording media (specifically, device which can re-
produce a recording medium and equip a display capable
of displaying the image such as compact disk (CD), laser
disc (LD), or digital video disc (DVD)). Examples of the
electronic equipment are shown in Figs. 14A to 14E.
[0377] Fig. 14A depicts a personal computer, which
includes amainbody 2001, case 2002, EL display portion
2003, and keyboard 2004. The EL display 2003 of the
present invention can be used for the display portion of
personal computer.

[0378] Fig. 14B depicts avideo camera, which includes
a main body 2101, EL display device 2102, voice input-
ting portion 2103, operation switch 2104, battery 2105,
and image reception portion 2106. The presentinvention
can be used as the display device 2102.

[0379] Fig. 14C depicts a part of a head mounted type
EL display (right side), which includes a main body 2301,
signal cable 2302, head fixation band 2303, display mon-
itor 2304, optical system 2305, and EL display 2306. The
EL display 2306 of the present invention can be used as
a display potion of EL display device.

[0380] Fig.14D depicts a picture reproducer (specifi-
cally, DVD reproducing player) provided with recording
media, which includes a main body 2401, recording me-
dium 2402 (CD, LD, DVD, etc.), operation switch 2403,
EL display device (a) 2404, and EL display panel (b)
2405. The EL display device (a) chiefly displays image
information, and the EL display device (b) chiefly displays
character information. The EL display device (a) and (b)
of the present invention can be used as a display portion
of provided with a picture reproducer provided with re-
cording media. The present invention is applicable to a
CD player or a game machine as a picture reproducer
provided with recording media.

[0381] Fig. 14E depicts a portable (mobile) computer,
which includes a main body 2501, camera 2502, image
reception part 2503, operation switch 2504, and EL dis-
play 2505. The EL display 2505 of the present invention
can be used as a display portion of the mobile computer.
[0382] If the luminescence brightness of the EL mate-
rial is enhanced in the future, the present invention will
be applicable to a front or rear type projector.

[0383] The present invention has a quite wide scope
of application, as mentioned above, and is applicable to
electronic equipment in all fields. The electronic equip-
ment of this embodiment can be realized by the using
any structure resulting from the free combination of em-
bodiments 1 to 11.

[0384] The structure described above allows the EL
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driving voltage having an opposite polarity to be applied
to the EL element for each of the definite periods. Ac-
cordingly, the deterioration of the current-voltage char-
acteristic of the EL element is improved, and the life of
the EL element may be prolonged as compared with the
conventional driving method.

[0385] Furthermore, as described above, in the case
where the image is displayed for each one of the frame
periods in the driving with the alternate current, flickering
is generated as a flicker to the eyes of observers.
[0386] Consequently,inthe presentinvention, itis pref-
erable that the EL display is driven with the alternate cur-
rent at a frequency two times or more than the frequency
at which no flicker is generated to the eyes of observers
in the driving with the direct current. In other words, it is
preferable that images are displayed at a frequency of
120 Hz or more. With the above structure, a flicker re-
sulting from the driving with the alternate current can be
prevented.

Claims

1. An active matrix-type display device for providing a
gray scale display comprising a plurality of pixels
(104) including a plurality of electro-luminescence
elements (110), wherein
said active matrix-type display device comprises
means for controlling for each of said plurality of elec-
tro-luminescence elements (110) a period of time at
which said electro-luminescence element (110)
emits light in one frame period;
each of said plurality of electro-luminescence ele-
ments (110) comprises an electro-luminescence lay-
er (51) comprising an organic electro-luminescence
material, a first electrode (49) and a second elec-
trode (52); and
said active matrix-type display device comprises
means for changing for each of said plurality of elec-
tro-luminescence elements (110) a potential of said
first or said second electrode to invert a polarity of
an electro-luminescence driving voltage for each
one frame period,
wherein said electro-luminescence driving voltage
is a difference between said potentials applied to
said first and second electrode,
characterized in that
said active matrix-type display device further com-
prises means for controlling for each of said plurality
of electro-luminescence elements (110) a sum of
lengths of sub-frame periods in which said electro-
luminescence element (110) emits light out of a plu-
rality of sub-frame periods included in one frame pe-
riod; and
said active matrix-type display device comprises
means for changing for each of said plurality of elec-
tro-luminescence elements (110) a potential of said
first or said second electrode to invert a polarity of
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an electro-luminescence driving voltage for each
one sub-frame period.

An active matrix-type display device as in claim 1
further comprising a power source supply line (111)
for supplying a voltage applied to said second elec-
trode (52), said power source supply line (111) being
shared by adjacent pixels of said plurality of pixels
(104).

An active matrix-type display device as in claim 1 or
as in claim 2 further comprising a plurality of electro-
luminescence driving TFTs (108) for controlling light
emission of said plurality of electro-luminescence el-
ements (110), and a plurality of switching TFT (105)
for controlling driving of said plurality of electro-lumi-
nescence driving TFT (108).

An active matrix-type display device according to
claim 3, wherein said electro-luminescence driving
TFT (108) and said switching TFT (105) comprise
an n-channel type TFT or a p-channel type TFT.

An active matrix-type display device according to any
one of claims 3, and 4, wherein said light emission
of said plurality of electro-luminescence elements is
controlled with a digital data signal input to said
switching TFT (105).

An active matrix-type display device according to any
one of claims 1 to 5, wherein said one frame period
is 1/120 s or less.

An active matrix-type display device according to
one of claims 1 to 6, wherein said electro-lumines-
cence layer (51) incorporated in said plurality of elec-
tro-luminescence elements (110) comprises a low
molecular organic material selected from the group
consisting of Alq3 (tri-8-quinolylite-aluminum), and
TPD (triphenylamine derivative).

An active matrix-type display device according to
one of claims 1 to 6, wherein said electro-lumines-
cence layer (51) incorporated in said plurality of elec-
tro-luminescence elements (110) comprises a poly-
mer organic material selected from the group con-
sisting of PPV (polyphenylenevinylene), PVK (poly-
vinyl-caracole), and polycarbonate.

An active matrix-type display device accordingto any
one of claims 1 to 9, wherein said active matrix-type
display device isincorporatedin atleast one selected
from the group consisting of a video camera, a digital
camera, a head-mount display, a car navigation sys-
tem, a personal computer, and a DVD player.

An active matrix-type display device as in one of
claims 3 and 4, wherein said active matrix-type dis-
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play is arranged to provide a gray scale display by
inputting an analog video signal to a source region
of said switching TFTs (105).

Patentanspriiche

1.

Aktiv-Matrix-Anzeigevorrichtung zum Bieten einer
Graustufenanzeige, die eine Vielzahl von Pixeln
(104) umfasst, die eine Vielzahl von Elektrolumines-
zenzelementen (110) aufweisen,

wobei

die Aktiv-Matrix-Anzeigevorrichtung umfasst: ein
Mittel zum Steuern, fir jedes der Vielzahl von Elek-
trolumineszenzelementen (110), eines Zeitraums,
wahrend dessen das Elektrolumineszenzelement
(110) Licht emittiert, in einer Rahmen-Periode;
jedes der Vielzahl von Elektrolumineszenzelemen-
ten (110) eine Elektrolumineszenzschicht (51), die
ein organisches Elektrolumineszenzmaterial um-
fasst, eine erste Elektrode (49) und eine zweite Elek-
trode (52) umfasst; und

die Aktiv-Matrix-Anzeigevorrichtung umfasst: ein
Mittel zum Verandern, fir jedes der Vielzahl von
Elektrolumineszenzelementen (110), eines Potenti-
als der ersten oder zweiten Elektrode, um eine Po-
laritat einer Elektrolumineszenz-Betriebsspannung
fur jede Rahmen-Periode zu invertieren,

wobei die Elektrolumineszenz-Betriebsspannung
ein Unterschied zwischen den Potentialen ist, die an
die erste und zweite Elektrode angelegt werden,
dadurch gekennzeichnet, dass

die Aktiv-Matrix-Anzeigevorrichtung ferner umfasst:
ein Mittel zum Steuern, fir jedes der Vielzahl von
Elektrolumineszenzelementen (110), einer Summe
von Langen von Sub-Rahmen-Perioden, in denen
das Elektrolumineszenzelement (110) Licht emit-
tiert, unter einer Vielzahl von Sub-Rahmen-Peri-
oden, die in einer Rahmen-Periode enthalten sind;
und

die Aktiv-Matrix-Anzeigevorrichtung umfasst: ein
Mittel zum Verandern, fir jedes der Vielzahl von
Elektrolumineszenzelementen (110), eines Potenti-
als der ersten oder zweiten Elektrode, um eine Po-
laritat einer Elektrolumineszenz-Betriebsspannung
fur jede Rahmen-Periode zu invertieren.

Aktiv-Matrix-Anzeigevorrichtung nach Anspruch 1,
die ferner umfasst: eine Leistungsquellenversor-
gungsleitung (111) zum Zufilhren einer Spannung,
die an die zweite Elektrode (52) angelegt wird, wobei
die Leistungsquellenversorgungsleitung (111) von
benachbarten Pixeln unter der Vielzahl von Pixeln
(104) geteilt wird.

Aktiv-Matrix-Anzeigevorrichtung nach Anspruch 1
oder Anspruch 2, die ferner umfasst: eine Vielzahl
von Elektrolumineszenz-Treiber-TFTs (108) zum
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10.

Steuern einer Lichtemission der Vielzahl von Elek-
trolumineszenzelementen (110), und eine Vielzahl
von Schalt-TFTs (105) zum Steuern des Betriebs
der Vielzahl von Elektrolumineszenz-Treiber-TFTs
(108).

Aktiv-Matrix-Anzeigevorrichtung nach Anspruch 3,
wobei der Elektrolumineszenz-Treiber-TFT (108)
und der Schalt-TFT (105) einen n-Kanal-TFT oder
einen p-Kanal-TFT umfassen.

Aktiv-Matrix-Anzeigevorrichtung nach einem der
Anspriiche 3 und 4, wobei die Lichtemission der Viel-
zahl von Elektrolumineszenzelementen mit einem
Digitaldatensignal, das in den Schalt-TFT (105) ein-
gegeben wird, gesteuert wird.

Aktiv-Matrix-Anzeigevorrichtung nach einem der
Anspriiche 1 bis 5, wobei die einzelne Rahmen-Pe-
riode 1/120 S oder weniger dauert.

Aktiv-Matrix-Anzeigevorrichtung nach einem der
Anspriiche 1 bis 6, wobei die Elektrolumineszenz-
schicht (51), die in der Vielzahl von Elektrolumines-
zenzelementen (110) eingebaut ist, ein organisches
niedermolekulares Material umfasst, das aus der
Gruppe ausgewahlt wird, die aus Alg3 (tri-8-quino-
lylite-aluminum) und TPD (Triphenylaminderivat)
besteht.

Aktiv-Matrix-Anzeigevorrichtung nach einem der
Anspriiche 1 bis 6, wobei die Elektrolumineszenz-
schicht (51), die in der Vielzahl von Elektrolumines-
zenzelementen (110) eingebaut ist, ein organisches
polymeres Material umfasst, das aus der Gruppe
ausgewahlt wird, die aus PPV (Polyphenylenviny-
len), PVK (polyvinyl-caracole) und Polycarbonat be-
steht.

Aktiv-Matrix-Anzeigevorrichtung nach einem der
Anspriche 1 bis 9, wobei die Aktiv-Matrix-Anzeige-
vorrichtung zumindest in einem Gerat eingebaut ist,
das aus der Gruppe ausgewahlt wird, die aus einer
Videokamera, einer Digitalkamera, einer Videobrille,
einem Autonavigationssystem, einem Personal-
Computer und einem DVD-Spieler besteht.

Aktiv-Matrix-Anzeigevorrichtung nach einem der
Anspriiche 3 und 4, wobei die Aktiv-Matrix-Anzeige-
vorrichtung angeordnet ist, um durch Eingeben ei-
nes analogen Bildsignals in einen Source-Bereich
der Schalt-TFTs (105) eine Graustufenanzeige zu
bieten.

Revendications

1.

Dispositif d’affichage a matrice active destiné a affi-
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cher des images en échelle de gris, comprenant une
pluralité de pixels (104) comportant une pluralité
d’éléments électroluminescents (110),

dans lequel

ledit dispositif d’affichage a matrice active comprend
un moyen de commander, pour chacun de ladite plu-
ralité d’éléments électroluminescents (110), une pé-
riode pendant laquelle ledit élément électrolumines-
cent (110) émet de la lumiére dans une période
d’'image;

chacunde ladite pluralité d’éléments électrolumines-
cents (110) comprend une couche électrolumines-
cente (51) comprenant un matériau organique élec-
troluminescent, une premiére électrode (49) et une
seconde électrode (52); et

ledit dispositif d’affichage a matrice active comprend
un moyen de changer, pour chacun de ladite pluralité
d’éléments électroluminescents (110), le potentiel
de ladite premieére ou seconde électrode afin d’in-
verser la polarité d’'une tension de commande d’élec-
troluminescence pour chaque période d'image,
dans lequel ladite tension de commande d’électro-
luminescence est une différence entre ledit potentiel
de ladite premiére électrode et ledit potentiel de la-
dite seconde électrode,

caractérisé en ce que

ledit dispositif d’affichage a matrice active comprend
aussi un moyen de commander, pour chacun de la-
dite pluralité d’éléments électroluminescents (110),
la somme des longueurs de périodes sous-cadre
pendant lesquelles ledit élément électroluminescent
(110) émet de la lumiére parmi une pluralité de pé-
riodes sous-cadre contenue dans une période d’'ima-
ge; et

ledit dispositif d’affichage a matrice active comprend
un moyen de changer, pour chacun de ladite pluralité
d’éléments électroluminescents (110), le potentiel
de ladite premiere ou seconde électrode afin d’in-
verser la polarité d’'une tension de commande d’élec-
troluminescence pour chaque période sous-cadre.

Dispositif d’affichage a matrice active selon lareven-
dication 1, comprenant aussi une ligne d’alimenta-
tion électrique (111) qui fournit une tension a ladite
seconde électrode (52), ladite ligne d’alimentation
électrique (111) étant partagée par des pixels adja-
cents de ladite pluralité de pixels (104).

Dispositif d’affichage a matrice active selon lareven-
dication 1 ou 2, comprenant aussi une pluralité de
TFTs de commande d’électroluminescence (108)
qui commande I'émission de lumiére de ladite plu-
ralité d’éléments électroluminescents (110), et une
pluralité de TFTs de commutation (105) qui com-
mande ladite pluralité de TFTs de commande d’élec-
troluminescence (108).

Dispositif d’affichage a matrice active selon lareven-
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10.

dication 3, dans lequel ledit TFT de commande
d’électroluminescence (108) etledit TFT de commu-
tation (105) comprennent un TFT de type N ou un
TFT de type P.

Dispositif d’affichage a matrice active selon l'une
quelconque des revendications 3 et 4, dans lequel
ladite émission de lumiere de ladite pluralité d’éle-
ments électroluminescents est commandée par un
signal numérique transmis audit TFT de commuta-
tion (105).

Dispositif d’affichage a matrice active selon l'une
quelconque des revendications 1 a 5, dans lequel
ladite période d’'image est 1/120 s ou moins.

Dispositif d’affichage a matrice active selon l'une
quelconque des revendications 1 a 6, dans lequel
ladite couche électroluminescente (51) inclue dans
ladite pluralité d’éléments électroluminescents (110)
comprend un matériau organique de faible poids mo-
Iéculaire choisi dans le groupe constitué d’Alqs (tris-
8-quinolilite-aluminium) et de TPD (dérivé de triphé-
nylamine).

Dispositif d’affichage a matrice active selon l'une
quelconque des revendications 1 a 6, dans lequel
ladite couche électroluminescente (51) inclue dans
ladite pluralité d’éléments électroluminescents (110)
comprend un matériau organique polymere choisi
dans le groupe constitué de PPV (polyphényléne vi-
nylene), de PVK (polyvinyle carbazole), et de poly-
carbonate.

Dispositif d’affichage a matrice active selon l'une
quelconque des revendications 1 a 9, dans lequel
ledit dispositif d’affichage a matrice active est inclus
dans au moins I'un choisi dans le groupe constitué
d’une caméra vidéo, d’un appareil photo numérique,
d’'un écran porté sur la téte, d'un systéeme de navi-
gation automobile, d’'un ordinateur personnel, etd’un
lecteur DVD.

Dispositif d’affichage a matrice active selon l'une
quelconque des revendications 3 et 4, dans lequel
ledit dispositif d’affichage a matrice active est arran-
gé pour afficher des images en échelle de gris par
I’entrée d’un signal vidéo analogique a une région
de source desdits TFTs de commutation (105).
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Fig. 6A
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Fig. 18A
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