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N DISPLAY DEVICE
BACKGROUND OF THE INVENTION

Field of the Invention

The present inventionrelates toanelectronicdisplay formed

by forming EL {electroluminescence) eleméents on a substrate. In

'palrticular, the present invention relates to an EL display using

semiconductor elements (elements using a semiconductor thin £ilm).
Further, the present invention relates to a display device with

an EL display used in its display portion.

Description of the Related Arxrt «-

Recently, techﬁology for forming TFTs on a substrate has
greatly progressed, and 1its application to an active matrix
electronicdisplay is actively developed « Inparticular, TFTs_using
a polysilicon £ilm have higher field effect mobility (also referred
to as mobility) than that of conventional TFTs using an amorphous
silicon film, and thus, they are capable of high-speed operation,
which makes it possible to control pixels with a driver circuit
formed on the substrate having the pixels formed thereon, while,
conventionally, such control of pixels is performed by a driver

circuit provided outside the substrate.

Since various kinds of circuits and elements are formed -on

one substrate in such an active matrix electronic display, there
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are various advantages such as reduction in the manufacturing cost,
miniaturization of the electronic display, improvement in yield,

and improvement in throughput.

In addition, active matrix EL displays having EL elements
as light emitting elements are actively researched. EL displays
are also referred to as organic EL displays (OELDs) or organic light

emitting diodes (OLEDs).

Different from a liquid orystal display. an EL display is
of a light emitting type. An EL element is structured such that
a layer comntaining an organic coErEpound which causes luminescence
by applying an electric field thereto (hereinafter referred to as
an EL layer) is sandwlched between a pair of electrodes {(an apode
and a cathode). Normally, the EL layer has a laminated structure.
A typical laminated structure is “a posi‘tive hole transport layer
/ a light emission layer / an elec.;.tron transport layer" proposed
by Tang et al. of Eastman Kodak Company. This structure has a very

high 1ight emission efficiency. and thus, is adopted by almost all

t

EL displays under research and development at present.

The structure may also be such that "apositivehole injection
layexr / a positive bole transport layer / a light emission layer
/ an electron transport layer" or "a positive hole injection layer
/ a positive hole transport layer / a light emission layer / an

electron transport layer / anelectron injection layer® are laminated
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in this order on an anode. Further, a fluorescent pigment or the

like may be doped intoc the light emisslon layer.

In the present specificai:ion, all layers provided between
a cathode and an anode are collectively referred to as an EL layer.
Therefore, all of the above-mentionedpositive hole injection layer,
positive hole transport layer, light emission layer, electron
transport layer, and electron injection layer are included in the

EL layer.

When the pair of electrodes apply predetermined voltage to
the EL layer structured as in the ;::Lbove, carriers recombine in the
light emission layer to emit light. That an EL element emits light
is herein referred to as "the EL element is driven®. It is also
to be noted that a light emitting element formed of an anode, an

EL layer., and a cathode is herein referred to as an EL element.

Light emitted by an EL layer can be broken down into light
emitted when a particle returns from a singlet excited state to
a ground state (‘fluorescence) and light emitted when a particle
returns from a triplet excited state to a ground state
(phosphorescence). Inthepresentinvention, eitheroneof the above
two kinds of 1ight emission may be used, or alternatively, both

of them may be used.

Methods of driving an EL display include an analog driving

mathod {analog driving). An analog-driven EL display 1s describeqd
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with reference to Figs. 26 and 27.

Fig. 26 illustrates a struc¢ture of a pixel portion 1800 of
an analog-driven EL display. Gate signal lines Gl - Gy to which
a gate signal from a gate signal line driver circuit is inputted
are connected to gate electrodes of TFTs 1801 for switching of the
respective pixels. One of a source region and a drain region of
each of the TFTs 1801 for switching of each pixel is connected to
a source signal line (also referred to as a data signal line) S1,
... Sx to which an analog video signal is inputted, while the other
is connected to a gate electrode of a TFT 1804 for EL driving of

$~

each pixel and to a capacitor 1808 of each pixel.

A source region of the TFT 1804 for EL driving of each pixel
is connected to a power supply line V1, .., Vx, while a drain region
of the TFT 1804 for EL drivi_ng is connected to an EL element 1806.
Elect.:ric potential of the power supply lines V1 to Vx is referred
to as power source potential. Further, the power supply lines V1

to Vx are connected to capacitors 1808 of the respective pixels.

i .

'i'he EL element 1806 has an anode, a cathode, and an EL layer
provided between the ancde and the cathode. In case the anode of
the EL element 1806 is connected to the drain region of the TFT
1804 for EL driving, the anode of the EL element 1806 is a pixel
elaectrode while its cathode is an' -opposing electrode. Conversely,

in the case where the cathode of the El: element 1806 is connected
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to the drain region of the TFT 1804 for EL driving, the anode of
the EL element 1806 is an opposing electrode while its cathode is

a pixel electrode.

It is to be noted that the electric potential of an opposing
electrode is herein referred to as opposing poteqtial, and a power
source which applies the opposing potential to an opposing electrode
is herein referred to as an opposing power source. The difference
between the potential of a pixel electrode and the potential of
an opposing electrode is voltage for EL driving, which is applied

to the EL layer.

Fig. 27 illustrates a timing chart in the case where the
EL display illustrated in Fig. 26 is driven in an analog method:
4 period from the time when one gate signal line is selacted to
the time when the next gate signal line is selected is referred
to as one line period (L). A period from the time when one image
is displayed to the time when the next image is displayed is omne
frame period (F) . With regard to the EL display illustrated in Fig.
26, since the number of the gate signal lines is y, ¥y line periods

(Ll to Ly) are provided in one frame period.

In the present specification, that a gate signal line 1is

.- selected means that all the thin film transistors whose gate

electrodes are connected to the gate signal 1ine are in the ON state.

As the resolution becomes higher, the number of line periods
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in one frame period increases, and accordingly, a driver clrcuit

has to be driven at a higher frequency.

First, the power supply lines V1 to Vx are held at a certain
power source potential. The opposing potential which is the
potential of the opposing electrodes is also held at a certain
potential, which has different power source potential such that

the EL elements emlt light.

Inafirstlineperiod(Ll), thegatesignallineGlisselected
according to a gate signal inputted from a gate signal line driver

circuit to the gate signal line,Gl.

Then., an analog video signal is sequentially :anutted to
the source signal lines S1 toSx. Sinceall the TFTs 1801 for switching
connected to the gate signal line Gl are in the ON state, the analog
video signal inputted to the source signal lines S1 to Sx is in;;utted
through the TFTs 1801 for switching to the gate electrodes of the

TFTs 1804 for EL driving.

The amount of electric current through channel forming
regions of the TFTs 1804 for EL driving is controlled by the magnitude
of the potential {voltage) of the signal inputted to the gate
electrodes of the TFTs 1804 forELdriving. Therefore, the potential
applied to the pixel electrodes ofj:he EL elements 1806 1s determined
by the magnitude of the potential of the analog video signal inputted

to the gate electrodes of the TFTs 1804 forELdriving. TheELelements



10

1806 emit light under control of the potential of the an_a..log video

signal,

The above~described operation is repeated. When the analog
video signal has been inputted t¢o all the source signal lines S1
to Sx, the first line period (L1l) ends. It is to be noted that the
period inputting of the analog video signal to t.he source signﬁl
lines S1 to Sx and a horizontal retrace line period may be one line .

period.

Then, in a second line period (L2}, the gate signal line
G2 is selected by the gate signal. As in the case of the first line

period (L1), an analog video signal is sequentially inpufted to

the source signal lines Sl to Sx.

When the gate signal is inputted to all the gate signal lines
Gl to Gy, all the 1ine periods Ll to Ly end.. When all the line periods
L1l to Ly end. one frame period ends. During one frame period, all
the pixels carry out display to form one image. - It is to be noted
that all the line periods L1l to Ly plus a vertical retrace line

period may be one frame period.

As described above, the amount of light emitted by the EL
elements 1806 ié controlled according to the analog video signal.
By controlling the amount of the emitted light, gradation display
is carried out. This method is th; so~called analog driving method,

where gradation display is carried out by c¢hanging the potential
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of the analog video signal inputted to the source signal lines.

The control of the amount of current supplied to the EL
elements by the gate voltage of the TFTs for EL driving in the
above-described analog driving method will be described in detail

with reference to Flg.28.

Fig. 28A 1s a graph 1llustrating the transistor
characteristics of the TFT for EL driving. Reference numeral 2801
is referred to as Yps-V¢s characteristics (or an Ipg-Ves curve) , wherein
Ips is drain current and Vg 1s voltage between the gate electrode
and the source region (gate voltag_el . Byusingthis graph, the amount

of current with regard to arbitrary gate voltage can be Known .

When gradation display is carried out in the analog driving
method, aregionindicatedbyadottedline 2802 of theabove-mentioned
Iys-Ves characteristics is used to drive thé EL element. -Fig. 28B
1s an enlarged view of the region surrounded by the dotted line

2802.

In Fig.:28B, a region illustrated by diagonal lines is
referred to as a saturated region. More specifically, in the region,
the gate voltage satisfies |Ves - Vra] < | Vbs|. wherein Vo is threshold
voltage. In this region, the drain current changes exponentially
as the gate voltage changes. This re‘gion is used to perform current

control by the gate voltage.

When a TFT for switching is turned on, an analog video signal
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inputted to a pixel is gate voltage of a TFT for EL driving. Here,
according to the Ips-Ves characteristiocs illustrated in Fig. 28A,
drain current with regard to certain gate voltage is decided in
a ratio of one to one. More specifically, correspondingly {:o the
voltage of the analog video signal inputted to the gate electrode
of the TFT for EL d4riving, the potential of t:he~ drain region is
decided. Predetermineddraincurrent passes throughthe ELelement,
and the EL element emits light im an amount which corregponds to

the amount of current.

As describhed above, the amount of light emitted from the

EL element is controlled by the video sigmal, and, by controlling

the amount of light emission, gradation display is carried out,

However, the above-descaribed analog driving method has a
defect in that - it 1is easily affected by variation in the
characteristics of the TFTs. Even in the case where equal gate
voltage is applied to the TFTs for EL driving of the respective
pixels, if there is variation in the Ips~-Ves characteristics of the

‘
TFTs for EL driving, the same drain current can not be outputted.
Further, as ls clear from Fig. 28&, since the saturated region where
the drain current changes exponentially as the gate voltage changes
is used, a slight shift in the Ips-Vgs characteristics can result

in considerable variation in the amount of outputted current even

if equal gate voltage is applied. In this case, slight variation
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in the Ips-Ves charactéristics results in considerable difference
in the amount of light emitted from the EL elements between adjacent

pixels even 1f a signal of equal voltage is inputted thereto.

In this way, analog @riving is quite sensitive to variation
in the characteristics of the TFTs for EL driving, which is an obstacle

to gradation display by a conventional active matrix EL display.-
SUMMARY OF THE INVENTION

The present invention is made 1in view of the above problem,
and an object of the present invention is to provide an active matrix
EL display capable of vivid coloxr display havingmany tones. Another
object of the present invention is to provide a high-performance
display davice (electronic apparatus) provided with such an active

matrix EL display as a display.

The inventor of the present invention thought that the
problém withregard totheanalogdrivingisattributable togradation
display performed by using the saturated region, which is easily
affected by variation in the Ips-Vgs characteristics since the drain

current changes exponentially as the gate voltage changes.

More specifically, in the case where there is variation in

the Ips-Vgs characteristics, since, in the saturated region, the drain

" current changes exponentially as the gate voltage changes, d.ifferent

current (drain current) is outputted even when equal gate voltage

is applied. As a result, there is a problem that desired gradation

10
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can not be attained.

Accordingly, the inventor of the present invention pProposes
a method where control of the amount of 1ight emitted from EL elements
1s carried out not through control of current using the saturated
reglon but mainly through control of time duringwhich the EL elements
emit light. According to the present 1n§rention. the amount of lighf
emitted from the EL elements 1s controlled by time to carry out
gradation display. Such a driving method where gradation display
is carriled out by controlling the 1ight emission time of EL elements
is referred to as a time-division dr:!fzing methed (hereinafter
referred to as digital driving); \It is to be noted that gradation

displaycarried out by sucha time-divisiondrivingmethod is referred

to as time-division gradation display.

By the above-mentioned structure, according to the present
invention, even if there is variation in the Ips-Ves characteristics
to some extent, a situation can be avolded that there is considerable
difference in the amount ¢f 1ight emitted from the El. elements between

adjacent pixels even 1f a signal of equal voltage is itnputted thereto.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram illustrating a circuit structure of an

EL display according to the present invention.

Fig. 2 is a circuit diagram of a pixel portion of the EL display

according to the present invention.

i1
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Fig. 3 1s a c¢ircuit diagram of a pixel of the EL display according

ta the present invention.

Fig. 4 1illustrates a driving method of the EL display according
to the present invention.

Figs. 5A and 5B are timing charts of a selection signal in a

driving method according to the present invention.

Fig. 6 1llustrates a driving method of an EL display according to

the present invention.

Fig. 7 illustrates a driving method of an EL display according to

the present invention.

Fig. 8 1llustrates a driving method of an EL display according to

the present invention. -

Fig. 9 is a plan view of pixels of an EL display according to the

present invention.
Fig. 10 13 a block dlagram lllustrating the structure of a driver

circult of the EL display according to the present invention.

Figs. 11A - 11C illustrate a manufacturing process of the EL

display according to the present invention.

Figs. 12A -~ 12C illustrate a manufacturing process of the EL

display according to the present invention.

Figs. 13A - 13B illustrate a manufacturing process of the EL

display according to the present invention.

12
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Fig. 14 1s a detalled sectlonal view of an EL display according

to the present invention.

Figs. 15A and 15B are a plan view and a sectional view,

respectively, of an EL display according to the present invention.

Fig. 16 is a clrcuit diagram of a source signal line driver circuit

of the EL displéy according to the present invention.

Fig. 17 is a plan view of a latch of the source signal line driver

circuilt of the EL display according to the present invention.

Fig. 18 1s a circuit diagram of a gate signal line driver circuilt

of the EL display according to.th present invention.

Fig. 19A illustrates a structure of a connection between an EL and
a TFT for EL driving and Fig. 19B illustrates the voltage-current

characteristics of the BL element and of the TFT for EL driving.

Fig. 20 11llustrates voltage-current characteristics of an EL element

and of a TFT for EL driving.

Fig. 21 illustrates relationship between gate voltage aﬁd drain

current of a TFT for EL driving.

Fig. 22 is a block dlagram of a display according to the present

invention.

Figs. 23A and 23B are plan views of a display with a driver

circuit as a display according to the present invention.
Figs. 24A - 24F illustrate electronic apparatus using the EL

3
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display according to the present invention.

Figs. 25A - 25C illustrate electronic apparatus using the EL

display according to the present invention.

Fig. 26 is a cilrcult diagram of a pixel portion of a conventional

EL display.

Fig. 27 1s a timing chart i1llustrating a driving method of the

conventional EL display.

Figs. 28A and 28B illustrate Ips—Vgs characteristics of a TFT.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

. h ]
+ ¢

A structure and a driving method of an EL display according
to the preset invention are described in the following. Here, a
case where 2" tones are displayed according to an n-bit digital video

signal is described. .

Fig. 1l 1llustrates anexemplaryblock diagramof anELdisplay
according to the present invention. The EL display illustrated in
Fig. 1 has a pixel portion 1¢l formed of TFTs formed on a substrate,
a source signal line driver circuit 102 disposed on the periphery
of the pixel portion 101, and a gate signal line driver circuit
103. It is to be noted that, though the EL display of the present
embodiment has one source signal line driver circuit and one gate
signal line driver circuit, the pfésent invention is not limited

thereto, and there may be two or more source signal ‘line driver

14
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circuits and two or more gate sigmnal line driver circuits.

A clock signal for sources (S-CLK) and a start pulse signal
for the sources (S-SP) are inputted to the source signal line driver
circuit 102. The source signal line driver circuit 102 is driven
by the clock signal for the sources (S-CLK) and the start pulse

signal for the sources (S-SP).

A clock signal for gates (G-CLK) and a start pulse signal
for the gates (G-SP)} are inputted to the gate signal line driver
circuit 103. The gate signal line driver circuit 103 is driven by
the clock signal for the gates (G:QLK) and the start pulse signal

for the gates (G-SP}.

In the present invention, the source signal line driver
circuit 102 and the gate signal line driver circuit 103 may be provided
on the substrate having the pixel portion 101 provided thereon,
or alternatively, may be provided on an IC chip and connected through

an FPC or a TAB to the pixel portion 101.

Filg. 2 is an enlarged view of the pixel portion 101. Source
signal lines S1 to Sx, power supply lines V1 to Vx, and gate signal
lines GO, Gl to Gy. and G(y+1l) are provided in the pixel portion

101.

A pixel 104 is a region having one of the source signal lines
S1 to Sx. one of the power supply lines V1 to Vx, and one of the

gate signal lines Gl to Gy. A plurality of pixels 104 are arranged

15



16

15

20

like a matrix in the pixel portion 101.

It is to be noted that, though no pixel is formed between
the gate signal lines GO and Gl in Fig. 2, the present invention
is not limited thereto, and dummy pixels may be formed between the

gate signal lines GO and Gl.

Fig. 3 1is a circuit diagram of the pixel 104. Reference
numerals 105, 106, 107, 108, 109, and 110 denote a first TFT for
switching, a second TFT for switching, a TFT for erasing, a TFT
for EL driving, a capacitor, and an EL element, respectively. A
pixel (4§, 1) illustrated in Fig. _3 shas: a source signal line S3j (]

is an arbltrary number from 1 to x). a power supply line Vj, and

a gate signal line Gi (1 is an arbitrary number from 1 to y).

A gate electrode of the first TFT 105 for switching -is
connected to the gate signal line Gi, A gate electrode of the seqond
TFT 106 for switching is connected to a gate signal line G(i+l)
of a pixel (3, i+l) located next to the pixel (j, 1). It is to be
noted that, though the present embodiment has the above-described
structure, 1t may be that the gate elactrode of the second TFT 106
for switching is connected to the gate signal line Gi and the gate
electrode of the first TFT 105 for switching is connected to the
gate signal line G(i+l) of the pixel (3j, 1+1) located next to the

pixel (3, 1).

A source region or drain region of the first TFT 105 far

16
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switching and a source regilon or drain regio.n of the second TFT
106 for switching are connected in series. The source region or
drain region of the second TFT 106 for switching not connected to
the source reglon or drain region of the first TFT 105 for switching
is connected to the source signallineSj. Further, the source region
or drain region of the first TFT 105 for switchi.ng not connected
to the source region ordrain region of the second TFT 106 for switching

is connected to a gate electrode of the TFT 108 for EL driving.

A gate electrode of the TFT 107 for erasing is connected
to a gate signal line G {i-1) of a pixel (j, 1-1) located mext to
the pixel (j, 1) illustrated in F:l:g. 3. One of a source region or
a drain reglon of the TFT 107 for erasing is connected to the power

supply line Vj, and the other is connected to the gate electrode

of the TFT 108 for EL driving.

The capacitor 109 is provided so as to be connected to the
gate electrode of the TFT 108 for EL driving and to the power supply
line V4. The cap'acitor 109 is provided for the purpose of retaining .
the gate voltage of the TFT 108 for EL driving when the TFT 107
for switching is in a nonselected state (an OFF state)}. It is to
be noted that, though the capacitor 109 1= provided in the structure
of the present embodiment, the ;;resent invention is not limited

thereto, and the capacitor 109 may not be provided,

A source region of the TFT 108 for EL driving is connected

17



10

20

to the power supply line Vj, while a drain region of the TFT 108

for EL driving is connected to the EL element 110.

It 1s to be noted that a power supply line may be commonly
used by two pixels adjacent to each other in one line. In other
words, 1t may be structured such that the source regions of the
TFTs for EL driving of the two pixels are connected to one commoﬁ

power supply line.

The EL element 110 is formed of an anode, a cathode, and
an EL layer provided between the anode and the cathode. In case
the anode is connected to the drain region of the TFT 108 for EL
driving, the anode is a pixel'electrode whilile the cathode is an
opposing electrode. Conversely, lu case the cathode is connected
fo the drain region of the TFT 108 for EL driving, the cathode is

a pixel electrxode and the anode is an opposing electrode.

The opposing electrode of the EL element 110 is conneéted
to an opposing power souxce (not shown) provided cutside the substrate
having the pixel portion 101 formed thereon, and the opposing
potential which is constant 1ls always applied to the opposing
electrode of the EL element 110. The power supply lines V1 to Vx

are connected to a power source (not shown) provided outside the

‘'substrate having the pixel portion 101 formed thereon, and the power

source potential which is constant is always applied to the power

Supply lines V1 toVx. Thedifference between the opposingpotential

18
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and the power source potential is always held such that the EI element
110 emits light when the power source potential 1is applied to the

pixel electrode.

With regard to a typical present EL display. in the case
where the amount of light emission per area of the pixel portion
is 200 cd/m?, necessary current per area of the pixel portion 1#
several mA/ em?. Therefore, ag the size of the pixel portion becomes
larger, it becomes more difficult to control by a switch the potential
applied to the power supply lines by a power source provided in

an IC or the like. According to the present invention, since the

~

power source potential and the opposing potential are always held
constant and 1t is not necessary to control using a switch the
potential applied from the power source provided in the IC, the
present invention is useful in niaterializing panels of a .1arger

screen size.

As the first TFT 105 for switching, the second TFT 106 for
switching, the T?T 107 for erasing, and the TFT 108 for EL driving,
both n-channel TFTs and p-channel TFTs can be used. However, it
1s necessgary that the first TFT 105 for switching, the second TFT
106 for switching, and the TFT 107 forerasing are of the same polarity.
Further, in case the anode of the EL element 110 is a pixel electrode
and its cathode is an aopposing electrode, it is preferable that

the TFT 108 for EL driving is a p-channel TFT. Conversely, in the

19
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case where the anode of the EL element 110 is an opposing eiectrode
and its cathode is a pixel electrode, it is preferable that the

TFT 108 for EL driving is an n-channel TFT.

Still further, the first TFT 105 for switching, the second
TFT 106 for switching, the TFT 107 for erasing, the TFT 108 for
EL driving may have not only a single-gate structure but also é
multi-gate structure suchas a double-gate structure or a triple-gate

structure.

Next, a method ¢of driving the EL display according to the
present invention illustrated ;r%‘Figs. 1 to 3 is described with
reference to a timing chart illustrated in Fig. 4. In Fig. 4 a
horizontal axis denotes time while a vertical axis denotes the

position of 2 selected gate signal line.

First, during a writing period Tal, the gate signal line
GO 1s selected agocording to a selection signal for writing (a first
selection signal) inputted from the gate signal line driver circuit
103 to the gate signal iine G0. Then, the TFTs 107 for erasing of
the pixels in the first line whose gate electrodes are connected
to the gate signal line GO are turnedon. When the TFT 107 for erasing
is turned on, the gate electrode and the source region of the TFT
108 for EL driving are electrically connected to each other.
Therefore, the gate voltage (the'botential difference between the

gate electrode and the source region} of the TFT 108 for EL driving

20
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becomes zero. which makes the TFTs 108 for EL driving of the piiels

in the first line imn the OFF state.

Then, with the gate signal line GO being in the selected
state according to the selection signal for writing, the gate signal
line Gl 1s selected ac.cording to the selection signal for writing
inputted to the gate signal line Gl. Then, the fi-.rst TFTs 105 for
switching of the pixels in the first line, the gate electrodes of
which are connected to the gate signal line G1, and the TFTs 107
for erasing of the pixels in the second line, the gate electrodes
of which are also connected to the gate signal line Gl are turned

4~

an.

Then, with the gate signal line Gl being in the selected
state according to the selection signal for writigg, the gate signal
line GO0 becomes nonselected, and at the same time. the gate signal
line G2 is selected. Then, the second TFTs 106 for switching of
the pixels in the first line, the gate electrodes of which are
connected to the gate signal 1ine G2, the first TFTs 105 for switching
of the pixels in the second line, the gate electrodes of which are
also connected to the gate signal line G2, and the TFTs 107 fqr
erasing of the pixels in the third line, the gate electrodes of

which are also connacted to the gate signal line G2 are turned on.

Therefore, by simultaneously selecting the gate signal lines

GO and G1 according to the selection signal for writing, the first
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TFTs 105 for switching and the second TFTs 106 for switching of

the pixels in the first line are simultaneously turned on.

When the first TFTs 105 for switching and the second TFTs

106 for switching are simultaneously in the ON state. a first bit

5 of a digital video signal is inputted from the source signal line
driver circuilt 102 to the source signal lines S1 to Sx. The fi;cst

bit of thé digital videc signal is inputted through the first TFTs

105 for switching and the second TFTs 106 for switching to the gate
electrodes of the TFTs 108 for EL driving of the plxels in the first

10 Iine. That a digital video signal is inputted to a gate electrode

of a TFT 108 for EL driving is herein referred to as "a digital

video signal is inputted to a pixel".

A digital video signal has information which is either "0
or “1". One of the "0" digital video signal and the "1® digital
15 wvideo signal is a signal having voltage of Hi while the other is

a signal having voltage of Lo.

In the prasent embodiment, in case the digital video signal
has the information "0", the TFT 108 for EL driving is in the OFF
state, and thus, the power source potential isg not applied to the

2  pixel electrode of the EL alement 110. As a result, the EL element
110 of the pixel to which the "0® digital video signal 1s. inputted

does not emit light.

Conversely, in the case where the digital video signal has
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the information "1%, the TFT 108 for EL driving is in the ON state,
and thus, the power source potential is applied to the pixel elactrode
of the EL element 110. As a result, the EL element 110 of the pixel

to which the "0" digital video signal is inputted emits light.

In the present embodiment, in the case where the digital
video signal has the information 0", the TFT 168 for EL driving
is in the OFF state, and in the case where the digital video signal
has the information "1", the TFT 108 for EL driving is in the ON
state. However, the present invention 1s not limited thereto, and
it may be that, in case the digital videc signal has the information
“0", the TFT 108 for EL driving is: ln the ON state, and in the case
where the digital wvideo signal has the information “1%, the TFT

108 for EL driving is in the OFF state.

In this way. simultaneously with the input of the digital
video signal to the pixels in the first line, the EL elements 110
perform light emission or do not perform light emission such that
the pixels in th‘e first 1iﬁé carry out display. A period during
which a pixel carries out display is referred to as a display period
Tr. In particular, a display period started with the input of the

first bit of the dlgital video signal to the pixels is referred

to as Trl. The timings when the display periods of the respective

lines are started have time differences with one another.

Then, with the gate signal line G2 being in the selected
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state according to the selection signal for writing, the gate signal
line G1 becomes nonselected, and at the same time, the gaée signal
line G3 is selected. Then, the first TFTs 105 for switching of the
pixels in the second line the gate electrodes of which are connected
to the gate signal line G3, the second TFTs 106 for switching of
the pixels in the third iine the gate electrodes of which are also
connected to the gate signal line G3, and the TFTs 107 for erasing
of the pixels in the fourth line the gate electrodes of which are

also connected to the gate signal line G3 are turned on.

Therefore, the first TFTs 105 fof switching and the second
TFTs 106 for switching of thé“pixels in the second line are
simultaneously turned on. When the first TFTs 105 for switching
and the second TFTs 106 for switching are simultaneously in the
ON state, a digital video signal of a first bit is inputted from
the source signal line driver circt;tit 102 to the source signal lines
S1 to Sx. The first bit of the digital video signal is inputted
through the first TFTs 105 for switching and the second TFTs 106

‘

for switching to the gate electrodes of the TFTs 108 for EL driving

of the pixels in the second line.

Then, -all the gate signal lines are sequentially selected
according to the selection signal for writing to input the first
bit of the digital video signal to.all the pixels. The period until

the first bit of the digital video signal is inputted to all the
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Pixels is the writing period Tal.

In this way, during a writing period, two gate signals are
simyltaneously selected according to the selection signal for

writing.

On the other hand, before the first bit of the digital video
signal is inputted to all the pixels, that is, before the writing
period Tal ends, in parallel with the input of the first bit of
the digital video signal to the pixels, the gate signal line GO
is selected according to a selection signal for erasing (a second
selection signal) inputted from fih? gate signal line driver circuit

103 to the gate slignal line GO.

When the gate signal line GO is sﬂelected according to the
selection signal for erasing, the TFTs 107 for erasing of the pixels
in the first line., the gate electrodes O0f which are connected to
the gate signal line GO, are turned ON. Therefore, the power source
potential of the power supply lines V1 toc Vx is applied through
the TFTs 107 for erasing to the gate electrodes of the TFTs 108
for BEL driving. By applying the power source potential to the gate
alectrodes of the TFTs 108 for EL driving, the first bit of the
digital video signal retalned by the gate electrodes of the TFTs
108 for EL driving since the gate signal lines Gl and G2 are selected
according to the selection signal for writing is erased. In this

way, the power source potential is not applied to the pixel electrodes
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of the EL elements 110, all the EL elements 110 of the pixels in
the first line no longer emit light, and the pixels in the first

line do not carry out display.

A period during which a pixel does not carry out display
is referred to as a non-display period Td. With regard to the pixels
in the first line, simultaneously with the sele;:tion of the gate
signal line GO according to the selection signal for erasing, the
display period Trl ends and a non-display period Tdl starts.
Similarly to the case of the display periods, the timings when the

non-display periods of the respective lines are started have time

~

4

differences with one another.

Then, the gate signal line GO becomes nonselected by the
selection signal for erasing, and the gate signal 1ine Gl is selected.
When the gate signal line Gi is selected, the TFTs 107 for erasing
in the second line, the gate electrodes of which are connected to
the gate signal line Gl. are turned on. In this way, the non-display
period T4 is steu:ted with regard to the pixels in the second line,

and the pixels in the second line no lqnger carry out display.

Then, all the gate signal lines are sequentially selected
accordiﬂg to the selection signal for erasing. The period until
all the gate signal lines are selecteﬁ according to the selection'
sigual for erasing to erase the fi:.:ét bit of the digital video signal

from all the pixels 1is an erasing period Tel.
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In this way. during an erasing period, only one gate signal
line is always selected according to the selection signal for erasing,
and two or more gate signal lines are by no means simuiltaneously

selected according to the selection signal for erasing.

On the other hand, befare the first bit of the digitai video
signal retained by all the pixels are erased, th-at is, before the
erasing period Tel ends. in parallel with the erasing of the first
bit of the digital video signal retained by the pixels, the gate
signal line GO 1s again selected according to the selection signal

for writing. Then, a second bit of the digital video signal is

~

4

inputted to the pixels in the first line. As a result, the pixels
in the first line again carry out display, and thus, with regard
to the pixels in the first line, the non-display period Tdl ends

and a display period Tr2 starts.

Similarly, all the gate signal lines are sequentially
selected according to the selection signal for writing to input
the second bit of the digital video signal to all the pixels. The
period until the second bit of'the digital video signal is inputted

to all the pixels 1is referred to as a writing period Taz.

On the other hand, before the second bit of the digital video
signal is inputted to all the pixels, that is, before the writing
period Ta2 ends, im parallel with the input of the second bit of

the digital video signal to the pixels, the gate signal line GO
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is selected according to the selection signal for erasing. In this
way. all the EL elements 110 of the pixels in the first line no
longer emit light, and the pixels in the first line do not carry
out display. Therefore, with regard to the pixels in the £irst line,

the display period Tr2 ends and a non-display period TdZ starts.

Then, all the gate signal lines are sequentially selected
according to the selection signal for erasing to erase the second
bit of the digital video signal from all the pixels. The period
until the second bit of the digital video signal are erased from

all the pixels 1is an erasing period Te2.

4
~

The above operation isrepeateduntil anmthbit of the digital
video signal is inputted to the pixels. During that period, the
display period Tr and the non-display period Td repeatedly appear.
The display period Trl is a period from the time when the writing
period Tal is started to the time when the erasing period Tel is‘
started. The non-display period Tdl is a period from the time when
the erasing peri?d Tel is started to the time when the next writing
period (Ta2 in this case) is started. Similarlyto the displayperiod
Trl and the non-display period Tdl, display periods Tr2, Tr3, .,

Tr(m-1) and non-display periods Td2, Td3, ..,Td(m-1) are defined

..by the writing periods Tal, TaZ, ., Tam and the erasing periods

Tel, Te2, .., Te(m-1}), respectively.

For the saka of simpliclity of description, a case where m
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= n~2 is 1llustrated in Fig. 4 by way of example. However, it goes
without saying that the present invention is not limited thereto.
In the present invention, m¢an be arbitrarily selected among numbers

from 1 to n.

Then, awriting period Tam[n-2] starts {(hereinafter the case
where m = n~2 1s shown 1in brackets). Anm[n-2]lth t'nit of the digital
video signal is inputted to the pixels in the first line, a display
period Trm(n-~2] starts with regard to the pixels in the first line,
and the pixels in the first line carry out display. The m{n-2]th
bit of the dlgital video signal is retained in the pixels until

the next writing period is started.

Then, awritingperiod Ta{m+1)[n-1] starts, andthem[n-~-2]th
bit of the digital video signal retained in the pixels 1s erased.
Instead, an (m+1l)[n-1]th bit of the digital video signal is inputted
to the pixels in the first line, a display period Txr(m+1l)[n-1] starts
with regard to the pixels in the first line, and the pixelg in the
first line carry out display. The {m+1l)}[n-1]th bit of the digital
video signal is retained in the pixels until the next bit of the

digital wvideo signal is inputted.

The above operationis repeateduntil annthbit of thedigital
video signal is inputted to the pixels. Display pericds Trm{n-2],
«, Trn are perlods from the tim& when writing petiods Tam{n-2],

«, Tan are started to the time when the next writing periods are
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started, respectively.

When all the display periods Trl - Trm end, one image can
be displayed. In the present invention, a period during which one

image 1s displayed is referred to as one frame period (F).

After one frame period ends, the gate signal 1line GO is again
selected according to the selection signal for writing. When the
gate signal lines Gl and G2 are simultaneocusly selected, the first
bit of the digital video signal is inputted to the pixels, and,
with regard to the pixels in the first line, the display period

Trl starts again. Then, the above operation is repeated again.

Figq. S5shows atimingchart of the selectionsignal forwriting
to be inputted to the gate signal lines and of the clock signal
for the gates (G-CLI-<) to be inputted to the gate signal line driver
clrcuit 103 in the EL dis_play structured as illustrated in Figs.

1 to 3.

Fig. 52 is a timing chart dquring a writing period. Sa(i-1)
to Sa‘( 1+1) indicate selection signals for writing to be inputted
to gate signal lines G(i-1} to G(i+1l), respectively. Fig. 5B is
a timing chart during an erasingperiod. Se(i-1) toSe(i+l) indicate
selection signals for writing to be inputted to the gate signal

lines G(i-1) to G(i+l). respectively.

It is to be notad that the timing charts illustrated in Fig-

S are with ragard to a case where the first TFT 105 for swltching.
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the second TFT 106 for switching. and the TFT 107 for erasing are
alln-channel TFTs. Inthecasewherethe first TFT 105 for switching,
the second TFT 106 for switching. and the TFT 107 for erasing are
allp-channel TFTs, thepotential of the selectlonsignals forwriting
and of the selection signals for erasing are inversion of the phase
of the potential of the respective signals in t':he timing charf:s

illustratedinFig. 5, with the potential of the ground as a reference.

In a writing period, a perilod during which one gate signal
line is selected according to a selection signal for writing is
referred to as a writing selection period (La). In the case
illustrated in Fig. S5A, the potential of a selection signal for
writingduringawritingselectionperiodisHi. Inanerasingperiod,
a period during which one gate signal line is selected according
to a selection signal for erasing is referred to as an erasing
selectlion period (Le). In the case illustrated in Fig. 5B, the

potential of a selection signal for erasing during an erasing

selection period is Hi.

t

The writing selection period (La) is twice as long as the
erasing selectionperiod (Le). Halfof thewritingselectionpericds
(La) of adjacent gate signal lines overlap each other. Further,
erasing selection periods (Le)} of aéljacent gate signal lines do
not overlap each other, and when an erasing selection period {Le)

with regard to one gate signal line ends, an erasing selection period
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(Le) with regard to the next gate signal line is started.

It is to be noted that the length of the writing selection
period (La) and the length of the erasing selection period (Le)

are controlled by the start pulse signal for the gates (G-SP),

It is to be noted that, in the timing cI}arts illustrated
inFig. 5, the length of the writing selection period (La) corresponds
to two cycles of the clock signal for the gates (G-CLK), and the
length of the erasing selection period (Le) correspouds to one cycle
of the clock signal for the gates (G-CLK), However, the present
invention is not limited thereto. What is necessary is that the
writingselectionperiod (La) is twiceas longas theerasingselection

period (Le).

In the present invention, it ispreferable that the ELdisplay
has sixty or more frame periods per second. If the number of images
displayed per second is less than sixty, flicker of images may become

visually conspicuous.

In additdon, 1n the present invention, it is necessary that
the sum of the lengths of all the writing periods is shorter than
one frame period. Further, it is necessary that the lengths of the
display periods satisfy Trl : Tr2 : Tr3 : . : Tr{n-1) : Trn = 2° :
2 ;22 2(™2 ;201 By combining these display periods, desired

tones among the 2% tones can be displayed.

The sum of the lengths of the display periods during which
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the EL elements emit light in one frame period determines the tone
displayed by the pixel in that frame period. For example, when u
= 8, if the brightness when the pixel emits light during all the
display periods 1s expressed as 100%, brightness of 1% ocan be
materialized by making the pixel emit light in Trl and Tr2, while
brightness of 60% can be materialized by making the plxel emit light

in Tr3, TrS., and Tr8.

It is important that the writing period Tam during which
the mth bit of the digital video signal is written in a pixel is
shorter than the display period Trm. Therefore, it is necessary

that the value of the bit number m is selected from 1 to n such

that the writing period Tam is shorter than the display period Trm.

The display perilods Trl to Trn may appear in any order. For
example, in one frame period, it is possible that the display periods
appear in the order of Trl, Tr3, Tr5, Tr2, ... However, it is more
preferable that the order is such that the display periods Trl to
Trn do not overlap éach other. Further, it is more preferable that
the order is such that the erasing periods Tel to Ten do not overlap

each other.

According to the present invention, by the above gstructure,

..even 1f there 1is a variation‘ to some extent in the Ipg-Ves

characteristics between TFTs, véfiation in the amount of current

outputted when equal gate voltage is applied to the TFTs for EL
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driving can be suppressed. Therefore, a situation can be avoided
that there is considerable difference in the amount of 1light emitted
from the EL elements with regard to adjacent pixels due to the
variation. in the Ips-Vgs characteristics even if a signal of equal

voltage 1s inputted thereto.

Further, according to the present invantion, as TFTIs for
EL driving, two TFTs for EL driving may be provided in parallel.
This makes it possible to efficiently radiate heat generated by
current through the active layer of the TFTs for EL driving, which
can suppress deterioration of the TFTs fér EL driving. Further,
variation in the drain current due i:‘o‘variation in the characteristics
of the TFTs for EL driving such as the threshold and the mobility

can be suppressed.

Further, according to the present invention, a
no-light-emission period during wimich no display is carried out
can be provided. Inthecaseofaconventional analogdrivingmethod,
if an image where all the pixels display white is displayed on‘an
ElL. display, the ;':L elements always emit 1light, which is a cause
of accelerating the deterioration of the EL layer. According to
the present invention, since a no-light-emlssion period can be

provided, the deterioration of the EL layer can be suppressed to

some extent.

It is to be noted that, according to the present invention,
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a display period and a writing period overlap each other pz;rtially.
In other words, a pixel can carry out display even during a writing
period. Therefore, the ratio of the sum of the lengths of all the
display periods in one frame period (duty cycle) is not determined

only by the lengths of the writing periods.

It is to be noted that, though, in the pr'esent embodiment.:,
capacitors are structured to be provided for the purpose of retaining
voltage applied to the gate electrodes of the TFTs for EL driving,
the capacitors may be omitted. When a TFT for EL driving has an
LDD region provided so as to overlap a gate electrode through a

gate insulating £ilm, a parasific capacitance which is generally

' referred to as a gate capacitance is formed in the overlapped region.

This gate capacitance may be positively used as a capacitor for
retaining voltage applied to the gate electrode of the TFT for EL

driving.

Since the value of the gate capacitance varies depending
on the area where the gate electrode and the LDD region overlap
each other, the value is determined by the length of the LDD region

included in the overlapped region.

It is to be noted that application of the structure according
to the present invention described in the above is not limited to
an EI, display, and the structure may also be applied to other

apparatuses using electrooptical elements. Further, when liquid
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crystal which can respond at high speed having the response time

of several tens of lsec or shorter is developed, the structure may

also be applied to a liquid crystal display.
Embodiments of the present invention are described in the following.

{Embodiment 1)

In the present embodiment, a case where 2° tones are displayed
according to a 6-bit digital video signal in an EL display according
to the present invention is described with reference to Fig. 6.
It is fo be noted that the EL display of the present embodiment

has the structure illustrated in Figs. 1 to 3,

PR

First, during a writing period Tal, the gate signal line
GO is selected according to a selection signal for writing inputted
from the gate signal line driver circuit 103 to the gate signal
line GO. Then, the TFTs 107 for erasing of the pixels in the first
line whose the gate electrodes are connected to the gate signal
line GO are turned on. When the TFT 107 for erasing is turned on,
the gate electrode and the source region of the TFT 108 for EL driving
are electrically connected to each other. Therefore, the gate
voltage (the potential difference between the gate electrode and
the source regj.on) of the TFT 108 for E‘L driving becomes zaro, which
makes the TFTs 108 for EL driving of the pixels in the first line

in the OFF state.

Then., with the gate signal line GO being in the selected
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state according to the selection signal for writing, the gate signal
line Gl is selected according to the selection signal for writing
inputted t¢o the gate signal line Gl1. Then, the first TFTs 105 for
switching of the pixels in the first line whose gate electrodes
are connected to the gate signal line G1 and the TFTs 107 for erasing
of the pixels in the second line whose gate eiectrodes are aiso

connected to the gaté gignal line Gl are turned on.

Then, with the gate signal line Gl being in the selected
state according to the selection signal for writing. the gate signal
line G0 becomes nox_xselected, and at the same time, the gate signal
line G2 is selected. Then, the second TFTs 106 for switching of
the pixels in the first line whose gate electrodes are conbected
to the gate signal line G2, the first TFTs 105 for switching of
the pixels in the second line yvhose gate electrodes are also connected
to fhe gate signal line G2, and the TFTs 107 for erasing of the
pixels in the third line the gate electrodes of which are also

connected to the gate signal line G2 are turned on.

{

Therefore, by simultaneously selecting thegate signal lines
GO and Gl according to the selection signal for writing, the first
TFTs 105 for ‘switching and the second TFTs 106 for switching of

the pixels in the first line are simultaneously turned on.

Wwhen the first TFTs 105 for switching and the second TFTs

106 for switching are simultaneously in the ON state, a first bit
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of a digital video signal is inputted from the source signal line
driver circuit 102 to the source signal lines S1 to Sx. The first
bit of the digital video signal is inputted through the first TFTs
105 for switching and the second TFTs 106 for switching to the gate
electrodes of the TFTs 108 for EL driving of the pixels in the first
line. , That a digital video signal is inputted to a gate electrode
of a TFT 108 for EL driving is herein referred to as "s digital

video signal is inputted to a pixel”.

A digital video signal has information which is either *0"
or "1*. One of the 0" digital video signal and the “1" digital
video signal is a signal having ¥oltage of Hi while the other is

a signal having voltage of Lo.

In the present example, in case the digital video signal
has the information "0", the TFT 108 for EL driving is in the OFF
state, and thus, the power source potential 1s not applied to the
pixel electrode of the EL element 110. As a result, the EL element
110 of the pixellto which the "07 digital video signal is inputted

does not emif light.

Conversely, in the case where the digital video signal has

the information "1", the TFT 108 for EL driwving is in the ON state,

..and thus, the power source potenti&l is applied to the pixel electrode

of the EL element 110. As a result, the EL element 110 of the pixel

to which the "1" digital video signal is inputted emits light.
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In the present example., in case the digital video signal
has the information “0", the TFT 108 for EL driving is in the OFF
state, apd, in case the digital video signal has the information
“1*, the TFT 108 for EL driving is in the ON state. However, the
present invention is not restricted to this example. In the case
where the digital video signal has the information “0", the TFT
108 for EL driving can ﬁe in_ the ON state, and, in the case where
the digital video signal has the information "1", the TFT 108 for

EL driving can be in the OFF state.

In this way, simultaneously with the input of the digital
video signal to the pixels in the first line, the EI elements 110
performs light emission or d;: not perform light emission such that
adisplayperiod Trl isstarted. foe timings when the display periods
of the respective lines are started have time differences with one

another.

Then. with the gate signal line G2 being in the selected
state according t‘o the selection signal for writing, the gate signal
line G1 becomes nc:iselected, and at the same time, the gate signal
line G3 is selected. Then, the first TFTs 105 for switching of the
pixels in the second line whose gate electrodes are connected to
the gate signal line G3, the second TFTs 106 for switching of the
pixels 1inh the third line whose gate electrodes are also connected

‘-

to the gate signal line G3, and the TFTs 107 for erasing of the
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pixels in the fourth line whose gate electrodes are also connected

to the gate signal line G3 are turned on.

Therefore, the first TFTs 105 for switching and the second
TFTs 106 for swilitching of the pixels in the second line are
simultaneously turned on. When the first TFTs 105 for switching
and the second TFTs 106 for switching are simuitaneously in the
ON state, a digital video signal of a fist bit is inputted from '
the source signal line driver ¢ircuit 102 to the source signal lines
S1 to Sx. The first bit of the digital video signal is inputted
through the first TFTs 105 for switching and the second TFTs 106
for switching to the gate electrddes of the TFTs 108 for EL driving

of the pixels in the second line.

~

Then, all the gate signal lines are sequentially selected
according to the selection signal for writing to input the first
bit of the digital video signal to all the pixels. The period until
the first bit of the digital video signal is inputted to all the

pixels 1s the w1:::|.ting period Tal.

In this way, during a writing period, two gate signals are
simultaneously selected according to the selection signal for

writing.

Oun the other hand, before the first bit of the digital video
signal is inputted to all the pixels, that is, before the writing

period Tal ends, in parallel with the input of the first bit of
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the digital video signal to the pixels, the gate signal line GO
1s selected according to a selection signal for erasing inputted
from the gate signal line driver circuit 103 to the gate signal

line GO.

When the gate signal line GO is selected according to .the
selection signal for erasing, the TFTs 107 for erasing of the pixels
in the first line whose gate electrodes are connected to the gate
signal line GO are turned ON. Therefore, the power source potential
of the power supply lines V1 to Vx is applied through the TFTs 107
for erasing to the gate electrodes of the TFTs 108 for EL driving.
By applying the power source potential to the gate electrodes of
the TFTs 108 for EL driving, the first bit of the digital video
signal retained by the gate electrodes of the TFTs 108 for EL driving
since the gate signal lines Gl and G2 are selected according to
the selection signal for writing is erased. In this way, t-he power
source potential is not applied to the pixel electrodes of the EL
elements 110, all the EL elements 110 of the pixels in the first
line no longer emit 1ight, and the pixels in the first iline do not

carry out display.

A period during which a pixel does not carry out display
is referred to as a non-display periodTd. With regard to the pixels
in the first line, simultaneously with the selection of the gate

signal line GO according to the selection signal for erasing, the
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display period Trl ends and a non-display period T4l starts. As
in the case of the display periods, the timings when the non-display
periods of the respective lines are started have time differences

with one another.

Then, the gate signal line GO becomes nonselected by the
selection signal for erasing, and the gate signal lj:ne Glis selected.
When the gate signal line Gl is selected, the TFTs 107 for efasing
in the second line whose gate electrodes are connected to the gate
signal line Gl are turned on. In this way, the non-display period
Td is started with'regard to the pixels in the second line, and

the pixels in the second line nd longer carry out display.

Then, all the gate signal lines are sequentially selected
according to the selection signal for erasing. The period until
all t.he gate signal lines are selected according to the selection
signal for erasing to erase the first bit of the digital video signal

from all the pixels is an erasing period Tel.

In this way, during an erasing period, always only one gate
signal line is selected according to the selection signal forerasing,
and two or more gate signal lines are by no means simultaneously

selected according to the selection signal for erasing.

On the other hand., before the first bit of the digital video
signal retained by all the pixels are erased, that is, before the

erasing period Tel ends, in parallel with the erasing of the first
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bit of the digital video signal retained by the pixels, the gate
signal line GO is again selected according to the selection signal
for writing. Then, a second bit of the digital video signal is
inputted to the pixels in the first line. As a result, the pixels
in the first line again carry out display. and thus, with regard
to the pixels in the first lime, the non-display period Tdl ends

and a display pertod Tr2 starts.

Similarly, all the gate signal lines are sequentially
selected according to the selection signal for writing to input
the second bit of the digital videc signal to all the pixels. The
period until the second bit of the€ digital video signal is inputted

to all the pixels is referred to as & writing period Ta2.

On the other hand, before the second bit of the digital video
signal is inputted to all the pixels, that is, before the writing
period Ta2 ends, in parallel with the input of the second bit o;‘.’
the digital video signal to the pixels., the gate signal line GO
is selected accoic‘dlng to the selection signal for erasing. Iu this
way, all the EL elements of the pixels in the first 1ine no longer
emit 1ight, and the pixels in the £irst line do not carry out display.
Therefore, with regard _to the pixels in the first line, the display

period Tr2 ends and a non-display period Td2 starts.

Then, all the gate signal lines are serially selected

according to the selection signal for erasing to erase the second
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bit of the digital video signal from all the pixels. The period

until the second bit of the digital video signal are erased from

all the _pixels 1s an erasing period Te2.

The above operation is repeated until a fifth bit of the
digital video signal is inputted to the pixels. During that period,
the display period Tr and the non-displayperiod Td.repeatedly appear.
The display period Trl is a period from the time when the writing
period Tal is started to the time when the erasing perlod Tel is
started. The non-display period Tdl is a period from the time when
the erasing period Tel is started to the time when the next writing
period (Ta2 in this embodiment) s started. Like the display period
Trl and the non-display period Tdl, display periods Tr2, Tr3, and
Tr4 and non-display periods Td2, Td3, and Td4 are defined by the
writing periods Tal, Ta2, .., Tab and the erasing periods Tel, Te2,

«, Ted4, respectively.

Then, awritingperiod Tas starts. Afifthbitof thedigital
video signal is :!.n'putted to the pixels in the first line, a display
period Tr5 starts with regard to the pixels in the f£irst line, and
the pixels in the first line carry out display. The £ifth bit of
the digital video s_ignal is retained in the pixels until the next

writing period is started.

Then, a writing period Ta6 starts, and the £ifth bit of the

digital video signal retained in the pixels is erased. Instead,
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a sixth bit of the digital video signal is inputted to ti:xe pixels
in the first }ine. a display period Tr6 starts with regard to the
pixels in the first line, and the pixels in the first line carry
out display. The sixth bit of the digital video signal is retained
in the pixels until the next bit of the digital video signal is

inputted.

When the first writing period Tal of the next frame period
is started, the period Tr6é ends, and at the same time, the prioxr
frame period ends. When all the display periods Trl to Tré end,

one image can be displayed. Then. the above operation is repeated.

AdisplayperiocdTrSisa pgriod from the time when the writing
period Ta5 is started to the time when the writing period Taé is
started. A display perlod Tr6'is a peric;d from the time when the
writing period Taé is started to the time when the writing period

Tal of the next frame period is started.

The length of the digplay period Tr is set to satisfy Trl :
TL2 ¢ w t TS 1 Tx6 = 2% : 28 | ¢ 2% ; 2%, By combining these display

periods, desired tones among the 2® tones can be displayed.

The sum of the lengths of the display periods during which
the EL elements emit light in one frame perlod determines the tone
displayed by the pixel in that frame period. If the brightness when
the pixel emits light during all the display periods is 100%,

brightness of 5% can be given by making the pixel emit light in
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Trl and Tr2, while brightness of 32% can be given by making the

pixel emit light in Tr3 and Tr5.

In the present example, it is important that the writing
period Ta5 during which the fifth bit of the digital video signal

is written in a pixel is shorter than the display period Trs.

Further, the ordex of appearance of the display periods Tfl
to Tré may be changed by changing the order of appearance of the
writing periods and the order of appearance of the erasing periods.
For example, in one frame period, it is possible that the display
periods appear in the order of Trl, Tr3, TrS, Tr2, ... However, it
is more preferable that the order ig such that the erasing periods
Tel to Te6 do not overlap each other. Further, it is more preferable
that the order 1is such that the display periods Trl to Tr6§ do not

overlap each other.

According to the present invention, by the above structure,
even 1f there igvarlation to some extent in the Ips-Ves characteristics
between TFTs, va‘r:l.a't:!.on in the amount of current outputted when
equal gate voltage 1s applied can be suppressed. Theiefore, a
situation can be avolded that there is considerable difference in
the amount of light emitted f£rom the EL elements with regard to
adjacent pixels due to the variation in the I,5-Vgs characteristics

even if a signal of equal voltage is inputted thereto.

.

Further, according to the present invention, a no-light
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-emissionperiodduringwhichno display iscarriedout canbeprovided.
In the case of a conventional analog driving method, if an image
where all the pixels display white is displayed on an EL display,
the EL elements always emit light, which is a cause of accelerating
thedeteriorationof theELlayer. Accordingtothepresentinvention,

since a no-light-emission period can be provided, the deterioration

of the EL layer can be suppressed to some extent.

{Embodiment 2)

In the present example, the order of appearance of the display
periods Trl to Tré is described in a driving method according to
the present invent:!.on which is adapted for a 6-bit digital video

signal.

Fig. 7 i1llustrates a timing chart of a driving method of
the present example. The specific driving method 1s described in
Embodiment 1, and thus, the description thereof is omitted here.
In the drivingmethod of the present embodiment, a longest non-display
period (Tdl in thepresent embodiment) in one frame period is provided
last in the one £rame period. By this structure, human eyes visually
perceive that there is a pause between the non-display perlod T4l
and the first display periocd of the next frame period (Tr4 in the
present embodiment}. This makes 1t possible to :ﬁake less
recognizable to human eyes display unevenness caused due to adjacent

display periods of light emission of adjacent frame perilods when
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halftone display is carried out.

It is to be noted that, though, in the present embodiment,
the case of the 6-bit digital video signal is described, the present
invention is not limited thereto. The present invention can be
implemented without being limited by the number of bits of the digital

video signal.
{Embodiment 3)

In the present example, a case-where 2* tones are displayed
according to a 4-bit digital video signal in an EL display according
to the present invention is described with reference to Fig. 8.
It is to be noted that the EL display of the present embodiment

has the structure l1llustrated in Figs. 1 to 3.

First, during a writing period Tal, the gate signal line
G0 is selected according to a selection signal for writing inputted
from the gate signal line driver circuit 103 to the gate signal
line GO. Then, the TFTs 107 for erasing of the pixels in the first
line whose gate '‘electrodes are connected to the gate signal line
GO are turned on. When the TFT 107 for erasing is fturned on, the
gate electrode and the source region of the TFT 108 for EL driving

are electrically connected to each other. Therefore, the gate

"voltage (the potential difference between the gate electrode and

‘a

the source region) of the TFT 108 for EL driving becomes zero. which

makes the TFTs 108 for EL driving of the pixels 1n the first line
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in the OFF state.

Then, with the gate signal line GO being in the selected’
state according to the selection signal for writing. the gate signal
line Gl is selected according to the selection signal for writing
inputted to the gate signal line Gl. Then, the first TFTs 105 for
switching of the pixels in the first line whose gate electrodés
are connected to the gate signal line Gl and the TFTs 107 for erasing
of the pixels 1n the second line whose gate electrodes are also

connected to the gate signal line Gl are turned on.

Then, with the gate signal line Gl being in the selected
state according to the selection &ignal for writing, the gate signal
line GO becomes nonselected, and at the same time, the gate signal
line G2 is selected. Then, the second TFTs 106 for switching of
the pixels in the first line whose gate electrodes are comnnected
to the gate sigmal line G2, the .first TFTs 105 for switching of
the pixels in the second 1ine whose gate electrodes are also ¢onnected
to the gate signal line G2, and the TFTs 107 for erasing of the

!

pixels in the third line whose gate electrodes are also connected

to the gate signal line G2 are turned on.

Therefore, by simultaneously selecting the gate signal lines
G0 and Gl according to the salection signal for writing, the first
TFTs 105 for switching and the second TFIs 106 for switching of

the pixels in the first line are simultaneously turned on.
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When the first TFTs 105 for switching and the seéond TFTs
106 for switching are simultaneously in the ON state, a first bit
of a digital video signal 1s inputted from the source signal line
driver circuit 102 to the source signal lines Sl to Sx. The first
bit of the digital video signal is inputted through the first TFTs
105 for switching and the second TFTs 106 for switching to the gate
electrodes of the TFTs 108 for EL driving of the pixels in the first -
line. That a digital video signal is inputted to a gate electrode
of a TFT 108 for EL driving is herein referred to aé "a digital

video signal is inputted to a pixel".

A digital video signal has informatlion which is either "0*
or "1". One of the "0" digital video signal and the *1" digital
video signal 1s a signal having voltage of HlL while the other is

a signal having voltage of Lo.

In the present embodiment, in the case where the digital
video signal has the information "0", the TFT 108 for EL driving
is in the OFF stﬁfe, and thus, the power source potential is not
applied to the pixel electrode of the EL element 110. As a result,
the EL element 110 of the pixel to which the "0" digital video signal

is inputted does not emlt light.

Conversely, in the case where the digital video signal has
the information "1", the TFT 108 for EL driving is in the ON state,

and thus, the power source potential is appliedto the pixel electrode
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of the EL element 110. As a result, the EL element 110 of the pixel

to which the "1" digital video signal is inputted emits light. .

In the present embodiment, in the case where the digital
video signal has the information "0", the TFT 108 for EL driving
is in the OFF state, and, in the case where the digital video signal
has the information “1", the TFT 108 for EL dr:iving is in the -ON
state. However, the present invention is not limited thereto, and
it ;nay be that, in the case where the digital video signal has the
information “0", the TFT 108 for EL driving is in the ON state,
and, in the case where the digital video signal has the information

“1", the TFT 108 for EL drivind is in the OFF state.

In this way, simultaneously with the input of the digital
video signal to the pixels in the first line, the EL elements 110
perform light emission or o not perform light emission such that
adisplayperiodTrlis started. The timingswhen the displayperiods
of the respective lines are étarted have time differences with one

another.

L
Then, with the gate signal line G2 being in the selected
state according to the selection signal for writing, the gate signal
line Gl becomes nonselected, and at the same time. the gate signal

line G3 is selected. Then, the second T¥Ts 106 for switching of

. the pixels in the second line whose gate electrodes are connected

to the gate signal lipe G3, the first TFTs 105 for switching of
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the pixels in the third line whose gate electrodes are also connected
to the gate sigmal line G3, and the TFTs 107 for erasing of the
pixels in the fourth line whose gate electrodes are also connected

to the gate signal line G3 are turned on.

Therefore, the first TPTs 105 for switching and the second
TFTs 106 for switching of the pixels in the second line are
simultaneously turned on. When the first TFTs 105 for switching
and the second TFTs 106 for switching are simultaneously in the
ON state, a digital video signal of a first bit is inputted from
the source signal line driver circuit 102 to the source signal lines
S1 to Sx. The firs.t bit of therdigital video signal is inputted
through the first TFTs 105 for swltching and the second TFTs 106
for switching to the gate electrodes of the TFTs 108 for EL driving

of the pixels in the second. line.

Then, all the gate signal lines are sequentially selected
according to the selection signal for writing to input the first
bit of the digital video signal to all the pixels. The period until

the first bit of the digital video signal is inputted to all the

pixels is the writing period Tai.

In this way. during a writing period, two gate signal lines
are simultaneously selected according to the selection signal for

writing.

On the other hand, before the £irst bit of the digital video
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signal is inputted to all the pixels, that is, before the writing
period Tal ends, in parallel with the input of the first bit of
the digital video signal to the pixels, the gate signal line GO
is selected according to a selection signal for erasing inputted

from the gate signal line driver circuit 103 to the gate signal

line GO.

When the gate signal line GO is selected according to the
selection signal for erasing, the TFTs 109 for erasing of the pixels
in the first line whose gate electrodes are connected to the gate
signal line GO are turned on. Therefore, the power source potential
of the power supply lines V1 to Vx is applied through the TFTs 109
for erasing to the gate electrodes of the TFTs 108 for EL driving.
By applying the power source potential to the gate electrodes of
the TFTs 108 for EL Adriving., the first bit of the digital videa
signal retained by the gate electrodes of the TFTs 108 for EL d:civiné
since the gate signal lines Gl and G2 are selected according to
the selection signal for writing is erased. In this way, the power
source potential‘is not applied to the pixel electrodes of the EL
elements 110, all the EL elements 110 of the pixels in the first

line no longer emit light, and the pixels in the first line do not

carry out display.

A period during which a pixel does not carry out display

is referred to as a non~display period Td. With regard to the pixels
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in the first line, simultaneously with the selection of the gate
signal line GO0 according to the selection signal for erasing, the
display pericd Trl ends and a non-display period Tdl starts. As
in the case of the display periods, the timings when the non-display
periods of the respective lines are started have time diffei-ences

with one another.

Then, the gate signal line GO becomes nonselected by the
selection signal for erasing, and the gate signal line Gl is selected.
When the gate signal line Gl 1s selected, the TFTs 107 for erasing
in the second line whose gate electrodeslare connected to the gate
signal line Gl are turned on. In"this way. the non-display period
T4 1s started with reg_ard to the pixels in the second line, and

the pixels in the second line no longer ¢arry out display.

Then, all the gate signal lines are sequentially selected
according to the selection signal for erasing. The perilod until
all the gate signal lines are selected according to the selection
signal for erasing to erase the £irst bit of the digital videoc signal

from all the pixels is an erasing period Tel.

In this way, during an erasing period, always only one gate
signal line is selected according to the selection signal forerasing.,
and two or more gate signal lines are by no means simultaneously

selected according to the selecj:ion slgnal for erasing.

On the other hand, before the £first bit of the digital video
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signal retained by ali the pixels are erased, that is, before the
erasing period Tel ends, in parallel with the erasing of the first
bit of the digital videc signal retained by the pixels, the gate
signal line GO is again selected according to the selection signal
for writing. Then, a second bit of the digital video signal is
inputted to the pixels in the first line. As a result, the pixels
in the first line again carry out display, and thus, with regard
to the pixels in tﬁe first iine, the non-display period Tdl ends

and a display period Tr2 starts.

Similarly, all the gate signal lines are sesquentially
selected according to the selection signal for writing to input
the second bit of the digital video signal to all the pixels. The
period until the second bit of the digital-video signal is inputted

to all the pixels is referred to as a writing period Ta2.

On the other hand, before th; second bit of the digital video
signal is inputted to all the piwxels, that 1s, before the writing
periocd Ta2 ends, in parallel with the input of the second bit of
the digital vide;o signal to the pixels, the gate signal line GO
is selected according to the selection signal for erasing. In this
way, all the EL elements 110 of the pixels in the first line no
longer emit light, and the pixels in the first line do not carry

out display. Therefore, with regard to the pixels in the first line,

the display period Tr2 ends and é non-display period Td2 starts.
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Then, all the gate signal lines are sequentially selected
according to the selection signal for erasing to erase the second
bit of the digital video signal from all the pixels. The period
until the second bit "of the digital video signal are erased from

all the pixels is an erasing period TeZ.

Then, awriting period Ta3 starts. Athird‘ bit of the digitél
video signal is inputted to the pixels in the first line, a display
period Tr3 starts with régrard to the pixels in the first line, and
the pixels in the first line carry out display. The third bit of

the digital video signal i= retained in the pixels until the next

~

4

writing period is started.

Then, a writing period Ta4 starts, and the third bit_ of the
digital video signal retained in the pixels 1s erased. Instead,
a fourth bit of the digital video signal is inputted to tle pixels
in the first line, a disélay period Tr4 starts with regard to the
pixels in the first line, and the pixels in the first line carry
out display. The fourth bit of the digital video signal is retained
1n the pixels until the next bit of the digital video signal is

inputted.

When the first writing peried Tal of the next frame period
is started, the perlod Tr4 ends, and at the same time, the prior
frame period ends. When all the.display periods Trl to Tr4 end,

one image can be displayed. Then, the above operation is repeated.
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Adisplayperiod Tr3 is aperiod from the time when the writing
period Ta3 is started to the time when the writing period Ta4 is
started. A display period Tr4 is a period from the time when the
writing period Ta4 1s started to the time when the writing period

Tal of the next frame period is started.

The length of the display period Tr is set to satisfy Trl :
Tr2 : Tr3 : Tr4 = 2°: 2' : 22 : 2'. By combining these display periods,

desired tones among the 2! tones can be displayed.

The sum of the lengths of the display periods during which
the EL elements emj:t light in one frame period determines the tone
displayed by the pixel in that frame period. 1If the brightness when
the pixel emits 1light during all the display periods is expressed
as 100%, brightness of 20% can be given by making the pixel emit
light in Trl and Tr2, while b_rightness of 27% can be given by making

the pixel emit light only in Tr3.

In the present embodiment, it is important that the writing
period Ta3 during which the third bit of the digital video signal

is written in a pixel is shorter than the display period Tr3.

Further. the order of appearance of the display periceds Trl
toTr4may be changed. Forexample, inone frame period, itispossible
that the displé.y perlods appear in the order of Trl, Tr3, Tr4, and
Tr2. However, it 1s more preferable that the order is such that

the erasing periods Tel to Ted do not overlap each other. Further,
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it is more preferable that the order is such that the display periods

Trl to Tr4 do not overlap each other.

According to the present invention, by the above structure,
even if thereisvariation tosomeextent inthe Ips-Vgs characteristics
between TFTs, variation in the amount of current outputted when
equal gate voltage 1s applied can be suppress';ed. Therefore, -a
situaiion can be avoided that there is considerable difference in
the amount of light emitted from the. EL elements with regard to
adjacent pixels due to the variation in the Ips-Vgs characteristics

even 1f a signal of equal volfage 1s inputted thereto.

4~

Further, according to the  present invention, a
no-light-emission period during which no display is carried out
canbe provided. Inthe caseof aconventional analogdrivingmethod,
if an image where all the pixels display white is displayed on an
EL display, the EL elements always emit light, which is a cause
of accelerating the deterioration of the EL layer. According to
the present :an?ntion. since a no-light-emission period can be
provided, the deterioration of the EL layer can be suppressed to

some extent.

It is to be noted that the present embodiment can be

- implemented in combination with Embodiment 2.

{Embodiment 4)

In the present embodiment, a plan view {Fig. 9) of the EL display
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'according to the present inventionilliustratedinFig. 3isdescribed.

The same reference numerals denote the same parts in Figs. 3 and

9.

In Fig. 9, the pixel 104 is a region where there are one
source signal line Sj (j is an arbitrary number from 1 to %), one
power supply line V] {3 is the arbltrary number.; from 1 to x), énd
one gate signal line Gi (1 is an arbitrary number from 1 to y).
The pixel 104 has the f£irst TFT 105 for switching, the second TFT
106 for switching, the TFT 107 for erasing, and the TFT 108 for

EL driving.

The first and second TI;'TS 105 and 106 for switching have
a common active layer 906. The first TFT 105 for switching uses
a part of the gate signal line Gi as its gate electrode, while the
second TFT 106 for switching uses a part of the gate signai line

G{i+1l) as its gate electrode.

One of a source region and a drain region of the second TFT
106 for swlitching is connected to the source signal line S]. One
of a source region and adrainregion of the first TFT 105 for switching

is connected to a gate wiring 905 through a connection wiring 901.

The gate wiring 905 is connected through a connection wiring
902 to one of a source region and a dralm region of the TFT 107
for erasing. The TFT 107 for erasing has an active layer 908. One

of the source region or drain region of the TFT 107 for erasing
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not connected to the gate wiring 905 is connected to the powér supply

line V.

The TFT 108 for EL driving has an active layer 907.- The
TFT 108 for EL driving uses a part of the gate wiring 905 as its
gate electrode. A source region of the TFT 108 for EL driving is
connected to the power supply line Vi, while a drain region of the
TFT 108 for EL driving 1s connected to a pixel electrode 903 of

the EL element.

It 1s to be noted that the connectioﬁ wiring 901 is referred
to as a source wiring or a drain wiring depending on the potential
of a signal inputted to the source signal lineé Sj. The coumnection
wiring 902 isreferred toas asourcewiringor adrainwiring depending

on the power source potential of the pov;er supply line Vji.

A capacity wiring 904 is formed.of a semiconductor film,
The capacltor 109 is formed among the capacitywiring 904 electrically
connected to the power supply line Vi, an insulating £iinm (not shown)
which is the same layer as a gate 1ﬁsu1at1ng film, and the gate
wiring 905. Further, a capacitor formed of the gate wiring 905,
8 layer (not shown) which is the same ag a £irst interlayer insulating

film. and the power supply line V¥j can als¢ be used as a capacitor.

It ig to be noted that, though not shown in the figure, a
bank having an opening formed therein by etching an organic resin

£ilm is formed on the pixel electrode 903. Further, though not shown
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in the figure either, an EL layer and an opposing electrode are
laminated in this order on the pixel electrode 9Q03. The pixel
electrode 903 and the EL layer are in contact with each other at
the opening in the bank. The EL layer emits light only at a portion
in contact with and sandwiched between the opposing electrode and

the pilxel electrode 903,

It is to be noted that the plan view of the pixel portion
of the EL display according to the present invention is not limited

to the structure 1illustrated in Fig. 9.

It is to be noted that the present embodiment can be

implemented in combination with Embodiments 1 to 3.
{Embodiment 5)

In the present example, the detalled structure of the driver
circult of the EL display according to the present invention

illustrated in Fig. 1 i1s described with reference to Fig. 10.

The source signal line driver circuit 102 basically has a
shift register i02a, a latch (&) (a first latch) 102b., and a latch

{B) (a second latch) 1l02c.

In the source signal linedriver ¢ircuit 102, the clock signal
for the source (S-CLK) and the start pulse for the source (S-SP)
are inputted to the shift register 102a. Based on the clock signal

for the source (S-CLK) and the start pulse for the source (S-SP),
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the shift register 102aserially generates timing signals, and inputs

them to the latch (A} 102b.

It is to be noted that, though not shown in Fig. 10, the
timing signals outputted from the shift register 102a may be inputted
to the latch (A) 102Zb as a circuit at a subsequent stage after the
timing signals are buffered by a buffer or the like (not shown)'.
Since many circults or elements are connected to wirings to which
the timing signals are supplied, these wirings have a large load
capaclty (parasiticcapacitance). Thebufferorthelikeis provided
for the purpose of preventing "blunt® leading and trailing edges

of the timing signals caused by‘this large load capacity.

The latch () 102b has a plurality of stages for processing
an n-bit digital video signal. When a timing signal is inputted
to the latch (A)_102b. the latch (A) 102b serially takes in and
retains the n bits of the digital video signal inputted from the

external of the source signal line driver circuit 102.

It 1s tq be noted that, when the latch (A) 102b takes in
a digital video signal, the bits of the digital video signal may
be serially inputted to the plurality of stages of latches of the
latch (A) 102b. However, the present invention is not limited to
the structure. The plurality of étages of latches of thé. latch (A)
102b may be divided into several groups to which the digital video

signal is simultaneously inputted, which is so-called division
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driving. It is to be noted that the number of the groups here is
referred to as a division number. For example, when the plurality
of stages of latches are divided into four groups, the division

driving is performed in tetrapartition.

A period during which the digital video signal is written
in all the stages of latches of the latch (A) 102b is referred to
as a line period. Inothexr words, aperiod from the time when writing
of the digital video signal in a latch at the leftmost stage is
started to the time when writing of the digital video signal in
a latch at the rightmost stage is ended is a line period. Actually,
there 1s a case where the period from the time when writing of the
digital video signal in a latch at the leftmost stage is started
to the time when writing of the digital video signal in a latch
4at the rightmést stage 1s ended plus a horizontal retrace line period

is a line period.

When one line perlod ends, a latch signal is supplied to
the latch (B) 102c. At this time, all the bits of the digital video
signal v&ritten :ui andretainedbythe latch (A) 102bare simultaneously
sent to the latch (B) 102c, and are written in and retained by all

the stages of latches of the latch (B) 1l02c.

After the latch (A} 102b sends the digital video signal to
the latch (B) 102c, based on a timing signal from the shift register

102a, the digital video signal inputted from the external of the
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source signal line driver circuit 102 are serially written in the

latch (A) 102b.

During this second cycle of a line period, the digital video
signal written in and retained by the latch (B) 102¢ are inputted

to the source signal line.

On the other hand, the gate signal line driver circuit 103
has a shift register 103a and a buffer 103b. Depending on the
situation, the gate signal line driver circult 103 may have a level

shift in addition to the shift register 103a and the buffer 103b.

In the gate signal line .d';giver circuit 103, a timing signal
from the shift register 103a is supplied to the buffer 103b, and
is suppllied to a corresponding gate signal 1ine. For example, the
gate signal line Gi (1 is an arbitrary number from 1 toy) is connected
to gate electrodes of the second TFTs 106 for switching of pixels
in the (i-1)th line, gate electrodes of the first TFTs 105 for
switching of pixels in the ith line. and gate electrodes of the
TFTs 107 for erasing of pixels in the (i+1l)th line. Therefore, all
the TFTs connected to one gate signal line are required to be
simultaneously turned on. Accordingly, as the buffer, one through

which high current cam pass 1s used.

It 1s to be noted that the present embodiment can be

implemented in combination with Embodiments 1 to 4.

(Embodiment 6)
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In Embodiment 6, a method of manufacturing TFTé provided in
a pixel portion of the EL display of the present invention will
be described.

First, asshowninFig. 11A, abase £film5002made of an insulating
film such as a sllicon oxide £ilm, a silicon nitride film, or a
silicon oxynitride Eilm 1s formed on a substrate 5001 made from
glass, such as barium borosilicate glass or aluminum borosilicate
glass, typically Corning Corp. #7659 glass or #1737 glass. For
example, a silicon oxynltride £ilm 5002a manufactured from SiH,
NH;, and N,O by plasma CVD is formed with a thickness of 10 to 200
nm (preferably from 50 to 100 mm), and a hydrogenized silicon
oxynitride £ilm 5002b with a thickness of 50 to 200 nm (preferably
between 100 and 150 nm), manufactured from SiH; and N,O, 1s gimilarly
formed and laminated. The base £iIm 5002 with the two layer structure
is shown in Embodiment 6, but the base film 5002 may also be formed
as a single layer of one of the above insulating films, and it may
be formed having a lamination structure in which two or more layers
are laminated. ‘

Island shape semiconductor layers 5004 to 5006 are formed of
crystalline semiconductor film manufactured by using a laser
crystalline méthod or a known thermal crystallization method with
a semiconductor £ilm having an amorphous structure. The thickness
of the island shape semiconductdT layers 5004 to 5006 is set from

25to 80 nm { preferablybetween 30 and60nm). Therearenolimitations
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on the crystalline semiconductor filmmaterial, but it is preferable
to form the f£ilm from a semiconductor material such as silicon or
a silicon germanium (SiGe) alloy.

A laser such as a pulse oscillation type or continuous emission
type excimer laser, a YAG laser, or a YVO, laser can be used as a
laser light source in manufacturing the crystalline semiconductor
film with the laser crystallization method. A method of condensing
laser 1light emitted from a laser oscillator into a linear shape
by an optical system and then irradiating the light to the
semiconductor f£ilm may be employed when these types of lasers are
used. The crystallization cond_iit‘ions may be _sﬁ:l.tably selected by
the operator. However, the pulse oscillation frequency is set to
300 Hz, and the laser energy density is set form 100 to 400 mJ/cm®
(typically between 200 and 300 mJ/ cm®) when using the excimer laser.
Further, the second harmonic’'is utilized when using the YAG laser,
the pulse oscillation frequency is set from 30 to 300 KHz, and the
laser energy dens:l.ty may be set from 300 to 600 mJ/cm® (typically
between 350 and 500 mJ/cm®) . The laser light which has been condensed
into a linear shape with a width of 100 to 1000 ym, for example 400

um, is then irradlated onto the entire surface of the substrate.

This is perforined with an overlap ratio of 50 to 90¢% for the linear
laser light,.
A gate insulating £11m 5007 is formed covering the island shape

semiconductor layers 5004 to 5006. The gate insulating f£ilm 5007
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is formed of an insulating film ¢ontaining silicon to a thickness
of 40 to 150 nm by plasma CVD or sputtering. A 120 nm thick. silicon
oxynitride film is formed in Embodiment 6. The gate insulating film
is not limited to this type of silicon oxynitride £ilm, of course,
and other insulating films containing silicon may also be used,
in a single layer or in a lamination structure. For example, when
using a silicon oxide f£ilm, it can be formed by plasma CVD with
a mixture of TEQS (tetraethyl orthosilc.icate) and O, at a reaction
pressure of 40 Pa. with the substrate temperature set from 300 to
400°C, and by discharging at a high frequency (13.56 MHz) electric
power density of 0.5 to 0.8 W/om%: Good characteristics as a gate
insulating £ilm can be obtained by subsequently performing thermal
annealing. at between 400 and 500°C, of the silicon oxide £ilm thus
formed.

A first conductive £ilm 5008 and a second conductive £ilm 5009
are then formed on the gate insulating film 5007 in order to form
gate electrodes. The first conductive £film 5008 is formed from Ta
with a thicknesé of 50 to 100 mm, and the second conductive f£ilm
5009 is formed by W with a thickness of 100 to 300 nm, in Embodiment
6.

The Ta film is formed by sputtering., and sputtering with a
Ta target is performed by using Ar. If appropriate amounts of Xe
and Kr are added to the Ar during sputtering, the internal stress

of the Ta £ilm will be relaxed, and film peeling can be prevented.
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The resistivity of an o phase Ta film is on the order of 20 pQcm,
and it can be used in the gate electrode, but the resistivity of
ap phase Ta film is on the order of 180 uQcmand it is unsuitable
for the gate electrode. The o phase Ta film can easily be obtained
if a tantalum nitride film, which possesses a ¢rystal structure
similar to that of a phase Ta, 1s formed with a thickness of 10
to 50 nm as a base for Ta in order to form the o phase Ta film.

A W film is formed by sputtering with a W target. The W film
can also be formed by thermal CVD using tungsten hexafluoride (WF;).
Whichever 1s used, 1t is necessary to make the £ilm become low
resistance in order to use it as the gate electrode, and it is
preferable that the resistivity of the W £ilm be made equal to or
less than 20 uQcm. The resistivity can be lowered by enlarging the
crystals of the W film, but for cases in which there are many impurity
elements such as oxygen within the W f£ilm, orystallization is
inhibited, and the film becomes high resistance. A W target having
a purity of 99.9999% is thus used in sputtering. In addition, the
W £1lm is formed while sufficient care is taken in order that no
impurities from within the gas phase are introduced at the time
of £ilm formation. Thus, a resistivity of 9 to 20 puQcm can be
achieved. ‘

Note that, although the first conductive film 5008 is Ta and
the second conductive £1ilm 5009 is W in Embodiment 6, the conductive

films are naot limited to these. Both the first ¢onductive £ilm 5008
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and the second conductive £11m 5009 may also be formed from an element
selected from the group consisting of Ta, W, Ti, Mo, Al, and Cu,
from an alloy mater:fal having one of these elements as its main
component, or from a chemical compound of these elements. Further,
a semiconductor film, typically a polysilicon £film, into which an
impurity element such as phosphorous 1s doped may also be used.
Examples o©of preferable combinations other than that used in
Embodiment 6 include: a combination of .the first conductive £ilm
5008 formed from tantalum nitride (TaN) and the second conductive
film 5009 formed from W: a combination of the first conductive film
5008 formed from tantalum nitride (TaN) and the second conductive
£film 5009 formed from Al; and a combination of the-first conductive
£film 5008 formed fromtantalumnitride (TaN{ and the second conductive
film 5009 formed from Cu. {See Fig. llA.)

A mask 5010 is formed next from resist, and a first etching
process is performed in order teo form electrodes and wirings. An
ICP (inductively coupled plasma) etchingmethodis used in Embodiment
6. A gas mixture of CF; and Cl; is used as an etching gas, and a
plasma 1s generated by applying a 500 W RF electric power (13.56
MHz) to a coll shape electrode at 1 Pa. A 100 W RF electric power
(13.56 MHz) igs also applied to the substrate side (test piece stage},
effectively applying a negative self-bias. The W film and the Ta
film are both etched on the same ortler when CF( and C1; are combined.

Edge portious of the first conductive layer and the second
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conductive layer are made int;) a tapered shape in accordance with
the effect of the blas voltage applied to the substrate side with
the above etching conditions by using a suitable resist mask shape,
The angie of the tapered portions is from 15 to 45°. The etching
time may be increased by approximately 10 to 20% in order to perform
etching without any residue remaining on the gate insulating f£ilm.
The selectivity of a silicon oxynitride film with respect to a W
film is from 2 to 4 (typically 3), and therefore approximately 20
to 50 nm of the exposed surface of the silicon oxynitride £ilm is
etched by this over-etching process. First shape conductive layers
5012 to 5016 (first conductive layers 5012a to 5016a and second
conductive layers 5012b to 5016b) composed of the first conductive
layer and the second conductive layer are thus formed by the first
etching process. Portions of the gate imnsulating £ilm 5007 not
covered by the first shape conductive layers 5012 to 5016 aré etched
on the order of 20 to 50 nm, forming thinner regions.

Afirst dopingprocess is then performed, and an impurityelement
which imparts n*tyﬁe conductivity is added. Ton doping or ion
injection may be performed as the doping method. Ion doping is
performed at conditions in which the dosage is set to 1x10*? to sx1o™
atoms/cm?, and. an acceleration voltage is set between 60 and 100
keV. Anelement residingingroup l5of the periodictable, typically
phosphorous {P) or arsenic {As), is used as the n-type conductivity

imparting impurity element. Phosphorous (P) 1s used here. The
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conductive layers 5012 to 5015 become masks with respect to the
n-type conductivity imparting impurity element, and first impurity
regions 5019 to 5025 are formed in a self-aligning manner. The
impurity element which imparts n-type conductivity is added to the
first impurity reglons 5019 to 5025 at a concentration within a
range of 1x10%° and 1x10?* atoms/cm®. (See Fig..11B.)

As shown in Fig. 11{C}, a second etching process is performed
without removing resist mask. The W £film is selectively etched by
using a mixture of CFy, Cl;, and O, as the etching gas. Second shape
conductive layers 5027 to 5031 (first conductive layers 5027a to
5031la and second conductive layeas 5027b to 5631b) are thus formed
by the second etching process. Portions of the gate insulating film
5007 not covered by the 'second shape conductive layers 5027 to 5031
are etched on the order of 20 to 50 nm. forming thinner regions.

The etching reaction of the W £f1ilm or the Ta £11m in accordance
with the mixed gas of CF, and Cl; can be estimated from the generated
radicals, or from the fon species and vapor pressures of the reaction
products. Compariﬁg the vapor pressures of W and Ta f£luorides and

chlorides, the W fluoride compound WFs is extremely high, and the

~ vapor pressures of WCls, TaFs, and TaCls are of similar order.

Therefore the W £1lm and the Ta film are both etched by the CF¢ and
Cl, gas mixture. However, 1f a sultable quantity of O, is added

to this das mixture, CF¢ and 0; react, forming CO and ¥, and a large

amount of F radicals orF ions are generated. Asaresult, theetching
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speed of the W £film having a high fluoride vapor pressure becomes
high. On the other hand, even if F increases, the etching speed
of Ta does not relatively increase. Further, Ta is easily oxidized
compared to W, and therefore the surface of Ta is oxidized by the
addition of O;. The etching speed of the Ta f£ilm is further reduced
because Ta oxides do not react with fluorine and chlorine. It
therefaore becomes possible to have a difference in etching speeds
of the W £11m and the Ta £ilm, and it bgcomes possible to make the
etching speed of the W flilm larger than that of the Ta film.

A second doping process is then performed as shown in Fig.
12A. In this case. an impurify element which imparts n-type
conductivity is doped under conditions of a lower dosage than that
in the first doping process, and at a highexr acceleration voltage
than that in the first doping process. For example, doping may be
perfomed at an accelération voltage of 70 to 120 keV and with a’
dosage of 1x10'? atoms/cm?, forming new impurity i:egions inside the
first impurity regions formed in the island shape semiconductor
layers of Fig. 11B. Doping 1ls performed with the second shape
conductive layers 5027 to 5030 as masks with respect to the impurity
element, and doping is done such that the impurity eleme.nt is also

added to regions below the first conductive layers 5027a to 5030a.

'Third impurity regions 5033 to 5036 are thus formed. A concentration

of phosphorus (P) added to the third impurity regions 5033 to 5036

is provided with a gradual concentration gradient in accordance
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with a film thickness of the taper portion of the first conductive
layers 5027a to 5030a. Further, in the semiconductor layer
overlapping the taper portion of the first conductive layers 5027a
to 5030a, from an end portion of the taper portion of the first
conductive layers 5027a to 5030a toward an inner side, the impurity
concentration is more or less reduced, however, the concentration
stays to be substantially the same degree.

As shown in Fig;¢ 12(B), a third etching process is carried
out by using a reactive ion etching process (RIE process) with an
etching gas of CHFg. The tapered portions of the first
conductive layers 5027a to 5031a are partially etched, and the region
in which the first conductive layexrs overlap with the semiconductor
layer is reduced by the thirdetchingprocess. Thirdshapeconductive
layers 5038 to 5042 (first conductive layers 5038a to 5042a and
second conductive layers 5038b to 5042b) are formed. At this point,
regions of the gate insulating film 5007, which are not covered
with the third shapq conductive layers 5038 to 5042 are made thinner
by about 20 ta 50 nm by etching.

By the third etching process. in the third impurity regions
5033 to 5036, third impurity regions 5033a to 5036a which overlap
with the £irst conductive layers 5038a to 504la, and second impurity
regions 5033b to 5036b between the first impurity regions and the
third impurity regions are formed.

Then, as shown in Fig. 12C, fourth impurity regions 5049 to
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5054 having a conductivity type opposite to the £irst conductivity
type are formed in an island-like semiconductor layer 5006 forming
p-channel TFTs. The third shape conductive layer 5041b is used as
masks to an impurity 'element, and the impurity regions are formed
in a self-aligning manner. At this time, the whole surfaces of the
island-like semiconductor layers 5004 and 5005, and the wirihg
portion 5042, which form n-~channel TFTs are covered with a resist
mask 5200. 2hosPhorus is added to the impurity regions 5049 to 5054
at different concentrations. respectively. The regions are formed
by an ion doping method using diborane (B;H¢} and the impurity
concentration is made 2 x 10*° to 2 x 10** atoms/cm® in any of the
regions.

By the steps up to this, the impurity regions are formed in
the respective island-like semiconductor layers. The third shape
conductive layers 5038 to 5041 overlapping with the island-like
semiconductor layers function as gate electrodes. The conductive
layer S042 functions as an island-like source signal line.

After the resist mask 5200 is removed, a step of activating
the impurity elements added in the respective island-like
semiconductor layers for the purpose of controlling the conductivity
type. This stép i1s carried out by a thermal annealing method using
a furnace annealing oven. In addition, a laser annealing method
or a rapid thermal annealing mettiod (RTA method) can be applied.

The thermal annealing method is performed in a nitrogen atmosphere
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having an oxygen concentration of 1 Ppm or less, preferably 0.1
ppm or less and at 400 to 700°C, typically 500 to 600°C. In Embodiment
6. a heat treatment is conducted at 500°C for 4 hours. However,
in the case where awiringmaterial used for the third shape conductive
layers 5038 to 5042 is weak to heat, it is preferable that the
activation iz performed after an interlayer’ insulating film
(containing silicon as its main ingredient) is formed to protect
the wiring line or the like.

Further, a heat freatment at 300 to 450°C for 1 to 12 hours
is conducted in an atmosphere containing hydrogen of 3 to 100 %,
and a step of hydrogenating thedsland-like semiconductor layers
is conducted. Thils step is performed to terminate dangling bonds
in the semiconductor layer by thermallyexcitedhydrogen. Asanother
means for hydrogenation, plasma hydrogenation (using hydrogen
excited by plasma) may be carrled out.

Next, as shown in Fig. 134, a first interlayer insulating £ilm
5055 having a thickness of 100 to 200 nm is formed of a silicon
nitride oxide f:lflm. A second interlayer insulating £ilm 5056 made
of an organic insulator material is formefi thereon. Contact holes
are then formed with respect to the first interlayer insulating
film 5055, the second interlayer insulating £ilm 5056, and the gate
insulating film 5007, respective wirings (including connection
wirings and signal lines) 5059 td 5062, and 5064 are formed by

patterning, and then, a pixel electrode 5063 that contacts with
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the connection wiring 5062 is formed by patterning.

Next. the film made from organic resin is used for the second
interlayer insulating £ilm 5056. As the organic resin, polyimide,
polyamide, acryl, BCB (benzocyclobutene) or the like can be used.
Especially, since the second interlayer 1hsulating £ilm 5056 has
rather the meaning of flattening, acryl excellent in fliatness ié
desirable. In Embodiment 6, an acryl film is formed to such a
thickness that stepped portions formed by the TFTs can be adequately
flattened. The thickness is preferably made 1 to 5 um (more
preferably 2 to 4 pm).

Intheformatiénofthecontaotholes,dryetchingorwetetching
is used, and contact holes reaching the n-type impurity regions
5019, 5020, 5021 and 5023, a ¢contact hoie reaching the wiring 5042,
a contact hole reaching the power source supply line {not shown).
andcéntactholesfeachingthégateelectrodes(notshown)araformed.
respectively.

Forther, a lamination £film of a three layer structure, in which
a 100 nm thick T1 f£ilm, a 300 nm thick aluminum £ilm containing
Ti, and a 150 nm thick T1 £ilm are formed in succession by sputtering,
is patterned into a desirable shape, and the resultant lamination
film is used as the wirings (including connection wirings and signal
lines) 5059 to 5062, and 5064. Of course, other conductive f£ilms
may be used.

Furthermore, in Embodiment 6, an ITO £ilm is formed with a
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thickness of 110 nm, and patterning is performed to form the pixel
electrode 5063. Thepixel electrode 5063 is arranged soas tocontact
and overlap the connection wiring 5062 so that contact is obtained.
Further. a transparent conductive film in which zinc oxide (znoO)
of 2To 20% ismixed with indlumoxide may be used. This pixel electrode
5063 corresponds to an anode of an EL element. (Fig. 13A)

Nest. as shown inFig. 13B, aninsulatingfilmcontainingsilicon
(a silicon oxide film in Embodiment 6) is formed with a thickness
of 500 nm, an opening portion ig formed at the position corresponding
to the pixel electrode 5063, and then, a third interlayer insulating
£1ilm 5065 that functions as a bank is formed. In forming the opening
portion, side walls having a tapered shape may be easily formed
byusingwet etching. Thedeteriorationof theEL layer due tostepped
portion becomes a remarkable problem 1f the side walls of the opening
portion are sufficiently flat.

An EL layer 5066 and a cathode {Mgag electrode} 5067 are formed

next in succession, without exposure to the atmosphere, using a
vacuum evaporatibn method. Note that the film thickness of the EL
layer SOGG may be set from 80 to 200 nm (typically between 100 and
120 nm), and the thickness of the cathode 5067 may be set from 180
to 300 nm (typ.ically 200 to 250 nm).

The EL layer and the cathode are formed one after another with
respect to pixels corresponding to the color red, pixels

corresponding to the color green, and pixels corresponding to the
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colorblue. However, the EL layer is weak with respect to asolution,
andthereforetheELlayerandthecathodemustbeformedwithrespect
to each of the colors without using a photolithography technique,
it is préferable to cover areas outside of the desired Pixels using
a metal mask, and sélectively form the EL layer and the cathode
only in the necessary locations.

In other words, a mask is first set so as to cover all pixels
except for those corresponding to the color red, and the EL layer
for emitting red color light is selectively formed using the mask.
Next, a mask 1s set so as to cover all pixels axcept for those
corresponding to the c¢olor gregn; and the EL layer for emitting
green color light is selectively formed using the mask. Similarly,
amask 1s set so as to cover all pixels except for those carresponding
to the color blue, and the EL layer for emitting blue color light
is selectively formed using the mask. Note that the use <;f all
different masks is s‘l;ated here, but the same mask may also be reused.

The method of forming three kinds of EL elements corresponding
to the colors RGEB 1s used here, but a method of combining a white
color light emitting EL element and a color filter, a method of
combining a blue or blue-green color light emitting EL element and
a fluorescing body {£fluorescing color conversion layer: CCM), a
method of using a transparenf electrode as a cathode (opposing
electrode) and overlapping it with EL elements each corresponding

to one of the colors RGB and the like may be used.
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A known material can be used as the EL layer 5066. Coz;sidering
the driver voltage, 1t is preferable to use an organic material
as the Xknown material. For example, a four layer structure
constituted of a hole injecting layer, a hole transporting layer,
a light emitting layer and an electron injecting layer may be adopted
as an EL layer.

Next. the cathode 5067 is formed using a metal mask on the
pixels having the switching TFTs of which the gate electrodes are
connected to the same gate signal line (pixels on the same line}.
Note that, in Embo&iment 6, although MgAg is used as the cathode
5067, the present invention is not limited to this. Other known
materials may be used for the cathode 5067.

Finally, a passivation £ilm 5068 made of a silicon nitride
film is formed with a thickness of 300 nm. The formation of the
passivation f£ilm 5068 enables the EL la.yer 5066 to be protected
against moisture and the like, and the reliability of the EL element
can further be enhanced.

Consequently, the EL display with the structure as shown in
Fig. 13B 1is completed. Note that. in the manufacturing process of
the EL display in Embodiment 6, the source signal lines are formed
from Ta and W,. which are materials for forming gate electrodes,
and the gate signal lines are formed from Al, which is a material
for forming wirings, but diffe'rex'zt materials may be used.

An n-channel type TFT 5101 is a TFT for erasing, 5102 is a
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first switching TFT. and 5103 is a second switching TFT. Also,
p~channel type TFT 5104 is a TFT for EL driving. An n-type impurity
region 5023 formed in the second switching TFT 5103 is connected
to the gate electrode 5041 of a TFT 5104 for EL driving through
a connection wiring 5061.

Incidentally, the EL display in Embodiment 6 exhibits the very
high reliability and has the improved operational characteristic
by providing TFTs having the most suitable structure in not only
the pixel portion but also the driver circuit portion. Further.
it i1s also possible to add a metallic catalyst such as Ni in the
crystallization process, thereby, increasing crystallinity. It
therefore becomes possible to set the driving frequency of the source
signal line driver circuit to 10 MHz or higher.

First, a TFT having a structure in which hot carrier injection
is reduced without décreasing the operating speed as much as possible
is used as an n-channel TFT of a CMOS circuit forming the driver
circuit portion, No_te that the driver circunit referred to here
includes circuits such as a shift register, abuffer, a level shifter,
a latch in line-sequential drive, and a transmission gate in
dot-sequential drive.

In Embod;ﬁnent 6, the active layer of the n-channel TFT contains
the source reglon, the drain region, the LDD region overlapping
with the gate electrode with the gate insulating fillm sandwiched

therebetween (Lov region), the LDD region not overlapping with the
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gate electrode with the gate insulating £ilm sandwiched therebetween
(Loff region), and the channel forming region.

Further, there is not much need to worry about degradation
due to the hot carrier injection with the p~-channel TFT, and therefore
LDD regions may not be formed in particular. It is of course possible
to form LDD regions similar to those of the n—éhannel TFT, as a
measure against hot carriers.

Note that, in practice, it is preferable to perform packaging
{sealing), without exposure to the atmosphere, using a protecting
film (such as a laminated film or an ultraviolet cured resin f£ilm)
having good airtig;ht properties’ and little outgassing., or a
transparent sealing material, after completing through the state
of Fig. 13B. At this time, the reliability of the EL element is
increased by making an inert atmosphere on the inside of the sealing
mdterial and by ar;:anging a dr.ying agent (barium oxide, for example)
inside the sealing material.

Further, affer the airtight properties have been increased
by the packag:l.ng( process, a connector (flexlble printed circuit:-
FPC) is attached in order to connect terminals led from the elements
or clrcuits formed on the substrate with external signal terminals.
Then, a finished product is completed. This state at which the
product is ready for shipment is referred to as an EL module throughout
this specification.

Furthermore., in accordance with the process shown in Embodiment
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can be suppressed. As a result, the process can be shortened, and
the reduction of the manufacturing cost and the improvement of the
vield can be attained.

Notethatitis po;sible toimplement Embodiment 6 in combination
with Embodiments 1 to 5.
(Embodiment 7)

An outliine of & cross sectional structure of an EL display

- of the present invention is explained in Embodiment 7 usingan example

shown in Fig. 14 different from that of Fig. 13. An example is shown
in Fig. 13 in which the first and the second switching TFTs, the
TFT for erasing. and the TFT for EL driving are top gate TFTs, but
an example of using bottom gate thin film transistors for the TFTs

is explained in Embodiment 7.

In Fig. 13, reference numeral 811 denotes a substrate, and
reference numeral 812 denotes an insulating film which becomes a
base (hereafter referred to as a base £film). A light transmitting
substrate, typichlly a glass substrate, a quartz substrate, a glass
ceramic substrate, or a crystalline glass substrate can be used
as the substrate 811. However, the substrate used must be one able

to withstand the highest process temperature during the

" 'manufacturing processes.

Further, the base £ilm 812'15 particularly effective when
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using a substrate containing mobile ions or a substrate which 'has
conductivity, but the base film 812 need not be formed on a quartz
substrat_e. An insulating £ilm containing silicon may be used as
the base £ilm 812. Note that the ter.m “insulating film containing
silicon” in this specification specifically indicates an insulating
film such as a silicon oxide f£ilm, a silicon nitride film, and a
slliconoxynitride film (denotedas S10xNy, wherexandyare arbitrary

integers) containing oxygen or nitrogen at predetermined ratiog

with respect to silicon.

Reference numeral 8201 denotes a first switching TFT,
reference numeral 8202 denotes a decond switching TFT, 8203 denotes
a TFT for ELdriving, 8204 denotes a TFT for erasing, and respective

TFTs are formed by both n-channel TFTs and p-channel TFTs.

When the light emitting direction of an EL element 8206 is
toward the substrate 811 lower side (surface where TFTs and the
EL layer are not foﬁned) , 1t is preferable that the switching TFT
and the TFT for E}. driving have the above structure. However, the
present inventlon is not limited to this structure. The f£first and
second switching TFTs 8201 and 8202, the TFT 8203 for EL driving,
and the TFT 8204 for erasing may be either n-channel TFTs or p-channel

TFTs.

The first switching TFT 8201 has impurity regions 813 and

816, LDD regions 8l15a and 815b, a channel forming region 817a, a
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gateelectrode 819a, agate insulatingf1lIlm818, andafirst in.terlayer
insulating £ilm 820. The impurity region 8§13 is connected to a source
signal line {not shown in the figure) through a connection wiring
821.

The second switching TFT 8202 has impurity regions 816 and
814, LDD regions B815c and 815d, a channel foxminé region 817b, a
gateelectrode 819b, agateinsulating£ilm818, anda first interlayer
insulating film 820. The first switching TFT 8201 and the gecond
switching TFT 8202 hold the impurity region 816 in common. Further,

the impurity region 814 is connected to a gate electrode 83Q of

a TFT 8203 for EL driving througff a connection wiring 822.

Note that thegateinsulating film81l8 or the first interlayer

insulating film 820 may be common among all TFTs on the subgtrate,

or may differ depending upon the circult or the element.

Furthermore, the first and second switching TFTs 8201 and
8202 shown in Fig. 13 have a common active layer, however, the present
invention is not, liﬁited thereto. The first and second switching
TFTs 8201 and 8202 have active layers which are separated from each

other, respectively.

In addition, the LDD regions 815a to 8§15d are formed so as
not to overlap the gate electrodes 819a and 819b through the gate
insulating £ilm 818. This type of structure is extremely effective

in reducing the off current. Furthermore, the length (width) of
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the LDD regions 815a to 815d may be set from 0.5 to 3.5 um, typically

between 2.0 and 2.5 um.

Next, the TF'LT 8203 for EL driving is formed having an active
layer contalning a source region 826, a drain region 827, and a
channel forming regiom 805; the gate insula.t‘ing film 818; a gate
electrode 830, the first interlayer insulating £ilm 820: a source
wiring 831: andadrainwiring832. The sourceregion 826 is connected
to a power source line (not shown in the figure) through the source
wiring 831. Further, the drain region 827 is connected to a pixel

electrode 849 through the draln wiring 832.

The TFT 8203 for EL driving is an element for controlling
the amount of electrlc current injected to the EL element 8206,
and a relatively large amount of current flows. It is therefore
preferable to design the channel width W of the TFT 8203 for EL
driving to be larger than the channel width of the first and second
switching TFTs 8201 and 8202. Further, it is preferable to design
the channel length L. to be larger such that an excess of electric
current does not: flow in the TFT 8203 for EL driving. It is preferable

to have from 0.5 to 2 iA (more preferably between 1 and 1.5 pA) per

pixel.

In addition, bymaking the £ilmthicknesgs of the active layers
(particularly the channel forming region) of the TFTs 8203 for EL

driving thicker (preferably £rom 50 t6 100 nm, more preferably between
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60 and 80 nm) , degradation of the TFT due to a large amount of current
may be suppressed. Conversely, it is also effective to make the
film thickness of the active layer (particularly the channel forming
region) thinner {preferably from 20 to 50 nm, more preferably between

25 and 40 nm), from the standpoint of making the off current smaller,

for the case of the switching TFT 8201.

The TFT for erasing 8204 is formed having an actiwe layer
containing impurity regions 83§ .and 836, LDD regions 837a and 837b,
& channel forming region 838; a gate insulating £ilm 818; a gate
electrode 839; a firgt interlayer insulating £1lm 820; and connection
wirings 846 and 844. The LDD regioifs 837a and 837b overlap the gate

electrode 839 through the gate insulating film 818.

One of the impurity reqlons 835 and 836 is connected ta the
power source supply line (not shown infigure) through the connection
wiring 846 or 844. The other ig connected to the gate electrode
830 of the TFT 8203 for EL driving through the connection wiring

846 or B44.

Note that reference numerals 862 to 865 are masks for forming

channel forming regions 817a, 817b, 805 and 838.

Note that it is preferable to form an offset region (a region
made of a semiconductor layer having the same component as that
of the channel forming region and gate voltage is not applied thereto)

between a channel forming region and an LDPD region, giving the
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advantage of reducing an off current. In Embodiment 7, a case where
a single gate structure is used, is shown, and the prasent invention
may also have a multi-gate structure. The multi-gate structure ig
very effective in reducing OFF current. If the OFF current of the
first and second switching TFTs 8201 and 8202, and the TFT 8204
for erasing is lowered encugh, the minimum capac¢itance necessarf
for the capacitor oonnected to a gate electrode of the TFT 8203
for EL driving can be reduced that mucp. In other words, the area
occupied by the capacitor can be diminished. Therefore giving the
multi-gate structure to the switching TFT is also effective in

increasing the effective light emission area of the EL element.

Note that the first and second switching TFTs 8201 and 8202,
and the TFT 8204 for erasing and the TFT 8203 for EL driving may
be a p~channel type or an n-channel type. It is necessary that the
first .and second switching TFTs 8201 and 8202, and the TFT 8204

for erasing have the same polarity.

Next, referencenumeral 847 denotes a first passivationfilm,
]

and its film thickness may be set from 10 nm to 1 pm (preferably
between 200 and 500 nm). An insulating film containing silicon (in

particular, it is preferable to use an oxidized silicon nitride

f£film or a silicon nitride £ilm) can be used as the passivation film

material. The passivation film 847 possesses a role of protecting

the TFTs from alkaline metals and moisture. Alkaline metals such
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as sodium are contained in an EL layer formed last over the TFT
(in particular, the TFT for EL driving). In other words, the first
passivation£1ilm847works as aprotecting layerso that these alkaline

metals (mobile ions) do not penetrate into the TFT.

Further, reference numeral 848 denotes a second interlayer
insulating film, wvhichhas afunctionasaleveling fj:hn forperforming
levelingof astepdue to the TFTs. Anorganicresinfilmispreferable
asthe secondinterlayer insulatingfilm848, andone suchas polyimide,
polyamide, acrylic, or BCB (benzocyclobutene) may be used. These
organic resin films have the advantages of easlly forming a good,
level surface, having a low speciEic dielectric constant. The EL
layer is extremely sensitive to unevenﬁess, and therefore it is
preferable to mostly absorb the TFT step by the second interlayer
insulating £ilm 848. In addition, it is preferable to form tlie low
specific dielectric constant material thickly in order to reduce
the parasitic capacitance formed between the gate signal line or
source signal line and the cathode of the El. element. The thickness,

.

therefore, 1s preferably from 0.5 to 5 ym (more preferably between

1.5 and 2.5 pm).

Further, reference numeral 849 denotes a pixel electrode
(anode of an EL element) made from a transparent conductive £ilm.
After forming a contact hole {opening)} in the second lnterlayer

insulating £ilm 848 and in the first passivation £1lm 847, the pixel
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electrode 849 is formed so as to be connected to the drain wiring

832 of the TFT 8203 for RL driving.

1; third interlayer insulating £ilm 850 is formed on the pixel
electrode 849 from a silicon oxide film, a silicon oxynitride £ilm,
or an organic resin film, with a thickness of from 0.3 to 1 pm. The
third interlayer insulating film 850 functions as a bank. An open
portion is formed in the third interlayer insulating film 850 over
the pixel electrode 849 by etching, and the edge of the open portion
1s etched so as to become a tapered shape. The taper angle may be
set from 10 to 60°, (preferably between 30 and 50°). In particular,
light emitting irregularities of the EL layer 851 due to a step
in the pixel electrode 849 which develops in a contact hole portion
can be prevented by forming the third interlayer insulating film
850 on portions in which the pixel electrode 849 and the drain wiring

832 of the TFT 8203 for EL driving are éonnected to each other.

An EL layer 851 is formed on the third interlayer insulating
film 850. A single layer structure or a lamination structure can
be used for the EL layer 851. but the lamination structure has a
betterlight emittingefficiency. Ingeneral, aholeinjectinglayer,
a hole transporting layer, a light emitting layer, and an electron
transporting layer are formed in order on the pixel electrode. .but
a structure having ahole transporting layer, & light emitting layer,

and an slectron transporting laye'x':, or a structure having a hole
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injecting layer, a hole transporting layer, a Light emitting layer,
an electron transporting layer., and an electron injecting layer
may also be used. Any known structure may be used by the present

invention, and doping of such as a fluorescing pigment inte the

EL layer may als¢ be performed.

The structure of Fig. 14 is an example of .a case of forming
three types of EL elements corresponding to R, G, and B. Note that
althoughonlyonepixel isshown inFig. 14, pixels having an identical
structure are formed corresponding to red, green and blue colors,
respectively, and that color display can thus be performed. It is
possible to implement the presen;:*invention without concern as to

the light emitting method.

A cathode 852 of the EL element is formed on the EL layer
851. A material containing a low work coefficient material such
as magnesium (Mg), lithium (Li), or calcium (Ca}, is used as the
cathode 852. Preferabply, an electrode made from MgaAg (a material
made from Mg and Agat amixture of Mg:Ag=10:1) isused. Inaddition,
a MgAgAl electrode, an LiAl electrode, and an LiFAl electrode can

be given as other examples.

It is preferable to form the cathode 852 in succession.
without exposure to the atmosphere, after forming the EL layer 851.
This is because the interface state between the cathode 852 and

the EL layer 851 greatly influences the light emitting efficiency
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of the EL element. Note that, throughout this apecification, a light
emitting element formed by a pixel electrode (anode). an EL layer,

and a cathode is referred to as an EL element 8206,

The lamination body composed of the EL layer 85-.1 and the
cathode 852 must be formed Sseparately for each pixel, but the EL
layer 851 is extremely weakwith respect tomolsture, 'and consequently
anormal photolithography technique cannot be used. It is therefore
preferable to use a physical mask material such as a metal mask,
and to selectively form the layers by a gas phase method such as

vacuum evaporation, sputtering, or plasma CVD.

PR

Note that it is also possible to use a method such as ink
jet printing, screen printing or spin coating as the method of
selectively forming the EL layer. However, the cathode cannot be
formed in succession with these methods at present, and therefore

it is preferable to use the other methods stated above.

Further, reference numeral 853 denotes a protective
electrode, which protects the cathode 852 from external moisture,
and at the same time i1s an electrode for connecting the cathodes
852 of each pixel. It is preferable touse a low resistance material
containing aldminum (Al), copper (Cu), or silver (Ag) as the
protective electrode 853. The protective electrode 853 c¢can also
be expected to have & heat radiating effect which relieves the amount

of heat generated by the EL layer 851, Further, it is effective
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to form the protective electrode 853 in succession, without exposure

to the atmosphere, after forming the EL layer 851 and the cathode

852.

Reference numeral 854 denotes a second passivation £film,
which may be formed with a £ilm thickness of 10 nm to 1 um (preferably
between 200 and 500 nm). The aim of forming the sécond passivatioﬁ
film 854 is mainly for protecting the EL layer 85.1 from moisture,
but it is also effective to give the second passivation film 854
a heat radiating effect. Note that the EL layer 851 is weak with
respect to heat, as stated above, and therefore it is preferable
to perform film formation at as low a temperature as possible
{preferably within a temperature range from room temperature to
120°C). Plasma CVD, sputtering, vacuum evaporation, ion plating,
and solution coating (spin coating) can therefore be considered

as preferable film formation methods.

Note that it goes without saying that the present invention
is not limited to the structure of the EL display shown in Fig.
1

14, and the structure shown in Fig. 14 1is merely one preferred

embodiment for ilmplementing the present invention.

Note that it is possible to implement Ewmbodiment 7 in

.combination with Embodiments 1 to 5.

(Embodiment 8)

An example of manufacturing an EL display using the present
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invention will be described. Note that Fig. 15A is a top surface

diagram of an EL display of the present inmvention, and Fig. 158

1s & cross sectional diagram.

In Figs. 15A and 15B, reference numeral 4001 denotes a
substrate, reference numeral 4002 denotes apixel portion, reference
numeral 4003 denotes a source signal linedriver circx;it , 4004 denotes.
a gate signal line driver circuit. Each of the driver circuits is
connected to an external equipment via a wiring 4005 leading to

an FPC (flexible printed circuit)} 4006,

Afirst sealingmaterlal 4101, acovermaterial 4102, afiller

-
material 4103, and a second sealing material 4104 are formed at
this point so as to surround the pixel portion 4002, the source

signal line driver circuit 4003, and the gate signal line driver

circuit 4004.

Fig. 15B is a cross sectional diagram corresponding to Fig.
15A cut along the line A-A'. Adriver TFT 4201 (note that anun-channel
TFT and a p-channel TFT are shown here} contained in the source
signal line driver circult 4003 on the substrate 4001, and a TFT
4202 For EL driving {a TFT for controlling the electric current
flowing in an EL element) contained in the pixel portion 4002 are

formed.

A p-channel TFT or an n-channel TFT manufactured by a known

method is used in the driver TFT 4201 in Embddiment 8, and a p-channel
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TFT manufactured by a known method is used in the TFT 4262 for EL
driving. Further, a capacitor connected to a gate of the TFT 4202

for EL driving is formed in the pixel portion 4002.

An interlayer insulating £1lm {leveling film) 4301 is formed
on the driver TFT 4201 and the TFT 4202 for EL driving from a resin
material, and a pixel electrode (anode) 4302 which is electrically
connected to a drain region of the TFT 4202 for EL driving 1s formed
on the interlayer insulating £ilm. A transparent conductive f£ilm
having a large work coefficient is used as the pixel electrode 4302.
A chemical compound of indfum oxide and tin oxide, a chemical compound
of indium oxide and zinc oxide, z{nc oxide, tin oxide, and indium
oxide can be used as the transpareﬁt conductive film. Further,
galliaome may also be doped into the abové transparent conductive

films.

An insulating £11m 4303 is then formed on the pixel electrode
4302, and an open portion is formed in the insulating film 4303
over the pixel efLectrode 4302. An EL {(electroluminescence) layer
4304 is formed on the pixel electrode 4302 in the open portion.
Known organic EL materials and known inorganic materials can be
used for the EL layer 4304. Further, lowmolecular weight (monomer)
materials and high molecular weight (polymer) materials exist as

organic EL materials, and both may be used.

A known evaporation technique or a known application
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technique may be used as a method of forming the EL layer 4304,
Further, the structure of the EL layer may be a lamination structure,
or a single layer structure, in which hole injecting layers, hole
fransporting layers, light emitting layers, electron transporting

layers, and electron lnjecting layers are freely combined.

A cathode 4305 composed of a conducting film having light
shielding properties (typically a conductive f£ilm having aluminum,
copper, or silver as its main constituent, or a lamination film
of these and another conducting film) is formed on the EL layer
4304. Furtbermore, it is preferable to remove, as much as possible,
moisture and oxygen existing in the interface between the cathode
4305 and the EL element 4304. It is therefore necessary to employ
a scheme such as forming both £ilms in succession within a vaocuum,
or one in which the EL layer 4304 is formed in a nitrogen or inert
gas environment, and then the cathode 4305 is formed without exposure
to oxygen or molsture. It is possible to perform the above gtated
film formation in Embodiment 8 by using a multi-chamber method

{cluster tool method) f£ilm formation apparatus.

The cathode 4305 1is then electricallyconnected to the wiring
4005 1in a region shown by reference numeral 4306. The wiring 400S
is a wiring for imparting a predetermined voltage to the cathode
4305, and the wiring 4005 is electrically connected to the FPC 4006

through an anisotropic conductive £ilm 4307.
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An EL element composed of the pixel electrode (anode) 4302,
the EL layer 4304, and the cathode 4305 is thus formed. - The EL element
is surrounded by the first sealing material 4101, and by the cover
material 4162 which is joiﬁed to the substrate 4001 by the first

sealing material 4101, and is enclosed by the filler material 4103,

Further, aglassmaterial, ametallicmaterial (typ:l..callya stainless
steel material), a ceramic material, and a plastic material
{including plastic £films) can be used as tbhe cover material 4102.
An FRP (fiberglass reinforced plastics) plate, a PVF (polyvinyl
fluoride) £ilm, a mylar film, a polyester film, and an acrylic resin
film can be used as the plastic maﬁ:erial. Furtlier, a sheet having
a structure in which aluminum foil is sandwiched by a PVF £ilm ox

a mylar £ilm can also be used.

Note that, it is necessary for the cover material to be
transparent for cases in which the irradiating direction of light
from the EL elements 1s toward the covermaterial side. A transpérent
material such as a giass plate, a plastic plate, a polyester film,

or an acrylic £ilm, 1s used in this case.

Further, an ultraviolet hardening resin or a thermally
hardening resin can be uséd as the filler material 4103. PVC
(polyvinylchloride), acrylic, polyimide, epoxyresin, siliconresin,

PVB (polyvinyl butyral) and EVA (ethylene vinyl acetate) can be

used. Deterioration of the EL elements can be suppressed if a drying
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agent (preferably barium oxide) or an oxidation Preventing agent

having an oxygen capturing effect is formed on the inside of the

filler material 4103.

Furthermore, épacers may also be included within the filler
material 4103. Itispossibletogive thespacersthemgselvesmoisture
absorbency by forming the spacers from barium oxide. Further, when
forming spacers, it is also effective to form a resin film on the

cathode 4305 as abuffer layer forrelievingpressure fromthe spacers.

The wiring 4005 is electrically connected to the FPC 4006
through the anisotropic conductz;.ye film 4307. The wirinmg 4005
transmits signals sent from the pixel portion 4002, the source signal
line driver circuit 4003, and the gate signal line driver c¢circuit
4004 to the FPC 4006, and the wiring 1s electrically connected to

external equipment by the FPC 4006.

Further, the second sealing material 4104 is formed so as
to cover exposed portions of the first sealing material 4101 and
a portion of the FPC 4006, resulting in a structure in which the
EL elements are completely cutoff £rom the atmosphere. This becomes

the EL display having the cross sectional structure of Fig. 15B.

Note that it is possible to implement Embodiment 8 in combination -

. with Embodiments 1 €o 7.

(Embodiment 9)

In Embodiment 9, a detailed structure of the source signal
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line driver circuit 102 shown in Fig. 10 will be described.

A shift register 102a, a latch (A) 102b and latch (B) 102¢
are placgd as shown in Fig. 16. In Embodiment 9, a series of latch
(A) 102b and a serles of latch (B) 1l02c correspond to four source
signal lines St through S(t+3). Although not provided in this |
embodiment, the designers may appropriately provide a level shift
for varylng a width of amplification of a voltage of a signal.
A clock signal for sources (S-CLK), a clock signal for inverted
sources (S~CLKb) having an inverted polarity of the (S~CLK), a start
pulse signal for sources (S-SP), and a driving direction switching
signal for sources (S-SL/R) are «wrespectively input to the shift
register 102a through wirings shown in the figure. A digital video
signal inputted externally is inputted to the latch (A) 102b through
a wiring shown in the figure. A latch signal S_LAT and a gignal
S_LATb having an inverted polarii:y of the latch signal S_LAT are
respectively input to the latch (B) 102¢ through wirings shown in
the figure. For a detailed structure of the latch {A) 102b, a
part 801 of the Yatch (A) 102b corresponding to the source signal
line St (where t is an arbitrary number from 1 to(x-3)} is descriped
by way of example. The part 801 of the latch (A) 102b includes two

clocked inverters and two inverters.

Fig. 17 shows a top view of the part 801 of the latch (&) 102b.
Reference numerals 931a and 931b are active layers of TFTs forming

one of the inverters included in the part 801 of the latch (&) 102b,
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respectively. 936 is a gate electrode common to the TFTs forming
one of the inverters. Reference numerals 932a and 932b are active
layers of TFTs forming the other one of the inverters included in
the part 801 of the latch (&) 102b, respectively. 937a a’nd 937b
are gate electrodes respectively provided on the active layers 932a
and932b. Further. thegateelectrodes937aand937bare electrically
connected with each other.

Reference numerals 933a and 933b are respectively active layers
of TFTs forming one of the clocked inverters included in the part
801 of the latch (A) 102b. Gate electrodes 938a and 938b are provided
on the activé layer 933a to proyi:de a double-gate structure. In
the same manner, gate electrodes 938b and 939 are provided on the
active layer 933b to provide a double-gate structure.

Reference numerals 934z and 934b are respectively active layers
of TFTs forming the other one of the clocked inverters included
in the part 801 of the latch (A) 102b. Gate electrodes 939 and 940
are provided on the active iayer 934a to provlide a double-gate
structure. In thé same manner, gate electrodes 940 and 941 are

provided on the active layer 934b to provide a double-gate structura.

Note that it 1s possible to implement Embodiment 9 in combination
with Embodiments 1 to 8.

{Embodiment 10}
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In the present embodiment, the detailed structure of the

gate signal line driver circuit 103 illustrated in Fig. 10 is

described.

The shift register 103a and the buffers 103b are arranged
as illustrated in Fig. 18, It is to be hoted that, in the present
embodiment, a buffer 103b is structured to have thﬁee inverters
for one gate signal line. However, the number of the inverters is
not limited thereto. Further, though no level shift for changing
the amplitude of voltage of a signal is not provided in the present
embod:iment, a designer of the circuit may appropriately provide

$

such a level shift.

The clock signal for the gates G-CLK, a clock signal for
inverting gates G-CLKb where the polarity of G-CLK is lnverted,.
the start pulse signal for the gates G-SP, and a drive direction
switch signal for the gates G-SL/R are inputted to the shift register
103a through corresponding wirings illustrated in the figure,

respectively.

The structure of the present embodiment can be implemented

in combination with Embodiments 1 to 9.
{Embodiment 11}

In the EL display according to the present invention, the
material used as the EL layer of the EL elements is not limited

to an organic EL material, and an inorganic EL material may also
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be used. However, since presently available inorganic EL materials
have a very high driving voltage, TFTs with a resistance property

which can withstand such driving voltage have to be used,

Or. when an inorganic EL material having a lower driving

voltage is developed in the future, it can be applied to the present

invention.

The structure of the present embodiment can be implemented

in combination with Embodiments 1 to 10.
{Embodiment 12]

In the present invention, an o’:ganic material used as an EL layer
may be either a low molecular weight organic @aterial or a polymer
(high molecular) organic material. As the low molecular weight
organic material, materials are known centering on Alg;
(tris-8-quinolylite-aluminum), TPD (triphenylamine derivative) or
the like. As polymer type organic material, m-cooperative polymer
materials can be given. Typilcally, PPV (polyphenylenevynilene), PVK

{polyvynilcarbazple), polycarbonate or the like can be given.

The polymer {high molecular) organic material can be formed with

a simple thin film formation methed such as the spin coating method (which

is referred to also as solution application method), the dipping method,

the dispense method, the printing method, the ink jet method or the like.

The polymer organic material has a-high heat resistance compared with

the low molecular weight organic material.
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Furthermore, in the case where the EL layer incorporated in the
EL element of the EL display according to the present invention has an
electron transport layer and apositivehole transport layer, the electron
transport layer and the positive hole transport layer may be formed of
an inorganic material such as, for example, an amorphous semiconductor
formed of amcrphous S1 or amorphous Si;.xCx OT the like.

In the amorphous semiconductof, a large quantity of trap level
is present, and at the same time, the amorphous semiconductor forms a
large quantity of interface levels at an interface at which the amorphous
semliconductor 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 luminance.

Besides, a dopant (impurity) is added to the organic EL layer,
and the color of light emission of the organic EL layer may be changed.
These dopant includes DCM1, nile red, rubren, coumarin 6, TPB and
quinagquelidon.

The structure of the present embodiment can be implemented

in combination with Embodiments 1 to 11.
(Embodiment 13}

In the present embodiment, preferable voltage-current

_characteristics of a region wheré the TFT for EL;driving is driven

when the driving method of an EL display according to the present

invention is used is described with reference to Figs. 19 to 20,

102



e rer e e o e e et oo

WS e

10

15

20

In an EL element, if voltage applied to the EL element varies
even slightly, current passing through the EL element exponentially
changes accordingly. Froma different point of view, it can be said
that, evén the current fiowing through the EL element varies, the
voltage applied to the EL element does not change so much. By the
way, thebrightness of the RLelement is increased almost inproportion
to the current flowing through the EL element. Therefore, compared
with a method where the brightness of the EL element ls coutrolled
through control of the voltage applied to the EL element., a method
where the brightness of the EL element is contralled through control
of the current through the EL elem?qt is less liable to be influenced
by the characteristics of the TFT, and therefore the brightness

of the EL element can be controlled more easily with such a method.

Reference is made to Fig. 19. Fig. 19A illustrates only
the components of the TFT 108 for EL driving and of the EL element

110 in the pixel of the RL display of this invention shown in Fig.

3.

Fig. 19B ;.llustrates voltage-current characteristics of the
TFT 108 for EL driving and of the EL element 110 illustrated in
Fig. 19A. It q.s to be noted that the graph of the voltage-current
characteristics of the TFT 108 for EL driving illustrated in Fig.
19B shows voltage Vps between the source region and the drain region

versus current flowing through the drain region of the TFT 108 for
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EL driving. Fig. 198 shows a plurality of graphs having different
values of voltage Ves between the source region and the gate electrode

of the TFT 108 for EL driving.

As illustrated in Fig. 19A, the voltage between the pixel
electrode of the EL element 110 and an opposing electrade 111 is
denoted as Vg, and the voltage between a ter:mina.l 3601 connected
to a power supply line and the opposing electrode 111 of the EL
element 110 is denoted as Vr. It is to be noted that the value of
Vr is determined by the potential of the power supply line. Further,
the voltage between the source region and the drain region of the
TFT 108 for EL driving is denoteci ‘as Vbs, and thg voltage between
a wiring 3602 connected to the gate electrode of the TFT 108 for
EL driving and the source region of the g:ate electrode of the TFT
108 for EL driving, that is, the voltage between the gate electrode
and the source region of the TFT 108 for EL driving, is denoted

as Vgs.

The TFT ‘108 for ElL. driving may be an n-channel TFT or a

p-channel TFT.

Further, the TFT ios for EL driving and the EL element 110
are connected in series. Therefore, the amount of current flowing
through the TFT 108 for EL driving and the amount of current flowing
through the EL element 110 are the same. Accordingly, the TFT 108

for EL driving and the EL element 110 illustrated in Fig. 19A are
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driven at an intersection (an operation point) of the graph
illustrating the voltage-current characteristics of the TFT 108
for EL driving and the graph illustrating the voltage-~current
characteristics of the EL element 110. InFig. 19B, Vg is the voltage
between the potential of the opposing electrode 111 and the potential
at the operation point. Vp; is voltage between .the potential at
the terminal 3601 of the TFT 108 for EL driving and the potential
at the operation point. Therefore, Vr is equal to the sum of Vg

and VDS )

Here, a case where Vgs 1s changed is examined. As can be
seen from Fig. 198, as |Vee - Viy| of ;:he TFT 108 for EL driving becomes
larger, in other words as |Vgs| becomes larger, the amount of current
flowing through the TFT 108 for EL driving becomes larger. It is
to be noted that V4 is a threshold voltage of the TFT 108 for EL
driving. Therefore, as can be seen from Fig. 19B, as |Ves| becomes
larger, the amount of current through the EL element 110 at the
operation point beconies larger as amatter of course. The brightness

‘

of the EL slement 110 becomes higher in proportion to the amount

of current flowing through the EL element 110,

When the amount of current flowing through the EL slement
110 becomes larger as [Vg| becomes larger, the value of Vg also
becomes larger according to the amount of current. Since Vg is

determined by the potential of the power supply line, when Vg, becomes
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larger, Vps becomes smalier accordingly.

Further, as 1;lustrated in Fig. 19B, the voltage-current
characteristics of the TFT 108 for EL driving can be divided into
two regions by the values of Ves and Vps. A region where |V - Vo |

< |Vps} is a saturated region, while a region where [Ves - V| >

|Vos| is a linear regiom.
In the saturated region,

Ing = B(Ves ~ Vax)? / 2 -(1)
wherein Ipg is the amount of qu;-rent flowing through a channel forming
region of the TFT 108 for EL driving, 8 = #CoW/L. 4 is the mobility
of éhe TFT 108 for EL drivimg, Co is the gate capacitance per unit

area, and W/L is the ratio of the channel width W to the channel

length L of the channel forming region.

In the linear region,

Ips = B{{(Ves ~ Vau)Vps - Vps® / 2} «(2)

As can be seén from Eq. (1}, in the saturated region, the
i

amount of current almost does not change depending on Vpg, and is

determined only by Ves.

On the other hand. as can be seen from Eqg. {(2), in the linear
region, the amount of current is determined by Vps and Ves. AS |Vas|
becomes larger, the TFT 108 for EL driving starts to operate in

the 1linear region. In addition, Vg gradually becomes larger
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accordingly, and thus Vps becomes smaller accordingly. In the linear
region, as Vps becomes smaller. the amount of current becomes smaller
accordingly. Therefore. even if |Vss| becomes larger, it ig
difficult to increase-the amount of current. When |Ves| = ., the
amount of current becomes Iwax. In other words. no matter how large

|Ves| becomes, current which passes can not exceed Iwx. Here, Iwxx

is the amount of current through the EL element 110 when Vg = V.

In this way, by controlling [Vgs|. the operation point can

be moved into the saturated region or into the linear regionm.

" By the way, it is desirable that all the TFTs 108 for EL

~

4

driving of all the pixels ideally have the same characteristics.
However, actually, it is often the case that the threshold Voy and
the mobility U differ among the respective TFTs 108 for EL driving.
When the threshold Vox and the mobility 4 differ among the respective
TFTs 108 for EL driving, as can be seen from Egs. (1) and (2), even
if V¢s is the same, the amount of current £lowing through the channel

forming region differs among the TFTs 108 for EL driving.

Fig. 20 1llustrates current-voltage characteristics of the

TFT 108 for EL driving where there is a shift in the threshold Vo

and the mobility X . A solid 1line 3701 illustrates ideal

--current-voltage characteristics, and solid lines 3702 and 3703

illustrate current-voltage characteristics of the TFT for EL driving

where the threshold Vqy and the mobility # differ from the ideal
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values. Suppose that, in the saturated region., each of the graphs
3702 and 3703 of the current-voltage characteristics shifts from
the ideal graph 3701 of the current-voltage characteristics by the
same amount of current AI;, and an operation point 3705 of the graph
3702 of the current-voltage characteristics 1s in the saturated
region while an operation point 3706 of the graph 3703 of the
current-voltage characteristics is in the linear region. In this
case, when shifts in the amount of current at the operation points
3705 and 3706 from the operation point 3704 of the graph 3701 of
the 1deal curxrent-voltage characteristics are expressed as AI, and

AI,, respectively, Az 1s smaller, than AIX,.

Accordingly, in the case where a digital driving method
according to the present invention is used, by driving the TFTs
for BL driving and the EL elements such that the operation peints
exist in the linear ragion, gradaf::.on display can be carried out
suppressing unevenness in the brightness of the EL elements caused

due to shifts in the characteristics of the TFTs for EL driving.

i

With regard to a case of a conventional analog driving, it
is preferable to drive the TFTs for EL driving and the EL elements
such that the operation points exist in the saturated region where

the amount of current can be comtrolled by only {Ves|.

Ag a summary of the above analysis of the operation, Fié.

21 illustrates a graph of the gate voltage |Vgs| of the TFT for EL
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driving versus the amount of current. When |Ves] become;s larger
and at last becomes larger than the absolute value [Vre] of the
threshold voltage of the TFT for EL driving, the TFT for EL driving
becomes a conductive state to pass current therethrough. |Ves| at
that time is herein referred to as "lighting start voltage”. when
[Ves| becomes still larger, |Ves| reaches a value ‘where [Ves - Vay
| = |Vos| (1et A denote the value), and the graph goes from a saturated
region 3801 into a linear region 3802. W'hen [Ves| becomes still
larger and the amount of current becomes larger accordingly, the

amount of current is at last saturated, where |Vg| = ©0,

As can be seen from Fig. 21!in a region where [Ves| S [Vig],
almost no current passes. A region where |Veu| S |Vg| S A 15 a

saturated region, where the amount of current changes according

to |Vgs|. A region where A £ |Ves| is a linear region, where the
amount of current flowing through the EL element changes according

to |Ves! and {vos].

In the digital driving according to the present invention,
L
it is preferable to use the region where |[Ves| = |[Vx| and the linear

region where A S |Vgs).

It 1s to be noted that the present embodiment can be

implemented in combination with Embodiments 1 - 12.

(Embodiment 14)

In this invention, an extermal 1light emitting quantum
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efficiency can be remarkably improved by using an EL material by
which phosphorescence from a triplet exciton can be employed for
emittingalight. Asaresult, thepower consumptionof theEL element
can be reduced, the lifetime of the EL element can be elongated
.and the weight of the EL element can be lightened.

The following is a report where the external light emitting
quantum efficiency is improved by using the triplet exciton (T.
Tsutsul, C.-Adachi, S. Saito. Photochemical proc.esses In Organized
Molecular Systems, ed. K. Honda, (Elsevier Sci. Pub., Tokyo, 1991)
p. 43.‘7) - |

The molecular formula of an ‘EL material (coumarin pigment)

reported by the above article is Fepresented as follows.

(M. A. Baldo, D.F.0’ Brien, Y. You, A. Shoustikov, S. Sibley, M.E.

Thompson, S.R. Forrest, Nature 355 (1998) p.151)

The molecular farmula of an EL material (Pt complex) reported

1

by the above article is represented as follows.

(M.A. Baldo, S. Lamansky, P.E. Burrows, M.E. Thompson, S.R. Forrest;
Appl. Phys. Lett., 75 (1999) p.4.) (T. Tsutsui, M.-J.Yang, M. Yahiro,

K. Nakamura, T.Watanabe, T. tsuji, Y. Fukuda, T. Wakimoto, S.

110



e N T T DR T SR

Mayaguchi, Jpn, Appl. Phys., 38 (12B) {1999) L1502.}

The molacular formula of an EL material {(Ir complex) reported

by the above article is Yepresented as follows.

r

As described above, if phosphorescence from a triplet exciton
canbe put to practical use, Lt can realize the external light emitting
gquantum efficiency three to four E:imes as high as that in the case

10 of using fluorescence from a singlet exciton in principle.

The structure according to {:his embodiment can be freely

implemented in combination of, any structures of Embodiments 1 to

13.

(Embodiment 15) .

15 In the present embodiment, a case where a connector such
as an FPC or a TAB is connected to the display panel according to

the present invention to actually finish a shippable product is

described.

In Fig. 22, a plurality of pixels are provided in a pixel
20 portion 1801. Amodule having the pixel portion 1801 and a connector
for connecting wirings of the pixel portion 1801 to the external

is herein referred to as a display panel 1806.

Reference numerals 1802 and 1803 denote & source signal line
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driver circuit and a gate signal line driver circuit, respectively.
The number of the source signal line driver circuit(s) 1802 and

the number of the gate signal line driver circuit(s) 1803 may be

arbitrary.

A module having a driver circuit formed of the source signal
line driver cirouit 1802 and the gate signal lzl.n.e driver circuit
1803, the pixel portion 1801, and the connector for connecting the
wiring of the pixel portion 1801 and wirings of the driver circuit
to the external is herein referred to as a display panel 1807 with
the driver circuit. The display panel 1807 with the driver circuit

is the display panel 1806 provid'e:d with the driver circuit.

Withregard to thedisplay panel 1807 with the driver circuit,
there are two cases: a case where the driver circuit and the pixel
portion 1801 are provided on different substrates and are connected
to each other T.hrough & connector such as an FPC or a TAB; and a
case where the driver circuit and the pixel portion 1801 are provided
on one substratq. The former is herein referred to as a display
panel with an external type driver circuit, while the latter is
herein referred to as a display panel with an integral type driver

¢ircuit,

Fig. 23A is aplan view of the display panel with the external
type driver circuit. The pixel portion 1801 is provided on a

substrate 1810. The wirings of the pixel portion 1801 are connected
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through an FPC 1811 to the source signal line driver circuit 1802
and to the gate signal line driver circuit 1803, both of which are
provided.on a substrate 1814 for external provision. The source
signal driver circuit 1802, the gate signal line driver circuit
1803, and the wirings of the pixel portion 1801 are connected to

the external through the FPC 1811 for connection to the external..

It is to be noted that, though in Fig. 23A., a case where
the substrate 1810 having the pixel portion 1801 provided thereou
isprovided on the substrate 1814 forexternal provisionis described,
the present embodiment is not limited thereto. It is not necessary
that the substrate 1801 is providedon the substrate 1814 for external

provision.

Fig. 23Bis a plan view of the display panel with the integral
type driver circuit. The pixel portion 1801, the source signai line
driver circult 1802, and the gate signal line driver cilircuits 1803
are provided on the substrate 1810. The wirings of the pixel portion
1801, of the source 'siggal line driver circuit 1802, and of the
gate signal line driver circults 1803 are connected to the external

through an FPC 1812 for connection to the external.

It is to be noted that, in Fig. 23, the number of the source
signal line driver circuit 1802 and the number of the gate signal
line driver circuits 1803 are not limited thereto, and the numbers

can be appropriately selected by the designer.
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In Fig. 22,.'a controller 1804 has a function to drive the
driver circuit and to make the pixel portion 1801 display an image.
For exampie. it has a function to input to the source signal line
driver circuit 1802 a signal with image information :anutteci from
the external, a function to generate a signal for driving the driver
circuit (for example, a clock signal (CLK), or a start pulse signél
(SP)). and a function as a power source for supplylng voltage or

current to the driver circuit and the pixel portion 1801,

A module ﬁaving the driver circuit {the source signal line
driver circuit 1802 and the gate sigunal line driver circuit 1803},
the pixel po.:r:tion 1801, the controller 1804, and the connector for
connecting the wiring of the pixel portion 1801, wirings of the
driver circuit, and wiring of the controller 1804 to the external
is herein referred to As a display panel 1808 with the controller
and the driver circuit. The displaf panel 1808 with the controller
and the driver circuit is the display panel 1806 provided with .tha

driver circuit and the controller 1804.

1

Amicrocomputer 1805 controlsdrivingof the controller1804.
A module having the microcomputer 1805, the driver circuit, the
pixel portion. 1801, the controller 1804, and the connector for
connecting the wiring of the pixel portion 1801, wirings of the
driver circuit, and the wiring of the controller 1804 to the external

1s herein referred to as a display panel 1809 with the microcomputer,
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the controller, and the driver circuit. The display panel 1809 with
the microcomputer, the controller, and the driver circuit is the
displaypanel 1806 provided with the driver dircuit and the controller

1804, and the microcomputer 1805.

It is to be notéd that, actually, a product is shipped in
the form of the display panel 1806, the displaf panel 1807 with
the driver circuit, the display panel 1808 with the controller and
the driver circuit, or the display panel 1809 with the microcomputer,
the controller, and the driver circuit. Any one of the display panel
1806, the display panel 1807 with the driver circuit, the display
panel 1808 with the controller and the driver circuit, or the display
panel 1809 with the microcomputer, the controller, and the driver
circuit is herein referred to as amodule {adisplay). The ELdisplay

according to the present invention is one of such displays.

(Embodiment 16)

An EL display which is an application of the display of the present
invention has supgridr visibility in bright locations because it is
of a self-lumingus type, and moreover vliewlng angle is wide.

Accordingly, it can be used as a display portion for various electronic

apparatuses. For example, 1t is appropriate to use the display of

the present invention as a dispiay portion of an EL display having
a diagonal equal to 30 inches or greater (typically equal to 40 inches

or greater) for appreciation of TV broadcasts by a large screen.
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Note that aJ'.l displays exhihiting (displaying) information such
as a pexrsonal computer display, a TV broadcast reception display,
or an advertisement display are included as the EL display. Further,
the display of the presént invention can be used as a display portion
of the other various electronic apparatuses.

The following can be given as examples of such electronic
apparatuses: a video camera; a digital camera; a goggle type display
(head mounted display): a car navigation system; an audio reproducing
device {such as a car audio system, an audio compo system); a notebook
personal computer; & game equipment; a portable information terminal
(such as amobile computer, amobile telephone, amobile game equipment
or a;n electronic book)}; and an image playback device provided with
a recording medium (specifically, a device which performs playback
of a recording medium and is provided with a display which can display
those images, such as a digital video disk (DVD}). In particular,
becauseportable information terminals areoftenviewed fromadiagonal
direction, the wideness of the field of Y:Lsion is regarded as very
important. Thus, it. is preferable that the OLED display device is
employed. Examples of these electronic apparatﬁses are shown in Figs,
24 and 2§5.

Fig, 24a illustrates an EL monitor which includes a f;ame 3301.
a support table 3302, a display portion 3303, or the 1ike. The present
invention can be used as the display portion 3303. The display in

accordancewith the present invention canbe used as the displayportion
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3303.

Fig. 24B illustrates a video camera which includes a main body
3311, a display portion 3312, an audio input portion 3313, operation
switches 3314, a battery 3315, an image receiving portion 3316, or
the like. The display in accordance with the present invention can
be used as the display portion 3312.

Fig. 24C illustrates a portion (the right-half piece) of a
head-mounted EL display which includes a main body 3321, signal cables
3322, a head mount band 3323, a screen po;‘tion 3324, an optical systenm
3325, a display 3326, or the like. The display in accordance with
the present invention can be used-as the display portion 3326.

Fig. 24D 1illustrates an image reproduction apparatus which
includes a recording medium (more specifically, a DVD reproduction
apparatus), which includes a main body 3331, a recording medium (a
DVD or the like) 3332, operation switches 3333, a display portion
(a) 3334, another display portion (b) 3335, or the like. The display
portion (a) 3334 is used mainly for displaying image information,
while the display portion (b) 3335 is used mainly for displaying
character information. The display in accordance with the present
inventi§n can be used as these display portions (a) 3334 and (b) 3335,

The image reproduct:l.on apparatus including a recording medium further .

""includes a domestic game equipment or the like.

Fig. 24E illustrates agoggle type display (head-mounted display)

which includes amain body 3341, a display portion 3342, an armportion
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3343. The display in accordance with the present invention can be
used as the display portion 3342.

F.tgrt 24F 1llustrates a parsonal compﬁter which includes a main
body 3351, a frame 3352, a display portion 3353, a key board 3354,
or the like. The display of the present invention can be used as
the display portion 3353.

Note that if emission luminance of an EL material becomes higher
in the future, it will be applicable to a front-type or rear-type
projector in which light including output image information is
enlarged by means of lenses or the like to be projected.

The above mentioned electronic apparatuses are more likely
to be used for display information distributed through a
telecommunication path such as Internet, a CATV (cable television
system), and in particular likely to display moving picture
information. The EL display is suitable for displaying moving

pictures since the EL material can exhibit high response speed.

Further, since a light emitting portion of the EL display
consumes power, 1t is desirable to display information in such a
manner that the light emitting portion therein beco:,nes as small
as possible. Accordingly , when the EL display is applied toadisplay
portionwhichmainly displays character information, e.g., adisplay
portion of a portable infomationuterminal, and more particular,

a portable telephone or an audio reproducing device, it is desirable
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to drive the EL display so that the character information is formed
byalight-emittingportionwhile a non-~emission portion corresponds
to the background.

Fig. 25A 11lustrates a portable telephone which includes a main
body 3401, an audio output portion 3402, an audio input portion 3403,
a display portion 3404, operation switches 3405, ami an antenna 3406 ..
The display in accordance with the present invention can be used as
the display portion 3404. Note that the display portion 3404 can
reduce power consumption of the portable telephone by displaying
white-colored ¢haracters on a black-colored background.

Further, Fig. 25B illustratés a sound reproduction device,
specifically, a car audio equipment, which includes a main body 3411,
a display portion 3412, and operation switches 3413 and 3414. The
display 1in accordance with the present invention can be used as the
display portion 3412. Although the car audio equipment of the mount
type is shown in the present embodiment. the present invention is
alsoapplicable to aportable type or domestic sound reproducing device.
The display portilon 3414 can reduce power consumption by displaying
white-colored characters on a black-colored background, which is

particulariy advantageous for the portable type sound reproduction

" device.

Fig. 25C 1llustrates a digital camera which includes a main
body 3501, a display portion (A) 3502, a view f£inder portion 3503,

operation switches 3504, a display portion (B) 3505, and a battery
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3506. The display panel of the present fuvention can be used for

the display portions (A) 3502 and (B) 3505. Further, in a case where

;the display portion (B) 3505 is used for an operation panel, the

power consumption can be reduced by displaying white-colored
characters on a black-colored background.

In the case of the portable type electronic apparatuses shown
in this embodiment, the sensor portion is provided to perceive the
external light and the function to lower the brightness of display
when it is used in the dark area as a method to lower the power
consumption.

As set forth above . the presentinvention can be appliedvariously
toawiderangeof electronicapparatusesinall fields. Theelectronic

apparatusses in the present embodinent may use any one of configurations

shownt in Embodiments 1 to 15,

According to the preséent invention by the above structure,
even if there is a vari.at.ion to some extent in the Ips-Ves
characteristics between TFTs, variation in the amount of-current
outputted when eq\.J.al- gate voltage is applied can be suppressed.
Therefore, a sithation can be avoided that there is considerable
difference in the amount of light emitted from the EL elements with
regard to adjacent pixels due to the variation in the Ips-Vgs

characteristics even 1f a signal of the same voltage is inputted

thereto.

Further, according to the present invention, a
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no-light-emission period during which no display is carried out
canbe provided. Inthecaseof aconventional analogdrivingmethod,
if an image where all the pixels display white is displayed on an
EL display, the EL elements always emit light, which is a cause
of accelerating the deterioration of the EL layer. According to
the present invention, since a no-light-emission periocd can be
provided, the deterioration of the EL layer can be suppressed to

some extent.
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What is claimed is:

1. A display device comprising:

a plurality of gate signal lines and

a plurality of pixels, each of sald plurality of pixels
controlled by at least one of said plurality of gate signal lines,
wherein:

each of gaid plurality of pixels comprises a first TFT for
switching, a second TFT for switching, a TFT for erasing, a TFT
for electroluminescence driving, and an electroluminescence
element;

switching of said TFT for,érasing is controlled by voltage
applied to a kth gate signal line of said plurality of gate signal
lines (where k is a natural number):

switching of sald first TFT for switching is controlled by
voltage applied to a (k+l)th gaté signal line of said plurality
of gate signal 1ines;

switching of said second TFT for switching is controlled by
voltage applied Eo a (k+2)th gate signal line of said plurality
of gate signal lines;

a digital video signal is inputted to a gate electrode of said
TFT for electroluminescence driving when both said first TFT for
switching and said second TFT for switching are ON;

switching of said TFT for-electroluminescence driving is

controlled by said digital video signal:
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said TFT for electroluminescence driving is turned 'off when
said TFT for erasing is turned on; and
said electroluminescence element emits light when said TFT

for electroluminescence driving is ON and does not emit light when

said TFT for electroluminescence driving is off.

2. A display device comprising:

a plurality of source signal lines;

a plurality of gate signal lines crossing said plurality of
gate signal lines;

a plurality of power supply lines along said plurality of gate
signal lines of said plurality of source signal lines: and

a plurality of pixels disposed in matrix-form, wherein:

each of said plurality of pixels comprises a first TFT for
switching, a second TFT for switching. a TFT for erasing, a TFT
for electroluminescence driving, ax.ld an electroluminescence
element:;

a gate elecdtrode of said TFT for erasing is connected to a
kth gate signal line of said plurality of gate signal lines, wherein
k is a natural number:

a gate electrode of said first TFT for switching is comnected
to a (k+1)th gate signal line of said plurality of gate signal lines;

a gate electrode of said second TFT for switching is connected

toa (kt2}th gate signal line of said plurality of gate signal lines;

123



wn

10

s

20

A

one of a source regilon and a drain region of said second TFT
for switching 1s connected to one of said plurality of source signal
lines and the other is connected to a source region or a drain region
of sald first TFT for switching:

said source regionordrainregionof said first TFT for switching
not connected to sald source region or drain region of said sacond
TFT for switching is connected to a gate electrode of said TFT for
electroluminescence driving;

one of a source region and a drain region of said TFT for erasing
is connected to one of said plurality of power supply lines and
the other is comnected to said gate electrode of said TFT for
electroluminescence driving:; and

a source region of said TFT for electroluminescence driving
1s connected to one of said plurality of power supply lines and
a drain region of said TFT for electroluminescence driving is

connected to sald elactroluminescence element.

3. A display device comprising:
a plurality of source signal lines:

a plurality of gate signal lines crossing said plurality of

gate signal lines:
a plurality of power supply lines along said plurality of gate
signal lines of said plurality of source signal lines; and -

a plurality of pixels disposed in matrix-form, wherein:
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each of said plurality of pixels comprises a first TFT for
switching. a second TFT for switching, a TFT for erasing. a TFT
for electroluminescence driving, and an electroluminescence
element;

a gate electrode of said TFT for erasing is connected to a
kth gate signal line of said plurality of gate signal lines, {wherein
k is a natural number);

a gate electrode of said first TFT for switching is connected
to a (k+2)th gate signal line of said plurality of gate signal lines;

a gate electrode of said second TFT for switching is connected
to a (k+1)th gate sigixal line of satd plurality~of gate signal lines:

one of a source region and a drain region of said second TFT
for switching is connected to one of said plurality of source signal
lines and the other is connected to a source region or a drain region
of said first TFT for switcﬂing:

said source regionordrainregionof saidfirst TFT for switching
not connected to said source region or drain region of said second
TFT for swi‘.;chin‘g is connected to a gate electrode of said TFT for
electroluminescence driving:

one of & source region and a drain region of said TFT for erasing
is connected t.o one of said plurality of power supply lines and
the other is connected to said gate electrode of said TFT for
electroluminescence driving: and

a source region of said TFT for electroluminescence driving
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is connected to one of said plurality of power supply lines and
a drain reglon of said TFT for electroluminescence driving is

connected to said electroluminescence element.

4. A display device comprising:
a plurality of source signal lines:
a plurality of gate signal lines crossing said plurality of
gate signal lines:
) a plurality of power supply lines along said plurality of gate
signal lines of said plurality of source signal lines: and

a plurality of pixels dispbsed in matrix-form, wherein:

each of said plurality of pixels comprises a first TFT for
switching, a second TFT for switching, a TFT for erasing, a TFT
for electroluminescence driving., and an electroluminescence
element:

sald electroluminescence element compriseas an anode, acathode,
and an electroluminescence layer provided between said anode and
saild cathode:

a gate electrode of said TFT for erasing 1s connected to a
kth gate signal line of said plurality of gate sigral lines (where
k is a natural number):

a gate electrode of said first TFT for switching is counected
to a {k+1)th gate signal line of sa:i.;i plurality of gate signal lides H

a gate electrode of said second TPT for switching is connected
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to a (k+2)th gate signal line of said plurality of gate signal lines;

one of a source region and a draln region of said second TFT
for switching is connected to one of said plurality of source signal
lines and the other is connected to a source region or a drain region
of said first TFT for switching:

saldsourceregionordrainregionof sald first TFT for switching
not connected to sald source region or drain region of said second
TFT for switching is connected to a gate electrode of said TFT for
electroluminescence driving:

one of a source region and a drain region of said TFT for erasing
1s connected to one of said plurality of power supply lines and
the other is connected to said gate electrode of said TFT for
electroluminescence driving;

a source region of said TFT for electroluminescence driving
is connected to one of said plurality of power supply lines and
a drain region of said TFT for electroluminescence driving is
connected to said anode; and said TFT for electroluminescence driving

is a p-channel TFT.

5. A display device comprising:
a plurality of source signal lines;
a plurality of gate signal lines crossing said plurality of

gate signal lines:

a plurality of power supply lines along said plurality of gate
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signal lines of said plurality of source signal lines: . and

a plurality of pixels disposed in matrix-form, wherein:

each of said plurality of pixels comprises a first TFT for
switching, a second TFT for switching, a TFT for erasing, a TFT
for electroluminescence driving, and an electroluminescence
element ;

saidelectroluminescence element comprises ananode, acathode,
and an electroluminescence layer provided between said anode and
safd cathode:

a4 gate electrode of said TFT for erasing is connected to a
kth gate signal line of said.plufélity'of gate signal lines (where
kK is a natural number);

a gate electrode of said first TFT for switching is connected
toa (k+l)th gate signal line of said plurality of gate signal lines;

a gate elaectrode of said second TFT for switching is connected
to a (k+2)th gate signal 1line of saild plurality of gate signal lines:

one of a source reglon and a drain region of said second TFT
for switching is‘connected to one of said plurality of source signal
lines and the other is connected to a source region or a drain region
of said first TFT for switching:

saidsou;ceregionordrainregionofsaidfirstTFTforswitching
not 'connected to sald source region or drain region of sald second
TFT for switching is connected t¢ a gate electrode of said TFT for

electroluminescence driving;
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one of a source region and a drain region of said TFT for erasing
is connected to one of said plurality of power supply lines and
the other is connected to said gate electrode of said TFT for
electroluminescence driving;

a source region of said TFT for electroluminescence driving
is connected to one of said plurality of power -supply lines and
a drain region of said TFT for electroluminescence driving is
connected to sald cathode; and

" said TFT for electroluminescence driving is an n-channel TFT.

6. A display device according to claim 4, wherein said
electroluminescence layer is formed of a small molecular organic

substance or a polymer organic material.

7. A display device according te claim S5, wherein said
electroluminescence layer 1s formed of a small molecular organic

substance or a polymer organic material.

8. A display device according to claim 6, wherein said small

molecular organic material is formed of Alqs

. {tris-8 -qui.noiinolate- aluminuam) or a TPD (triphenylamine

derivative).

9. A display device according to claim 7, wherein said small
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molecular organic material is formed of Alq,
(tris-8-quinolinolate-aluminum) or a TPD (triphenylamine

derivative).

10. A display device according ta claim 6, wherein said polymer
organic material is formed of PPV (polyphenylene vinylene), PVK

(polyvinyl carbazole), or polycarbonate.

' 11. A display device according to claim 7, wherein said polymer
organic material is formed of PPV (polyphenylene vinylene). PVK

(polyvinyl carbazoie) . or polycarbonate.

12. A display device according to claim 4, wherein:

said anode or cathode is connected directly or through at least
one wiring to said drain regii)n of sald TFT for electroluminescence
driving; and

a2 bank 1s formed aver a region where said anode or cathode
is connected to si&id drain region of saild TFT for electroluminescence

driving or to said at least oune wiring.

13. A display device according to ¢laim 5, wherein:
said anode or cathode is connected directly or through at least
one wiring to said drain region of ‘said TFT for electroluminescence

driving; and
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a bank is formed over a region where said anode or cathode
is connected to said drain region of said TFT for electroluminescence

driving or to sald at least one wiring.

5 14. A display device according to claim 9, wherein said bank

has a light blocking property.

15. A display device comprising:
a plurality of source signal lines:

10 & plurality of gate signal lines crossing said plurality of

gate signal lines;

.

a plurality of power supply lines along sald plurality of gate
signal lines of said plurality of source signal lines; and
a plurality of pixels disposed in matrix-form, wherein:

15 each of said plurality of pixels comprises a first TFT for.
switching, a second TFT for switching, a TFT for erasing, a TFT
for electroluminescence driving, and an electroluminescence
element; '

a gate electrode of said TFT for erasing is connected to a

20 kth gate signal line of said plurality of gate signal lines (where
k is a natural m;mber) ;

a gate electrode of said fixlst TFT for switching 1s connected
to a {(k+1)th gate signal iine of said plurality of gate signal lines:

a gate electrode of said second TFT for switching is connected
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to a (k+2)th gate signal line of said plurality of gate signal lines:

one of a source region and a drain region of said second TFT
for switching is connected to one of said plurality of source signal
lines and the other is connected to a sotirce region or g drain region
of said first TFT for switching:

sald sourcereglonordrainregionof said first TFT for switching
not connected to sald source regilon or drain region of gaild second
TFT for switching is connected to a gate electrode of said TFT for
electroluminescence driving;

one of a source region and a drain reglon of said TFT for erasing

is connected to one of said plpg:ality of power supply lines and

"the other is connected to said gate electrode of said TFT for

electroluminescence driving;

a source reglon of said TFT for electroluminescence driving
is connected to one of said plurality of power supply lines and
a drain region of said TFT for electroluminescence driving is
connected to sald electroluminescence element:

a plurality of writing periods Ta and a plurality of erasing
periods Te are provided in one frame period:

said plurality of gate signal lines are sequentially selected
according to a first selection signal sequentially inputted to said
plurality of gate signal lines during said plurality of writing
periods Ta; |

said plurality of gate signal lines are serially selected
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according to a second selection signal serially 1nputtec‘i to said
plurality of gate signal 1in§s during said plurality of erasing
periods Te;

aperlodwhere a gate signal line is selected from said plurality
of gate signal lines according to sald first selection signal and
a period where an adjacent gate si.gnal. line is.selected overlap
each other;

aperiodwhere a gate signal line is selected fromsaidplurality
of gate signal lines according to satd second selectibn signal and
aperiodwhere an adjacent gate signal line 1s selected do not overlap

each other; and o~

a period where an arbitrary gate signal line is selected from
said plurality of gate signal lines according to said first selection
signal is twice as long as a pericd where said gate signal line

is selected according to said second selection signal.

16, A display device comprising:

a plurallity of source signal lines:

a plurality of gate signal lines crossing sald plurality of
gate signal lines:

a plurali.ty of power supply lines along said plurality of gate
signal lines of said plurality of source signal lines; and

a plurality of pixels disposed in matrix-form, where:_l.n:.

each of said plurality of pixels comprises a first TFT for
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switching, a second TFT for switching, a TFT for erasing., a TFT
fo;‘ electroluminescence driving, and an electroluminescence
element;

a gate electrode of said TFT for erasing is connected to a
kthngate signal line of sa;d.plurality of gate signal lines (where
k 1s a natural number};

.a gate electrode of said first TFT for switching is connected
to a (k+1)th gate signal line of said plurality of gate signal lines;

a gate electrode of sald second TFT for switching is connected
to a (k+2)th gate signal line of said plurality of gate signal lines;

one of a source region and a drain region of said second TFT
for switching is connected to one of said plurality of source signal
lines and the other is éonnected to a source region or a drain region
of said first TFT for switching;

saidsource regionordrainregionof saidfirst TFT for sv&itching
not conhected to sald source region or drain region of said second
TFT for switching is comnected to a gate electrode of said TFT for
electroluminescence driving:

one of a source region and a drain region of said TFT for erasing
is connected to one of said plurality of power supply lines and
the other 1s connected to said gate electrode of said TFT for
electrbluminescence driving:

a source region of said TFT for electroluminescence drivi_ng

is connected to one of said plurality of power supply lines and
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a drain reglon of said TPT for electroluminescence driving is
connected to saild electroluminescence element;

a plurality of writing periods Ta and a plurality of erasing
periods Te are provided in one frame period;

said plurality of gate signal lines are serially selected
according to a first selection signal.serially- inputted to said
plurality of gate signal lines during said plurality of writing
periods Ta;

" sald plurality of gate signal lines are serially selected
according to a second selection signal serially inputted to said
plurality of gate signal lines. dnring said plurality of erasing
periods Te; .

aperiod where agate signal line is selected fromsaidplurality
of gate signal lines according to said first selection signal and
a period where an adjacent gate signal line is selected overlap
each other:

aperiodwhere agate signal line is selected from sald plurality
of gate signal lines according to saild second selection signal and
a period where an adjacent gate signal line 1g selected do not overlap
each other;

a digitai vldeo signal is inputted to said plurality of source
signal lines during a period where said plurality of gate signal
lines are selected according to said first selection signal; -and

a period where an arbitrary gate signal line is selected from
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signal is twice as long as a period where said gate signal line

is selected according to said second selection signal.

S 17. A display device comprising:
a4 plurality of sgurce signal lines;
a plurality of gate signal lines crossing said plurality of
gate signal lines;
" a plurality of power supply lines along sald plurality of gate
10 signal lines of said plurality of source signal lines; and
a plurality of pixels disposed in matrix-form, wherein:
each of said plurality of pixels comprises a first TFT for
switching, a second TFT for switching, a TFT for erasing, a TFT
for electroluminescence driving, and an electrolumineséenqe
15 element;
a gate electrode of said TFT for erasing is connected to a
kth gate signal l1ine of said plurality of gate signal lines (where
k is a natural number):
a gate electrode of said first TFT for switching is connected
20 toa (k+1l)thgate signal line of said plurality of gate signal lines;
a gate eléctrode of saild seqond TFT for switching is connected
N to a (k+2)th gate signal line of said plurality of gate signél lines;
one of a source region and a “drain reglon of said second .‘"I'FT

for switching is connected to one of said plurality of source signal
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lines and the other is connectedi-'tc a source region or a drain region
of said first TFT for switching;

sald source regionordrainregionof sald first TFT for switching
not connected to said source region or drain region of gaid second
TFT for switching is connected to a gate electrode of sald TFT for
electroluminescence driving:

one of a source region and a drain region of said TFT for erasing
is connected to one of said plurallity of power supply lines and
the-other is connected to said gate electrode of said TFT for
electroluminescence driving; .

a source regilon of said TFT for electroluminescence driving
is connected to one of said plurality of power supply lines and
a drain region of said TFT for electroluminescence driving is
connected to sald electroluminescence element:

nwriting periods Tal, Ta2, -, and Tan and (m-1) erasing periods
Tel, Te2., .., and Te(m-1) are provided in one frame period (where
m is an arbitrary number from 2 to n};

a digital video signal is inputted to said gate electrodeas
of said TFTs for electroluminescence driving during said writing
periods Tal, Ta2, ..., and Tan;

said digital video signal inputted to said gate e_lectrodes
of said TFTs for electroluminescence driving is erased during said
erasing periods Tel. Te2, ..., andTe(m-1);

periods from the start of said writing periods Tal., Ta2, ..,
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and Tan to the start of writing periods or erasing pericds abpearing
subsequently to sald writing periods Tal, Ta2. .., and Tan are display
periods Trl, Tr2, ... and Tr(m-1), respectively:

periods from the start of said erasing periods Tel, Te2, ..,
and Te(m-1) to the start of writing periods appearing subsequently
to said erasing periods Tel, Te2, .., and Te(m-1) are non-display
periods Tdl, Td2, ... and Tdn, respectively:

whether sald elect;‘oluminescence elements emit light or not
during said display perlods Trl, Tr2, -, and Trn is selected according
to said digital video signal; and

ratio of lengths of said digplay periods Trl, Tr2, .., and Trn

is represented as 2° : 2% : .. : 281,

18. & display device comprising:
a plurality of source signal 1ine§ H
a plurality of gate signal lines crossing said plurality of
gate signal lines;
a plurality of power supply lines along said plurality of gate
signal lines of saild plurality of source signal lines: and
a plurality of pixels disposed in matrix-form, wherein:
~each of §aid plurality of pixels comprises a first TFT for
switching, a second TFT for switching, a TFT for erasing, a TFT
for electroluminescence driving, and an electroluminescance

element;
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a gate electrode of said TFT for erasing is connected to a
kth gate signal line of said plurality of gate signal lines (whers
k i1s a natural number);

a gate electrode of said first TFT for switching is connected
toa (k+l)th gate signal line of said plurality of gate signal lines:

g gate electrode of .S..:aid second TFT for switching is connected
to a (k+2)th gate signal 1ine of said piurality of gate signal lines;

one of a source region and a drain region of said second TFT

foxr switching is connected to one of said plurality of source signal

lines and the other is connected to a source region or a drain region
of said first TFT for switchingi‘ .

sald sourceregionordrainregionof said first TFT for switching
not connected to said source region or drain region of said second
TFT for switching is connected to a gate electrode of said TFT for
electroluminescence driving:

one of a source regilon and a drain region of said TFT for erasing
is connected to one of said plurality of power supply lines and
the other .is connected to said gate electrode of said TFT for
electroluminescence driving;

a source region of said TFT for electroluminescence driving
is connected to one of said plurality of power supply lines and
a drailn region of said TFT for ele;ctroluminescence driving is
connected to sald electroluminescence element;

n writing periods Tal, Ta2. .., and Tan and (m-1) erasing periods
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Tel, Te2, .., and Te(m-~1) are provided in one frame period (where
m is an arbitrary number from 2 fto n):

a digital video signal is inputted to said gate electrodes
of said TFTs for electroluminescence driving during said writing
periods Tal, Ta2, ..., and Tan;

said digital video signal inputted to said gate electrodes
of said TFTs for electroluminescence driving is erased during said
erasing periods Tel, Te2, .., and Te(m-1}):

" perlods from the start of said writing periods Tal., Ta2, ..,
and Tén to the start of writilng periods or erasing periods appearing
subsequently to said writing peripdsTal, Ta2, .., and Tan are display
periods Trl, Tr2, ... and Tr{m~l), respectively;

periods from the start of sald erasing periods Tel, Te2, ..,
and Te(m-1) to the start of writing periods appearing subseguently
to said erasing periods Tel; Te2, .., and Te(m-1) are non-display
periods Tdl, Td2, -., and Tdn, respectively:

whether said glectroluminescence elements emit light or not
during said display periods Trl, Tr2, -.. and Tru is selected according
to said digital video signal;

ratio of lengths of said display periods Trl, Tr2, .., and Trn
is represente& as 2% : 2' ¢ . @ 200M),

said plurality of gate signal lines are serially selected
according to a first selection signal serially inéutted to said

plurality of gate signal lines during said writing periods Tal,
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sald plurality of gate signal lines are serially selected
according to a second selection signal serially inputted to said
plurality of gate signal lines during sald erasing periods Tel,
Te2, ..., and Te(m-1l);

aperiod where a gate signal 1ine is selected from said plurality
of gate signal lines according to said first selection signal and
a period where an adjacent gate signal line 1s selected overlap
each other;

aperlodwhere agate signal line is selected fromsaid plurality
of gate signal lines according to-sald second selectlion signal and
a period where an adjacent gate signal line is selected do not overlap
each other; and

a period where an arbitrary gate sigmnal line is selected from
said plurality of gate signal lines according to said first selection
signal is twice as long as a period whexre said gate signal line

is selected according to sald second selection signal.

19. Adisplaydevice according toclaiml?, wherein saiddisplay

periods Trl. Tr2, .., and Trn appear in random order.

20. Adisplaydevice accordingtoclaiml8, wherein saiddisplay

periods Trl, Tr2, .., and Trn appear in random order.
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21. A display device according to claim 17, wherein a longest
non-display'period.among’said.non-display'periods Tdl, Td2, .., and

Tdn appears last in one frame period.

22. A display device according to claim 18, wherein a longest
non-display period among said non-display periods Tdl, Td2, ... and

Tdn appears last in one frame period.

23. A display device according to claim 15, wherein said

plurality of writing periods Ta do not overlap each other.

4

24. A display device according to claim 16, wherein said

plurality of writing periods Ta do not overlap each other.

25. Adisplaydevice according toclaim17, wherein satdwriting

periods Tal, Ta2, .., and Tan do not overlap each other.

26. Adisplhydevice according toclaim 18, wherein saidwriting

periods Tal, Ta2, ., and Tan do not overlap each other.

27. A display device according to claim 15, wherein said

plurality of erasing periods Te do not overlap each other.

28. A display device according to claim 16, wherein said
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plurality of erasing periods Te do not overlap each other.

29. Adisplaydevice according toclain 17, wherein saideras ing

periods Tel, Te2, .., and Te{m-1) do not overlap each other.

30. Adisplay device according toclaim18. wherein satd erasing

periods Tel, Te2, .., and Te(m-1) do not overlap each other.

31. A display device according to claim 2, further comprising:
gate wiring connected to said gate electrode of gsaid TFT for
electroluminescence driving:; and-
capacity wiring connected to one of said plurality of power
supply lines, -
wherein a gate insulating £1lm of saild first TFT for switching,
sald second TFT for switching, said TFT ;Sor erasing, and said TFT
for electroluminescence driving is provided between said gate wiring

and said capacity wiring.

32, Adisplay device according to claim 3, further comprising:

gate wiring connected to said gate electrode of said TFT for
electroluminescence driving; and

capacity wiring connected to one of said plurality of power
supply lines,

wherein a gate insulating £1im of said first TFT for switching,
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said second TFT for switching, said TFT for erasing, and said TFT

forelectroluminescence driving is provided between said gatewiring

and said capacity wiring.

33. A display device according to claim 4, further comprising:
gate wiring connected to said gate electrode of said TFT for
electroluminescence driving; and
capacity wiring connected to one of séid plurality of power
supply lines,
wherein a gate insulating £film of said first TFT for switching,
said second TFT for switching, sa_xj:g TFT foxr e;:asing, and said TFT
for electroluminescence driving is provided between said gate wiring

and said capacity wiring.

34. A display device according to ¢laim 5, further comprising:
gate wiring connected to sald gate electrode of said TFT for
electroluminescence driving: and
capacity wiring connected to one of said plurality of power
supply lines,
wherein a gate insulating £ilm of said first TFT for switching,
said second TFT for swit¢hing, said TFT for erasing, and said TFT
for electroluminescence driving is prc;vided between said gate wiring

and said capaclity wiring.
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35. Adisplaydevice according to claim 15, further comprising:
gate wiring co:nnected to sald gate electrode ¢of said TFT for
electroluminescence driving; and
capacity wiring connected to one of said plurality of power
supply lines,
wherein a gate insulating filmof said first TFT for switching,
said second TFT for switching, said TFT for erasing, and said TFT
for electroluminescence driving is provided between said gate wiring

and said capacity wiring.

36. Adisplay dévice according toclaim 16, further comprising:
gate wiring connected to said gate electrode of said TFT for
electroluminescence driwving; and
capacilty wiring connected to one of said plurality of power
supply lines,
wherein a gate insulating film of sald first TFT for switching,
said second TFT for switching, said TFT for erasiang, and said TFT
for electroluminéscence driving is provided between said gate wiring

and said capacity wiring.

37. Adisplaydevice according to¢laiml7, further comprising:
gate wiring counnected to said gate electrode of said TFT for
electroluminescence driving; and’

capacity wiring connected to one of saild plurality of power
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supply 1lines,

wherein a gate insulating £1lm of said £first TFT for switching,
said second TFT for switching, said TFT for erasing, and said TFT
for electroluminescence driving is provided between said date wiring

and said capacity wiring.

38. Adisplaydevice according toclaim 18, further comprising:
gate wiring connected to sald gate electrode of said TFT for
electroluminescence driving; and
capacity wiring connected to one of said plurality of power
supply lines,
wherein a gate insulating £ 11;:\ of said f£irst TFT for switching,
said second TFT for switching, said TFT for erasing, and said TFT

forelectroluminescence driving is provided between said gate wiring

and said capacity wiring.

39. A display device according to claim 2, wherein:

two of said piurality of pixels disposed along a direction
of provision of sald plurality of gate signal lines are adtacent
to each other with sandwiching any one of said plurality of power

supply lines i:herebetween and said respective source regions of

" said TFTs for electroluminescence driving of said two pixels are

connected to said one of said plurality of power supply lines.
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40. A display device according to claim 3, wherein:

two of said plurality of pixels disposed along a direction
of provision of said plurality of gate signal lines are adjacent
to each other with sandwiching any one of said plurality of power
supply lines therebetween and said respective source regions of
said TFTs for electroluminescence driving of said two pixels are
connected to said one of sald plurality of power supply lines.
41. A display device according to claim 4, wherein:

- two of said plurality of pixels disposed along a direction
of provision of said plurality of gate signal lines are adjacent
to each other with sandwiching any one of sald plurality of power
supply lines therebetween and said respective source regions of
said TFTs for electroluminescence driving of sald two pixels are

connected to said one of said plurality of power supply lines.

42, A display device according to claim 5, wherein:

two of said p;urality of pixels disposed along a direction
of provision of said plurality of gate signal lines are adjacent
to each other with sandwiching any one of said plurality of power
supply lines therebetween and said respective source regions of
said TFTs for electroluminescence driving of said two pixels are

connected to said one of said plurality of power supply lines.

43. A display device according to claim 15, wherein:
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two of said plurality of pixels disposed along a Airection
of provision of said plurality of gate sigmal lines are adjacent
to each other with sandwiching any one of said plurality of power
supply lines therebetween and said respective source regions of
said TFTs for electroluminescence driving of said two pixels are

connected to sald one of said plurality of power supply lines.

44. A {isplay device according to claim 16, wherein:
~ two of said plurality of pixels disposed along a direction
of provision of said plurality of gate signal lines are adjacent
to each other with sandwiching apy one of said plurality of power
supply lines therebetween and sald respective source regions of
said TFTs for electroluminescence driving of sald two pixels are

connected to said one of said plurality of power supply lines.

45. A display device according to claim 17, wherein:

two of said pluarality of pixels disposed along a direction
of provision of‘séid plurality of gate signal lines are adjacent
to each other with sandwiching any one of said plurality of power
supply lines therebetween and sald respective source regions of
said TFTs for electroluminescence driving of said two pixels are

connected to said one of said plurality of power supply lines.

46. A display device according to claim 18, wherein:
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two of sald plurality of pixels disposed along a direction
of provision of sald plurality of gate signal lines are adjacent
to each other with sandwiching any one of said plurality of power
supply lines therebetween and said respective source regions of
sald TFTs for electroluminescence driving of said two pixels are

connected to said one of said plurality of power supply lines.

47, A display device according to claim 1, wherein said first
TFT for switching, saild second TFT for switching, and said TFT for
erasing are n-channel TFTs.

48. A display device according to claim 2, wherein said first
TFT for switching, said second TFT for switching, and said TFT for

erasing are n-channel TFTs.
49. A display device according to claim 3, wherein said first
TFT for switching, said second TFT for switching, and said TFT for

erasing are n-channel TFTs.

50. A display device according to ¢laim 4, wherein said first

. TFT for switching, sald second TFT for switching, and said TFT for

erasing are n-channel TFTs.

51, A display device according to claim 5, wherein said first
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TFT for switching, sald second TFT for switching, and said TFT for

erasing are n-channel TFTs.

52. A display device according to claim 15, wherein said first
TFT for switching, said second TFT for switching, and said TEFT for

erasing are n-channel TFTs.

53. A display device according to claim 16, wherein said first
TFT for switching, said second TFT for switching, and said TFT for
erasing are n-c¢hannel TFTs.

54. A display device according to claim 17, wherein said fFirst
TFT for switching, said second TFT for switching, and said TFT for

erasing are n-channel TFTs.

55. A display device according to claim 18, wherein said first
TFT for switching, sald second TFT for switching, and said TFT for

erasing are n-cHannel TFTs.

56. A display device according to claim 1, wherein said first
TFT for switching, said second TFT for switching. and said TFT for
erasing are p-channel TFTs.

57. A display device according to claim 2, wherein said first
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TFT for switching, said second TET for switching, and said TFT for

erasing are p-channel TFTs.

58. A display device according to claim 3, wherein said first
TFT for switching, said second TFT for switching, and said TFT for

erasing are p-channel TFTs.

59. A display device according to claim 4, wherein said first
TFT for switching. saild second TFT for switching, and said TFT for

erasing are p-channel TFTs.

4

60. A display device according to claim 5, wherein gaid first
TFT for switching, said second TFT for switching, and said TFT for

erasing are p-channel TFTs.

61. A display device according to claim 15, whexrein said first
TFT for switching, said second TFT for switching, and said TFT for

erasing are p-chHannel TFTs.

62, A display device according to claim 16, wherein said first
TFT for switching, said second TFT for switching, and said TFT for

erasing are p-channel TFTs.

63. A display device according to claim 17, wherein said first
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TFT for switching, said second TFT for switching, and said TFT for

erasing are p-channel TFTs.

64. A display device according to claim 18, wherein said first

TFT for switching, said second TFT for switching, and said TFT for

erasing are p-channel TFTs.

for

for

for

for

for

for

65. A display device according to claim 1, wherein said TFT

electroluminescence driving is driven in a linear region.

66. A display device according to claim 2, wherein said TFT

electroluminescence driving is driven in a linear region.

67. A display device according to claim 3, wherein said TFT

electroluminescence driving 1s driven in a linear region.

68. A display device according to claim 4, wherein said TFT

electroluminescence driving is driven in a linear region.

69. A display device according to ¢laim 5, wherein said TFT

electrolmﬁinescence driving is driven in a linear region.

70. A display device according to ¢laim 15, wherein said TFT.

electroluminescence driving is driven in a linear region.
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71. A display device according to claim 16, wherein said TFT

for electroluminescence driving is driven in a linear region.

72. A display device according to claim 17, wherein said TFT

for electroluminescence driving is driven in a linear region.

73. A display device according to claim 18, wherein said TFT

for "electroluminescence driving is driven in a linear region.

74. A display device accorc}ﬂ,ng toclaimi, wherein said display
device is a device selected from the group of consisting: a computer,

a video camera and a DVD player. -

75. Adisplay device according to claim 2, wherein said display
device is a device selected from the group of consisting: a computer,

a video camera and a DVD player.

76. A display device according to claim 3, wherein said display
device is a device selected from the group of consisting: a computer,

a video camera and a DVD player.

77. Adisplay device according to claim 4, wherein said display

device i1s a device selected from the group of consisting: a computer,
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a video camera and & DVD player.

78. Adisplay device according to claim 5, wherein said display
device is a device selected from the group of consisting: a computer,

a video camera and a DVD player.

79.Adisplaydevice according toclaiml5, wherein saiddisplay
device 1is a device selected from the group of consisting: a computer,

a video camera and a DVD player.

80. Adisplaydevice according toclaimié, wherein saiddisplay
device is a device selected from the group of consisting: a computer,

a video camera and a DVD player.

8l1. Adisplaydeviceaccordingtoclaiml7, whereinsaiddisplay
device is a device selected from the group of consisting: a computer,

a video camera and a DVD player.
82. Adisplaydevice according toclaimls8, wvhereinsaiddisplay

device is a device selected from the group of consisting: a computer,

a video camera and a DVD player.
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