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ELECTRONIC DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an EL (electro
luminescence) display device having a semiconductor ele-
ment (an element using a semiconductor thin film) formed
on a substrate, and electric equipment using the EL display
device as a display (display portion). The EL (electrolumi-
nescent) devices referred to in this specification include
triplet-based light emission devices and/or singlet-based
light emission device, for example.

[0003] 2. Description of the Related Art

[0004] In recent years, a technique by which a TFT is
formed on a substrate has greatly progressed, and the
application of that technique to an active matrix display
device has been increasingly developed. In particular, a TFT
using a polysilicon film enables high-speed operation since
it is higher in field effect mobility (also called mobility) than
a conventional TFT using an amorphous silicon film.

[0005] Attention has been paid to the above active matrix
display device because various advantages such as a reduc-
tion in manufacturing costs, a downsizing of the display
device, an improvement in yield, and a reduction in through-
put, are obtained by forming various circuits and elements
on the same substrate.

[0006] The active matrix EL display device provides a
switching element formed of a TFT (hereinafter referred to
as a switching element) on each of pixels and activates a
driver element that conducts a current control by the switch-
ing TFT, to thereby make an EL layer (speaking rigidly, a
light emitting layer) emit light. For example, Japanese
Patent Application Laid-open No. Hei 10-189252 discloses
the EL display device.

[0007] As the active matrix EL display device, there are
proposed two EL element structures depending on light
radiating directions. One of those structures is that a light
emitted from the EL element penetrates an opposing sub-
strate and is then radiated so as to enter eyes of an observer.
In this case, the observer can recognize an image from the
opposing substrate side. The other structure is that a light
emitted from the EL element penetrates an element substrate
and is then radiated so as to enter eyes of the observer. In this
case, the observer can recognize an image from the element
substrate side.

[0008] In the former structure, the light from the outside
penetrates the opposing substrate and is then irradiated onto
the TFTs existing in gaps between the respective pixel
electrodes, to thereby deteriorate the TFTs. However,
because the light from the outside is not high in intensity, the
deterioration of the TFTs is not large.

[0009] On the other hand, in the latter structure generally
frequently employed, because the light emitted from the EL.
element penetrates the element substrate and is then radi-
ated, the light emitted from the EL element is irradiated onto
the TFTs, resulting in such a serious problem in that the
TFTs are deteriorated.

[0010] Also, a storage capacitor is provided in the pixel
and a high aperture ratio is demanded for the pixel from the
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viewpoint of the display performance. If the respective
pixels have the high aperture ratio, the light application
efficiency is improved, thereby being capable of achieving
the power saving and the downsizing of the display device.

[0011] Inrecent years, the fine pixel size is developed, and
a higher definition image is demanded. The fine pixel size
increases an area of one pixel on which the TFT and the
wirings are formed, to thereby reduce the pixel aperture
ratio.

[0012] Under the above circumstances, in order to obtain
the high aperture ratio of each pixel within the limit of a
regular pixel size, it is essential to efficiently layout circuit
elements necessary for the circuit structure of the pixel.

[0013] As described above, in order to realize the active
matrix EL display device high in pixel aperture ratio with a
small number of masks, an entirely novel pixel structure that
has not existed up to now is demanded.

SUMMARY OF THE INVENTION

[0014] The present invention has been made to meet the
above demands, and therefore an object of the present
invention is to provide an EL display device having a pixel
structure that realizes a high aperture ratio without increas-
ing the number of masks and the number of processes.

[0015] In order to solve the problems with the conven-
tional art, the present invention provides the following
means.

[0016] The present invention is characterized by a pixel
structure in which gaps between respective TFTs and gaps
between respective pixels are shielded from a light without
using a black mask. As one means for shielding the TFTs
from the light, a gate electrode and source wirings are
formed on a first insulating film, and most of a semicon-
ductor layer that serves as an active layer is covered with
gate wirings formed on a second insulating film different
from the first insulating film. Also, as one means for shield-
ing the gaps between the respective pixels from the light,
pixel electrodes are so disposed as to be superimposed on the
source wirings.

[0017] The above-mentioned TFTs are directed to switch-
ing TFT disposed on the respective pixels or current control
TFTs.

[0018] According to the structure of the present invention
disclosed in this specification, there is provided an electronic
device comprising a plurality of source wirings, a plurality
of gate wirings, a plurality of current supply lines and a
plurality of pixels, characterized in that:

[0019] each of the plurality of pixels includes a
switching TFT, a current control TFT, and a light-
emitting element; and

[0020] the switching TFT includes a semiconductor
layer (first semiconductor layer 200) having a source
region and a drain region on an insulating surface,
and a channel-forming region interposed between
the source region and the drain region; a first insu-
lating film (gate insulating film) formed on the
semiconductor layer (first semiconductor layer 200);
an electrode formed (first electrode 113) on the first
insulating film so as to be superimposed on the
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channel-forming region; a source wiring (115)
formed on the first insulating film; a second insulat-
ing film that covers the electrode (first electrode 113)
and the source wirings; and a gate wiring (145)
formed on the second insulating film and connected
to the electrode (first electrode 113).

[0021] In the above structure, the electronic device is
characterized in that the semiconductor layer (first semicon-
ductor layer 200) has a region, which is superimposed on the
gate wiring.

[0022] Further, the electronic device is characterized in
that the region of the semiconductor layer which is super-
imposed on the gate wiring includes at least the channel-
forming region, a region existing between the channel-
forming region and the drain region, or a region existing
between the channel-forming region and the source region,
and is protected from light from the outside.

[0023] In case of the electronic device of a multi-gate
structure in which a plurality of gate electrodes are on one
semiconductor layer through an insulating film, it is char-
acterized in that the semiconductor layer includes a plurality
of channel-forming regions that the gate wiring is so dis-
posed as to be superimposed on a region existing between
one of the channel-forming regions and another channel-
forming region.

[0024] Further, the electronic device is characterized in
that the electrode and the source wirings are made of the
same material on the first insulating film and that the pixel
electrode, the connection electrode and the gate wiring are
made of the same material on the second insulating film.

[0025] According to another structure of the present
invention, there is provided an electronic device comprising
a plurality of source wirings, a plurality of first gate wirings,
a plurality of current supply lines, a plurality of second gate
wirings and a plurality of pixels, characterized in that:

[0026] cach of the plurality of pixels includes a
switching TFT, a current control TFT, an erasing
TFT and a light-emitting element; and

[0027] the switching TFT includes a semiconductor
layer (first semiconductor layer 900) having a source
region and a drain region formed on an insulating
surface, and a channel-forming region interposed
between the source region and the drain region; a
first insulating film (gate insulating film) formed on
the semiconductor layer (first semiconductor layer
900); an electrode (first electrode 805) formed on the
first insulating film and superimposed on the chan-
nel-forming region; a source wiring (803) formed on
the first insulating film; a second insulating film that
covers the electrode (first electrode 805) and the
source wiring (803); and a first gate wiring (801)
formed on the second insulating film and connected
to the electrode (first electrode 805).

[0028] Further, according to another structure of the
present invention, there is provided an electronic device
comprising a plurality of source wirings, a plurality of first
gate wirings, a plurality of current supply lines, a plurality
of second gate wirings and a plurality of pixels, character-
ized in that:
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[0029] ecach of the plurality of pixels includes a
switching TFT, a current control TFT, an erasing
TFT, and a light-emitting element; and

[0030] the erasing TFT includes a semiconductor
layer having a source region and a drain region
formed on an insulating surface, and a channel-
forming region interposed between the source region
and the drain region; a first insulating film (gate
insulating film) formed on the semiconductor layer;
afirst electrode (third electrode 807) formed on the
first insulating film and superimposed on the chan-
nel-forming region; a second electrode (second elec-
trode 806) formed on the first insulating film; a
second insulating film that covers the first electrode
(third electrode 807) and the second electrode (sec-
ond electrode 806); and a second gate wiring (802)
formed on the second insulating film and connected
to the first electrode (third electrode 807).

[0031] In the above structure, the electronic device is
characterized in that the semiconductor layer has a region
which is superimposed on the second gate wiring (802) and
that the second gate wiring (802) is superimposed on at least
the channel-forming region.

[0032] Further, the electronic device is characterized in
that the region of the semiconductor layer which is super-
imposed on the second gate wiring (802) includes at least the
channel-forming region, a region existing between the chan-
nel-forming region and the drain region, or a region existing
between the channel-forming region and the source region,
and is protected from light from the outside.

[0033] In the above structure, the first electrode (third
electrode 807) that is superimposed on the channel-forming
region comprises a gate electrode of the erasing TFT.

[0034] In the above structure, the second electrode (sec-
ond electrode 806) comprises a gate electrode of the current
control TFT, which is connected to the drain region of the
switching TFT.

[0035] Further, it is characterized in that the first gate
wiring and the second gate wiring are made of the same
material in order to suppress the increase in the number of
masks.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] These and other objects and advantages of this
invention will become more fully apparent from the follow-
ing detailed description taken with the accompanying draw-
ings in which:

[0037] FIG. 1 is a top view showing a pixel portion in
accordance with Embodiment 1 of the present invention;

[0038] FIG. 2 is a diagram showing an equivalent circuit
in the pixel portion in accordance with Embodiment 1 of the
present invention;

[0039] FIGS. 3A to 3E are diagrams showing a process of
manufacturing an active matrix substrate in accordance with
Embodiment 1 of the present invention;

[0040] FIGS. 4A to 4D are diagrams showing a process of
manufacturing an active matrix substrate in accordance with
Embodiment 1 of the present invention;



US 2001/0025959 A1l

[0041] FIGS. 5A to 5C are diagrams showing a process of
manufacturing an active matrix substrate in accordance with
Embodiment 1 of the present invention;

[0042] FIGS. 6A and 6B are an appearance top view and
a cross-sectional view showing an active matrix EL display
device in accordance with Embodiment 1 of the present
invention;

[0043] FIGS. 7A to 7C are top views showing a pixel
portion in accordance with Embodiment 4 of the present
invention;

[0044] FIG. 8 is a top view showing a pixel portion in
accordance with Embodiment 7 of the present invention;

[0045] FIG. 9 is a diagram showing an equivalent circuit
in the pixel portion in accordance with Embodiment 7 of the
present invention;

[0046] FIGS. 10A and 10B are a top view and a cross-
sectional view showing a pixel portion in accordance with
Embodiment 8 of the present invention;

[0047] FIG. 11 is a diagram showing a manufacturing
device in accordance with Embodiment 10 of the present
invention;

[0048] FIGS. 12A to 12F are diagrams showing examples
of electronic equipment in accordance with Embodiment 11
of the present invention; and

[0049] FIG. 13A and 13B are diagrams showing
examples of electronic equipment in accordance with
Embodiment 11 of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0050] A description will be given in more detail of
preferred embodiments of the present invention with refer-
ence to the accompanying drawings.

[0051] An EL display device according to the present
invention includes a pixel portion where pixels are arranged
on an element substrate in matrix and a driving circuit that
drives the pixel portion as a basic structure.

[0052] Two of switching TFTs and current control TFTs
are formed on each of the pixels. In this structure, a drain of
the switching TFT is electrically connected to a gate of the
current control TFT. In addition, a drain of the current
control TFT is electrically connectedwith apixel electrode.
Thus, the pixel portion is formed.

[0053] Also, the driver circuit for driving the pixel is
formed of an n-channel TFT or a p-channel TFT.

[0054] Aspecific example of a pixel structure according to
the present invention is shown in FIG. 1. Further, an
equivalent circuit having the pixel structure shown in FIG.
1 is shown in FIG. 2. In this example, two TFTs are formed
within the pixel, but a pixel structure in which three TFTs are
formed within the pixel may be applied.

[0055] As shown in FIGS. 1 and 2, the pixel portion
includes a gate wiring 145 disposed in a row direction, a
source wiring 115 disposed in a column direction, a current
supply line 116, a switching TFT 202 connected to the gate
wiring 145 and the source wiring 115, a current control TFT
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203 connected to a light-emitting element 204 and the
current supply line 116, and a storage capacitor 207.

[0056] The gate wiring 145 shown in FIG. 1 is connected
to an island-like first electrode 113 disposed in the row
direction. Also, the gate wiring 145 is disposed on a second
insulating film so as to be in contact with the latter. On the
other hand, the island-like first electrode 113 is formed on a
first insulating film (hereinafter referred to as a gate insu-
lating film) so as to be in contact with the latter as in a source
wiring 137 and the current supply line 116.

[0057] Also, a connection electrode 140 is formed on the
second insulating film (hereinafter referred to as an inter-
layer insulating film) as in a connection electrode 141, a
connection electrode 143, a connection electrode 144 and
the gate wiring 145.

[0058] Further, a pixel electrode 146 is superimposed on
the connection electrode 141 connected with the current
control TFT so as to be in contact with the connection
electrode 141. Also, an end portion of the pixel electrode 146
is superimposed on the source wiring 115. An EL layer, a
cathode, a protective electrode and so on are formed with the
pixel electrode 146 as an anode, to thereby complete an
active matrix EL display device. In this specification, a
light-emitting element formed of the anode, the EL layer and
the cathode is called an EL element.

[0059] Further, the EL layer is normally of a laminate
structure, and representatively, there is a laminate structure
of “a hole transport layer/a light emitting layer/an electron
transport layer” proposed by Tang et al of Eastman Kodak
Company. As other structures, there are a structure in which
a hole injection layer/a hole transport layer/a light emitting
layer/an electron transport layer, and a structure in which a
hole injection layer/a hole transport layer/a light emitting
layer/an electron transport layer/an electron injection layer
are laminated in the stated order. Further, the light emitting
layer may be doped with a fluorescent pigment or the like.
In this specification, all layers of the hole injection layer, the
hole transport layer, the light emitting layer, the electron
transport layer, the electron injection layer and so on are
generically named the EL layer.

[0060] The pixel structure according to the present inven-
tion enables the active layer of the TFT to be superimposed
on the gate wiring and to be shielded from a light.

[0061] In order to shield at least the switching TFT on the
element substrate from the light, at least a channel-forming
region of a first semiconductor layer 200 is so disposed as to
be shielded from the light by the gate wiring 145. Also, it is
desirable that a region (an LDD region, an offset region and
the like) existing between the channel-forming region and
the drain region, and aregion existing between the channel-
forming region and the source region are shielded from the
light by the gate wiring 145, other than the channel-forming
region. Further, because the structure shown in FIG. 1 is the
multi-gate structure, a plurality of channel-forming regions
exist on one semiconductor layer. Therefore, it is desirable
to shield a region between one channel-forming region and
another channel-forming region from the light by the gate
wiring 145.

[0062] If the switching TFT is of the multi-gate structure,
an off current of the switching TFT can be lowered. Also, if
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the current control TFT is of the multi-gate structure, the
deterioration of the current control TEFT due to heat can be
suppressed.

[0063] The gate wiring 145 is formed on and in contact
with an insulating film different from the insulating film on
which the first electrode 113 that serves as the gate electrode
is disposed.

[0064] With the above structure, the switching TFT of the
element substrate can be shielded from the light by the gate
wiring 145.

[0065] Also, a capacitor (also called a storage capacitor or
auxiliary capacitor) of one pixel is formed of a second
semiconductor layer 201 and a second electrode 114 with the
insulating film that covers the second semiconductor layer
201 as a dielectric. The second semiconductor layer has a
function of one electrode that constitutes the storage capaci-
tor and also functions as the active layer of the current
control TFT. Also, the second electrode 114 has a function
of one electrode that constitutes the storage capacitor and is
electrically connected to the drain region of the switching
TFT by the connection electrode 143. In addition, a part of
the second electrode 114 functions as the gate electrode of
the current control TFT.

[0066] Further, the current control TFT is formed of a
p-channel TFT, and a part of the second semiconductor layer
is added with impurity elements that impart the p-type
conductivity. Also, a part of the second semiconductor layer,
which forms one electrode of the storage capacitor is added
with the impurity elements that impart the p-type conduc-
tivity.

[0067] In this example, the storage capacitor is formed by
using the second electrode, but is not limited to this struc-
ture. A pixel structure where a capacitor wiring or a capaci-
tor electrode is disposed may be applied.

[0068] Also, the number of masks required for forming the
element substrate having a pixel portion with the pixel
structure shown in FIG. 1 and the driver circuit can be 6.
That is, a first mask is used to pattern the first semiconductor
layer 200 and the second semiconductor layer 201, and a
second mask is used to pattern the first electrode 113, the
second electrode 114, the source wiring 115 and the current
supply line 116. A third mask is used to cover the n-channel
TFT when the impurity elements that impart the p-type
conductivity are added to the second semiconductor layer
201, and a fourth mask is used to form contact holes that
reach the first semiconductor layer, the second semiconduc-
tor layer, the first electrode, the second electrode, the source
wiring and the current supply line, respectively. A fifth mask
is used to pattern the connection electrodes 140, 141, 143
and 144 and the gate wiring 145, and a sixth mask is used
to pattern the pixel electrode 146.

[0069] As described above, in the case of the pixel struc-
ture shown in FIG. 1, the active matrix EL display device
high in the pixel aperture ratio can be realized with a small
number of masks.

[0070] The device thus structured according to the present
invention will be described in more detail with the following
embodiments.

EMBODIMENT 1

[0071] An embodiment of the present invention will be
described with reference to FIGS. 3A to 6B. A method of
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manufacturing a pixel portion and a TFT on a driver circuit
portion disposed in the periphery of the pixel portion at the
same time will be described. In this example, a pixel
structure having two TFTs on one pixel is shown. For
simplification of the description, a CMOS circuit, which is
a basic circuit is shown as a driver circuit.

[0072] First, as shown in FIG. 3A, a base film 101 is
formed to a thickness of 300 nm on a glass substrate 100. In
this embodiment, a silicon nitride oxide film is laminated as
the under film 101. At this point, it is preferable that the
concentration of nitrogen of that film which is in contact
with the glass substrate 100 is set to 10 to 25 wt %.

[0073] Also, apart of the under film 101 can be formed of
an insulating film containing silicon (in particular, a silicon
nitride oxide film or a silicon nitride film is preferable). The
current control TFT is liable to be heated since a large
current flows in the current control TFT, and it is effective
that an insulating film having a heat radiation effect is
disposed in the vicinity of the current control TFT.

[0074] Subsequently, an amorphous silicon film (not
shown) is formed to a thickness of 50 nm on the under film
101 through a known film deposition method. The film does
not need to be limited to the amorphous silicon film as long
as it is a semiconductor film (including a microcrystalline
semiconductor film) with the amorphous structure. In addi-
tion, a compound semiconductor film with the amorphous
structure such as an amorphous silicon germanium film may
be used. Also, the thickness of the film is set to 20 to 100 nm.

[0075] Then, the amorphous silicon film is crystallized
through a known technique to form a crystalline silicon film
(also called a polycrystalline silicon film or a polysilicon
film) 102. As the known crystallizing method, there are a
heat crystallizing method using a thermoelectric furnace, a
laser-anneal crystallizing method using a laser beam and a
lamp-anneal crystallizing method using infrared rays. In this
embodiment, an excimer laser beam using XeCl gas is
employed for crystallization.

[0076] In this embodiment, an excimer laser beam of the
pulse oscillation type which is processed linearly is
employed, but a rectangular laser beam may be employed, or
an argon laser beam of the continuous oscillation type or an
excimer laser beam of the continuous oscillation type can be
employed.

[0077] In this embodiment, the crystalline silicon film is
used as the active layer of the TFT, but the amorphous
silicon film can be used as the active layer. Also, it is
possible that the active layer of the switching TFT an off
current of which needs to be reduced is formed of the
amorphous silicon film, and the active layer of the current
control TFT is formed of the crystalline silicon film. Because
the amorphous silicon film is low in the carrier mobility, it
is difficult to allow a current to flow in the amorphous silicon
film and the off current to flow therein. In other words, both
advantages of the amorphous silicon film in which the
current is difficult to flow and the crystalline silicon film in
which the current is easy to flow can be made useful.

[0078] Then, as shown in FIG. 3B, a protective film 103
formed of a silicon oxide film is formed in thickness of 130
nm on the crystalline silicon film 102. The thickness of the
protective film 103 may be selected from a range of from
100 to 200 nm (preferably 130 to 170 nm). Also, the
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protective film 103 may be formed of another film if it is an
insulating film containing silicon therein. The protective
film 103 is provided for the purposes of preventing the
crystalline silicon film from being directly exposed to
plasma when the impurities are added and of enabling a fine
concentration control.

[0079] Then, resist masks 104a and 104b are formed on
the protective film 103, and impurity elements that impart
the n-type conductivity (hereinafter referred to as an n-type
impurity element) are added through the protective film 103.
The n-type impurity elements may be representatively ele-
ments belonging to Group 15, typically phosphorus or
arsenic. In this embodiment, phosphorus of 1x10*® atoms/
cm® is added by using the plasma doping method where
plasma excitation is conducted without mass-separating
phosphine (PH,). It is needless to say that the ion injection
method in which the mass separation is conducted may be
employed.

[0080] The dose amount is adjusted in such a manner that
the n-type impurity elements of 2x10"° to 5x10*° atoms/cm>
(representatively 5x10%7 to 5x10'® atoms/cm?) in concen-
tration are contained in an n-type impurity region 105
formed through the above process.

[0081] Subsequently, as shown in FIG. 3C, the protective
film 103 and the resists 104a and 1045 are removed to
activate the added elements belonging to Group 15. a known
technique may be used for the activating means, but in this
embodiment, the elements are activated by irradiation of the
excimer laser beam. The excimer layer may be of the pulse
oscillation type or the continuous oscillation type, and the
laser beam is not limited to the excimer laser beam. How-
ever, since the laser beam is used to activate the added
impurity elements, it is preferable that the laser beam is
irradiated onto the impurity elements with an energy by
which the crystalline silicon film is not melted. Further, the
laser beam may be irradiated onto the impurity elements
while the protective film 103 remains as it is.

[0082] In the activation of the impurity elements by the
laser beam, the activation by a heat treatment may be
conducted together. In the case of conducting the heat
treatment, the heat treatment may be conducted at about 450
to 550° C., taking the heat resistance of the substrate into
consideration.

[0083] This process makes an end portion of the n-type
impurity region 105, that is, a boundary portion (a joint
portion) with a region where the n-type impurity elements
are not added which exists in the periphery of the n-type
impurity region 105 definite. This fact means that the LDD
region and the channel-forming region can form a very
excellent joint portion at a time when the TFT is completed.

[0084] Then, as shown in FIG. 3D, unnecessary portions
of the crystalline silicon film are removed to form island-like
semiconductor films (hereinafter referred to as active layers)
106 to 109.

[0085] Then, as shown in FIG. 3E, a gate insulating film
110 is so formed as to cover the active layers 106 to 109. The
gate insulating film 110 may be formed of an insulating film
containing silicon having a thickness of 10 to 200 nm,
preferably 50 to 150 nm. The gate insulating film 110 may
be of a single-layer structure or a laminate structure. In this
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embodiment, a 110 nm thick silicon nitride oxide film is
used for the gate insulating film 110.

[0086] Then, a conductive film of 200 to 400 nm thickness
is formed and then patterned to form gate electrodes 111 to
114, a source wiring 115 and a current supply line 116. The
respective end portions of the gate electrodes 111 to 114, the
source wiring 115 and the current supply line 116 can be
tapered. In this embodiment, the gate electrodes 111 to 114
and lead wirings (hereinafter referred to as gate wirings)
electrically connected to the gate electrodes 111 to 114 are
formed on different insulating films.

[0087] Also, the gate electrodes may be formed of a
single-layer conductive film but may be preferably formed
of a laminate film such as a two-layer film or a three-layer
film as occasion demands. The gate electrodes may be
formed of any known conductive film. It is preferable that
the gate electrodes are made of material which can be
subjected to a fining process as described above, specifically
which can be patterned in a line width of 2 um or less.

[0088] Representatively, a film made of elements selected
from the group consisting of tantalum (Ta), titanium (Ti),
molybdenum (Mo), tungsten (W), chromium (Cr) and sili-
con (Si), a nitride film made of the above elements (repre-
sentatively, a tantalum nitride film, a tungsten nitride film,
and a titanium nitride film), an alloy film made of the
combination of the above elements (representatively, a
Mo-W alloy and a Mo-Ta alloy), or a silicide film made of
the above elements (representatively, a tungsten silicide film
and a titanium silicide film) may be employed. It is needless
to say that those films may be of a single layer or a laminate
layer.

[0089] In this embodiment, a laminate film consisting of a
tungsten nitride (WN) film of 50 nm thickness and a
tungsten (W) film of 350 nm thickness is used. This film may
be formed by sputtering. Also, the addition of an inert gas
such as Xe or Ne as a sputtering gas can prevent the films
from being peeled off due to a stress.

[0090] Also, at this point, the gate electrode 112 is formed
to overlap a part of the n-type impurity region 105 with the
gate insulating film 110 interposed therebetween. The over-
lapped portion forms the LDD region which is superimposed
on the gate electrode.

[0091] Then, as shown in FIG. 4A, n-type impurity ele-
ments (phosphorus in this embodiment) are added to the
surface with the first electrode including the gate electrodes
111 to 114 as a mask in a self-aligning manner. Impurity
regions 117 to 124 thus formed are adjustably added with
phosphorus with the concentration of % to V1o (representa-
tively %5 to %) of the n-type impurity region 105. Specifi-
cally, the concentration of phosphorus is preferably set to
1x10" to 5x10'® atoms/cm® (typically 3x10'7 to 3x10'®
atoms/cm?).

[0092] Then, as shown in FIG. 4B, resist masks 1254 to
125d are so formed as to cover the gate electrodes and so on,
and n-type impurity elements (phosphorus in this embodi-
ment) are added to the surface to form impurity regions 126
to 130 containing phosphorus with a high concentration.
Similarly, this process is conducted through the ion doping
method using phosphorus (PH;), and the concentration of
phosphorus in that region is adjusted to 1x10°° to 1x10**
atoms/cm? (representatively 2x10%° to 5x10*! atms/cm?).
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[0093] Through the above process, the source region or
the drain region of the n-channel TFT is formed. In the
switching TFT, parts of the n-type impurity regions 120 to
122 formed in the process of FIG. 4A remain.

[0094] Then, as shown in FIG. 4C, the resist masks 1254
to 125d are removed, and a resist mask 131 is newly formed.
Thereafter, p-type impurity elements (boron in this embodi-
ment) are added to the surface to form impurity regions 132
to 135 containing boron with a high concentration. In this
example, boron is added to the surface through the ion
doping method using diborane (B,H,) such that the concen-
tration of boron becomes 3x10°° to 3x10** atoms/cm® (rep-
resentatively 5x10%° to 1x10** atoms/cm®).

[0095] Phosphorus has already been added to the impurity
regions 132 to 135 with the concentration of 1x10*° to
1x10" atoms/cm>, and boron added in this process is added
to the surface at least three times or more as much as
phosphorus. For that reason, the n-type impurity region
formed in advance is completely inverted to the p-type and
functions as the p-type impurity region.

[0096] Subsequently, as shown in FIG. 4D, the resist mask
131 is removed.

[0097] Then, as shown in FIG. 5A, after a first interlayer
insulating film 136 has been formed, the n-type or p-type
impurity elements added with the different concentration,
respectively are activated. The first interlayer insulating film
136 may be formed of a single layer of an insulating film
containing silicon or a laminate film consisting of the
combination of two or more kinds of insulating films con-
taining silicon. Also, the thickness of the film may be set to
400 nm to 1.5 gm. In this embodiment, a silicon nitride oxide
film of 200 nm thickness is formed as the first interlayer
insulating film 136. The activation may be conducted
through a furnace annealing method, a laser annealing
method or a lamp annealing method. In this embodiment, a
heat treatment is conducted in a thermoelectric furnace
under a nitrogen atmosphere at 550° C. for 4 hours.

[0098] In this situation, the first interlayer insulating film
functions as means for preventing oxidation of the gate
electrodes.

[0099] In addition, a heat treatment is conducted under an
atmosphere containing hydrogen of 3 to 100% at 300 to 450°
C. for 1 to 12 hours to conduct a hydrogenation process. This
process is a process of terminating dangling bond of the
semiconductor film by hydrogen thermally excited. As
another hydrogenation means, a plasma hydrogenation
(using hydrogen excited by plasma) may be conducted.

[0100] In the case of using a laminate film as the first
interlayer insulating film 136, the hydrogen process may be
conducted between a process of forming one layer and a
process of forming another layer.

[0101] Then, when the activation process has been com-
pleted, as shown in FIG. 5B, after a second interlayer
insulating film 137 has been formed, contact holes are
formed in the first interlayer insulating film 136, the second
interlayer insulating film 137 and the gate insulating film
110 to pattern the respective wirings (including the connec-
tion electrodes) 138 to 145, and thereafter a pixel electrode
146 which is in contact with the connection electrode 141 is
patterned. FIG. 1 shows a top view of a pixel portion on
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which the pixel electrode 146 has been formed, and a
cross-sectional view taken along a dotted line A-A' or a
dotted line B-B' in FIG. 1 corresponds to FIG. 5B.

[0102] The second interlayer insulating film 137 may be
formed of a film made of organic resin, and the organic resin
may be polyimide, polyamide, acrylic, BCB (benzocy-
clobutene) or the like. In particular, since a second interlayer
insulating film 345 is meaningfully flattened, acrylic supe-
rior in flatness is preferable. In this embodiment, an acrylic
film is formed with a thickness that enables a step formed by
the TFT to be sufficiently flattened. Preferably, the thickness
of the acrylic film may be set to 1 to 5 um (more preferably,
2 to 4 um).

[0103] The formation of the contact holes is made in such
a manner that contact holes that reach the n-type impurity
regions 126-130 or the p-type impurity regions 132 to 135,
contact holes that reach the source wiring 115, contact holes
that reach the current supply line 116 and contact holes that
reach the gate electrode 113 (not shown) are formed by dry
etching or wet etching, respectively.

[0104] Also, wirings (including the connection electrodes)
138 to 145 are obtained by patterning a laminate film of a
three-layer structure resulting from continuously forming a
Ti film of 100 nm thickness, an aluminum film containing Ti
of 300 nm thickness and a Ti film of 150 nm thickness by
sputtering into a desired configuration. It is needless to say
that another conductive film may be employed as the wirings
138 to 145.

[0105] Also, reference numeral 138 denotes a source wir-
ing connected to the p-type impurity region 132, 139 is a
source wiring connected to the n-type impurity region 127
and 142 is a drain wiring connected to the p-type impurity
region 133 and the n-type impurity region 126. Also, refer-
ence numeral 140 denotes a connection electrode that con-
nects the source wiring 115 and the n-type impurity region
128. Also, reference numeral 144 denotes a connection
electrode that connects the current supply line 116 and the
p-type impurity region 135. Further, although not shown in
FIGS. 5A to 5C, reference numeral 145 denotes a gate
wiring which is connected to the gate electrode 113 through
the contact hole. Still further, although not shown in FIGS.
5A to 5C, reference numeral 143 denotes aconnection elec-
trode that connects the n-type impurity region 130 and the
gate electrode 114. Reference numeral 141 denotes a con-
nection electrode that connects a pixel electrode formed in
a subsequent process and the p-type impurity region 134.

[0106] Also, in this embodiment, an ITO film is formed to
a thickness of 110 nm and then patterned as the pixel
electrode 146. The pixel electrode 146 is superposed on the
connection electrode 141 so as to be in contact with the latter
to take contact. Also, a transparent conductive film obtained
by mixing indium oxide with zinc oxide (ZnO) of 2 to 20%
may be used. The pixel electrode 146 becomes an anode of
the EL element.

[0107] Subsequently, an insulating film containing silicon
(a silicon oxide film in this embodiment) is formed to a
thickness of 500 nm, and an opening portion is defined at a
position corresponding to the pixel electrode 146, to thereby
form a third interlayer insulating film 147. In formation of
the opening portion, a tapered side wall can be readily
formed by using the wet etching method. If the side wall of
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the opening portion is not sufficiently gentle, the deteriora-
tion of the EL layer caused by the step leads to a remarkable
problem.

[0108] Then, an EL layer 148 and a cathode (an MgAg
electrode) 149 are continuously formed through the vacuum
evaporation method without exposing to an atmosphere. The
thickness of the EL layer 148 may be set to 80 to 200 nm
(typically 100 to 120 nm), and the thickness of the cathode
149 may be set to 180 to 300 nm (typically 200 to 250 nm).

[0109] The EL layers and the cathodes are sequentially
formed for a pixel corresponding to red, a pixel correspond-
ing to green and a pixel corresponding to blue. Because the
EL layer is poor in solution resistance, the pixels of the
respective colors must be formed separately without using
the photolithography technique. Therefore, it is preferable
that pixels other than a desired pixel are covered with a
metal mask, and the EL layer and the cathode are selectively
formed on only necessary portions.

[0110] Inother words, a mask that conceals all the portions
except for the pixel corresponding to red is set, and the EL.
layer and the cathode for emitting red light are selectively
formed by using the mask. Then, a mask that conceals all the
portions except for the pixel corresponding to green is set,
and the EL layer and the cathode for emitting green light are
selectively formed by using the mask. Similarly, a mask that
conceals all the portions except for the pixel corresponding
to blue is set, and the EL layer and the cathode for emitting
blue light are selectively formed by using the mask.
Although different masks are used in this example, the same
mask may be used. Also, it is preferable that processing is
conducted with keeping a vacuum state until the EL layers
and the cathodes are formed on all of the pixels.

[0111] In this example, there is used a system of forming
three kinds of EL elements corresponding to RGB. How-
ever, there may be applied a method of combining an EL
element of emitting white light with color filters, a system of
combining an EL element of emitting blue or bluish green
light with a fluorescent substance (fluorescent color conver-
sion layer: CCM), a system in which EL elements corre-
sponding to RGB are superimposed on a cathode (a counter
electrode) by using a transparent electrode, and so on.

[0112] The EL layer 148 maybe made of known material.
It is preferable that the known material is organic material,
taking a drive voltage into consideration. For example, the
EL layer may be formed by a four-layer structure consisting
of a hole injection layer, a hole transport layer, a light
emitting layer and an electron injection layer. Also, in this
embodiment, there is shown the example in which the MgAg
electrode is used as the cathode of the EL elements. How-
ever, the cathode of the EL elements may be made of other
known material.

[0113] Then, a protective film 150 is so formed as to cover
the EL layers and the cathodes. The protective electrode 150
may be formed of a conductive film mainly containing
aluminum. The protective electrode 150 may be formed
through the vacuum evaporation method by using a mask
different from that used when the EL layer and the cathode
are formed. Also, it is preferable that the protective electrode
150 is continuously formed without exposing to an atmo-
sphere after the EL layers and the cathodes are formed.

[0114] Finally, a passivation film 151 formed of a silicon
nitride film is formed to a thickness of 300 nm. In fact, the
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protective electrode 150 functions as means for protecting
the EL layer from moisture, and if the passivation film 151
is formed, the reliability of the EL element can be further
enhanced.

[0115] Thus, the active matrix EL display device of the
structure shown in FIG. 5C is completed. Incidentally, the
active matrix EL display device according to this embodi-
ment can exhibit a very high reliability and improve the
operating characteristic by disposing the TFTs of an opti-
mum structure on not only the pixel portion but also the
driver circuit portion.

[0116] First, a TFT having a structure by which a hot
carrier injection is reduced so as not to decrease the oper-
ating speed as much as possible is used as an n-channel TFT
205 of the CMOS circuit that forms the driver circuit. In this
example, the driver circuit includes a shift register, a buffer,
a level shifter, a sampling circuit (sample and hold circuit)
and the like. In the case of conducting digital drive, the
driver circuit may include a signal converter circuit such as
a D/A converter.

[0117] In case of this embodiment, as shown in FIG. 5C,
the active layer of the n-channel TFT 205 includes a source
region 152, a drain region 153, an LDD region 154 and a
channel-forming region 155, and the LDD region 154 is
superimposed on the gate electrode 112 with the gate
insulating film 110 interposed therebetween.

[0118] The reason for that the LDD region is formed on
only the drain region side is because the operating speed is
prevented from decreasing. Also, it is better that the n-chan-
nel TFT 205 does not require the off current value much but
regards the operating speed as importance. Therefore, it is
desirable that the LDD region 154 is completely superim-
posed on the gate electrode, and the resistant component is
reduced as much as possible. That is, it is better to eliminate
so-called offset.

[0119] Also, since a p-channel TFT 206 of the CMOS
circuit is hardly deteriorated by hot carrier injection, the
LDD region may not be particularly disposed. It is possible
that the LDD region is disposed as in the n-channel TFT 205
for counter measure against hot carriers.

[0120] In the driver circuit, the sampling circuit is rela-
tively special as compared with other circuits because a large
current flows in the channel-forming region in two direc-
tions. That is, the actions of the source region and the drain
region are replaced by each other. In addition, it is necessary
to suppress the off current value as much as possible, and
from this viewpoint, it is desirable that the TFT having an
intermediate function between the switching THFT and the
current control TET is disposed.

[0121] In fact, after the device shown in FIG. 5C is
completed, it is preferable that the device is packaged
(sealed) with a protective film (a laminate film, an ultraviolet
setting resin film and the like) high in air tightness or a
housing material such as a ceramic sealing can so as not to
be exposed to the exterior. In this situation, if the interior of
the housing material is made in an inert atmosphere or a
hygroscopic material (for example, barium oxide) is dis-
posed within the housing material, the reliability (lifetime)
of the EL layer is improved.

[0122] Also, if the air tightness is enhanced by a process
such as packaging, a connector (flexible printed circuit:
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FPC) for connecting a terminal drawn from the elements or
the circuits formed on the substrate and an external signal
terminal is fitted to the device, thus completing the device as
a product. The EL display device which, is in a state where
it can be shipped is called an ELL module in this specification.

[0123] FIG. 6A is a top view of the EL module (EL
display device) obtained by the above manufacturing
method, and FIG. 6B is a cross-sectional view of the EL
module.

[0124] In FIG. 6A, reference numeral 4001 denotes a
substrate, 4002 is a pixel portion, 4003 is a source side driver
circuit, and 4004 is a gate side driver circuit, and the
respective driver circuits reach an FPC (flexible printed
circuit) 4006 through a wiring 4005 and are then connected
to an external device.

[0125] In this case, a first sealing material 4101, a cover
material 4102, a filler 4103 and a second sealing material
4104 are so disposed as to surround the pixel portion 4002,
the source side driver circuit 4003 and the gate side driver
circuit 4004.

[0126] Also, FIG. 6B corresponds to a cross-sectional
view taken along a line A-A' in FIG. 6A and shows a driving
TFT (an n-channel TFT and a p-channel TFT in this
example) 4201 contained in the source side driver circuit
4003 on the substrate 4001. Further, a current control TFT
(a TFT that controls a current to the EL element) 4202
contained in the pixel portion 4002 is formed.

[0127] In this embodiment, a TFT of the same structure as
that of the p-channel TFT or the n-channel TFT shown in
FIG. 5C is used for the driving TFT 4201, and a TFT of the
same structure as that of the p-channel TFT shown in FIG.
5C is used for the current control TET 4202. Also, a storage
capacitor (not shown) connected to the gate of the current
control TFT 4202 is disposed on the pixel portion 4002.

[0128] A pixel electrode (anode) 4302 which is electrically
connected to the drain of the pixel TFT 4202 is so formed
as to be superimposed on the drain wiring of the current
control TFT 4202. A transparent conductive film large in
work function is employed as the pixel electrode 4302. The
transparent conductive film may be made of a compound
consisting of indium oxide and tin oxide, a compound
consisting of indium oxide and zinc oxide, zinc oxide, tin
oxide or indium oxide. Also, gallium may be added to the
transparent conductive film.

[0129] Then, an insulating film 4303 is formed on the
pixel electrode 4302, and opening portions are formed on the
pixel electrode 4302 in the insulating film 4303. In the
opening portion, an EL (electro-luminescent) layer 4304 is
formed on the pixel electrode 4302, and the EL layer 4304
may be made of known organic EL material or inorganic EL.
material. Also, the organic EL material may be a low
molecular weight (monomer) material or a high molecular
weight (polymer) material.

[0130] A method of forming the EL layer 4304 may be
conducted by using a known evaporation technique or a
coating technique. Also, the structure of the EL layer may be
of a laminate structure resulting from freely combining
ahole injection layer, ahole transport layer, a light emitting
layer, an electron transport layer and an electron injection
layer together, or a single-layer structure.
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[0131] A cathode 4305 formed of a conductive film (rep-
resentatively, a conductive film mainly containing alumi-
num, copper or silver, or a laminate layer consisting of those
films and other conductive films) having a light shielding
property is formed on the EL layer 4304. Also, it is desirable
that moisture or oxygen existing on an interface of the
cathode 4305 and the EL layer 4304 is removed as much as
possible. Therefore, it is necessary that the EL layer 4304
and the cathode 4305 are successively deposited in vacuum
or that the cathode 4305 is formed while the cathode 4305
is out of contact with oxygen or moisture after forming the
EL layer 4304 in a nitrogen or rare gas atmosphere. In this
embodiment, the above film can be formed by using the film
forming device of the multi-chamber system (cluster tool
system).

[0132] Then, the cathode 4305 is electrically connected to
the wiring 4005 in a region designated by reference numeral
4306. The wiring 4005 is a wiring for supplying a given
voltage to the cathode 4305 and electrically connected to the
FPC 4006 through an anisotropic conductive film 4307.

[0133] As described above, an EL element consisting of
the pixel electrode (anode) 4302, the EL layer 4304 and the
cathode 4305 is formed. The EL element is surrounded by
the first sealing material 4101 and the cover material 4102
bonded on the substrate 4001 by the first sealing material
4101, and is then sealed with the filler 4103.

[0134] The cover material 4102 may be made of glass
material, metal material (representatively, stainless steel),
ceramic material, or plastic material (including a plastic
film). The plastic material maybe an FRP (fiberglass rein-
forced plastics) plate, a PVF (polyvinyl fluoride) film, a
Mylar film, a polyester film or an acrylic film. Further, a
sheet of the structure in which aluminum foil is sandwiched
between a PVF film or a Mylar film.

[0135] In the case where the light radiation direction from
the EL element is directed toward the cover material side,
the cover material must be transparent. In this case, the cover
material is a transparent material such as a glass plate, a
plastic plate, a polyester film or an acrylic film.

[0136] Also, the filler 4103 may be made of an ultraviolet
setting resin or a thermosetting resin such as PVC (polyvinyl
chloride), acrylic, polyimide, epoxy resin, silicon resin, PVB
(polyvinyl butyral) or EVA (ethylene vinyl acetate). If a
hygroscopic material (preferably barium oxide) or a material
that can absorb oxygen (antioxidant and the like) is disposed
within the filler 4103, the deterioration of the EL element
can be suppressed.

[0137] Further, spacers may be contained in the filler
4103. In this case, if the spacers are made of barium oxide,
the spacer per se can provide hygroscopic property. In
addition, in the case where the spacers are disposed in the
filler, it is effective that a resin film is disposed on the
cathode 4305 as a buffer layer that relaxes a pressure from
the spacers.

[0138] Also, the wiring 4005 is electrically connected to
the FPC 4006 through the anisotropic conductive film 4307.
The wiring 4005 transmits a signal sent to the pixel portion
4002, the source side driver circuit 4003 and the gate side
driver circuit 4004 to the FPC 4006, and is then electrically
connected to an external device by the FPC 4006.
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[0139] Further, in this embodiment, the second sealing
material 4104 is so disposed as to cover an exposed portion
of the first sealing material 4101 and a part of the FPC 4006,
and the EL element is thoroughly shielded from the open air.
Thus, there is obtained an EL display device having an outer
appearance shown in FIG. 6A and having cross-sectional
views shown in FIGS. 6B and 5C.

EMBODIMENT 2

[0140] Laser crystallization is used as the means of form-
ing the crystalline silicon film 102 in embodiment 1, and a
case of using a different means of crystallization is explained
in embodiment 2.

[0141] After forming an amorphous silicon film in
embodiment 2, crystallization is performed using the tech-
nique recorded in Japanese Patent Application Laid-open
No. Hei 7-130652. The technique recorded in the above
patent application is one of obtaining a crystalline silicon
film having good crystallinity by using an element such as
nickel as a catalyst for promoting crystallization.

[0142] Further, after the crystallization process is com-
pleted, a process of removing the catalyst used in the
crystallization may be performed. In this case, the catalyst
may be gettered using the technique recorded in Japanese
Patent Application Laid-open No. Hei 10-270363 or Japa-
nese Patent Application Laid-open No. Hei 8-330602.

[0143] In addition, a TFT may be formed using the tech-
nique recorded in the specification of Japanese Patent Appli-
cation No. Heil-076967 by the applicant of the present
invention.

[0144] The processes of manufacturing shown in embodi-
ment 1 are one embodiment of the present invention, and
provided that the structure of FIG. 1 or of FIG. 5C of
embodiment 1 can be realized, then other manufacturing
process may also be used without any problems, as above.

EMBODIMENT 3

[0145] In driving the EL display device of the present
invention, analog driving can be performed using an analog
signal as an image signal, and digital driving can be per-
formed using a digital signal.

[0146] When analog driving is performed, the analog
signal is sent to a source wiring of a switching TFT, and the
analog signal, which contains gray scale information,
becomes the gate voltage of a current control TFT. The
current flowing in an EL element is then controlled by the
current control TFT, the EL element emitting intensity is
controlled, and gray scale display is performed.

[0147] On the other hand, when digital driving is per-
formed, it differs from the analog type gray scale display,
and gray scale display is performed by time division driving.
Specifically, the emitting time is adjusted to provide visual
appearance that seems like changes in color gradation.

[0148] The EL element has an extremely fast response
speed in comparison to a liquid crystal element, and there-
fore it is possible to have high speed driving. Therefore, the
EL element is one, which is suitable for time ratio gray scale
driving, in which one frame is partitioned into a plural
number of subframes and then gray scale display is per-
formed.
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[0149] The present invention is a technique related to the
element structure, and therefore any method of driving it
may thus be used. Note that it is possible to freely combine
the constitution of embodiment 3 with the constitution of
any of embodiments 1 or 2.

EMBODIMENT 4

[0150] In this embodiment, a top view of a pixel structure
different from that in Embodiment 1 is shown in FIG. 7A.
In this embodiment, only the structure of the storage capaci-
tor is different and other structures are substantially identical
with those in Embodiment 1. Also, FIG. 7B is a cross-
sectional view taken along a dotted line C-C' in FIG. 7A,
and FIG. 7C shows a cross-sectional view taken along a
dotted line D-D' in FIG. 7A. Parts designated by the same
references correspond to those in Embodiment 1.

[0151] First, a state of FIG. 5A is obtained in accordance
with Embodiment 1. However, the configuration of the
second electrode is slightly different from that in Embodi-
ment 1, and the second electrode has a portion connected to
a capacitor electrode which will be formed in a later process.
Then, an interlayer insulating film made of organic resin is
formed and then etched to form contact holes. In this
embodiment, two contact holes that reach the second elec-
trode are formed. Also, in this embodiment, the interlayer
insulating film made of organic resin is first selectively
removed to remove a portion where the contact hole portions
and the current supply line are superimposed on each other.
Then, one mask is added, and after the interlayer insulating
film 136 of the portion which is superimposed on the current
supply line is covered with the mask, etching is conducted
to form the contact holes. In this way, there is obtained an
interlayer insulating film 702 from which the portion super-
imposed on the current supply line and the contact hole
portions are removed.

[0152] Then, the gate wiring 145, the connection elec-
trodes 141, 143 and 144, and a capacitor electrode 703 are
formed. The capacitor electrode 703 is electrically con-
nected to a second electrode 701. In this way, as shown in
FIG. 7C, a storage capacitor is formed by the capacitor
electrode 703 and the current supply line 116 with the first
insulating film 136 as a dielectric.

[0153] With the above structure, the storage capacitor can
be further increased.

[0154] As shown in FIG. 7B, the storage capacitor is
formed by the second semiconductor layer 201 and the
second electrode 701 with the insulating film 110 as a
dielectric as in Embodiment 1.

[0155] This embodiment can be arbitrarily combined with
any one of Embodiments 1 to 3.

EMBODIMENT 5

[0156] In embodiment 1, it was said that, preferably, an
organic EL. material is used as an EL layer. However, the
present invention can also be performed by using an inor-
ganic ELL material. In this case, since the inorganic EL
material of the present time is of a very high driving voltage,
TFTs to be used must have resisting-pressure characteristics
resistible to such a driving voltage.

[0157] If an inorganic EL. material of an even lower
driving voltage is developed in the future, it will be appli-
cable to the present invention.
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[0158] The structure of this embodiment can be freely
combined with any one of the structures of embodiments
1-3.

EMBODIMENT 6

[0159] In the present invention, an organic material used
as an EL layer may be either a low molecular organic
material or a polymer (high molecular) organic material. As
the low molecular organic material, materials are known
centering on Alqg, (tris-8-quinolylite-aluminum), TPD
(triphenylamine derivative) or the like. As polymer organic
material, m-cooperative polymer materials can be given.
Typically, PPV (polyphenylenevynilene), PVK(polyvynil-
carbazole), polycarbonate or the like can be given.

[0160] The polymer (high molecular) organic material can
be formed with a simple thin film formation method such as
the spin coating method (which is referred to also as solution
application method), the dipping method, the dispense
method, the printing method, the ink jet method or the like.
The polymer organic material has a high heat endurance
compared with the low molecular organic material.

[0161] Furthermore, in the case where the EL layer incor-
porated in the EL element incorporated in the EL display
according to the present invention has an electron transport
layer and a positive hole transport layer, the electron trans-
port layer and the positive hole transport layer may be
formed of inorganic material such as, for example, a non-
crystal semiconductor formed of non-crystal Si or non-
crystal Si;_ C, or the like.

[0162] In the non-crystal semiconductor, a large quantity
of trap level is present, and at the same time, the non-crystal
semiconductor forms a large quantity of interface levels at
an interface at which the non-crystal semiconductor 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.

[0163] 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, lubren, coumarin 6, TPB and quinaquelidon.

EMBODIMENT 7

[0164] This embodiment shows a pixel structure having
three TFTs in one pixel.

[0165] One specific example of the pixel structure accord-
ing to the present invention is shown in FIG. 8. Also, an
equivalent circuit of the pixel structure shown in FIG. 8 is
shown in FIG. 9.

[0166] As shown in FIGS. 8 and 9, the pixel portion has
a first gate wiring 801 arranged in a row direction, a second
gate wiring 802, a source wiring 803 arranged in a column
direction, and a current supply line 804. Also, the pixel
portion includes a switching TFT 902 connected to the
source wiring 803 by a connection electrode 808 with a part
of a first electrode 805 connected to the first gate wiring 801
as a gate electrode. Also, the pixel portion has a current
control TFT 903 connected to a light-emitting element 904
by a connection electrode 810 and connected to the current
supply line 804 by a connection electrode 811. Further, the
pixel portion has an erasing TFT 906 connected to the
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current supply line 804 by the connection electrode 813 with
a part of the third electrode 807 connected to the second gate
wiring 802 as a gate electrode.

[0167] Further, the respective TFTs are connected to each
other, the erasing TFT 906 is connected to the gate electrode
of the current control TFT by a connection electrode 812,
and the current control TFT 903 is connected to the drain
region of the switching TFT by a connection electrode 809.

[0168] In this specification, the first gate wiring 801 is
connected to the island-like first electrode 805 disposed in
the row direction. Also, the first gate wiring 801 is formed
on the second insulating film so as to be in contact with the
latter. On the other hand, the second gate wiring 802 is
connected to the island-like third electrode 807 disposed in
the row direction. Also, the island-like first electrode 805, a
second electrode 806 and the third electrode 807 are formed
on the first insulating film so as to be in contact with the
latter as in the source wiring 803 and the current supply line
804.

[0169] Also, the connection electrodes 808 to 813 are
formed on the second insulating film (hereinafter referred to
also as an interlayer insulating film) as in the first gate wiring
801 and the second gate wiring 802.

[0170] Further, the pixel portion includes a storage capaci-
tor 905 witha second semiconductor layer 901 as one
electrode, the insulating film that covers the second semi-
conductor layer so as to be in contact with the latter as a
dielectric, and the second electrode 806 as another electrode.

[0171] Further, a pixel electrode 814 is superimposed on
the connection electrode 810 connected to the current con-
trol TFT 903 so as to be in contact with the connection
electrode 810. Also, an end portion of the pixel electrode 8§14
is superimposed on the source wiring 803. In fact, an EL
layer, a cathode, a protective electrode and so on are formed
with the pixel electrode 814 as an anode, thus completing an
active matrix EL display device.

[0172] As to the operation of the erasing TFT, refer to
Japanese Patent Application No. Hei 11-338786.

[0173] The drain of the erasing TFT is connected to the
gate of the current control TET so that the gate voltage of the
current control TFT can be forcedly changed. The erasing
TFT may be an n-channel TFT or a p-channel TFT, but it is
preferable that the erasing TFT is of the same structure as the
switching TFT such that an off current can be reduced.

[0174] Also, in this embodiment, the switching TFT and
the erasing TFT are of the multi-gate structure. However,
they are not particularly limited to this, and at least one of
the switching TFT, the current control TFT and the erasing
TFT may be of the multi-gate structure. If the erasing TFT
is of the multi-gate structure, the deterioration of the erasing
TFT due to heat can be suppressed.

[0175] This embodiment provides the structure in which
three TFTs are disposed in one pixel, however, the EL
display device according to the present invention may be of
the structure in which any number of TFTs are disposed
within one pixel. For example, 4 to 6 or more TFTs may be
disposed. The present invention can be implemented without
the limit of the pixel structure of the EL display device.

EMBODIMENT 8

[0176] This embodiment shows an example in which
insulators superimposed on an end portion of the pixel
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electrode so as to be in contact with the latter are superim-
posed on the current supply line or the source wiring in a
stripe.

[0177] FIG. 10 shows a top view of only an electrode in
Embodiment 7. The semiconductor layer and the contact
holes are omitted for simplification although they exist in
fact. Also, parts designated by the same references are the
same parts. In FIG. 10, an insulator is formed on a portion
sandwiched by a chain line and superimposed on the current
supply line 804.

[0178] First, after a state of FIG. 8 shown in Embodiment
7 is obtained, an organic insulating film is formed and then
etched in a desired configuration. Insulators 1000 and 1001
formed of organic resin films are formed in a stripe so as to
cover an end portion of the pixel electrode 814. Then, an EL.
layer 1002 is formed between the insulators 1000 and 1001
formed of the organic resin films. Thereafter, a cathode 1003
is formed all over the surface, and a protective electrode
1004 and a protective insulating film 1005 are formed
thereon. Those insulators 1000 and 1001 function as means
for preventing short-circuiting occurring between the adja-
cent pixel electrodes. Also, those insulators 1000 and 1001
function as means for preventing short-circuiting between
the pixel electrode 814 which is an anode and the cathode
1003.

[0179] This embodiment shows an example in which the
insulators are disposed in a stripe, but they are not particu-
larly limited and may be of a structure in which an insulator
that covers portions other than the opening portion of the
pixel electrode is disposed.

EMBODIMENT 9

[0180] In this embodiment, in an active matrix EL display
device, in order to suppress the luminance nonuniformity of
a produced image, a method of determining ranges of a
threshold voltage variation AVth and a ratio W/L of a
channel width W and a channel length L is shown below.

[0181] This shows an example in which a difference in
luminescent luminance between the respective pixels is
suppressed within *+n %.

[0182] First, Expression 2 is derived from Expression 1.

1 w
1d=§x#xcoxzx(vgx—v,,,)2 Exp. 1
w 2xl1d
IX(ng_vrh)zz Exp.2

uxGC,

[0183] The mobility x and the capacitance C, of a gate
capacitor are fixed at a time when the TFT is formed. Also,
when the EL element is going to be made luminescent with
a desired luminescent luminance, since the luminescent
luminance of the EL element and the current density have a
linear relationship, a value of the drain current Id is also
fixed. Therefore, the right side of Expression 2 is replaced by
a constant A into Expression 3.
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w
I X (Vgs = Va)? = A Exp.3

[0184] Also, in the case where a difference in luminescent
luminance between the respective pixels is suppressed
within #n %, the relational expression of the threshold
voltage variation AVth and the ratio W/L of the channel
width W and the channel length L is represented by the
following Expression 4 and Expression 5.

A & K < A Exp. 4
(Vesmag = V) L {100+ 10V100 + 7 )AViy}
~(100+10v100+n) [ A Exp. S
W =
(Z)

_ (100+10V100+n) [4

AVy s ———— @
L

[0185] If values of AVth and W/L are determi ned within
the limit that satisfies the above Expression 4 and Expres-
sion 5, the variation of the drain current Id can be suppressed
within #n %.

[0186] For example, in the case where the variation AVth
of the threshold voltage is fixed by the manufacturing
process of the TFT, the range of the ratio W/L of the channel
width W and the channel length L is determined by Expres-
sion 4 and Expression 5 based on the threshold voltage
variation AVth.

[0187] Further, in the case where the ratio W/L of the
channel width W and the channel length L is fixed by the
design, the variation AVth of the threshold voltage is deter-
mined by Expression 4 and Expression 5 based on the ratio
W/L of the channel width W and the channel length L.

[0188] With the above structure, the EL display according
to the present invention can suppress the luminance non-
uniformity caused by the variation of the threshold voltage
of the current control TFT of each pixel. In fact, it is
desirable that the difference of the luminescent luminance
between the respective pixels is set within +5%, preferably
within +3%.

[0189] Also, the structure of this embodiment can be
arbitrarily combined with any structure of Embodiments 1 to
6.

EMBODIMENT 10

[0190] This embodiment shows an example of a film
forming device used in formation of an EL layer in the above
respective embodiments.

[0191] The film forming device according to this embodi-
ment will be described with reference to FIG. 11. Referring
to FIG. 11, reference numeral 1101 denotes a carrying
chamber (A), and a carrying mechanism (A) 1102 is dis-
posed within the carrying chamber (A) 1101 where a sub-
strate 1103 is carried. The carrying chamber (A) 1101 is in
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a reduced pressure atmosphere and is isolated from the
respective processing chambers by gates. The delivery of the
substrates to the respective processing chambers is con-
ducted by the carrying mechanism (A) when the gates are
opened. Also, in order to reduce a pressure within the
carrying chamber (A) 1101, an exhaust pump such as a
hydraulic rotary pump, a mechanical booster pump, a turbo
molecular pump or a cryopump can be employed, and the
cryopump is preferable because it is effective in removal of
moisture.

[0192] In the film forming device of FIG. 11, an exhaust
port 1104 is disposed on a side surface of the carrying
chamber (A) 1101, and the exhaust pump is located under
that exhaust port 1104. This structure is advantageous in that
the maintenance of the exhaust pump is facilitated.

[0193] Hereinafter, the respective processing chambers
will be described. Since the carrying chamber (A) 1101 is in
the reduced pressure atmosphere, exhaust pumps (not
shown) are provided in all of the processing chambers which
are directly connected to the carrying chamber (A) 1101.
The exhaust pump may be a hydraulic rotary pump, a
mechanical booster pump, a turbo molecular pump or a
cryopump.

[0194] First, reference numeral 1105 denotes a stock
chamber that conducts the setting (location) of the substrate,
which is also called a load lock chamber. The stock chamber
1105 is isolated from the carrying chamber (A) 1101 by a
gate 1100a where a carrier on which the substrate 1103 is set
(not shown) is located. The stock chamber 1105 may be
divided into two sections for taking in the substrate and
taking out the substrate. Also, the stock chamber 1105
includes the above-mentioned exhaust pump and a purge
line for introducing nitrogen gas or rare gas high in purity.

[0195] Also, in this embodiment, the substrate 1103 is set
on the carrier in a state where a surface of the substrate 1103
on which the elements are formed is directed downward.
This is because a face-down system (also called depo-up
system) is liable to be conducted when a vapor-phase
deposition (a film deposition through the sputtering or
evaporation) is conducted. The face-down system is a sys-
tem in which the film is formed in a state where the surface
of the substrate on which the elements are to be formed is
directed downward, by which dusts can be suppressed from
being stuck onto the substrate.

[0196] Then, reference numeral 1106 denotes a carrying
chamber (B) which is coupled with the stock chamber 1105
through a gate 11005 and has a carrying mechanism (B)
1107. Also, reference numeral 1108 denotes a baking cham-
ber which is coupled with the carrying chamber (B) 1106
through a gate 1100c. The baking chamber 1108 has a
mechanism that inverts the surface of the substrate. That is,
the substrate carried through the face-down system is
switched to the face-up system once. This is because a
subsequent process using a spin coater 1109 is conducted
through the face-up system. Conversely, the substrate which
has been processed by the spin coater 1109 is returned to the
baking chamber 1108 again and then baked. Then, the
substrate is turned upside down, and the face-up system is
switched to the face-down system. Thereafter, the substrate
is returned to the stock chamber 1105.

[0197] Incidentally, the film forming chamber 1109 having
the spin coater is coupled with the carrying chamber (B)
1106 through a gate 11004. The film forming chamber 1109

having the spin coater is a film forming chamber that forms
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a film containing an EL material by coating a solution
containing the EL material on the substrate. In this embodi-
ment, a film is formed from a high molecular weight
(polymer) organic EL material in the film forming chamber
1109 having the spin coater. The EL material to be formed
into the film is used for not only a light emitting layer but
also a charge injection layer or a charge transport layer. Also,
any known high molecular weight organic EL material may
be used.

[0198] A-representative organic EL material that forms the
light emitting layer may be PPV (polyparaphenylene
vinylene) dielectric, PVK (polyvinyl carbazole) dielectric or
polyfluorene dielectric. This is also called m conjugate
polymer. Also, an organic EL material for the charge injec-
tion layer may be PEDOT (polythiophene) or Pani (polya-
niline).

[0199] This embodiment shows the film forming chamber
using the spin coater. However, the present invention is not
limited to the spin coater and the film forming chamber
using a dispenser, print or ink jet instead of the spin coater
may be used.

[0200] Further, the film forming device according to this
embodiment can be used when forming the EL layer in the
structure where any structure of Embodiments 1 to 9 are
arbitrarily combined with the structure of this embodiment.

EMBODIMENT 11

[0201] The EL display device fabricated in accordance
with the present invention is of the self-emission type, and
thus exhibits more excellent recognizability of the displayed
image in a light place as compared to the liquid crystal
display device. Furthermore, the EL display device has a
wider viewing angle. Accordingly, the EL display device can
be applied to a display portion in various electronic devices.
For example, in order to view a TV program or the like on
a large-sized screen, the self-emission device in accordance
with the present invention can be used as a display portion
of an EL display (i.e., a display in which an EL display
device is installed into a frame) having a diagonal size of 30
inches or larger (typically 40 inches or larger) The EL
display includes all kinds of displays to be used for display-
ing information, such as a display for a personal computer,
a display for receiving a TV broadcasting program, a display
for advertisement display. Moreover, the EL display device
in accordance with the present invention can be used as a
display portion of other various electric devices.

[0202] Such electronic devices include a video camera, a
digital camera, a goggles-type display (head mount display),
a car navigation system, a sound reproduction device (an
audio equipment etc.), note-size personal computer, a game
machine, a portable information terminal (a mobile com-
puter, a portable telephone, a portable game machine, an
electronic book, or the like), an image reproduction appa-
ratus including a recording medium (more specifically, an
apparatus which can reproduce a recording medium such as
a compact disc (CD), a laser disc (LD), a digital video disc
(DVD), and includes a display for displaying the reproduced
image), or the like. In particular, in the case of the portable
information terminal, use of the EL display device is pref-
erable, since the portable information terminal that is likely
to be viewed from a tilted direction is often required to have
a wide viewing angle. FIGS. 12A to 13B respectively show
various specific examples of such electronic devices.

[0203] FIG. 12A illustrates an EL display which includes
a frame 2001, a support table 2002, a display portion 2003,
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or the like. The present invention is applicable to the display
portion 2003. The EL display is of the EL display type and
therefore requires no back light. Thus, the display portion
thereof can have a thickness thinner than that of the liquid
crystal display device.

[0204] FIG. 12B illustrates a video camera which includes
a main body 2101, a display portion 2102, an audio input
portion 2103, operation switches 2104, a battery 2105, an
image receiving portion 2106, or the like. The self-emission
device in accordance with the present invention can be used
as the EL display portion 2102.

[0205] FIG. 12C illustrates a portion (the right-half piece)
of an EL display of head mount type, which includes a main
body 2201, signal cables 2202, a head mount band 2203, a
display portion 2204, an optical system 2205, an self-
emission device 2206, or the like. The present invention is
applicable to the EL display device 2206.

[0206] FIG. 12D illustrates an image reproduction appa-
ratus including a recording medium (more specifically, a
DVD reproduction apparatus), which includes a main body
2301, a recording medium (a DVD or the like) 2302,
operation switches 2303, a display portion (a) 2304, another
display portion (b) 2305, or the like. The display portion (a)
is used mainly for displaying image information, while the
display portion (b) is used mainly for displaying character
information. The EL display device in accordance with the
present invention can be used as these display portions (a)
and (b). The image reproduction apparatus including a
recording medium further includes a CD reproduction
devise and a game machine or the like.

[0207] FIG. 12E illustrates a portable (mobile) computer
which includes a main body 2401, a camera portion 2402, an
image receiving portion 2403, operation switches 2404, a
display portion 2405, or the like. The EL display device in
accordance with the present invention can be used as the
display portion 2405.

[0208] FIG. 12F illustrates a personal computer which
includes a main body 2501, a frame 2502, a display portion
2503, a key board 2504, or the like. The EL display device
in accordance with the present invention can be used as the
display portion 2503.

[0209] When the brighter luminance of light emitted from
the EL material becomes available in the future, the EL
display device in accordance with the present invention 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.

[0210] The aforementioned electronic devices 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 device is suitable for
displaying moving pictures since the EL material can exhibit
high response speed. However, if the contour between the
pixels becomes unclear, the moving pictures as a whole
cannot be clearly displayed. Since the EL display device in
accordance with the present invention can make the contour
between the pixels clear, it is significantly advantageous to
apply the EL display device of the present invention to a
display portion of the electronic devices.

[0211] A portion of the EL display device that is emitting
light consumes power, so it is desirable to display informa-
tion in such a manner that the light emitting portion therein
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becomes as small as possible. Accordingly, when the EL
display device is applied to a display portion which mainly
displays character information, e.g., a display portion of a
portable information terminal, and more particular, a por-
table telephone or a car audio equipment, it is desirable to
drive the EL display device so that the character information
is formed by a light-emitting portion while a non-emission
portion corresponds to the background.

[0212] With now reference to FIG. 13A, a portable tele-
phone is illustrated, which includes a main body 2601, an
audio output portion 2602, an audio input portion 2603, a
display portion 2604, operation switches 2605, and an
antenna 2606. The EL display device in accordance with the
present invention can be used as the display portion 2604.
The display portion 2604 can reduce power consumption of
the portable telephone by displaying white-colored charac-
ters on a black-colored background.

[0213] FIG. 13B illustrates a sound reproduction device,
a car audio equipment in concrete term, which includes
amain body 2701, a display portion 2702, and operation
switches 2703 and 2704. The self-emission device in accor-
dance with the present invention can be used as the display
portion 2702. Although the car audio equipment of the
mount type is shown in the present embodiment, the present
invention is also applicable to an audio of the set type. The
display portion 2702 can reduce power consumption by
displaying white-colored characters on a black-colored
background, which is particularly advantageous for the
audio of the portable type.

[0214] As set forth above, the present invention can be
applied variously to a wide range of electronic devices in all
fields. The electronic device in the present embodiment can
be obtained by utilizing an EL display device having the
configuration in which the structures in Embodiments 1
through 10 are freely combined.

[0215] As was described above, according to the present
invention, the active matrix EL display device having a pixel
structure that realizes a high aperture ratio without increas-
ing the number of masks and the number of processes can be
realized.

[0216] The foregoing description of the preferred embodi-
ments of the invention has been presented for purposes of
illustration and description. It is not intended to be exhaus-
tive or to limit the invention to the precise form disclosed,
and modifications and variations are possible in light of the
above teachings or may be acquired from practice of the
invention. The embodiments were chosen and described in
order to explain the principles of the invention and its
practical application to enable one skilled in the art to utilize
the invention in various embodiments and with various
modifications as are suited to the particular use contem-
plated. It is intended that the scope of the invention be
defined by the claims appended hereto, and their equiva-
lents.

What is claimed is:

1. An electronic device, comprising a plurality of source
wirings, a plurality of gate wirings, a plurality of current
supply lines and a plurality of pixels,

wherein each of said plurality of pixels includes a switch-
ing TFT; a current control TFT; and a light-emitting
element; and

wherein said switching TFT includes a semiconductor
layer having a source region and a drain region on an
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insulating surface, and a channel-forming region inter-
posed between said source region and said drain region;
a first insulating film provided over said semiconductor
layer; an electrode provided over said first insulating
film so as to be superimposed on said channel-forming
region; a source wiring provided over said first insu-
lating film; a second insulating film that covers said
electrode and said source wirings; and a gate wiring
provided over said second insulating film and con-
nected to said electrode.

2. A device according to claim 1, wherein said semicon-
ductor layer has a region which is superimposed on said gate
wiring.

3. A device according to claim 2, wherein said region of
said semiconductor layer which is superimposed on said
gate wiring includes at least said channel-forming region.

4. A device according to claim 2, wherein said region of
said semiconductor layer which is superimposed on said
gate wiring includes at least a region existing between said
channel-forming region and said drain region.

5. A device according to claim 2, wherein said region of
said semiconductor layer which is superimposed on said
gate wiring includes at least a region existing between said
channel-forming region and said source region.

6. A device according to claim 2, wherein said semicon-
ductor layer includes a plurality of channel-forming regions;
and wherein said region of said semiconductor layer which
is superimposed on said gate wiring includes at least a region
existing between one of said channel-forming regions and
another channel-forming region.

7. A device according to claim 2, wherein said electrode
which is superimposed on said channel-forming region
comprises a gate electrode.

8. A device according to claim 1, wherein said electrode
and said source wirings are made of the same material.

9. A device according to claim 1, wherein each of said
gate wirings is formed of one of films each mainly contain-
ing an element selected from the group consisting of W,
WSix, Al, Cu, Ta, Cr, Mo and poly-Si which is doped with
impurity elements that impart a conductive type, or a lami-
nate film formed of said films.

10. An electronic device, comprising a plurality of source
wirings, a plurality of first gate wirings, a plurality of current
supply lines, a plurality of second gate wirings and a
plurality of pixels,

wherein each of said plurality of pixels includes a switch-
ing TFT; a current control TFT; an erasing TFT; and a
light-emitting element; and

wherein said switching TFT includes a semiconductor
layer having a source region and a drain region formed
on an insulating surface, and a channel-forming region
interposed between said source region and said drain
region; a first insulating film provided over said semi-
conductor layer; an electrode provided over said first
insulating film and superimposed on said channel-
forming region; a source wiring provided over said first
insulating film; a second insulating film that covers said
electrode and said source wiring; and a first gate wiring
provided over said second insulating film and con-
nected to said electrode.
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11. An electronic device, comprising a plurality of source
wirings, a plurality of first gate wirings, a plurality of current
supply lines, a plurality of second gate wirings and a
plurality of pixels,

wherein each of said plurality of pixels includes a switch-
ing TFT, a current control TFT, an erasing TFT, and a
light-emitting element and

wherein said erasing TFT includes a semiconductor layer
having a source region and a drain region formed on an
insulating surface, and a channel-forming region inter-
posed between said source region and said drain region;
a first insulating film provided over said semiconductor
layer; a first electrode provided over said first insulating
film and superimposed on said channel-forming region;
a second electrode provided over said first insulating
film; a second insulating film that covers said first
electrode and said second electrode; and a second gate
wiring provided over said second insulating film and
connected to said first electrode.

12. A device according to claim 11, wherein said semi-
conductor layer has a region which is superimposed on said
second gate wiring.

13. A device according to claim 12, wherein said region
of said semiconductor layer which is superimposed on said
second gate wiring includes at least said channel-forming
region.

14. A device according to claim 11, wherein said first
electrode which is superimposed on said channel-forming
region comprises a gate electrode.

15. A device according to claim 11, wherein said second
electrode comprises a gate electrode of said current control
TFT, which is connected to the drain region of said switch-
ing TFT.

16. A device according to claim 11, wherein said first gate
wiring and said second gate wiring are made of the same
material.

17. A device according to claim 11, wherein said first gate
wiring and said second gate wiring are formed of one of
films each mainly containing an element selected from the
group consisting of W, WSix, Al, Cu, Ta, Cr, Mo and poly-Si
which is doped with impurity elements that impart a con-
ductive type, or a laminate film formed of said films.

18. Electric equipment using said electronic device as
claimed in claim 1, as a display portion for one selected from
the group consisting of a personal computer, a video camera,
a portable information terminal, a digital camera, a digital
video disc player and an electronic play device.

19. Electric equipment using said electronic device as
claimed in claim 10, as a display portion for one selected
from the group consisting of a personal computer, a video
camera, a portable information terminal, a digital camera, a
digital video disc player and an electronic play device.

20. Electric equipment using said electronic device as
claimed in claim 11, as a display portion for one selected
from the group consisting of a personal computer, a video
camera, a portable information terminal, a digital camera, a
digital video disc player and an electronic play device.





