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THIN FILM TRANSISTORS HAVING
SOURCE WIRING AND TERMINAL
PORTION MADE OF THE SAME MATERIAL
AS THE GATE ELECTRODES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
having a circuit composed of thin film transistors
(hereinafter referred to as TFTs) and a manufacturing
method thereof. The present invention relates to, for
example, a device represented by a liquid crystal display
device (on which a liquid crystal module is mounted) and an
electronic device on which such a device is mounted as a
part.

Note that the semiconductor device in this specification
indicates a device in general, which can function by utilizing
a semiconductor characteristic, and an electro-optical
device, a light emitting device, a semiconductor circuit, and
an electronic device each are the semiconductor devices.

2. Description of the Related Art

In recent years, a technique for constructing a thin film

transistor (TFT) using a semiconductor thin film (about 2

several to several hundreds nm in thickness) formed on a
substrate having an insulating surface has been noted. The
thin film transistor is widely applied to an electronic device
such as an IC or an electro-optical device and its develop-
ment as a swilching element of an image display device is
particularly demanded.

Conventionally, a liquid crystal display device is known
as the image display device. Since a high resolution image
is obtained as compared with a passive liquid crystal display
device, an active matrix liquid crystal display device is used
in many cases. According to the active matrix liquid crystal
display device, when pixel electrodes arranged in matrix are
driven, a display pattern is formed on a screen. In more
detail, when a voltage is applied between a selected pixel
electrode and an opposite electrode corresponding to the
selected pixel electrode, a liquid crystal layer located
between the pixel electrode and the opposite electrode is
optically modulated and the optical modulation is recog-
nized as the display pattern by an observer.

The range of use of such an active matrix liquid crystal
display device is increased. Demands for a higher resolution,
a higher opening ratio, and high reliability are increased
along with increase in a screen size. Simultancously,

demands for improvement of productivity and cost reduction .

are also increased.

Conventionally, when a TFT is manufactured using alu-
minum as a material of a gate wiring of the above-mentioned
TFT, a protrusion such as hillock or a whisker is produced
by thermal treatment and an aluminum atom is diffused 10 a
channel forming region. Thus, an operation failure of the
TFT and a deterioration of a TFT characteristic are caused.
In order to solve this, a metallic material which can be
resistant to thermal treatment, typically, a metallic element
having a high melting point is used. However, a problem in
which a wiring resistance is increased due 1o increase in a
screen size arises, and increase in power consumption and
the like are caused.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to provide
a structure of a semiconductor device in which low power
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consumption is realized even when a screen size is
increased, and a manufacturing method thereof

According to the present invention, a gate electrode
structure is made to be a laminate structure in which a
material film containing mainly TaN or W is used as a first
layer for preventing diffusion to a channel forming region,
a low resistance material film containing mainly Al or Cu is
used as a second layer, and a material film containing mainly
Ti is used as a third layer. Thus, a resistance of a wiring is
reduced.

According to a structure of the present invention disclosed
in this specification, a semiconductor device including a
TFT which is composed of a semiconductor layer formed on
an insulating surface, an insulating film formed on the
semiconductor layer, and a gate electrode formed on the
insulating film is characterized by comprising: a pixel por-
tion including a first n-channel TFT having a source wiring
made of the same material as the gate electrode; a driver
circuit including a circuit which is composed of a second
n-channel TFT and a third n-channel TFT; and a terminal
portion made of the same material as the gate clectrode.

In the above-mentioned structure, the gate electrode is
characterized by having a laminate structure of a material
film containing mainly TaN (a first layer), a material film
containing mainly Al (a second layer), and a material film
containing mainly Ti (a third layer). Also, the gate electrode
is characterized by having a laminate structure of a material
film containing mainly W (a first layer), a material film
containing mainly Al (a second layer), and a material film
containing mainly Ti (a third layer).

According to such agate electrode structure, when an ICP
(inductively coupled plasma) etching method is used, end
portions of the gate electrode can be formed into a taper
shape. Note that a taper angle in this specification indicates
an angle formed by a horizontal surface and a side surface
of a material layer. Also, in this specification, a side surface
having the taper angle is called a taper shape and a portion
having the taper shape is called a taper portion.

Also, in the above-mentioned structure, the present inven-
tion is characterized in that the second n-channel TFT and
the third n-channel TFT compose an EEMOS circuit or an
EDMOS circuit. The driver circuit of the present invention
is made from an NMOS circuit composed of only n-channel
TFTs, and the TFTs of the pixel portion are also composed
of n-channel TFTs. Thus, a process is simplified. A general
driver circuit is designed based on a CMOS circuit com-
posed of an n-channel semiconductor element and a
p-channel semiconductor element, which are complemen-
tally combined with each other, However, according to the
present invention, the driver circuit is composed of a com-
bination of only n-channel TFTs.

Further, in order to achieve the above-mentioned
structure, according to a structure of the present invention,
there is provided a method of manufacturing a semiconduc-
tor device including a driver circuit, a pixel portion, and a
terminal portion, which are located on an insulating surface,
the method comprising the steps of:

forming a semiconductor layer on the insulating surface;
forming a first insulating film on the semiconductor layer;

forming a gate electrode, a source wiring of the pixel
portion, and an electrode of the terminal portion on the
first insulating film;

adding an impurity element for providing an n-type to the
semiconductor layer using the gate electrode as a mask
to form an n-type impurity region;
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etching the gate electrode to form a taper portion;

forming a second insulating film which covers the source

wiring of the pixel portion and the terminal portion; and
forming a gate wiring and a source wiring of the driver
circuit on the second insulating film.

In the above-mentioned structure, it is characterized in
that, in the step of forming the gate electrode, the source
wiring of the pixel portion, and the electrode of the terminal
portion, a material film containing mainly TaN, a material
film containing mainly Al, and a material film containing
mainly Ti are formed to be laminated, and then etched using
a mask to form the gate clectrode, the source wiring of the
pixel portion, and the electrode of the terminal portion. Also,
in the above-mentioned structure, it is characterized in that,
in the step of forming the gate electrode, the source wiring
of the pixel portion, and the e¢lectrode of the terminal
portion, a material film containing mainly W, a material film
containing mainly Al, and a material film containing mainly
Ti are formed to be laminated, and then etched using a mask
to form the gate electrode, the source wiring of the pixel
portion, and the electrode of the terminal portion.

Also, according to the present invention, a liquid crystal
display device having the pixel portion and the driver circuit
as described in the above-mentioned structure or a light
emitting device with an OLED having the pixel portion and
the driver circuit as described in the above-mentioned struc-
ture can be manufactured.

Also, according to the present invention, since a step of
manufacturing a p-channel TFT is omitted, a manufacturing

step of a liquid crystal display device or a light emitting -

device is simplified and a manufacturing cost can be
reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIGS. 1A to 1C show manufacturing steps of an
AM-LCD;

FIGS. 2A and 2B show manufacturing steps of the
AM-LCD;

FIG. 3 shows manufacturing steps of the AM-LCD;

FIG. 4 is a top view of a pixel;

FIG. 5 shows an appearance of a liquid crystal module;

FIG. 6 is a cross sectional view of a transmission type
liquid crystal display device;

FIGS. 7A and 7B show structures of NMOS circuits;

FIGS. 8A and 8B show structures of a shift resistor;

FIG. 9 is a top view of a pixel portion of the present
invention;

FIG. 10 is a cross sectional view of the pixel portion of the
present invention;

FIGS. 11A to 11C show examples of electronic devices;

FIGS. 12A and 12B show examples of electronic devices; s

FIG. 13 is an observation SEM picture after etching;

FIG. 14 is an observation SEM picture after etching:

FIG. 15 shows a relationship between reliability (20-
hours assurance voltage and 10-years assurance voltage) and
a Lov length in a TFT of a driver circuit;

FIGS. 16A and 16B are a top view of an EL. module and
a cross sectional view thereof, respectively;

FIG. 17 is a cross sectional view of an EL module;

FIG. 18 shows a structure of a gate side driver circuit;

FIG. 19 is a timing chart of decoder input signals; and

FIG. 20 shows a structure of a source side driver circuit.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

An embodiment mode of the present invention will be
described below.

First, a base insulating film is formed on a substrate and
then a semiconductor layer having a predetermined shape is
formed by a first photolithography step.

Next, an insulating film (including a gate insulating film)
covering the semiconductor layer is formed. A first conduc-
tive film, a second conductive film, and a third conductive
film are laminated on the insulating film. First etching
processing is performed for the laminated films by a second
photolithography step to form a gate electrode made from a
first conductive layer and a second conductive layer, a
Source wiring of a pixel portion, and an electrode of a
terminal portion. Note that, in the present invention, after the
gate electrode is formed, a gate wiring is formed on an
interlayer insulating film.

Next, with a state in which a resist mask formed in the
second photolithography step is left as it is, an impurity
clement (phosphorus or the like) for providing an n-type is
added to the semiconductor layer to form n-type impurity
regions (having high concentrations) in self alignment.

MNext, with a state in which the resist mask formed in the
second photolithography step is left as it is, an etching
condition is changed and second ctching processing is
performed to form a first conductive layer (first width), a
second conductive layer (second width), and a third con-
ductive layer (third width), which have taper portions. Note
that the first width is wider than the second width, and the
second width is wider than the third width. Here, an ¢lec-
trode composed of the first conductive layer, the second
conductive layer, and the third conductive layer becomes a
gate electrode of an n-channel TFT (first gate electrode).

A material film containing mainly TaN or W may be used
as the first conductive layer which is in contact with the
insulating film in order to prevent diffusion to a channel
forming region. Also, a low resistance material film con-
taining mainly Al or Cu may be used as the second conduc-
tive layer. Further, a material film containing mainly Ti,
which has a low contact resistance, may be used as the third
conductive layer.

Next, after the resist mask is removed, an impurity
clement for providing an n-type is added to the semicon-
ductor layer through the insulating film using the first gate
clectrode as a mask.

After that, a resist mask is formed by a third photolithog-
raphy method (step) and an impurity element for providing
an n-type is selectively added in order to reduce an off
current of a TFT in the pixel portion.

Next, an interlayer insulating film is formed and a trans-
parent conductive film is formed thereon. The transparent
conductive film is patterned by a fourth photolithography
method (step) to form a pixel electrode. Then, contact holes
are formed by a fifth photolithography step. Here, contact
holes which reach impurity regions, a contact hole which
reaches the gate electrode, and a contact hole which reaches
a source wiring are formed.

Next, a conductive film made of a low resistance metallic
material is formed. A gate wiring, an electrode for connect-
ing the source wiring and the impurity region, and an
electrode for connecting the pixel electrode and the impurity
region are formed by a sixth photolithography step. In the
present invention, the gate wiring is electrically connected
with the first gate electrode or a second gate electrode
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through a contact hole provided in the interlayer insulating
film. Also, the source wiring is electrically connected with
the impurity region (source region) through a contact hole
provided in the interlayer insulating film. Further, the elec-
trode connected with the pixel electrode is electrically
connected with the impurity region (drain region) through a
contact hole provided in the interlayer insulating film.

Thus, an element subsirate including a pixel portion
having a pixel TFT (n-channel TFT) and a driver circuit
having an EEMOS circuit (n-channel TFTs) as shown in
FIG. 7A can be formed by performing a photolithography
step for six times in total, that is, by using six masks. Note
that the example in which a transmission type display device
is manufactured is indicated here. However, a reflection type
display device can be also manufactured using a material
having a high reflecting property for the pixel electrode.
When the reflection type display device is manufactured,
since the pixel electrode can be formed being simultaneous
with the gate wiring, the element substrate can be formed by
using five masks.

Also, an active matrix light emitting device having an
OLED (organic light emitting device) can be manufactured.
Even in case of the light emitting device, the whole driver
circuit is composed of n-channel TFTs and the pixel portion

is also composed of a plurality of n-channel TFTs. In the =

light emitting device employing the OLED, at least a TFT
which functions as a switching element and a TFT for
supplying a current to the OLED are provided in each pixel.
Irrespective of a circuit structure of a pixel and a driving
method, a TFT which is electrically connected with the
OLED and supplies a current thereto is made to be an
n-channel TFT.

The OLED has a layer including an organic compound
(organic light emitting material) in which luminescence
produced by applying an electric field thereto (electro
luminescence) is obtained (hereinafter referred to as an
organic light emitting layer), an anode, and a cathode. The
luminescence in the organic compound includes light emis-
sion produced when it is returned from a singlet excitation-
state to a ground state (Huorescence) and light emission
produced when it is returned from a triplet excitation-state to
a ground state (phosphorescence). In case of the light
emitting device of the present invention, of the above-
mentioned light emissions, either light emission may be
used or both the light emissions may be used.

Note that in this specification, all layers formed between
the anode and the cathode in the OLED are defined as an
organic light emitting layer. Concretely, the organic light

emitting layer includes a light emitting layer, a hole injection 5

layer, an electron injection layer, a hole transport layer, and
an clectron transport layer. Basically, the OLED has a
structure in which the anode, the light emitting layer, and the
cathode are laminated in order. In addition to this structure,
there is a case where the OLED has a structure in which the
anode, the hole injection layer, the light emitting layer, and
the cathode are laminated in order or a structure in which the
anode, the hole injection layer, the light emitting layer, the
electron transport layer, and the cathode are laminated in
order.

Also, when an EDMOS circuit as shown in FIG. 7B is
formed by combining an enhancement type and a depletion
type, before the formation of the conductive film, a mask is
formed in advance, and an element belonging to the group
15 of the periodic table (preferably, phosphorus) or an
element belonging to the group 13 of the periodic table
(preferably, boron) may be selectively added to the semi-
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conductor layer which is to be the channel forming region.
In this case, the element substrate can be formed by using
seven masks.

Also, description has been made using the n-channel TFT
here. However, it goes without saying that a p-channel TFT
can be formed by using a p-type impurity element instead of
the n-type impurity element. In this case, the whole driver
circuit is composed of p-channel TFTs and the pixel portion
is also composed of the p-channel TFTSs.

The present invention made by the above structure will be
described in more detail based on the following embodi-
ments.

Embodiment
Embodiment 1

An embodiment of the present invention will be described
using FIGS. 1A to 1C to FIG. 6. Here, a method of
simultancously manufacturing TFTs composing a pixel por-
tion and TFTs (only n-channel TFTs) composing a driver
circuit provided in a periphery of the pixel portion on the
same substrate will be described in detail.

In FIG. 1A, a glass substrate, a quartz substrate, a ceramic
substrate, or the like can be used as a substrate 100. A silicon
substrate, a metallic substrate, or a stainless substrate, in
which an insulating film is formed on the surface, may also
be used. Also, a plastic substrate having a heat resistance,
which is resistant to a processing temperature in this
embodiment may be used.

Then, as shown in FIG. 1A, a base insulating film 101
made from an insulating film such as a silicon oxide film, a
silicon nitride film, or a silicon oxynitride film (SiO N ) is
formed on the substrate 100. As a typical example, a
laminate structure is used in which a two-layered structure
is used for the base insulating film 101, and a first silicon
oxynitride film 1014 is formed with a thickness of 50 nm to
100 nm using SiH,, NHs, and N.O as reactive gases and a
second silicon oxynitride film 1015 is formed with a thick-
ness of 100 nm to 150 nm using Sil,, and N,O as reactive
gases. Also, a silicon nitride film having a film thickness of
10 nm or less may be used as the base insulating film 101.
When the silicon nitride film is used, it has an effect of
improving gettering efficiency in a gettering step which will
be performed later in addition to an effect such as a blocking
layer. Nickel tends to move to a region having a high oxygen
concentration at gettering. Thus, it is extremely effective to
use the silicon nitride film as the base insulating film which
is in contact with a semiconductor film. Also, a three-layered
structure may be used in which the first silicon oxynitride
film, the second silicon oxynitride film, and the silicon
nitride film are laminated in order.

The semiconductor film as an active layer is obtained by
crystallizing an amorphous semiconductor film formed on
the base insulating film 101. The amorphous semiconductor
film is formed with a thickness of 30 nm to 60 nm. Alter that,
a metallic element (nickel in this embodiment) having a
catalytic action for promoting crystallization is used and a
nickel acetate solution including nickel at 1 ppm to 100 ppm
in weight conversion is applied onto the surface of the
amorphous semiconductor film with a spinner to form a
catalytic contained layer.

With keeping a state in which the amorphous semicon-
ductor film is in contact with the catalytic element contained
layer, thermal treatment for crystallization is performed. In
this embodiment, the thermal treatment is performed by an
RTA method. A lamp light source for heating is tuned on for
1 second to 60 seconds, preferably, 30 seconds to 60 seconds
and this operation is repeated for 1 time to 10 times,
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preferably, for 2 times to 6 times. Although the light emis-
sion intensity of the lamp light source is set to be an arbitrary
intensity, the semiconductor film is heated so as to be
instantancously heated at 600° C. to 1000° C., preferably,
about 650° C. to 750° C. Even if such a high temperature is
obtained, the semiconductor film is just heated in a moment
and there is no case where the substrate 100 itself is distorted
and deformed. In this way, the amorphous semiconductor
film can be crystallized to obtain the crystalline semicon-
ductor film.

In order to increase a crystallization ratio (a percentage of
crystalline components in the entire volume of the film)
further and to repair a defect left in a crystal grain, laser light
is irradiated to the crystalline semiconductor film. As the
laser light, excimer laser light having a wavelength of 400
nm or less, a second harmonic of a YAG laser, or a third
harmonic thereof can be also used. In any of the cases, pulse
laser light having a repetition frequency of about 10 Hz to
1000 Hz is used, the laser light is condensed to be 100
ml/em® to 400 ml/em® by an optical system, and laser
processing for a crystalline semiconductor film 104 may be
performed at an overlap ratio of 90% to 95%.

Note that an example using the pulse laser is indicated
here. However, a continuous oscillation laser may also be

used. In order to obtain a crystal with a large grain size at 2

crystallization of the amorphous semiconductor film, it is
preferable that a solid laser capable of producing continuous
oscillation is used and one of a second harmonic to a fourth
harmonic of a fundamental wave is applied. Typically, a

second harmonie (532 nm) or a third harmonic (355 nm) of :

an Nd:YVO, laser (fundamental wave: 1064 nm) may be
applied. When the continuous oscillation laser is used, laser
light emitted from the continuous oscillation YVO, laser
having an output of 10 W is converted into a harmonic by

a non-linear optical element. Also, there is a method of 3

locating a YVO, crystal and a non-linear optical element in
a resonator and emitting a harmonic. Then, laser light is
preferably formed into a rectangular shape or an elliptical
shape on an irradiating surface by an optical system and
irradiated to an object to be processed. At this time, an
energy density of about 0.01 MW/em® to 100 MW/cm*
(preferably, 0.1 MW/em* to 10 MW/cm?) is required. Then,
the semiconductor film may be moved relatively to laser
light at a speed of about 10 cm/s to 2000 cm/s to be
irradiated.

Note that a technique for irradiating laser light after
thermal crystallization using nickel as a metallic element for
promoting crystallization of silicon is used here. However,
an amorphous silicon film may be crystallized by the con-

tinuous oscillation laser (the second harmonic of the YVO, 5

laser) without adding nickel thereto.

Next, the following gettering processing is performed to
remove a catalytic element included in the crystalline semi-
conductor film. A barrier layer is formed on the crystalline
semiconductor film. As the barrier layer, a porous film is
formed Such that the catalytic element (nickel) can be
moved to a gettering cite by thermal treatment and further an
etching solution used in a step of removing the getiering cite
does not penetrate. For example, a chemical oxide film
formed by processing using ozone water or a silicon oxide
(Si0,) film may be used. In this specification, a film having
such a property is particularly called a porous film.

Next, a semiconductor film including a noble gas element
is formed as a gettering cite. In this embodiment, at a stage
of film formation by a plasma CVD method, a sputtering
method, or the like or at a stage of addition by an ion doping
method or an ion implantation method after the film
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formation, a semiconductor film including a noble gas
element ai a concentration of 1x10™%/cm® to 1x10%%/Cm?,
preferably, 1x10°°/em® to 1x10*"/em? is formed.

After that, thermal treatment such as an RTA method
using a lamp light source or thermal treatment using a
furnace is performed to move the catalytic element to the
gettering cite in a longitudinal direction. This thermal treat-
ment also serves as anncal. With respect to a heating
condition, a lamp light source for heating is tuned on for |
second to 60 seconds, preferably, 30 seconds to 60 seconds,
and this operation is repeated 1 time to 10 times, preferably,
2 times to 6 times. Although the light emission intensity of
the lamp light source is set 1o be an arbitrary intensity, the
semiconductor film is heated so as to be instantancously
heated at 600° C. to 1000° C., preferably, about 700° C. to
750° C.

After the completion of the gettering step, the geltering
cite made of the amorphous semiconductor is selectively
ctched to remove it. As an etching method, dry etching
without plasma by CIF; or wet etching by an alkali solution
such as an aqueous solution including hydrazine or tetra-
cthylammonium hydroxide (chemical formula: (CHs)
4JNOH) can be used. At this time, a barrier layer 106
functions as an etching stopper. Also, the barrier layer 106
may be removed by hydrofluoric acid in a later step. In order
to improve the erystallization, laser light may be irradiated
after the crystallization step.

After that, the obtained crystalline semiconductor film is
processed by etching in a predetermined shape to form
semiconductor layers 102 to 106 separated in an island
shape.

After the semiconductor layers 102 to 106 arc formed, an
impurity element for providing a p-type may be added
thereto in order to control a threshold value (Vth) of an
n-channel TFT. An element belonging to the group 13 of the
periodic table, such as boron (B), aluminum (Al), or gallium
(Ga) is known as the impurity element for providing a p-type
to a semiconductor.

Next, a gate insulating film 107 covering the semicon-
ductor layers 102 to 106 separated in an island shape is
formed. The gate insulating film 107 is formed by a plasma
CVD method or a sputtering method and made from an
insulating film including silicon, having its thickness set to
be 40 nm to 150 nm. Of course, the gate insulating film 107
can be used as a single layer of the insulating film including
silicon or a laminate structure thereof.

When a silicon oxide film is used, TEOS (tetracthyl ortho
silicate) and O, are mixed by a plasma CVD method, a
reactive pressure is set lo be 40 Pa, and a substrate tem-
perature is set to be 300° C. to 400° C. Then, discharge is
performed at a high frequency (13.56 MHZ) power density
of 0.5 W/em® 10 0.8 W/em* 1o form the silicon oxide film.
After that, when thermal anneal is performed for the thus
formed silicon oxide film at 400° C. to 500° C., a preferable
property as the gate insulating film can be obtained.

Atungsten (W) film 108¢ as a first conductive film having
a Film thickness of 20 nm to 100 am, an aluminum (Al) film
108b as a second conductive film having a film thickness of
100 nm to 500 nm, and a titanium (1) film 108c having a
film thickness of 20 nm to 100 nm are laminated on the gate
insulating film 107. Here, a tungsten film having a film
thickness of 50 nm, a film of an alloy (Al—Ti) of aluminum
and titanium having a film thickness of 500 nm, and a
titanium film having a film thickness of 30 nm are laminated
in order on the gate insulating film 107.

A conductive malterial for forming the gate electrode is
made from an element selected from the group consisting of
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Ta, W, Ti, Mo, Al, and Cu, an alloy material including
mainly the above element, or a compound material including
mainly the above element. Asemiconductor film represented
by a polyecrystalline silicon film doped with an impurity
element such as phosphorus may be also used as the first
conductive film. Also, there may be employed a combination
in which the first conductive film is made from a tungsten
(W) film, the second conductive film is made from a Cu film,
and the third conductive film is made from a titanium (Ti)
film, a combination in which the first conductive film is
made from a tantalum nitride (TaN) film, the second con-
ductive film is made from an aluminum (Al) film, and the
third conductive film is made from a titanium (Ti) film, a
combination in which the first conductive film is made from
a tantalum nitride (TaN) film, the second conductive film is
made from an Al film, and a combination in which the first
conductive film is made from a tantalum nitride (TaN) film,
the second conductive film is made from a Cu film, and the
third conductive film is made from a titanium (Ti) film.
Next, as shown in FIG. 1B, masks 110 to 115 made of
resists are formed by a light exposure step, and first etching
processing is performed for forming a gate electrode and a
wiring. The first etching processing is performed under a
first etching condition and a second etching condition. For

this etching, an ICP (inductively coupled plasma) etching 2

method is preferably used. When the ICP etching method is
used and an etching condition (the amount of power applied
1o a coil type clectrode, the amount of power applied to an
electrode located in a substrate side, a temperature of the
electrode located in the substrate side, and the like) is
controlled appropriately, a film can be etched in a predeter-
mined taper shape. Note that a chlorate system gas repre-
sented by CL,, BCl,, SiCl,, CCl,, and the like, a fluorine
system gas represented by CF,, SF,, NF,, and the like, or O,
can be used as etching gases appropriately.

Although the etching gas to be used is not limited, it is
suitable to use BCl,, Cl,, and O, here. A ratio of their
respective gas flow rates is set to be 65:10:5 (scem). RF
power having 450 W and 13.56 MHZ is supplied to a coil
type electrode at a pressure of 1.2 Pa to produce plasma, and
etching is performed for 117 seconds. Also, RF power
having 300 W and 13.56 MHZ is supplied to a substrate side
(sample stage) to apply a substantially negative self bias
voltage. Note that an area size of the electrode located in the
substrate side is 12.5 emx12.5 c¢m. Also, the coil type
electrode (here, quartz disk in which a coil is provided) is a
disk and an area size thereof is 25 ¢cm in diameter. The W
film is etched under the first etching condition to form end
portions of the first conductive layer into taper shapes.

After that, the first etching condition is changed to the 5

second etching condition. CF,, Cl,, and O, are used as
etching gases and a ratio of their respective gas flow rates is
set to be 25:25:10 (scem). RF power having 500 W and
13.56 MHZ is supplied to the coil type electrode at a
pressure of I Pa to produce plasma, thereby performing
etching for about 30 seconds. Also, RF power having 20 W
and 13.56 MHZ is supplied to the substrate side (sample
stage) to apply a substantially negative self bias voltage. In
the second etching condition in which CF, and Cl, are
mixed, both the W film and the TaN film are etched to the
same degree. Note that, in order to perform etching without
leaving a residue on the gate insulating film, an etching time
is preferably increased at a rate of about 10% to 20%.

In the first etching processing, when shapes of the masks
made of resists are suitable, the end portions of the first and
the second conductive layers become taper shapes by an
effect of the bias voltage which is applied to the substrate
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side. An angle of the taper portions becomes 15° to 45°. In
this way, first shaped conductive layers 117 to 122 made
from the first conductive layers, the second conductive
layers, and the third conductive layers (first conductive
layers 117a to 1224, second conductive layers 1176 to 122b,
and third conductive layers 117¢ to 122¢) are formed by the
first etching processing. Reference numeral 116 denotes a
gate insulating film. Regions which are not covered with the
first shaped conductive layers 117 to 122 are etched at about
20 nm to 50 nm to form thinner regions.

Here, a sample is prepared and an experiment on the
ctching condition is performed. With respect to the sample,
a tungsten film having a film thickness of 50 nm, a film of
an alloy (Al—Ti) of aluminum and titanium having a film
thickness of 500 nm, and a titanium film having a film
thickness of 30 nm are laminated in order on a quartz
substrate as in the case of this embodiment. FIG. 13 is a
picture obtained by observing the sample using an SEM
immediately after etching is performed under the same
condition as the above-mentioned first etching processing.
Thus, the shape of the conductive layer shown in FIG. 13
can be assumed as the first shaped conductive layer.

Second etching processing is performed as shown in FIG.
1C without removing the masks 110 to 115 made of resists.
BCl; and Cl, are used as etching gases and a ratio of their
respective gas flow rates is set to be 20/60 (scem). RF power
having 600 W and 13.56 MHZ is supplied to the coil type
clectrode at a pressure of 1.2 Pa to produce plasma, thereby
performing etching. Also, RF power having 100 W and
13.56 MHZ is supplied to the substrate side (sample stage).
The second conductive layers are etched under a third
ctching condition performed in the second etching process-
ing. In this way, the aluminum films including a very small
amount of titanium are anisotropically etched under the
above-mentioned third etching condition to form second
shaped conductive layers 124 to 129 (first conductive layers
124a to 129a, second conductive layers 124b to 12956, and
third conductive layers 124¢ to 129¢). Reference numeral
123 denotes a gate insulating film. Regions which are not
covered with the second shaped conductive layers 124 1o
129 are slightly etched to form thinner regions. Also, as
shown in FIGS. 1B and 1C, it is assumed that the taper
portions of the first conductive layers have identical lengths.
However, actually, because of dependency of a wiring
width, the lengths of the taper portions of the first conductive
layer are altered depending on the wiring width.

Here, as in the above case, a sample is prepared and an
experiment on the etching condition is performed. As the
sample, a tungsten film having a film thickness of 50 nm, a
film of an alloy (Al—Ti) of aluminum and titanium having
a film thickness of 500 nm, and a titanium film having a film
thickness of 30 nm are laminated in order on a quartz
substrate as in the case of this embodiment. FIG. 14 is a
picture obtained by observing the sample using an SEM
immediately after etching is performed under the same
condition as the above-mentioned first elching processing
and then the second etching processing is performed. Thus,
the shape of the conductive layer shown in FIG. 14 can be
assumed as the second shaped conductive layer.

Then, first doping processing is performed without
removing the masks made of resists to add an impurity
element for providing an n-type to the semiconductor layers.
The doping processing may be performed by an ion dope
method or an ion implantation method. With respect to a
condition of the ion dope method, a dose is set to be
1.5%10" atoms/em” and an accelerating voltage is set to be
60 keV to 100 keV. An element belonging to the group 15,
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typically, phosphorus (P) or arsenic (As) is used as the
impurity element for providing an n-type. In this case, the
conductive layers 124 to 128 become masks to the impurity
clement for providing an n-type and thus first impurity
regions 123 to 127 are formed in self alignment. The
impurity element for providing an n-type is added to the first
impurity regions 130 to 134 at a concentration range of
1x10"%em?® to 1x10"/em™

Next, as shown in FIG. 2A, masks 135 and 136 made of
resists are formed and second doping processing is per-
formed. The mask 135 is a mask for protecting the channel
forming region of the semiconductor layer composing one of
n-channel TFTs in the driver circuit and peripheral regions
thereof. The mask 136 is a mask for protecting the channel
forming region of the semiconductor layer composing a TFT
in the pixel portion and peripheral regions thereof. Also, in
FIG. 2A, for convenience” sake, it is assumed that the taper
portions of the first conductive layers have identical lengths.
However, actually, the lengths of the taper portions of the
first conductive layer are altered depending on the wiring
width. Thus, when a plurality of wirings having different
wiring widths are provided on the same substrate, widths of
regions 1o be doped are different from each other.

With respect to a condition of the ion dope method in the
second doping processing, a dose is set to be 1.5x10"°
aloms/cm”, an accelerating voltage is set to be 60 ke V 1o 100
keV, and phosphorus (P) is doped. Here, the impurity
regions are formed in the respective semiconductor layers
using differences of film thicknesses between the second
shaped conductive layers 124 1o 128 and the gate insulating
film 123. Of course, phosphorus (P) is not added to the
regions covered with the masks 135 and 136. In this way,
second impurity regions 180 to 182 and third impurity
regions 137 to 141 are formed. The impurity element for
providing an n-type is added to the third impurity regions
137 to 141 at a concentration range of 1x10°%cm? to
1x10*'/em®. Also, the second impurity regions are formed at
a lower concentration than the third impurity regions by the
difference of a film thickness of the gate insulating film.
Thus, the impurity element for providing an n-type is added
to the second impurity regions at a concentration range of
1x10%/em?® 1o 1x10"/em”.

By the above steps, the impurity regions having conduc-
tivity types of n-types are formed in the respective semi-
conductor layers. The second shaped conductive layers 124
to 127 become gate electrodes. Also, the second shaped
conductive layer 128 becomes one electrode composing a
slorage capacitor in the pixel portion. Further, the second
shaped conductive layers 129 composes a source wiring in
the pixel portion.

Next, a first interlayer insulating film 151 substantially
covering the entire surface is formed. The first interlayer
insulating film 151 is formed by a plasma CVD method or
a sputtering method, and made from an insulating film
containing silicon and hydrogen with a thickness of 100 nm
to 200 nm. One preferable example thereof is a silicon
oxynitride film having a film thickness of 150 nm, which is
formed by a plasma CVD method. Of course, the first
interlayer insulating film 151 is not limited to the silicon
oxynitride film and may be used as a single layer of other
insulating film containing silicon or a laminate structure
thereof.

After that, a step of activating the impurity element added
to the respective semiconductor layers is performed. The
activation is realized by thermal treatment using a [urnace
anneal or a clean oven. Thermal treatment is performed in a
nitrogen atmosphere at a temperature of 400° C. to 700° C.,
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typically, 410° C. to 500° C. Note that, in addition, a laser
anneal method or a rapid thermal anneal method (RTA
method) can be applied.

Simultaneously with the above-mentioned activation
processing, nickel used as a catalyst at crystallization is
gettered in the third impurity regions 137 to 141 containing
phosphorus at a high concentration to reduce the concen-
tration of nickel in the semiconductor layers as mainly to be
the channel forming regions. As a result, with respect to the
TETs having the channel forming regions, an off current
value is reduced. Also, high electric field effect mobility is
obtained because of its high crystallinity, and a preferable
characteristics can be achicved.

Next, as shown in FIG. 3, a second interlayer insulating
film 152 made of an organic insulator material is formed on
the first interlayer insulating film 151. Then, a contact hole
which reaches a source wiring 127 and contact holes which
reach the respective impurity regions are formed.

After that, wirings and a pixel electrode, which are made
of Al, Ti, Mo, W, or the like are formed. For example, a
laminate film of a Ti film having a film thickness of 50 nm
to 250 nm and an alloy film (alloy film of Al and Ti) having
a film thickness of 300 nm to 500 nm is used. In this way,
wirings (source wirings and drain wirings) 153 to 158, a gate
wiring 160, a connection wiring 159, a pixel electrode 161,
and a capacitor wiring 162 arc formed.

In this way, a driver circuit 406 having n-channel TFTs
401, 402, and 403 and a pixel portion 407 having an
n-channel TFT 404 and a storage capacitor 405 can be
formed on the same substrate. In this specification, such a
substrate is called an active matrix substrate for conve-
nience’ sake. Note that the n-channel TFT 401 and the
n-channel TFT 403 have the same structures,

Also, according to a conventional method, there is a case
where the impurity element is moved to a region under the
gate electrode depending on a doping condition, and impu-
rity regions which are overlapped with the gate electrode
and have a concentration gradient are produced at a width of
about 0.1 gm. However, in this embodiment, the width is set
to be 0.5 um or more, preferably, 1 gm or more. Thus, the
TFT structure is different from the conventional one.

The n-channel TFT 402 has a channel forming region 165,
second impurity regions 166 which are not overlapped with
a portion of the second shaped conductive layer 125 com-
posing the gate electrode, and third impurity regions 167
which each function as the source region or the drain region.

The n-channel TFT 403 has a channel forming region 168,
second impurity regions 169 which are not overlapped with
a portion of the second shaped conductive layer 126 com-
posing the gate electrode, and third impurity regions 170
which each function as the source region or the drain region.

A shift register circuit, a buffer circuil, a level shifter
circuit, a latch circuit, and the like are formed by using these
n-channel TFTs. In particular, in the case of a buffer circuit
having a high drive voltage, the structure of the n-channel
TFT 401 or 403 is suitable in order to prevent the deterio-
ration due to a hot carrier effect.

The pixel TFT 404 in the pixel portion 407 has a channel
forming region 171, first impurity regions 172 formed
outside the second shaped conductive layer 128 composing
the gate clectrode, and third impurity regions 173 which
cach function as the source region or the drain region.
Further, a third impurity region 176 and a second impurity
region 177 are formed in the semiconductor layer which
functions as one electrode of the storage capacitor 405. The
storage capacitor 405 is composed of, by making the insu-
lating film (the same film as the gate insulating film) as a
dielectric, the capacitor wiring 162, and the semiconductor
layer 106.
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FIG. 4 is a top view of such a pixel portion 407. FIG. 4
is a lop view of a substantially one pixel, and reference
symbols which are common to those of FIG. 3 are used.
Also, cross sectional structures of lines A-A' and B-B'
correspond to FIG. 3. In the pixel structure shown in FIG. 4,
when the gate wiring and the gate clectrode are formed on
different layers, the gate wiring and the semiconductor layer
can be overlapped. Thus, a function as a light shiclding film
is added to the gate Wiring. Also, in order to shield a gap
between pixel electrodes from light, the pixel electrode is
located so as to overlap end portions thereof with the source
wiring. Thus, a structure capable of omitting a light shield-
ing film (black matrix) is obtained. As a result, an opening
ratio can be improved as compared with the conventional
pixel portion.

Embodiment 2

In this embodiment, the steps to fabricate a liquid crystal
module made from the active matrix substrate obtained in
Embodiment 1 are described below.

An orientation film is formed on the active matrix sub-
strate shown in FIG. 3, followed by conducting rubbing
processing. In this embodiment, before the orientation film
is formed, an organic resin film such as an acrylic resin film
is patterned to form column-shaped spacers at desired posi-

tions for the purpose of keeping a substrate gap. In place of 2

the column-shaped spacers, spherical spacers may be dis-
persed over the entire surface of the substrate.

Then, an opposite substrate is prepared. A color filter in
which a coloring layer and a light-shielding layer are pro-

vided in the manner to correspond to each pixel is formed on

the opposite substrate. Further, a light-shielding layer is
formed on the driving circuit. And, a flattering film covering
the color filter and the light-shielding layer is formed. Then,
an opposite electrode made of a transparent conductive film

is formed on the flattening film at least in the pixel portion, 3

and an orientation film is formed over the entire surface of
the opposite substrate, followed by conducting rubbing.
The active matrix substrate with the pixel portion and the
driving circuit formed thereon is attached to the opposite
substrate with a sealant. Filler is mixed in the sealant. Two
substrates are attached to each other while a uniform gap is
kept therebetween with the filler and the column-shaped
spacers. Thereafter, a liquid crystal material is injected
between the substrates, and completely sealed with a sealant.
As the liquid crystal material, a known liquid crystal mate-
rial may be used. Then, as described above, the liquid crystal
module is completed. Further, in case of needed, the active
matrix substrate or the opposite substrate are divided into the
required shape. Furthermore, a polarizing plate ete. is

attached by using known method. Then, a FPC is attached by 5

using known method.

The structure of the liquid crystal module obtained in such
manner will be described with reference of a top view of
FIG. 5.

As shown in a top view of FIG. 5, an active matrix
substrate is attached to an opposite substrate 200 with a
sealant 207. The active matrix substrate is provided with a
pixel portion, driving circuits, an external input terminal 209
to which an FPC (Flexible Printed Circuit) 211 is attached,
and a wiring 210 connecting the external input terminal to an
input portion of each circuit. The opposite substrate 200 is
provided with a color filter and the like.

A light-shielding layer 203a is provided on the opposite
substrale side so as 1o be overlapped with a gate-side driving
circuit 201a, and a light-shielding layer 803b is provided on
the opposite substrate side so as to be overlapped with a
source-side driving circuit 2015. A color filter 202 disposed
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on the pixel portion 205 on the opposite substrate side is
provided in such a manner that a light-shielding layer and a
coloring layer of each color (red (R), green (G), and blue
(B)) correspond to each pixel. In actual, a color display is
conducted with three colors of the coloring layer of red (R),
the coloring layer of green (G), and the coloring layer of blue
(B). The coloring layers of the respective colors are arranged
arbitrarily.

Herein, in order to conduct a color display, the color filter
202 is provided on the opposite substrate. However, the
present invention is not limited thereto. A color filter may be
formed on an active matrix substrate when the active matrix
substrate is produced.

In the color filter, a light-shiclding layer is provided in a
region between the adjacent pixels, whereby light is blocked
in the region other than a display region. Furthermore, the
light-shielding layers 203a and 2035 are provided so as to
cover the driving circuits. However, covers will be placed
over the regions of the driving circuits when the liquid
crystal display apparatus is incorporated into electronic
equipment as a display portion. Therefore, the regions of the
driving circuits may not be covered with the light-shielding
layers. Furthermore, a light-shielding layer may be formed
on an active matrix substrate when the active matrix sub-
strate is produced.

Furthermore, the following may also be possible. Instead
of providing the above-mentioned light-shielding layers, a
plurality of stacked coloring layers constituting a color filter
are appropriately disposed between the opposite subsirate
and the opposite electrode, whereby light is blocked in the
region (gap between the respective pixel electrodes) other
than a display region and driving circuits.

Furthermore, an FPC 211 composed of a base film and a
wiring is attached to the external input terminal with aniso-
tropic conductive resin. Furthermore, the mechanical
strength of the apparatus is enhanced with a reinforcing
plate.

The liquid crystal module fabricated in the manner as
described above can be used for display portion of various
electronic devices.

Embodiment 3

Embodiment 1 shows an exemplary reflection type dis-
play apparatus in which a pixel electrode is made of a metal
material with reflectivity. In this embodiment, an exemplary
transmission type display apparatus is shown in FIG. 6, in
which a pixel electrode is made of a conductive film with
light transparency. When the pixel electrode is formed by the
transparent conductive film, though one photomask is
increased, the transparent type display device can be formed.

After the interlayer insulating film is formed in accor-
dance with Embodiment 1, a pixel electrode made of a
conductive film with light transparency is formed. As the
conductive film having light transparency, ITO (indium till
oxide alloy), indium zinc oxide alloy (In,05Zn0), zinc
oxide (Zn0O), or the like may be used.

Thereafter, contact holes are formed in the interlayer
insulating film. Then, connection electrodes overlapping the
pixel electrodes are formed. The connection electrodes are
connected to drain regions through contact holes.
Furthermore, a source electrode or a drain electrode of
nection electrodes.

Herein, an embodiment in which all the driving circuits
are formed on a substrate is shown. However, several 1Cs
may be used in a part of a driving circuit.

An active matrix substrate is formed as described above.
A liquid crystal module is manufactured in accordance with
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Embodiment 2, using the active matrix substrate, and a
backlight 310 and a light-guiding plate 311 are provided,
followed by disposing a cover 312, whereby an active matrix
type liquid crystal display apparatus as shown in FIG. 6 is
completed. The cover 312 and the liquid crystal module are
attached to each other with an adhesive or an organic resin.
Furthermore, a substrate may be attached to an opposite
substrate by filling an organic resin between a frame and a
substrate so as to surround the frame. Since the apparatus is
of a transmission type, polarizing plates 309 are attached to
both the active matrix substrate and the opposite substrate.
Embodiment 4

In such a case of n-channel type TFT shown in Embodi-
ment 1, elements belonging to the group 15 in the periodic
table (preferably, phosphorus) or elements belonging to the
group 13 in the periodic table (preferably, boron) may be
added to the semiconductor in the channel forming region to
selectively fabricate the enhancement type and depletion
type.

In a case where an NMOS circuit is formed by combining
the n-channel TFTs, it is formed as a combination of
enhancement-type TFTs (hereinafter referred to as “EEMOS
circuit”) or a combination of depletion-type and
enhancement-type TFTs (hereinafter referred to as “EDMOS
circuit™).

FIG. TA shows an example of the EEMOS circuit, and 2

FIG. 7B shows an example of the EDMOS circuit. Each of
components 31 and 32 shown in FIG. 7A is an enhancement
type n-channel TFT (hereinafter referred to as “E-type
NTFT ). Components 33 shown in FIG. 7B is an E-lype
NTFT and 34 is a depletion type of n-channel TFT
(hereinafter referred to as “D-type NTFT”), respectively.

In FIGS. 7A and 7B, V,; designates a power supply line
to which a positive voltage is applied (positive power supply
line), and V. designates a power supply line to which a
negative voltage is applied (negative power supply line).
The negative power supply line may be a ground-potential
power supply line (grounded power supply line).

FIG. 8 shows an example of a shift register formed by
using the EEMOS circuit shown in FIG. 7TA or the EDMOS
circuit shown in FIG. 7B. Portions 40 and 41 of FIG. 8 are
flip-flop circuits. Components 42 and 43 are E-type NTF1s.
A clock signal (CL) is input to the gate of the E-type NTFT
42, and a clock signal (CL-bar) of the opposite polarity is
input to the gate of the E-type NTFT 43. A symbol indicated
by 44 represents an inverter circuit. To form this inverter
circuit, the EEMOS circuit shown in FIG. 7A or the EDMOS
circuit shown in FIG. 7B is used, as shown in FIG. 8B.
Therefore all of driver circuits of the display device can be
structured by n-channel type TFT.

This embodiment can be combined with either one of 5

Embodiments 1 to 3.
Embodiment 5

In this embodiment, a pixel structure (IPS system) dif-
ferent from Embodiment 1 is shown in FIG. 9 and a cross
sectional structure is shown in FIG. 10. A cross sectional
view of a line A—A'" and a cross sectional view of a line H-I'
are indicated.

This embodiment shows one example of an active matrix
liquid crystal display device of an IPS (in-plane switching)
system (also called a transverse electric field system). The
IPS system is characterized in that both a pixel electrode and
common wirings are formed in one substrate and an electric
field is applied in a transverse direction. An orientation is
controlled such that a longitudinal axis of a liquid crystal
molecule is aligned to a direction substantially parallel with
the surface of the substrate. When this IPS system is used,
a view angle can be increased.
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In FIG. 9, reference numeral 1101 denotes a first semi-
conductor layer, 1102 and 1103 denote second semiconduc-
tor layers, 1104 denotes a first electrode, 1105 denotes a
second electrode, 1106 denotes a source wiring, 1107
denotes a gate wiring, 1108 and 1109 denote common
wirings, 1110 denotes a connection electrode, and 1111
denotes a pixel electrode. Note that the pixel electrode and
the common wirings are located so as to generate an electric
field parallel with the surface of the substrate. Also, the
common wirings are located so as to overlap the source
wiring. Thus, an opening ratio of the pixel portion is
improved.

Also, as shown in FIG. 10, the first clectrode 1104, the
second electrode 1105, and the source wiring 1106 are
simultaneously formed on an insulating film which covers
the first semiconductor layer and the second semiconductor
layers. Also, the pixel electrode 1111, the connection elec-
trode 1110, the gate wiring 1107, and the common wiring
1109 are simultaneously formed on an interlayer insulating
film covering the source wiring.

Also, the first electrode is electrically connected with the
gate wiring. The first electrode overlapped with the first
semiconductor layer functions as the gate electrode.

In this embodiment, a pixel electrode having a rectangular
shape is indicated. However, the pixel clectrode and the
common electrodes are formed into an angulation electrode
structure, and a view angle may be further increased.

Also, the storage capacitor is composed of the second
semiconductor layer, the insulating film covering the second
semiconductor layers, and the second electrode, The second
clectrode is electrically connected with the gate wiring of an
adjacent pixel. Further, an impurity element for providing an
n-type is added to the second semiconductor layer.

Note that, in this embodiment, when a mask pattern used
in Embodiment 1 is changed, the pixel structure is obtained
by the same steps as those in Embodiment 1.

After the state shown in FIGS. 9 and 10 is obtained using
Embodiment 1, a liquid crystal device is obtained by the
method described in Embodiment 2. A gap between pixels is
light-shielded by using a color filter provided in an opposite
substrate as in the case of Embodiment 2. Note that, since an
IPS system is used, it is necessary to change orientation
processing and the like.

Embodiment 6

In this embodiment, with respect to the TFT (channel
length: L/channel width: W=10 gum/8 um) of the driver
circuit obtained in Embodiment 1, a relationship between a
length in a channel length direction of an impurity region
(also called an Lov region) overlapped with a gate electrode
and reliability is indicated.

Here, it is assumed that a time until a maximum value (@
FE(max)) of mobility of a TFT is varied at 10% in the case
where the length of the Lov region is a predetermined length
is the life of the TFT. Then, an inverse number of a drain
voltage is plotted on a semilogarithmic graph and a value of
the drain voltage at a time when the life becomes 10 years
is led as a 10-years assurance voltage based on a linear
relationship obtained from this graph.

In this embodiment, when a length in the channel length
direction of the Lov region (also called an Lov length) is set
to be 0.5 pgm, 0.78 pm. 1 pm, 1.5 ym, and 1.7 pm, it is
assumed that a time until an on current value of a TFT is
varied at 10% is the life of the TFT. Then, an inverse number
of a drain electrode is plotted on a semilogarithmic graph
and a value of the drain vollage at a time when the life
becomes 10 years is led as a 10-years assurance voltage
based on a linear relationship obtained from this graph. The
thus obtained result is shown in FIG. 15.
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Note that, when a value of a drain electrode in the case
where a time until an on current value of a TFT is varied at
10% becomes 20 hours is assumed as a 20-years assurance
voltage, a result obtained by a transient stress test is also
shown in FIG. 15.

As shown in FIG. 15, when it is assumed to be used in a
16 V system device and a margin of 20% is considered, a
length of the Lov region of an n-channel TFT with 19.2 V
(16x1.2) or higher is desirably 1 um or longer in the case of
a 20-years assurance voltage. Also, in the case of a 10-years
assurance voltage, the length is desirably 1.5 gm or longer.
Embodiment 7

In this embodiment, an example in which a light emitting
device including an organic light emitting device (OLED) is
manufactured is shown in FIGS. 16A and 16B.

FIG. 16A is a top view of a module having an OLED, a
so-called EL module, and FIG. 16B 1s a cross sectional view
obtained by cutting FIG. 16A along a line A-A'. A pixel
portion 902, a source side driver circuit 901, and a gate side
driver circuit 903 are formed on a substrate 900 having an
insulating surface (for example, a glass substrate, a crystal-
lized glass substrate, a plastic substrate, or the like). The
pixel portion and the driver circuits can be obtained in
accordance with the above-mentioned Embodiment 1.

Also, reference numeral 918 denotes a seal member, 919 2

denotes a protective film made of aluminum oxynitride,
aluminum nitride, or a DLC film. The pixel portion and the
driver circuit portion are covered with the seal member 918
and the seal member 918 is covered with the protective film

919. Further, the pixel portion and the driver circuil portion :

are sealed with a cover member 920 using an adhesive. The
cover member 920 may be made of any composition
medium such as plastic, glass, metal, or ceramics. Also, a
shape of the cover member 920 and a shape of a support are

not particularly limited and these may include one having a 3¢

flat surface or one having a curved surface. Also, these may
be flexible. Further, these may be formed into a film shape.
In order to resist the deformation due to heat, external force,
and the like, a member having the same material as the
substrate 900, for example, a glass substrate is desirably
used as the cover member 920. In this embodiment, the
cover member is processed in a concave portion shape (3 ym
to 10 gm in depth) shown in FIG. 16B by a sandblast method
or the like. Further, it is desirably processed to form a
concave portion (50 gm to 200 um in depth) capable of
locating a drying agent 921. When an EL module is manu-
factured by multiple beveling, the substrate and the cover
member are bonded and then may be cut using a CO, laser
or the like so as to align end surfaces.

Also, although not shown here, in order to prevent the
reflection of a background due to the reflection of light from
a metallic layer (here, cathode and the like) to be used, a
circular polarization means which is called a circular polar-
izing plate made from a phase differential plate (1/4 plate)

and a polarizing plate may be provided on the substrate 900. 53

Note that reference numeral 908 denotes a wiring for
transmitting signals inputted to the source side driver circuit
901 and the gate side driver circuit 903. The wiring receives
a video signal and a clock signal from a FPC (flexible
printed circuit) 909 which is to be an external input terminal,
Also, the light emitting device of this embodiment may be
operated in digital drive or may be operated in analog drive,
The video signal may be a digital signal or may be an analog
signal. Note that, although only the FPC is shown here, a
printed wiring board (PWB) may be attached to the FPC.
The light emitting device in this specification includes not
only a main body of the light emitting device but also a light
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emilting device to which an FPC or a PWB is attached. Also,
a complicated integrated circuit (memory, a CPU, a
controller, a D/A converter, and the like) can be formed
together with the pixel portion and the is driver circuits on
the same substrate. However, it is difficult to manufacture
them using a small number of masks. Thus, it is preferable
that an IC chip including a memory, a CPU, a controller, a
D/A controller and the like is mounted by a COG (chip on
glass) method, a TAB (tape automated bonding) method, or
a wire bonding method.

Next, the cross sectional structure will be described using
FIG. 16B. An insulating film 910 is provided on the substrate
900. The pixel portion 902 and the gate side driver circuit
903 arc formed on the insulating film 910. The pixel portion
902 is composed of a current control TFT 911 and a plurality
of pixels including a pixel electrode 912 electrically con-
nected with the drain thereof. Actually, a plurality 25 of
TETs are formed in one pixel. However, for simplification,
only the current control TFT 911 is shown here. The gate
side driver circuit 903 is composed of n-channel TFTs 913
and 914.

These TFTs (including TFTs 911, 913, and 914) may be
mentioned Embodiment 1.

Also, with respect to a display device having an OLED,
there are a driving method having a circuit design in which
a constant voltage is applied to the OLED to supply a current
thereto, a driving method having a circuit design in which a
constant current is supplied to the OLED to control a voltage
applied to the OLED, a driving method having a circuit
design in which a constant current is supplied to the OLED,
and the like. However, regardless of a driving method,
brightness of a pixel is determined by an on current (I,,,) of
a TFT, which is electrically connected with the OLED and
supplies a current to the OLED (in this specification, this
TFT is called a current control TFT and corresponds to the
current control TFT 911 in FIG. 16B).

Note that, in this embodiment, n-channel TFTs are used as
a swilching TFT and as the current control TFT 911.
However, the present invention is not limited to such a
structure. The number of TFTs provided in one pixel may be
3, 4, 5, 6, or more. The switching TFT and the current
control TFT may be made from p-channel TFTs. Note that,
when the cathode of the OLED is used as a pixel electrode,
the current control TFT is desirably an n-channel TFT. Also,
when the anode of the OLED is used as a pixel electrode, the
current control TFT is desirably a p-channel TFT.

Also, an insulating film having high flatness and high light
transmitling property is desirably used as an insulating film
provided between the active layer of the TFT and the OLED.
Coneretely, an organic resin film and a silicon nitride film
are preferably laminated by an application method and a
sputtering method, respectively. Or, it is preferable that
flattening processing is performed after the formation of the
insulating film. A known technique for improving flatness,
for example, a polishing step which is called chemical-
mechanical polishing (hereinafter referred to as CMP) may
be used as the flattening processing. When the CMP is used,
for example, a polishing agent in which a fumed silica
particle obtained by thermally decomposing a silicon chlo-
ride gas is dispersed to a KOH added aqueous solution is
preferably used as a polishing agent (slurry) of the CMP to
the insulating film. The insulating film is removed by about
0.1 gm 1o 0.5 gm by the CMP to flat the surface. With respect
to the OLED, when a film thickness of an organic compound
layer is nonuniform, uneven light emission is produced.
Thus, the film thickness is desirably uniform as far as
possible.
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A material for blocking diffusion of an impurity ion such
as an alkali metallic ion or an alkali earth metallic ion and
positively absorbing an impurity ion such as an alkali
metallic ion or an alkali earth metallic ion is preferable as the
insulating film provided between the active layer of the TFT
and the OLED. Further, a material which is resistant to a
process lemperature in a later step is suitable. As an example
of a material suitable for such a condition, there is a silicon
nitride film containing a large amount of fluorine. The
concentration of fluorine contained in the silicon nitride film
is 1x10"/cm® or more, preferably, a composition ratio of
fluorine contained in the silicon nitride film is set to be 1%
to 5%. Fluorine contained in the silicon nitride film is
bonded to an alkali metallic ion, an alkali earth metallic ion,
or the like, and absorbed in the film. Also, as another
example, there is an organic resin film containing a particu-
late made of antimony (Sb) compound, tin (Sn) compound,
or indium (In) compound, which absorbs an alkali metallic
ion, an alkali earth metallic ion, or the like, for example, an
organic resin film containing antimony pentoxide particulate
(Sb.04nH,0). Note that this organic resin film contains a
particulate with an average particle size of 10 nm to 20 nm
and has a very high light transmitting property. An antimony
compound represented by the antimony pentoxide particle is
casy to absorb an impurity ion such as an alkali metallic ion
or an alkali earth metallic ion.

Also, a layer indicated by AIN, O may be used as another
material of the insulating film provided between the active
layer of the TFT and the OLED. A sputtering method is
performed using, for example, an aluminum nitride (AIN)
target and an oxynitride layer (layer indicated by AIN_O,)
containing aluminum obtained by film formation in an
atmosphere in which an argon gas, a nitrogen gas, and an
oxygen gas are mixed is a film containing nitrogen at 2.5
atom % to 47.5 atom %. This film is characterized by a high
thermal conductivity, a heat radiation effect, and a very high
light transmitting property in addition to an effect capable of
blocking moisture and oxygen. In addition, it is possible to
prevent an impurity such as alkali metal or alkali earth metal
from entering the active layer of the TFT.

The pixel electrode 912 electrically connected with an
clectrode 809 clectrically connected with one impurity
region 806 of the current control TFT 911 functions as the
anode of the OLED. A conductive film having a large work
function, typically, a conductive oxide film is used as the
anode. Indium oxide, tin oxide, zinc oxide, or a compound
thereof is preferably used as the conductive oxide film.
Banks 915 made of an inorganic insulator or an organic
insulator are formed in both ends of the pixel electrode 912.
An El layer 916 and a cathode 917 of the OLED are formed
on the pixel electrode 912.

The EL layer 916 (layer for producing light emission and
moving a carrier therefor) is preferably formed by freely
combining a light emitting layer, a charge transport layer,
and a charge injection layer. For example, a low molecular
system organic EL material or a polymer system organic EL
material is preferably used. Also, a thin film made of a light
emitting material (singlet compound) for producing light
emission (fluorescence) by singlet excitation or a thin film
made of a light emitting material (triplet compound) for
producing light emission (phosphorescence) by a triplet
excitation can be used as the EL layer. Also, an inorganic
material such as silicon carbide can be used as the charge
transport layer or the charge injection layer. Known mate-
rials can be used as the organic EL material and the inorganic
material.

The cathode 917 also functions as a wiring common to all
pixels and is electrically connected with the FPC 909
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through the connection wiring 908. It is preferable to use
metal having a small work function (typically, a metallic
clement belonging to the group 1 or the group 2 of the
periodic table) or an alloy containing these metal as a
material of the cathode 917. Since light emission efliciency
is improved as a work function decreases, an alloy material
containing Li (lithium) which is one kind of alkali metal is
desirably used as a material of the cathode. Further, all
clements which are included in the pixel portion 902 and the
gate side driver circuit 903 are covered with the cathode 917,
the seal member 918, and the protective film 919.

Note that it is preferable that a material which is trans-
parent or translucent 1o visible light is used for the seal
member 918. Also, it is desirable that a material which docs
not allow transmission of moisture and oxygen is used for
the seal member 918.

Also, after the OLED is completely covered with the seal
member 918, as shown in FIG. 168, it is preferable that at
least the protective film 919 made from a single layer or a
lamination layer selected from the group consisting of an
AION film, an AIN film, an Al,O; film, and a DLC film is
provided on the surface (exposed surface) of the seal mem-
ber 918. Also, the protective film may be provided on the
entire surface including the rear surface of the substrate.
Here, the attention is required so as not to form the protec-
tive film in a portion where an external input terminal (FPC)
is provided. Processing is made so as nol lo form the
protective film using a mask. Also, processing is made so as
not to form the protective film by covering the external input
terminal portion using a tape such a masking tape used in a
CVD apparatus.

With the above structure, when the OLED is sealed with
the seal member 918 and the protective film 919, the OLED
can be completely shut from the outside and it is possible to
prevent a substance such as water or oxygen for promoting
deterioration due to oxidation of the EL layer from entering
from the outside. In addition, when a film having thermal
conductivity (AION film, AIN film, or the like) is used as the
protective film, heat produced at drive of the OLED can be
diffused. Thus, a light emitting device having high reliability
can be obtained.

Further, a structure may be employed in which the pixel
clectrode is used as the cathode and the EL layer and the
anode are laminated such that light emission is produced in
a direction reverse to the case of FIG. 16B. One example is
shown in FIG. 17. Note that a top view is omitted here
because it is the same.

The cross sectional structure shown in FIG. 17 will be
described below. In addition to a glass substrate and a quartz
substrate, a semiconductor substrate or a metallic substrate
can be also used as a substrate 1000. An insulating film 1010
is provided on the substrate 1000. A pixel portion 1002 and
a gate side driver circuit 1003 are formed on the insulating
film 1010. The pixel portion 1002 is composed of a current
control TFT 1011 and a plurality of pixels including a pixel
clectrode 1012 electrically connected with the drain of the
current control TFT 1011. Also, the gate side driver circuit
1003 is composed of a combination of n-channel TFTs 1013
and 1014.

The pixel electrode 1012 functions as the cathode of the
OLED. Also, banks 1015 are formed in both ends of the
pixel electrode 1012, An EL layer 1016 and an anode 1017
of the OLED are formed on the pixel electrode 1012,

The anode 1017 also functions as a wiring common to all
the pixels and is electrically connected with an FPC 1009
through a connection wiring 1008. Further, all elements
which are included in the pixel portion 1002 and the gate



US 6,657,260 B2

21

side driver circuit 1003 are covered with the anode 1017, a
seal member 1018, and a protective film 1019. A cover
member 1021 and the substrate 1000 are bonded through an
adhesive. A concave portion is provided in the cover
member, and a dry agent 1021 is located therein.

It is preferable that a material which is transparent or
translucent to visible light is used for the seal member 1018.
Also, it is desirable that a material which does not allow
transmission of moisture and oxygen as far as possible is
used for the seal member 1018.

Also, in the case of FIG. 17, since the pixel electrode is
used as the cathode and the EL layer and the anode are
laminated, a direction of light emission becomes a direction
indicated by an arrow in FIG. 17.

Also, although not shown here, in order to prevent the
reflection or a background due to the reflection of light from
a metallic layer to be used (here, the pixel electrode which
is to be the cathode and the like), a circular polarization
means called a circular polarizing plate made from a phase
differential plate (A/4 plate) and a polarizing plate may be
provided on the cover member 1020.

This embodiment can be freely combined with any of
Embodiments 1, 4, and 6.

A driver circuit can be composed of the shift register

described in Embodiment 4. However, a case where a 2

decoder composed of only n-channel TFTs is used instead of
the shift register and the whole source side driver circuit and
the whole gate side driver circuit are composed of an E-type
TFTs will be described below using FIGS. 18 to 20.

FIG. 18 shows an example of a gate side driver circuit. In
FIG. 18, reference numeral 400 denotes a decoder of the gate
side driver circuit, and 401 denotes a buffer portion of the
gate side driver circuit. Note that the term buffer portion
indicates a portion in which a plurality of buffers (buffer
amplifiers) are integrated. Also, the term buffer indicates a
circuit for performing driving without providing influence of
4 poststage 1o a prestage.

First, the gate side decoder 400 will be described. Refer-
ence numeral 402 denotes input signal lines (hereinafter
referred to as selection lines) of the decoder 400. A1, Al bar
(signal obtained by inverting a polarity of Al), A2, A2 bar
(signal obtained by inverting a polarity of A2),. . ., An, and
An bar (signal obtained by inverting a polarity of An) are
indicated here. That is, it may be considered that “2n”
selection lines are arranged.

The number of selection lines is determined by the
number of columns of gate wirings outputted from the gate
side driver circuit. For example, when a pixel portion for
VGA display is provided, the number of the gate wirings

becomes 480. Thus, it is necessary to use 18 selection lines 5

in total in case of 9 bits (corresponding to n=9). The
selection lines 402 transmit signals indicated in a tliming
chart shown in FIG. 19. As shown in FIG. 19, when a
frequency of Al is given by 1, a frequency of A2 becomes
27! times, a frequency of A3 becomes 27% times and a
frequency of An becomes 27" Vtimes.

Also, reference numeral 403a denotes a first stage NAND
circuit (also called a NAND cell), 403b denotes a second
stage NAND circuit, and 403c¢ denotes an n-th stage NAND
circuit. The number of NAND circuits is required so as to
correspond to the number of gate wirings, and “n” NAND
circuits are required here. That is, according to the present
invention, the decoder 400 is composed of a plurality of
NAND circuils,

Also, the NAND circuits 403a to 403¢ are composed of
combination of n-channel TFTs 404 to 409. Note that,
actually, 2n TFTs are used for the NAND circuit 403.
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Respective gates of the n-channel TFTs 404 to 409 are
connected with any one of the selection lines 402 (Al, Al
bar, A2, A2 bar, . .., An, and An bar).

At this time, in the NAND circuit 4034, the n-channel
TETs 404 to 406 having the gates, which are connected with
any one of Al, A2, ..., and An (these arc called positive
selection lines) are connected with one another in parallel,
connected with a negative power source line (Vp,,) 410 as a
common source, and connected with an output line 71 as a
common drain. Also, the n-channel TFTs 407 to 409 having
the gates, which are connected with any one of Al bar, A2
bar, . . ., and An bar (these are called negative sclection
lines) are connected with one other in serial. The source of
the n-channel TET 409 located in a circuit end is connected
with a positive power source line (V) 412. The drain of
the n-channel TFT 407 located in the other circuit ends is
connected with an output line 411.

As described above, according to the present invention,
the NAND circuit includes “n” n-channel TFTs connected in
serial and “n” n-channel TF1s connected in parallel. Note
that, with respect to the “n” NAND circuits 403a to 403c,
combinations of the n-channel TFTs and the selection lines
are different from one another. That is, it is constructed so as
to select only the one output line 411 and signals for
selecting the output lines 411 in order from an end are
inputted to the selection lines 402.

Next, the buffer portion 401 is composed of a plurality of
buffers 413a to 413c respectively corresponding to the
NAND circuit 403a to 403¢c. Note that the buffers 413a 10
413¢ may use the same structure.

Also, the buffer 413a 1o 413c¢ are composed of n-channel
TFTs 414 to 416. The output line 411 from the decoder is
inputted as the gate of the n-channel TFT 414 (first
n-channel TFT). With respect to the n-channel TFT 414, a
positive power source line (V) 417 is given as the source
and a gate wiring 418 which leads to the pixel portion is
given as the drain. With respect to the n-channel TFT 415
(second n-channel TFT), the positive power source line
(Vpopy) 417 is given as the gate, a negative power source line
(V) 419 is given as the source, and the gate wiring 418 is
given as the drain. The TFT 415 is always in an on-state.

That is, in the present invention, the buffers 413a to 413¢
include the first n-channel TFT (n-channel TFT 414) and the
second n-channel TFT (n-channel TFT 415) which is con-
nected in serial with the first n-channel TFT and in which the
drain of the first n-channel TFT is used as the gate.

Also, with respect to the n-channel TFT 416 (third
n-channel TFT), a reset signal line (Reset) is given as the
gale, the negative power source line (V,,,) 419 is given as
the source, the gate wiring 418 is given as the drain. Note
that the negative power source line (V) 419 may be given
as a ground power source line (GND).

At this time, a relationship between a channel width
(given by W1) of the n-channel TI'T 415 and a channel
width (given by W2) of the n-channel TFT 414 is W1<W2.
Note that the channel width is a length of the channel
forming region in a direction perpendicular to the channel
length.

The operation of the buffer 413a is as follows. First, when
a negative voltage is applied to the output line 411, the
n-channel THFT 414 becomes an off-state (state in which a
channel is not produced). On the other hand, since the
n-channel TET 415 is always in an on-state (state in which
a channel is produced), a voltage of the negative power
source line 419 is applied to the gate wiring 418.

However, when a positive voltage is applied to the output
line 411, the n-channel TFT 414 becomes an on-state. At this
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time, since the channel width of the n-channel TFT 414 is
larger than that of the n-channel TFT 415, a potential of the
gate wiring 418 is influenced by the output of the n-channel
TFT 414. As a result, a voltage of the positive power source
line 417 is applied to the gate wiring 418.

Thus, when a positive voltage is applied to the output line
411, the gate wiring 418 outputs the positive voltage
(voltage in which the n-channel TFT used as a switching
element of a pixel becomes an on-state). On the other hand,
when a negative voltage is applied to the output line 411, the
gate wiring 418 always outpuls the negative voltage (voltage
in which the n-channel TFT used as a switching element of
a pixel becomes an off-state).

Note that the n-channel TFT 416 is used as a reset switch
for forcingly reducing a voltage of the gate wiring 418 to
which the positive voltage is applied to a negative voltage.
That is, after a selection period of the gate wiring 418 is
clapsed, a reset signal is inputted to apply a negative voltage
to the gate wiring 418. Note that the n-channel TFT 416 can
be omitted.

The gate wirings are selected in order by the gate side
driver circuit which is operated as described above. Next, a
structure of the source side driver circuit is shown in FIG.
20. The source side driver circuit shown in FIG. 20 includes

a decoder 421, a laich 422, and a buffer portion 423. Note 2

that the decoder 421 and the buffer portion 423 have the
same structures as the gate side driver circuit and the
description thereof is omitted here.

In case of the source side driver circuit shown in FIG. 20,
the latch 422 is composed of a first stage latch 424 and a
second stage latch 425. Also, the first stage latch 424 and the
second stage latch 425 cach have a plurality of units 427
composed of “m” n-channel TFTs 426a to 426¢. An output
line 428 from the decoder 421 is inputted to the gates of the
“m” n-channel TFT% 4264 to 426¢ composing the unit 427.
Note that *m” is an arbitrary integer.

For example, in case of VGA display, the number of
source wirings is 640. When “m”=1, 640 NAND circuits and
20 selection lines (corresponding to 10 bits) are required.
However, when “m”=8, the number of NAND circuits to be
required becomes 80 and the number of required selection
lines becomes 14 (corresponding to 7 bits). That is, when the
number of source wirings is given by “M”, the number of
NAND circuits to be required becomes (M/m).

Then, the sources of the n-channel TFTs 4264 to 426¢ are
connected with respective video signal lines (V1, V2, .. .,
Vk) 429. That is, when a positive voltage is applied to the
output line 428, the n-channel TFTs 426a 1o 426¢ simulta-
neously become an on-state 1o capture corresponding video

signals therein. Further, the thus captured video signals are 5

held in capacitors 430a to 430c respectively connected with
the n-channel TFTs 4264 1o 426c¢.

Also, the second stage latch 425 has a plurality of units
427b. The unit 427b is composed of “m” n-channel TFTs
431a to 431c. All the gates of the n-channel TFTs 431a to
431c are connected with a latch signal line 432. When a
negative voltage is applied to the latch signal line 432, the
n-channel TFTs 431a to 431c simultaneously become an
on-state.

As a result, the signals held in the capacitors 4304 to 430¢
are held in capacitors 433a to 433c¢ respectively connected
with the n-channel TFTs 431a to 431¢ and outputted to the
buffer portion 423 being simultancous with this holding.
Then, as described in FIG. 20, the signals are outputted to
source wirings 434 through the buffer portion. The source
wirings are selected in order by the source side driver circuit
which is operated as described above.
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Thus, when the gate side driver circuit and the source side
driver circuil are composed of only n-channel TFTs, the
whole pixel portion and the whole driver circuit can be
composed of n-channel TFTs. Note that, even when either
the source side driver circuit or the gate side driver circuit is
used as an external IC chip, the present invention can be
implemented.

Embodiment 8

When the driver circuit and the pixel portion which are
formed by implementing the present invention are used,
various modules (an active matrix liquid crystal module, an
active matrix EL module, and an active matrix EC module)
can be completed. That is, all electronic devices in which
these modules are incorporated are completed by imple-
menting the present invention.

As such electronic devices, there are a video camera, a
digital camera, a head mount display (goggle-type display),
a car navigation system, a projector, a car sterco, a personal
computer, a portable information terminal (a mobile
computer, a mobile telephone, an electronic book, or the
like), and the like. FIGS. 11A to 11C and FIGS. 12A and 12B
show examples of the electronic devices.

FIG. 11A shows a personal computer including a main
body 2001, an image input portion 2002, a display portion
2003, and a keyboard 2004.

FIG. 11B shows a mobile computer (mobile computer)
including a main body 2201, a camera portion 2202, an
image receiving portion 2203, an operational switch 2204,
and a display portion 2205.

FIG. 11C shows a player using a recording medium in
which a program is recorded (hereinafter referred to as a
recording medium). This player includes a main body 2401,
a display portion 2402, a speaker portion 2403, a recording
medium 2404, an operational switch 2405 and the like. Note
that with respect to this player, a DVD (digital versatile
disc), a CD, or the like is used as the recording medium, and
musical appreciation, movie appreciation, a game, and the
Internet can be realized.

FIG. 12A shows a portable book (electronic book) includ-
ing a main body 3001, display portions 3002 and 3003, a
recording medium 3004, an operational switch 3005, an
antenna 3006 and the like.

FIG. 12B shows a display including a main body 3101, a
support 3102, a display portion 3103 and the like. According
to the present invention, a display having 10 inches to 50
inches in a diagonal line can be completed.

As described above, an application range of the present
invention is extremely wide, and the present invention can
be applied to a method of manufacturing an electronic
device in all fields. Also, the electronic devices in this
embodiment can be realized even in a case where a structure
made from any combination of Embodiments 1 to 7 is used.

According to the present invention, even when an area of
the pixel portion is increased and a large size screen is
thereby obtained in a semiconductor device represented by
an active matrix liquid crystal display device or an active
matrix light emitting device having an OLED, preferred
display can be realized. Since a resistance of the source
wiring of the pixel portion is greatly reduced, the present
invention can be also applied to a large size screen having,
for example, 40 inches or 50 inches in a diagonal line.

What is claimed is:

1. A semiconductor device comprising a plurality of TFTs,
cach of TFT comprising:

a semiconductor layer formed on an insulating surface;

an insulating film formed on the semiconductor layer; and

a gate electrode formed on the insulating film,
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wherein the semiconductor device comprising:

a pixel portion comprising a first n-channel TFT having
a source wiring made of

the same material as the gate electrode;

a driver circuit including a circuit comprising a second
n-channel TFT and a third n-channel TFT; and

a terminal portion made of the same material as the gate

clectrode.

2. A device according to claim 1, wherein the gate
clectrode has a laminate structure of a material film con-
taining mainly TaN, a material film containing mainly Al,
and a material film containing mainly Ti.

3. A device according to claim 1, wherein the gate
electrode has a laminate structure of a material film con-
taining mainly W, a material film containing mainly Al, and
a material film containing mainly Ti.

4. A device according to claim 1, wherein the second
n-channel TFT and the third n-channel TFT compose one of
an BEMOS circuit and an EDMOS circuit.

5. A device according to claim 1, wherein the semicon-
ductor device is a liquid crystal module of one of a trans-
mission type and a reflection type.

6. A device according to claim 1, wherein the semicon-
ductor device is a light emitting device having an OLED.

7. A device according to claim 1, wherein the semicon-

ductor device is one selected from the group consisting of a >

video camera, a digital camera, a car navigation system, a
personal computer, a portable information terminal, and an
electronic game device.

8. A semiconductor device comprising:

a pixel portion comprising at least one first n-channel thin .

film transistor formed over a substrate;

a driving circuit comprising at least second and third
n-channel thin film transistors formed over the
substrate, each of the first, second and third n-channel
thin film transistors comprising:

a semiconductor layer formed on an insulating surface -

over the substrate;
an insulating film formed on the semiconductor layer;
and
a gate electrode formed over the semiconductor layer
wit h the insulating film interposed therebetween;
a source wiring provided in the pixel portion and
comprising a same material as the gate clectrode; and
a terminal portion comprising the same material as the
gale electrode.

9. The device according to claim 8, wherein the gate
electrode has a laminate structure of a first film comprising
TaN, a second film comprising Al, and a third film com-
prising Ti.

10. The device according to claim 8, wherein the gate

electrode has a laminate structure of a first film comprising 5

W, a second film comprising Al, and a third film comprising
Ti.

11. The device according to claim 8, wherein the second
n-channel and third n-channel thin film transistors compose
one of an EEMOS circuit and an EDMOS circuit.

12. The device according to claim 8, wherein the semi-
conductor device is a liquid crystal device.

13. The device according to claim 8, wherein the semi-
conductor device is an electroluminescence display device.

14. The device according to claim 8, wherein the semi-
conductor device is one selected from the group consisting
of a video camera, a digital camera, a car navigation system,
a personal computer, a portable information terminal, and an
electronic game device.

15. The device according to claim 8 wherein said driving
circuit comprises at least one of a shift register circuil, a
buffer circuit, a level shifter circuit, and a latch circuit.
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16. A semiconductor device comprising:

a pixel portion comprising at least one first n-channel thin
film transistor formed over a substrate;

a driving circuit comprising at least second and third
n-channel thin film transistors formed owver the
substrate, cach of the first, second and third n-channel
thin film transistors comprising:

a semiconductor layer formed on an insulating surlace
over the substrate;

an insulating film formed on the semiconductor layer;
and

a gate electrode formed over the semiconductor layer
wit h the insulating film interposed therebetween,

a source wiring provided in the pixel portion; and

a terminal portion formed over said substrate,

wherein said source wiring and said terminal portion
are formed b y patterning a same conductive film as
said gate electrode.

17. The device according to claim 16, wherein the gate
clectrode has a laminate structure of a first film comprising
TaN, a second film comprising Al, and a third film com-
prising Ti.

18. The device according to claim 16, wherein the gate
clectrode has a laminate structure of a first film comprising
W, a second film comprising Al, and a third film comprising
Ti.

19. The device according to claim 16, wherein the second
n-channel and third n-channel thin film transistors compose
one of an EEMOS circuit an d an EDMOS circuit.

20. The device according to claim 16, wherein the semi-
conductor device is a liquid crystal device.

21. The device according to claim 16, wherein the semi-
conductor device is an electroluminescence display device.

22. The device according to claim 16, wherein the semi-
conductor device is one selected from the group consisting
of a video camera, a digital camera, a car navigation system,
a personal computer, a portable information terminal, and an
clectronic game device.

23. A semiconductor device comprising:

a pixel portion comprising at least one first n-channel thin

film transistor formed over a subsirate;

a driving circuit comprising at least second and third
n-channel thin film transistors formed over the
substrate, each of the first, second and third n-channel
thin film transistors comprising:

a semiconductor layer formed on an insulating surface
over the substrate;

an insulating film formed on the semiconductor layer;
and

a gate electrode formed over the semiconductor layer
wit h the insulating film interposed therebetween,

a source wiring provided in the pixel portion;

an interlayer insulating film covering at least the first
n-channel thin film transistor and the source wiring;

a conductive film formed on the interlayer insulating
film wherein said source wiring is electrically con-
nected to an impurity region of the first n-channel
thin film transistor through said conductive film; and

a terminal portion formed over said substrate,

wherein said source wiring and said terminal portion
arc formed by patterning a same conductive film as
said gate electrode.

24. The device according to claim 23, wherein the gate
electrode has a laminate structure of a first film comprising
TaN, a second film comprising Al, and a third film com-
prising Ti.

25. The device according to claim 23, wherein the gate
¢lectrode has a laminate structure of a first film comprising
a second film comprising Al, and a third film comprising Ti.
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26. The device according to claim 23, wherein the second 29. The device according to claim 23, wherein the semi-
n-channel and third n-channel thin film transistors compose conductor device is one selected from the group consisting
one of an EEMOS circuit and an EDMOS circuit. of a video camera, a digital camera, a car navigation system,

27. The device according to claim 23, wherein the semi- a personal computer, a portable information terminal, and an
conductor device is a liquid crystal device. 5 electronic game device.

28. The device according to claim 23, wherein the semi-
conductor device is an electroluminescence display device. * & % ok Ok
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