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SEMICONDUCTOR DEVICE, AND MANUFACTURING METHOD THEREOF

BACKGROUND OF THE INVENTION

Field of the Invention

The .present invention generally relates to a semiconductor device including a circuit
constituted by thin-film transistors (referred toasa "TFT" hereinafter), and a manufacturing
method thereof. More specifically, the present invention is directed to such an apparatus
typically known as a liquid crystal display apparatus (namely, liquid crystal module is
mounted) or the like, and also to an electronic appliance which mounts thereon such a
liquid crystal display or the like as a component, and is further directed to a manufacturing
method thereof.

It should be understood that a term "semiconductor device” implies all of such
apparatus, or devices operable by using semiconductor characteristics, and thus, all of
electrooptical apparatus, semiconductor devices, and electronic appliances correspond to

semiconductor devices in the specification of the present invention.

Description of Related Art

Very recently, a specific attention has been paid to such a technique capable of
constituting a thin-film transistor (TFT), while employing a semiconductor thin film
(thickness thereof being several nm to several hundreds nm) which is formed on a substrate
having an insulating surface. Thin-film transistors are widely utilized in various electronic
devices such as ICs and electrooptical apparatus. In particular, there are strong demands
to rapidly develop these thin-film transistors as switching elements of image display
apparatus.

Conventionally, liquid crystal display devices are known as image display apparatus.

Since high precision images can be obrained, large numbers of active matrix type liguid
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crystal display devices are usually employed, as compared with passive type liquid cryvstal
display devices. In an active marrix type liquid crystal display device, since pixel elecrrodes
arranged in a matrix form are driven, a display pattern is formed on a display screen. More
specifically, since a voltage is applied between a selected pixel electrode and a counter
electrode corresponding to this selected pixel electrode, liquid crystal layers arranged
between the selected pixei eicctrode and the counter electrode are oprically modulated, so
that this optical modulation may be recognized as a display pattern by a viewer.

While such active matrix type liquid crystal display devices are widely used in various
fields, strong demands are requested for enlarging display screen sizes, and for realizing hich
precision, high aperture efficiencies, and high reliability. At the same time, improvements

in productivity and also low cost are strongly required.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention, it becomes possible to provide
a semiconductor device capable of realizing low power consumption, even while a display
screen is enlarged, and also to provide a method of manufacturing such a semiconductor
device.

In accordance with one aspect of the invention, a display device such as a liquid
crystal display device is featured by that a surface of a source wiring line of a pixel portion
is processed by way of a plating process operation so as to lower a resistance value of this
source wiring line. The source wiring line of the pixel portion may be manufactured at a
step different from a step for manufacturing a source wiring line of a drive circuit portion.
Further, electrodes of a terminal portion of this display device may be processed by a plating
process operation so as to reduce a resistance value thereof.

In the display device according to one aspect of the present invention, while a wiring

line before being plated is formed by using the same material as that of a gate electrode, a
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surtace of this wiring line may be ‘prcf'crably processed by a plating process operation so as
to form the source wiring line. As a material film which is processed by a plating process
operation, it is preferable to empioy such a marerial film having a lower resistance value
than that of the gate electrode. As a result, the source wiring line of the pixel portion may
become such a wiring line having a low resistance value, because of the plating process
operaton.

A semiconducror device having the below-mentioned structure is disclosed in the
specification of the present invention: That is, the semiconductor device equipped with a
TFT containing 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,
comprising:

a pixel portion equipped with a first n-channel type TFT having a source wiring line,
the surface of which is coveréd by a material film having a lower resistance value (or
resistivity) than thar of the gate electrode, while surrounding the wiring line made of the
same material as that of the gate electrode;

a drive circuit equipped with a circuit constructed of both a second n-channel type
TFT and a p-channel type TFT; and

a terminal portion, the surface of which is covered by a material film having a lower
resistance value (or a resistivity) than that of the gate electrode, while surrounding the
wiring line made of the same material as that of the gate electrode.

In the above-described semiconductor device structure, the above-described material
film having the low resistance value contains at least one material mainly conrtaining Cu,
Al, Au, Ag, or an alloy of these elements.

Also, a semiconductor device, according to another aspect of the present invention,
is featured by such a semiconductor device equipped with a TFT containing 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, comprising:
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a pixel portion equipped wit.h a first n-channel type TFT having a source wiring line
which is processed by a plating process operation;

a drive circuit equipped with a circuit constructed of both a second n-channel tvpe
TFT and a p-channel type TFT; and

a terminal portion which is processed by a plating process operation.

In the above-described semiconductor device structure, both a surface of the terminal
portion and a surface of the source wiring line of the pixel portion are covered by a thin film
made of a material which mainly contains Cu, Al, Au, Ag, or an alloy of these elements.

Also, in the above-explained semiconductor device structure, both the terminal
portion and the source wiring line of the pixel portion are separately, or simultancously
processed by the plating process operation. The plating-processed source wiring line
corresponds to such a plating-processed wiring line which is made of the same marerial as
that of the gate electrode. Also, the plating-processed source line is formed by way of a
printing process operation, and further, cor:responds to such a wiring line having a lower
resistance value than that of the gate electrode.

Also, in the above-explained semiconductor device structure, a CMOS circuit may be
constituted by employing the second n-channel type TFT and the p-channel type TFT.

Also, in the above-described semiconductor device structure, the first n-channel type
TFT has a gate electrode, and a channel forming region which is overlapped with the gate
electrode, while a width of the channel forming region is identical to a width of the gate
electrode. Altemnatively, in the above-described semiconductor device structure, the first
n-channel type TFT has a gate electrode having a taper portion, a channel forming region
which is overlapped with the gate electrode, and an impurity region which is partially
overlapped with the gate electrode. In this case, this first n-channel type TFT may be
preferably made of a triple gate structure having three channel-forming regions.

Also, in the above-explained semiconductor device structure, the n-channel type TFT

of the drive circuit includes a gate electrode having a taper portion, a channel forming
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region which is overlapped with [l‘;t: gate electrode, and an impurity region which is partially
overlapped with the gate elecerode.

Also, in the above-explained semiconductor device structure, impurity concentration
in an impurity region of the n-channel type TFT is defined within ar least a range of 1 x 10Y
to I x 10'*/em’, and a region having a concentration gradient is contained. A disrance from
the channel forming region is increased-, and also, impurity concentration is increased.

Furthermore, in order to obtain the above-described semiconducror device structures,
a semiconductor device manufacturing method, according to another aspect of the present
invention, is featured by such a method for manufacturing a semiconductor device provided
with a drive circuit, a pixel portion, and a terminal portion on an insulating surface,
comprising:

a step for forming a semiconductor layer on the insulating surface;

a step for forming a first insulating film on said semiconductor layer;

a step for forming a first gate electrode, a source wiriﬁg line of the pixel portion, and
an electrode of the terminal portion on the first insulating film;

a step for adding an impurity element capable of applying an n-type into the
semiconductor layer, while the first gate electrode is used as a mask, so as to form an n type
first impurity region;

a step for etching the first gate electrode 50 as to form a taper porton;

a step for adding an impurity element capable of applying an n-type through the taper
portion of the first gate electrode into the semiconductor: layer so as to form an n type
second impurity region; |

a step for adding an impurity element capable of applying a p-type through the taper
portion of the first gate electrode into the semiconducror layer so as to form a p type
impurity region;

a step for performing a plating process operation with respect to both a surface of the

source wiring line of the pixel portion and a surface of the terminal portion;



10

15

20

25

a step for forming a second iﬁsuiu[ing tilm which covers both the source wiring fine of
the pixel portion and the terminal portion; and

a step for forming both a gate wiring line and a source wiring line of the drive circuit
on the second insulating film.

Also, a semiconductor device manufacturing method, according to another aspect of
the present invention, is featured ‘by such a method for manufacturing a semiconductor
device provided with a drive circuit, a pixel portion, and a terminal portion on an insulating
surface, comprising:

a step for‘f(()rrming a semiconductor layer on the insulating surface;

a step for forming a first insulating film on said semiconductor layer;

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

a step for adding an impurity element capable of applying an n-type intw the
semiconductor layer, while the first gate electrode is used as a mask, éo as to form an n type
first impurity region;

a step for etching the first gate electrode so as to form a taper portion;

a step for adding an impurity element capable of applying an n-type through the taper
portion of the first gate electrode into the semiconductor layer so as to form an n type
second impurity region;

a step for adding an impurity element capable of applying a p-type through the taper

portion of the first gate electrode into the semiconductor layer so as to form a p type

impurity regiorn;

a step for executing a plating process operation with respect to a surface of the source
wiring line of the pixel portion;

a step for performing a plating process operation with respect to a surface of the
terminal portion;

a step for forming a second insulating film which covers both the source wiring line of

)
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the pixel portion and the [crminai portion; and

a step for forming both a gate wiring line and a source wiring line of the drive circuit
on the second insulating film.

In the above-described semiconductor device structure, hoth the above-described

source wiring line of the pixel portion and terminal portion are manufactured by employing

~such a material film mainly containing Cu, Al, Au, Ag, or an alloy of these elements.

Also, in the above-explained semiconductor device structure, at the plating process
operation step, the source wiring lines of the pixel portion are connected to each other by
using a wiring line so as to become the same potential. This connected wiring line for the
equi-potential purpose may be cut out by laser light after the plating process operation has
been carried out, or may be cut out in conjunction with the substrate at the same time after
the plating process operation has been carried out.

Also, in accordance with the present invention, the drive circuit may be formed by
employing an NMOS circuit constructed of all of n-channel type TFTs, and the Tl::T of the
pixel portion may also be formed on the same substrate by employing an n-channel type
TFT.

When an NMOS circuit is formed by combining n-channel type TFTs with each
other, there are two cases. That is, as shown in Fig. 23A, such an NMOS circuit is formed
by combining enhancement type TEFTs with each other {will be referred to as an "EEMOS"
circuit hereinafter), whereas as indicated in Fig. 23B, such an NMQOS circuit is formed by
combining an enhancement type TFT with a depletion type TFT {will be referred to as an
"EDMOS" circuit hereinafter).

To manufacture both an enhancement type TFT and a depletion type TEFT in a
distinguishable manner, either such an element (preferably phosphorus) belonging to Group
XV of the periodic table or another element (preferably boron) belonging to Group XII of
the periodic table may be properly added to a semiconductor which constitutes a channel

forming region.
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Also, in such a displav appa-ratus whose display area is small, in the case that a drive
circuit is formed by such an NMOS circuit made of n-channel type TETs, consumed power
thereof is larger than that of a CMOS circuit. However, the inventive idea of the present
invention may become particularly effective in the case that a display arca of a display
apparatus is a lar_ge size. Therefore, there is no problem as to power consumption in either
a desk-top type monitor having a large screen size or a television having a large display
screen. Also, in accordance with another aspect of the present invention, all thin film
transistors that constitute a gate driver circuit and a source driver circuit over the display
substrate can be made of NMOS circuits (i.e. N-channel thin film transistors) as well as all
thin film transistors in the pixel portion being N-channel thin film transistors. 1t is possible
to use an externally connected IC chip in addition to these NMOS circuits, especially as a
part or a whole of the source driver circuit.

A semiconductor device having the below-mentioned structure is disclosed in the
specification of the present invention: That is, the semiconductor device equipped with a
TFT containing 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,
comprising:

a pixel portion equipped with a first n-channel type TFT having a source wiring line,
the surface of which is covered by a material film having a lower resistance value than that
of the gate electrode, while surrounding the wiring line made of the same material as that
of the gate electrode;

a drive circuit equipped with a circuit constructed of both a second n-channel type
TFT and a third n-channel type TFT; and

a terminal portion, the surface of which is covered by a material film having a lower
resistance value than that of the gate electrode, while surrounding the wiring line made of
the same material as that of the gate electrode.

In the above-described semiconductor device structure, the above-described marerial
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film having the low resistance (résisrivity) value contains Cu, Al, Ay, Ag, or an alloy of
these elements.

Also, a semiconductor device, according to another aspect of the present invention,
is featured by such a semiconductor device equipped with a TFT containing 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, comprising:

a pixel portion equipped with a first n-channel type TFT having a source wiring line
which is processed by a plating process operation;

a drive circuit equipped with a circuit constructed of both a second n-channel type
TFT and a third n-channel type TFT; and

a terminal portion which is processed by a plating process operation.

In the above-described semiconductor device structure, both a surface of the terminal
portion and a surface of the source wiring line of the pixel portion are covered by a thin film
made of a material which mainly contains Cu, Al, Au, Ag, or an alloy of these elements.

Also, in each of the above-explained semiconductor device structures, both the
terminal portion and the source wiring line of the pixel portion are separatcly, or
simultaneously processed by the plating process operation.

The plating-processed source wiring line corresponds to such a plating-processed
wiring line which is obtained at the same step as that of the gate electrode.

Also, in the respective semiconductor device structure, the plating-processed source
wiring line corresponds to such a plating-processed wiring line made of a material having
a lower resistance value (or a resistivity) than that of the gate electrode. Also, the wiring
line made of the material having the lower resistance value than thart of the gate electrode
may be formed in such a manner that after a film has been formed by employing the
sputtering method, this sputtered film is patterned. Alternatively, this wiring line may be
formed by way of the printing method. When the wiring line is formed by executing the

printing method, a total number of masks may be reduced.

9
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Also, in cach of the scmiconAducmr device structures, either an EEMOS circuit or an
EDMOS circuit is formed by emploving the second n-channel type TFT and the third n-
channel type TFT.

Also, in each of the above-described semiconductor dcvi;c structures, the first n-
channel type TFT owns a gate electrode, and a channel forming region which is overlapped
with the gate electrode, while a width of the channel forming region is identical to a widch
of the gate electrode.

Also, in the above-described semiconductor device structure, the first n-channel type
TFT owns a gate electrode having a taper portion, a channel forming region which is
overlapped with the gate electrode, and an impurity region which is partiatly overlapped
with the gate electrode.

Also, in each of above-explained semiconductor device structures, the n-channel tvpe
TFT of the drive circuitincludes a gate electrode having a taper portion, a channel forming
region which is overlapped with the gate electrode, and an impurity region which is partially
overlapped with the gate electrode. Also, this first n-channel type TFT may have three
channel-forming regions. |

Also, in the above-explained semiconductor device structure, impurity concentration
in an impurity region of the n-channel type TFT is defined within at least a range of 1 x 10"
to 1 x 10'®/cm’, and a region having a concentration gradient is conrained. A distance from
the channel forming region is increased, and also, impurity concentration is increased.

Also, in each of the semiconductor device structures, the first n-channel type TFT
may preferably own a plurality of channel-forming regions.

A semiconductor device having another structure is :i_isclosed in the specification of
the present invention: the semiconductor device equipped with a TFT containing 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, comprising:

a terminal portion, at least the partial surface of which is covered by a material film

10
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having a lower resistance value .th:m that of the gate electrode, while surrounding the
clectrode made of the same marerial as that of the gate electrode. This material fitm having
the low resistance value is lower than that of the material of the eare elecrrode.

A semiconductor device having another strucrure is disclosed in the specificarion of
the present invention: the semiconductor device equipped with a TFT containing a
semiconductor layer formed on an insulating surface, an insulating film formed on the
semiconductor layer, and a gate clectrode formed on the insulating film, comprising:

a terminal portion, at least the partial surface of which is covered by a material film
having a lower resistance value (or a resistivity) than that of the gate electrode, while
surrounding the electrode made of the same material as that of the gate electrode;

a wiring line which is covered by a material film having a lower resistance value than
that of the gate electrode, while surrounding the wiring line made of the same material as
that of the gate electrode.

Also, in the above-explained semiconductor device structure, the wiring line
corresponds to a source wiring line.

Also, the semiconductor device described in the respective cases may be either a
transmission type liquid crystal module or a reflection type liquid crystal module.

Furthermore, in order to obtain the above-described semiconductor device structures,
a semiconductor device manufacturing method, according to another aspect of the present
invention, is featured by such a method for manufacturing a semiconducror device provided
with a drive circuit, a pixel portion, and a terminal portion on an insulating surface,
comprising:

a step for forming a semiconductor layer on the insulating surface;

a step for forming a first insulating film on said semiconductor layer;

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

a step for adding an impurity element capable of applying an n-type into the

11
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semiconductor layer, while the f'ir;t gate electrode is used as a mask, so as to form an n type
first impurity region;

a step for erching the first gate electrode so as to form a taper portion;

a step for adding an impurity element capable of applying an n-type through the taper
portion of the first gate electrode into the semiconductor layer so as o form an n type
second impurity region;

a step for performing a plating process operation with respecs to both a surface of the
source wiring line of the pixel portion and a surface of the terminal portion;

a step for forming a second insulating film which covers hoth the source wiring line of
the pixel portion and the terminal portion; and

a step for forming both a gate wiring line and a source wiring line of the drive circuit
on the second insulating film.

Also, a semiconductor device manufacturing method, according to another aspect of
the present invention, is featured by such a method for manufacturing a semiconductor
device provided with a drive circuit, a pixel portion, and a terminal portion on an insulating
surface, comprising:

a step for forming a semiconductor layer on the insulating surface;

a step for forming a first insulating film on said semiconducror lay'ér;

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

a step for adding an impurity element capable of applying an n-type into the
semiconductor layer, while the ‘first garte electrode is used as a mask, so as to form an n type
first impurity region; B

a step for etching the first gate electrode so as to form a taper portion;

a step for adding an impurity element capable of applying an n-type through the taper
portion of the first gate electrode into the semiconductor layer so as to form an o type

second impurity region;
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a step for executing a platin;-g process operation with respect to a surtace of the source
wiring line of the pixel portion;

a step for performing a plating process operation with respect to a surface of the
terminal portion;

a step for forming a second insulating film which covers both the source wiring line of
the pixel portion and the terminal portion; and .

a step for forming both a gate wiring line and a source wiring line of the drive circuit
on the second insulating film.

Also, in each of the above-explained semiconductor device manufacturing method,
both the source wiring line of the pixel portion and the terminal portion are made of such
a material mainly containing Cu, Al, Au, Ag, or an alloy of these elements.

Also, in the above-explained semiconductor device manufa-c&uring method, at the
plating process operation step, the source wiring lines of the pixel portion are connected to
each other by using a wiring line so as to become the same potential. This connected wiring
line for the equi-potential purpose may be cut out by laser light (CO,-laser etc.) after the
plating process operation has been carried out, or may be cut out in conjunction with the
substrate at the same time after the plating process operation has been carried out.

Also, in accordance with another aspect of the present invention, instead of the n-
channel type TFT, all of the circuits may be formed on the same substrate by employing p-
channel type TFTs. More specifically, all thin film transistors that constitute driver circuits
and an active matrix circuit over the substrate can be P-channel type TFTs.

A semiconductor device having another seructure is disclosed in the specification of
the present invention: That is, the semiconductor device equipped with a TFT conraining
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, comprising:

a pixel portion equipped with a first p-channel type TFT having a source wiring line,

the surface of which is covered by a marerial film having a lower resistance value than that
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of the gate electrode, while surrm'mding the wiring line made of the same material as that
of the gate clectrode;

a drive circuit equipped wich a circuit constructed of both a second p-channcel type
TFT and a third p-channel type TFT; and

a terminal portion, the surface of which is covered by a material film having a lower

~resistance value than that of the gate electrode, while surrounding the wiring line made of

the same material as that of the gate electrode.

Also, a semiconductor device, according to another aspect of the present invention,
is featured by such a semiconductor device equipped with a TFT containing a
semiconductor layer formed on an insulating surface, an insulating film tormed on the
semiconductor layer, and a gate electrode formed on the insulating film, comprising:

a pixel portion equipped with a first p-channel type TFT having a source wiring line
which is processed by a plating process operation;

a drive circuit equipped with a circuit constructed of both a second p-channel type
TFT and a third p-channel type TFT; and

a terminal portion which is processed by a plating process operation.

In the case that the above-described p-channel type TFTs are employed, either an
EEMOS circuit or an EDMOS circuirt is constituted by employing both the second p-
channel type TFT and the third p-channel type TFT.

Also, the present invention is not specifically limited to the structures of TFTs, butan
inverse stagger type TFT structure may be employed. Also, as an activation layerofa TFT,
not only a semiconducror film having a crystal structure, but also a semiconductor film
having an amorphous structure may be employed.

The present invention is featured by manufacturing such a semiconductor device
comprising: a source witing line which is plating-processed by employing a material having
a low resistance value (typically known as Cu, Ag, Ay, Cr, Fe, Ni, Pr, or alloy of these

elements); a TFT of an inverse stageer type pixel portion; a storage capacitor; and a
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terminal portion. 1t should be ﬁ()tcd that since only the shape of the pixel portion is
increased when the display screen size is enlfarged, there is no need to plate the meral film
on any portions other than the pixel portion. Inother words, the meral film may be plating-
processed only on the source wiring line of the pixel portion.

Referring now to Fig. 33, a description will be made of a method for plating such a
metal film only on the source wiring line. Such a wiring line pattern is formed. on a
substrate. A plating-process electrode 4805 corresponding to an electrode for performing
a plating process operation is mounted on this wiring pattern. Both a terminal portion 4808
connected to a drive circuit provided on the gate wiring line side, and also another terminal
4809 connected to a drive circuit provided on the source wiring line side are formed on this
wiring pattern. As indicated in Fig. 33, such a pattern which will constitute the source
wiring line 4802 is formed on this wiring line pattern. Since the portion to which the metal
film is plated is only the source wiring line 4802 of the pixel portion 4803, such a pattern
which will constitute the source wiring line is not connected to the terminal portion which
is connected to the drive circuit provided on the source wiring line side. Note, reference
numeral 4801 indicates a gate wiring line; 4804, a glass substrate; 4806 and 4807, substrate
cut-out lines.

Since the plating process operation is carried out by employing this wiring line pattern,
the metal film can be plated only on the source wiring line of the pixel portion. As a
consequence, even when the screen size is enlarged, such a semiconductor device capable
of realizing low power consumption can be manufactured.

Also, in accordance with one aspect of the present invention, all the thin ﬁln?
transistors which constitute a driver circuit and all the thin film transistors provided at a
pixel portion are made of p-channe! thin film transistors. Source lines of the pixel portion
may be formed of the same layer as the gate electrode of the p-channel thin film transistors.
In this case, gate lines of the pixel portion and pixel electrodes may be formed on a same

interlayer insulating film over the chin film transistors.

5



10

15

20

25

Furthermore, in nccn.rdzmcc with another aspect of the present invention, all
the thin film transistors which constitute a driver circuit and ali the thin film transistors
provided at a pixel portion are made of n-channel chin film transistors.  Source lines of the
pixel portion may be formed of the same layer as the gate electrode of the p-channel thin
film rransistors. In this case, gate li.nes.of the pixel portion and pixel clecrrodes may he

formed on a same interlayer insulating film over the thin film transistors,

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A-1D are diagrams for representing a manutacturing step of an AM-LCD
according to an embodiment of the present invention;

Figs. 2A-2D are diagrams for showing a manufacturing step of the AM-LCD according
to the embodiment;

Figs. 3A-3B are diagrams for indicating a manufacturing step of the AM-LCD
according to the embodiment;

Fig. 4 is a diagram for showing an upper view of a pixel of the AM-LCD;

Fig. 5 is a diagram for showing an upper view of a pixel of the AM-LCD;

Fig. 6 is a diagram for indicating a sectional structure of an active matrix type liguid
crystal display device according to an embodiment of the present invention;

Figs. 7A-7B are diagrams for showing a terminal portion of the active matrix type
liquid crystal display device;

Figs. 8A-8C are diagrams for showing a terminal portion of the active matrix type
liquid crystal display device;

Fig. 9 is a diagram for representing an outer view of a liquid crystal module according
to an embodiment of the present invention;

Fig. 10 is a diagram for showing an upper view of the liquid crystal module;

Figs. 1 1A-11B are diagrams for showing a sectional view of a pixel portion of the liquid
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crystal module;

Fig. 12 is a diagram for showing a sectional view of a pixel portion of the liquid crvseal
module;

Figs. 13A-13C are diagrams tor showing a rerminal portion of the liquid cryscal
module;

Fig. 14 is a diagram for illustratively showing an example of.a bhottom gate type
TFT;

Fig. 15 is a diagram for indicating a sectional view of a pixel portion in accordance
with the present invention;

Fig. 16 is a diagram for indicating a mask 146 of the bottom gate type TFT;

Fi

. 17 is a diagram for showing an upper view of a pixel of the bottom gare wpe

g

TFT;

Figs. 18A-18D are diagrams for representing a manufacturing step of an AM-LCD
according to another embodiment of the present invention;

Figs. 19A-19C are diagrams for showing a manufacturing step of the AM-LCD
according to the embodiment;

Figs. 20A-20B are diagrams for indicating a manufacturing step of the AM-LCD
according to the embodiment;

Fig. 21 is a diagram for showing an upper view of a pixel of the AM-LCD;

Fig. 22 is a diagram for showing an upper view of a pixel of the AM-LCD;

Figs. 23A-23B are diagrams for showing a structure of an NMOS circuit according ro
another embodiment of the present invention;

Figs. 24 A-24B are diagrams for indicating a structure-of a shift register according
another embodiment of the present invention;

Fig. 25 is a simplified diagram for representing a condition of laser irradiation;

Figs. 26A-26C are diagrams for showing an example of an clectronic appliance

according to another embodiment of the present invenrion;
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Figs. 27A-27B are diagrams-for indicating an example of the electronic appliance
according to another embodiment of the present invention;

Figs. 28 A-28C are diagrams for indicating a manufacturing step of a transmission tvpe
semiconductor device in which a source wiring line is plated by employing "Cu”, according
to an embodiment of the present invention;

Figs. 29A-29C are diagrams for indicating a manufacturing step of a transmission type
semiconductor device in which the source wiring line is plated by employing "Cu", according
to the embodiment of the present invention;

Figs. 30A-30C are diagrams for indicating a manufacturing step of the transmission
type semiconductor device in which the source wiring line is plated by employing "Cu’,
according to the embodiment of the present invention;

Figs. 31A-31B are diagrams for indicating a manufacturing step of a reflection type
semiconductor device in which a source wiring line is plated by employing "Cu", according
to another embodiment of the present invention;

Fig. 32 is a diagram for showing an upper view of a pixel of the transmission type
semiconductor device;

Fig. 33 is a diagram for representing a wiring pattern containing the source wiring line
of the transmission type semiconductor device;

Figs. 34A-34C are diagrams for indicating a manufacturing step of a transmission type
semiconductor device in which a source wiring line is plated by employing "Cu", according
to an embodiment of the present invention;

Figs. 35A-35C are diagrams for indicating a manufacturing step of the transmission
type semiconductor device in which the source wiring line is plated by emprloying "Cu",
according to the embodiment of the present invention;

Figs. 36A-36C are diagrams for indicating a manufacturing step of the transmission
type semiconductor device in which the source wiring line is plated by employing "Cu",

according to the embodiment of the present invention;
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Figs. 37A-37C are diagrams for indicating a manufacturing step of a transmission type
semiconductor device manufactured by a channel stop mode, according to an embodiment
of the present invention;

Figs. 38 A-38C are diagrams for showing a manufacturing step ot the transmission type
semiconductor device manufactured by the channel stop mode, according o the
embodiment of the present invention; and

Figs. 39A-39C are diagrams for showing a manufacturing step of the transmission type
semiconductor device manufactured by the channel stop mode, according to the

embodiment of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Various embodiment modes of the present invention will now be described in
detail.

[Embodiment mode 1] N

First, after an underlayer insulating film has been manufactured on a substrate, a
semiconductor layer having a desirable shape is manufactured by way of a first
photolithography step.

Next, an insulating film (containing gate insulating film) which covers the
semiconducter layer is formed. Both a first conductive layer and a second conductive layer
are formed on the insulating film in a stack layer manner. These stack layer films are
processed by way of a second photolithography step by performing a first etching process |
operation, so that a gate electrode made of both a first conductive layer and a second
conductive layer, a source. wiring line of a pixel portion, and an electrode of a terminal
portion are formed. It should be noted that in accordance with the present invention, aiter

the gate electrode has been firstly formed, a gate wiring line is manufactured on an
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interlayer insulating film.

Next, while a resist mask which has been manufactured in the sccond
photolithography step is kept under present condition, an impurity clement {(phosphorus
erc.) capable of applying an "n" type is added to the semiconductor so thar an "n” type
impurity region (high concentration) is formed in a self-alignment manner.

Next, while a resist mask which has been manufactured by way of the second
photolithography step is kept under present condition, a second etching process operation
is carried out by changing an etching condition, so that both a first conductive layer (tirst
width) having a taper portion, and also a second conductive laver (second width) are
manufactured. Itshould be noted that the first width is made wider than the second width,
and such an electrode constituted by the first conductor layer and the second conductor
layer may constitute a gate electrode (first gate electrode) of an n-channel type TFT.

Subsequently, after the resist mask has been removed, while the above-described
second conductive layer 15 employed as a mask, the impurity element capable of applying
the "n" type is added through the taper portion of the first conductive layer into the
semiconductor layer. In this case, while a channel forming region is formed below the
second conductive layer, an impurity region (low concentration) is formed below the first
conductive layer in such a manner that impurity concentration is gradually increased, while
this impurity region is separated from the channel forming region.

Thereafter, the taper portion is selectively removed in order to reduce an OFF-current
of a TFT (thin-film transistor) formed in the pixel portion. Only the taper portion of the
gate electrode of the pixel portion may be removed by performing a dry etching process
operation under such a condition that a mask is overlapped thereon, as indicated in Fig. 16.
In particular, the taper portion may not be selectively removed. Asindicated in Figs. 11A-
11B, when the taper portion is not selectively removed, this taper portion is formed as a
triple gate construction in order that an OFF-current may be preferably reduced.

Next, while a mask is formed so as to cover such a region thar an n-channel type TFT
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is formed by way of a third photolitl'}ography step, a third doping process operation is carried
out. In this third doping process operation, an impurity element (boron) capable of applying
a "p" type is added to the semiconductor so as to form a "p” type impurity region (high
concentration).

Subsequently, after the impurity elements added to the respective semiconductor
layers are activated, a plating process operation (e[ectrolyti{: plating method) is carried out
50 as to form a metal film on a surface of a source wiring line of a pixel portion and also a
metal film on a surface of an electrode of a terminal portion. A plating method corresponds
to such a method by which a DC current is supplied through a water solution containing
metal ions which will be formed by the plating method, and thus, a metal film is formed on
a cathode surface. As a metal to be plated, any materials having resistance values lower
than the resistance value of the above-described gate electrode may be employed, for
instance, copper, silver, gold, chromium, iron, nickel, platinum, or alloys of these meral
marterials. Since an electric resistanc;e value of copper is very low, this copper is an optimum
metal material as a metal film used to cover the surface of the source wiring line of the
present invention. As previously described, since the source wiring line of the pixel portion
is covered by such a metal material having a low resistance value, even when the area of
this pixel portion is increased, the pixel portion can be driven in sufficiently high speeds.

Also, a film thickness of a metal film which is formed by performing a plating method
may be properly set by controlling both current density and time by an operator.

In the present invention, suclkta metal film formed on a surface is also referred to as
a source wiring line.

Subsequently, the formarion of an interlayer insulating film is carried out, and also the
formation of a transparent conductive film is carried out. Next, the transparent conductive
film is patterned by way of a fourth photolithography step so as to form a pixel electrode.
Next, a contact hole is formed by way of a fifth photolithography step. [n this case, a

contact hole which is reached to the impurity region, another contact hole which is reached
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to the gate electrode, and another contact hole which is reached to the source wiring line
are formed. B

Next, a conductive film is made of a metal material having a low resistance value. An
electrode which connecis the gate wiring line, the source wiring line, and the impurity
region to each other, and another electrode which connects the pixel electrode and the
impurity region to each other are formed by way of a sixth photolichography step. In the
present invention, the gate wiring line is electrically connected via the conrtact hole formed
in the interlayer insulating film to either the first gate electrode or the second eate
electrode. Also, the source electrode is electrically connected via the contact hole formed
in the interlayer insulating film to the impurity region (source region). Also, an electrode
which is connected to a pixel electrode is electrically connected via the contact hole formed
in the interlayer insulating film to the impurity region (drain region).

As previously explained, the element substrate provided with the pixel portion and the
drive circuit can be manufactured by executing the pléotolithography sTeps six times in total,
namely by employing six sheets of masks. The pixel portion contains the pixel TFT (n-
channel TFT), whereas the drive circuit contains the CMOS circuit. It should also be
noted that this embodiment represents such an example of forming the transmission rype
display device. Alternatively, while such a material having a high reflective characteristic
is employed as a pixel electrode, a reflection type display device may be manufactured. In
the case that a reflection type display device is formed, since both a reflection electrode and
a gate wiring line may be formed at the same time, an element substrate may be formed by
employing 5 sheets of masks.

o Also, in this embodiment, when the gate electrode is formed, both the source wiring
line of the pixel portion and the electrode of the terminal portion are manufactured at the
same time. Alternatively, these gate electrode, source wiring line of the pixel portion and
electrode of the terminal portion may be separately manufacrured. For instance, after the

impurity element has been added to the respective semiconductor layers, the insulating film
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capable of protecting the gate electrode may be formed, the impurity clements added ro the
respective semiconductor layers may be activated, and furchermore, both the source wiring
line of the pixel portion and the electrode of the terminal portion may be manufactured on
this insulating film at the same time by executing a phortolithography step, while these
source wiring line and the electrode of the terminal portion are made of such a metal
matetial (material mainly contains typical metal material such as aluminum, silver, and
copper) having a low resistance value. Then, the source wiring line of the pixel portion and
the electrode of the terminal portion, which have been manufacrured in the above-
described manner, are processed by a plating process operation. Also, in order to reduce a
total number of masks, the source wiring line of the pixel portion may be formed by way of

a printing method.

[Embodiment mode 2]

First, after an underlayer insulating film has been manufact:ured on a substrate, a
semiconductor layer having a desirable shape is manufactured by way of a first
photolithography step.

Next, an insulating film (containing gate insulating film) which covers the
semiconductor layer is formed. Both a first conductive layer and a second conductive layer
are formed on the insulating film in a stacked layer manner. These stacked layer films are
processed by way of a second photolithography step by performing a first erching process
operation, so that a gate electrode made of both a first conductive layer and a second
conductive layer, a source wiring line of a pixel portion, and an electrode of a terminal
portion are formed. It should be noted that in accordance with the present invention, after
the gate electrode has been firstly formed, a gate wiring line is manufactured on an
interlayer insulating film.

Next, while a resist mask which has been manufactured in the second

photolithography step is kept under present condition, an impurity element (phosphorus
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etc.) capable of applying an "n" t\/:pe is added to the semiconducrtor, and then, an "n" type
impurity region (high concentration) is formed in a self-alignment manner.

Next, while a resist mask which has been manufactured by way of the second
photolithography step is kept under present condition, a sccond ciching process operation
is carried out by changing an etching condition, so that both a first conductive layer (first
width) having a taper portion, and also a second conductive layer (second widch) are
manufactured. It should be noted that the first width is made wider than the second width,
and such an electrode constituted by the first conductor layer and the second conductor
layer may constitute a gate electrode (first gate electrode) of an n-channel type TFT.

Subsequently, after the resist mask has been removed, while the above-described
second conductive layer is employed as a mask, the impurity element capabie-of applying
the "n" type is added through the taper portion of the first conductive layer into the
semiconductor layer. In this case, while a channel forming region is formed below the
second conductive layer, an impurity region (low concentration} is formed beliow the first
conductive layer in such a manner that impurity concentration is gradually incretased, while
this impurity region is separated from the channel forming region.

Thereafter, the taper portion is selectively removed in order to reduce an OFF-current
of a TFT (thin-film transistor) formed in the pixel portion. Only the taper portion of the
gate electrode of the pixel portion may be removed by perfom1iﬁg a dry etching process
operation under such a condition that a mask is overlapped thereon, as indicated in Fig. 16.
In particular, the taper portion may not be selectively removed. Asindicated in Figs. 11A-
11B, when the taper portion is not selectively removed, this taper portion is formed as a
triple gate construction in order that an OFF-current may be preferably reduced.

Subsequently, after the impurity elements added to the respective semiconductor
layers are acrivated, a plating process operation (electrolytic plating method) is cartied out
so as to form a metal film on a surface of a source wiring line of a pixel portion and also a

meral film on a surtace of an clectrode of a terminal portion. A plating method correspongds
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to such a method by which a DC-current is supplied through a water solution containing
metal ions which will be formed by the plating method, and thus, a meral film is formed on
a cathode surface. As a meral to be plated, any materials having resistance values lower
than the resistance value of the above-described gate electrode may be employed, for
instance, copper, silver, gold, chromium, iron, nickel, platinum, or alloys of these metal
materials. Stnce an electric resistance value of copper is very low, this copper is an optimum
metal material as a metal fitm used to cover the surface of the source wiring line of the
present invention. As previously described, since the source wiring line of the pixel portion
is covered by such a metal marerial having a low resistance value, even when the area of
this pixel portion is increased, the pixel portion can be driven in sufficiently high speeds.

Also, a film thickness of 2 metal film which is formed by performing a plating method
may be properly set by controlling both current density and time by an operator.

In the present invention, such a metal film formed on a surface is also referred to as
a source wiring line.

Subsequently, forming of an interlayer insulating film is carried our, and also forming
of a transparent conductive film is carried out. Next, the transparent conductive film is
patterned by way of a third photolithography step so as to form a pixel electrode. Next, a
contact hole is formed by way of a fourth photolithography step. In this case, a contact hole
which is reached to the impurity region, another contact hole which is reached to the gate
electrode, and another conrtact hole which is reached to the course wiring line are
formed.

Next, a conductive film is made of a metal material having a low resistance value. An
electrode which connects the gate wiring l;ne, the source wiring line, and the impurity
region to each other, and another elecrrode which connects the pixel electrode and the
impurity region to each other are formed by way of a fifth photolithography step. In the
present invention, the gate wiring line is electrically connected via the contact hole formed

in the interlayer insulating film rto either the first gate clectrode or the second ware
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electrode. Also, the source electrode is clecerically connected via the contace hole formed
in the interlayer insulating film to the impurity region (source region). Also, an electrode
which is connected to a pixel electrode is elecerically connecred via the coneact hole formed
in the interfayer insulating film to the impurity region (drain region).

As previously explained, the element substrate provided wich the pixel portion and the
drive circuit can be manufactured by executing the photolithography steps five times in
total, namely by employing five sheets of masks. The pixel portion contains the pixel TFT
(n-channel TFT), whereas the drive circuit contains such an EEMOS circuit (n-channel
TFT) shown in Fig. 23A. It should be understood that this embodiment represents such an
example of forming the transmission type display device. Alternatively, while such a
material having a high reflective characteristic is employed as a pixel electrode, a reflecton
type display device may be manufactured. In the case that a reflection type display device
is formed, since both a reflection electrode and a gate wiring line may be formed at the same
time, an element substrate may be formed by employing 4 sheers of masks.

Also, in such a case that an EDMOS circuit as represented in Fig. 23B is fabricated by
combining an enhancement type MOS circuit with a depletion type MOS circuit, a mask
is previously formed before a conductive film is formed, and either such an element
(preferably, phosphorous is selected) belonging to the Group XV of the periodic table or
such an element (preferably, boron is selected) belonging to the 13-th element of the
periodic table may be selectively added to a semiconductor which constitutes a channel
forming region. In this case, the element substrate may be formed by using 6 sheets of
masks.

Also, in this embodiment, when the gate electroagis formed, both the source wiring
line of the pixel portion and the electrode of the terminal portion are manufactured at the
same time. Alternatively, these gate electrode, source wiring line of the pixel portion and
electrode of the terminal portion may be separately manufactured. For instance, atter the

impurity element has been added to the respective semiconductor layers, the insulating tibm
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capable of protecting the gare clccérode may be formed, the impurity clements added to the
respective semiconductor lavers may be activated, and furthermore, both the source wiring
line of the pixel portion and the electrode of the terminal portion may be manufactured on
this insularing film at the same time by execuring a photolithography step, while these
source wiring line and the electrode of the terminal portion are made of such a metal
material (material main!y contains typical metal material such as aluminum, silver, and
copper) having a low resistance value. Then, the source wiring line of the pixel portion and
the electrode of the terminal portion, which have been manufactured in the above-
described manmer, are processed by a plating process operation. Also, in order to reduce a
total number of masks, the source wiring line of the pixel portion may be formed by way of
a printing method.

Also, while a p-channel TFT is employed as the n-channel TFT, all of the drive
circuits may be manufactured by PMOS circuits made of the p-channel type TFTs, and the

TFTs of the pixel portion may be formed by such p-channel type TFTs.

[Embodiment mode 3]

A description will now be made of a transmission type semiconductor device in which
the present invention is explained below.

First, a conductive film is formed on an entire surface of a substrate, and the
conductive film is shaped by a desirable shape by way of a first photolithography step.

Next, a current which is suitable for a plating process is supplied from a plating-process
electrode 4805 so as to plate a metal film on a source wiring lir}f. This plating-process
electrode 4805 is connected to this source wiring line. In this case, since the conductive
film is formed to have a shape as shown in Fig. 33, the meral film can be plated only the
source wiring line by mounting the electrode on the substrate.

[t should be understood in this specification that an expression "metal film” indicates

Cu, Ag, Ay, Cr, Fe, Ni, Pr, or an alloy of these metal elements.
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Eacﬁ of the above-described manutacturing methods arc tfeatured by that the source
wiring lines of the pixel portion are connected to each other by wiring lines in order o
become the same potentials in the above-described plaring steps. Also, the wiring lines used
to connect the source wiring lines so as to become the same potential may be cut oue by
using laser light (CO, - laser ete.} after the plating process operation is carried out, or may
be cur out at the same rime with respect to the substrate after the plating process operation
is performed. Also, a short-circuir ring may be formed by using these wiring patterns.

Next, an insulating film is formed on an entire surface. A first amorphous
semiconductor film, and a seconid amorphous semiconductor film are formed on the
insulating film in a stacked layer manner. The second amorphous semiconductor tilm
contains one conductivity type (either "n" type or "p" type) impurity element. An
unnecessary portion of these stacked layer film is etched so as to be removed by way of a
second photolithography step, and then, the source electrode, a gate electrode, and a
holding (storage) capacitor are formed, while having desirable shapes.

Next, after the resist mask of the second photolithography step has been removed, a
portion of the second amorphous semiconductor film containing the one conductivity type
(either n-type or p-type) impurity element is removed by way of the third photolithography
step. Thereafter, both a source region and a drain region of the gate electrode are
formed.

Subsequently, after the resist mask of the third photolithography step has been
removed, a first interlayer insulating film is formed in such a manner thar this first interlayer
insulating film covers the source wiring line, the TFT of the pixel portion, the holding
capacitor, and the terminal portion.

Next, a second interlayer insulating film is formed on the first interlayer insulating
film. The second interlayer insulating film is made of an organic insulating material
constructed of acrylic resin. Thereafter, a resist mask is formed by performing a fourth

photolithography step, and then, a conract hole is formed by execuring a drv etching process
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step. In chis case, a contact hole which is reached to the second amorphous semiconductor
film having one conductive type (cither n-type or p-type) impurity element of the vate
electrode is formed; another contact hole which is reached to the second amorphous
semiconductor film containing one conductive type (cither n-type or p-type) impurity
element of the holding capacitor is formed; and also another contact hole which is reached
to the source wiring line is formed. At the same tme, an unnecessary first interlayer
insulating film and an unnecessary second interlayer insulating film of a rerminal portion are
etched, so that a terminal portion is formed.

Next, a second amorphous semiconductor film (drain region) conraining  one
conductive type (either n-type or p-type) impurity element, and a transparent pixel
electrode used to electrically connect the holding capacitor are formed by way of a fifth
photolithography step.

Subsequently, a mertal wiring line made of a metal material having a low resistance
value is formed. A gate electrode, an electrode, and a metal wiring line electrically
connected to the terminal portion are formed by way of a sixth photolithography step. This
electrode is used to connect the second amorphous semiconductor film which contains the
one conductivity type (either n-type or p-type) impurity element to the source wiring line.
In accordance with the present invention, the gate wiring line is clectrically connected
through the contact hole formed in the insulating film to either a first gate electrode or a
second gate electrode. Also, the source wiring line is electrically connected through the
contact hole formed in the insulating film to both the source wiring line and a second
amorphous semiconductor film (source region) containing one conductivity type (either n-
type or p-type} impurity element. Also, the pixel electrode is electrically connecred through
the contact hole formed in the interlayer insulating film to the second amorphous
semiconductor film (drain region) containing one conductivity type (either n-type ot p-type)
impurity element.

As previously described, the transmission type semiconductor display device can be
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manufactured by executing the phortolithography steps six times in toral.  This
semiconductor display device is constituted by the source wiring line which is plated by the
metal fitm, the inverse-stageer type pixel portion, the holding capacitor, and the terminal

portion.

[Embodiment mode 4}

A reflection type semiconductor device in which the present invention is embodied
will now be explained.

A reflection type semiconductor device may be manufactured by executing the same
manufacturing steps up to the fourth photolithography step used to the transmission type
semiconductor device of the embodiment mode 3. Since a fifth photolithography step is
carried out, a gate wiring line, an electrode used to connect a source wiring line 1o a second
amorphous semiconductor film (source region), a pixel electrode, and a metal wiring line
are manufactured. The second amorphous semiconducror fitm conrains one conductivity
type (either n-type or p-type) impurity element. The metal wiring line is electrically
connected to a terminal portion. It should also be noted that as a material of this meral
wiring line, it is preferable to employ such a metal material having a high reflection
characteristic so as to constitute the pixel electrode. That is, a typical material mainly
containing either Al or Ag is employed.

In the above-described case, since the pixel electrode is formed by employing a similar
element to that of the metal wiring line, the pixel electrode may be formed at the same time
while the fifth photolithography step is carried out.

As previously described, the reflection type semiconducror display device can be
manufactured by executing the photolithography steps five times in toral.  This
semiconductor display device is constituted by the source wiring line which is plated by the
metal film, the inverse-stagger type pixel portion, the holding capacitor, and the terminal

portion.
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The semiconductor devices with employment of the above-explained structures will

now be described more in detail with reference to the below-mentioned cmbodiments.

[Embodiment 1]

In this embodiment, a method of simultancouslty manufacturing a pixel portion (n-
channel TFT) and TFTs (n-channel TFT and p-channel TFT), which is providing a CMOS
circuit of a drive circuit provided on the periphery of the pixel portion, on the same
substrate will be described with reference to Figs. 1A 1o 10.

In this embodiment, a substrate 100 is used, which is made of barium borosilicare vlass
such as #7059 glass and #1737 glass produced by Corning Corp. or aluminoborosilicate
glass. As the substrate 100, any substrate can be used as long as it has transparency. A
quartz substrate may be used. A plastic substrate having heat resistance enduring a
treatment temperature of this embodiment also may be used.

Then, an underlying film 101 composed of an insulating film such as a silicon oxide
film, a silicon nitride film, or a silicon oxide nitride film is formed on the substrate 100. In
this embodiment, a two-layered structure is used as the underlying film 101. However, a
single insulating film or a lamination of two or more insulating films using the above
insulating film may also be used. As a first layer of the underlying film 101, a silicon oxide
nitride film 101a is formed to a thickness of 10 to 200 nm (preferably, 50 to 100 nm) by
plasma CVD, using SiH,, NH;, and N,Q as reactive gas. In this embodiment, a silicon oxide
nitride film 101a (composition ratio: Si = 32%, O = 27%, N = 24%, and H = 17%})
having a thickness of 50 nm is formed. Then, as a second layer of underlying film 101, a
silicon oxide nitride film 101b is formed to a thickness of 50 to 200 nm (preferably, 100 to
150 nm} by plasma CVD, using SiH, and N,O as reactive gas. In this embodiment, a silicon
oxide nitride film (composition ratio: Si = 32%, Q = 59%, N = 7%, and H = 2%) having
a thickness of 100 nm is formed.

Then, semiconductor layers 102 to 105 are formed on the underlying film. The
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semiconductor layers 102 to IOS'zlrc formed by forming a semiconductor film having an
amorphous structure by 2 known method {(sputtering, LPCVD, plasma CVD, or the like},
conducting a known crystallization precessing (laser crystallization, thermal cryseallizagion,
or thermal crystallization using a catalyst such as nickel) to obtain a crystalline
semiconductor film, and patterning the film into a desired shape. The semiconductor lavers
102 to 105 are formed to a thickness of 25 to 80 nm (preferably, 30 to 60 nm). There is no
particular limit regarding the material for the crystalline semiconductor film. However, it
is preferable to form silicon or a silicon germanium alloy. In this embodiment, an
amorphous silicon film of 55 nm is formed by plasma CVD, and thereafter, a solution
containing nickel is held on the amorphous silicon film. The amorphous silicon film is
dehydrogenated (at 500°C, for one hour), and then subjected to thermal crystallization (at
550°C, tor 4 hours). Furthermore, laser annealing is conducted for the purpose of
improving crystallization, whereby a crystalline silicon film is formed. The crystalline silicon
film is subjected to patterning by phorolithography to form the semiconductor layers 102
to 105.

Furthermore, in the case of manufacturing a crystalline semiconductor film by laser
crystallization, a pulse-oscillation type or continuous light emission type excimer laser, a
YAG laser and a YVO, laser can be used. When using these lasers, laser light emitred from
a laser oscillator may be condensed into a line shape by an optical system and allowed to
radiate to a semiconductor film. Crystallization conditions are appropriately selected by the
operator. However, when using an excimer laser, a pulse oscillation frequency is set to be
30 Hz, and a laser energy density is set to be 100 to 400 mJ/cm® (typically 200 to 300
m]/cm?). In the case of using a pulse oscillation YAG laser, the second harmonic thereof
may be used, a pulse oscillation frequency may be set to be 1 to 10 kHz, and a laser energy
density may be set to be 300 to 600 mj/cm’ (typically, 350 to 500 mj/cm’). Laser light
condensed in a line shape with a width of 100 to 1000 um (c.g.. 400 wm) may be radiated

over the entire surface of a substrare, and a line-shaped laser licht overlap rado at this time
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may be set to be 80 to 98%.

Then, a gate insulating film 106 is formed so as to cover the semiconductor tavers 102
to 105. The gate insulating film 106 is formed of an insulating film containing silicon so as
to have a thickness of 40 to 150 nm by plasma CVD or spuctering. In chis embodiment, a
silicon oxide nitride film (composition ratio: Si = 32%, O = 59%, N = 7%, and H = 2%)
is formed to a thickness of 115 nm by plasma CVD. Needless to say, the gate insulatiny titm
is not limited to a silicon oxide nitride film, and may have a single layer or mulii-lavered
structure of insulating films containing another silicon.

Then, as shown in Fig. 1A, a first conductive film 107a (thickness: 20 to 100 nm) and
a second conductive film 107b (thickness: 100 to 400 nm) are laminated on the vate
insulating film 106. In this embodiment, the first conductive film 107a made of a TaN film
having a thickness of 30 nm and the second conductive film 107b made of a W film having
a thickness of 370 nm are laminated thereon. The TaN film is formed by sputtering using
Ta as a target in an atmosphere containing nitrogen. The W film is formed by sputtering
using W as a target. The W film can also be formed by thermal CVD using tungsten
hexafluoride (WE,). In any case, it is required to lower a resistance in order to use the W
film as a gate electrode, and it is desirable that a resistance ratio of the W film is 20 pufdcm
or less. The resistance ratio of the W film can be lowered by enlarging crystal grains thereof.
However, in the case where there are a number of impurity elements such as oxygen in the
W film, crystallization is inhibited, and the resistance of the W film is increased. Therefore,
in this embodiment, the W film is formed by sputtering using high-purity W (purity:
99.9999% or 99.99%) as a targer so that no impurity may be allowed to enter in the W film
from a vapor phase during the film formation, whereby a resistance ratio of 9 to 20 pQcm
can be achieved.

In this embodiment, the first conducrive film 107a is madce of TaN, and the sccond
conductive film 107b is made of W. However, the present invention is not limited thereto.

Both the films may be formed of an element selected rom Ta, W, Ti, Mo, Al, Cu, Cr, and
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Nd, or an alloy material containing the clement as its main component or a compound
material. A semiconductor film such asa polycrystalline silicon film doped with an impurity
element such as phosphorus may also be used.  Furthermore, the following combination
may be used: the first conductive film made of a tantalum (Ta) tilm and the second
conductive ﬁim made of a W film: the first conductive film made of a titanium nitride (TilN)
film and the second conductive film made of a W film; the first conductive film made of a
tantalum nitride (TaN) film and the second conductive film made of an Al film; the first
conductive film made of rantalum nitride {TaN) film and the second conductive film made
of a Cu film.

Then, masks 108a ro 112a made of a resist are formed by photolithography, and tirst
etching processing for forming electrodes and wiring is conducted. The first etching
processing is conducted as first and second etching conditions. In this embodiment, under
the first etching condition, etching is conducted by an inductively coupled plasma (ICP)
etching method, in which plasma is generated by using CF,, Cl,, and O, as etching gas (tlow
rate: 25/25/10 (scem)) with an RF power (13.56 MHZ) of 500 W supplied to a coil-shaped
electrode ata pressure of | Pa. As the etching gas, chlorine type gas such as Cl,, BCl,, SiCl,,
and CCl, or fluorine gas such as CF,, SE, and NF,, or O, can be appropriately used. Herein,
a dry etching apparatus (Model E645- ICP) using ICP produced by Matsushira electric
Industrial Co., Ltd. is used. An RF power (13.56 MHZ) of 150 W is also applied to the
substrate side (sample stage), whereby a substantially negative self-bias voltage is applied
thereto. Under the first erching condition, the W film is erched and end portions of the first
conductive layer are rapered. Under the first etching cpndition, an erching rate with respect
to W is 200.39 nm/min., an etching rate with respect to TaN is 80.32 nm/min., and a
selection ratio of W with respect to TaN is about 2.5. Furthermore, under the first erching
condition, a taper angle of W becomes about 26°.

Thereafter, without removing the masks 108a to 112a made of a resist, erching is

conducted for about 30 seconds under the second etching condition, in which plasma is
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generated by using CF, and Cl, a;: erching gas (flow rate ratio: 30/30 (scem)) wich an RF
power (13.56 MHZF) ot 500 W supplied to a coil-shaped electrode ata pressure of 1 Pa. An
RF power (13.56 MHZ) of 20 W is also applied to the substrate side (sample stage), wherehy
a substantially negartive self-bias voltage is applied thercto. Under the second crching
condition using a mixture of CF, and Cl, as erching gas, the W film and the TaN film are
etched to the same degree. Under the second etching condition, an etcliing rate with
respect to W is 58.97 nm/min., and an erching rate with respect to TaN is 66.43 nm/min.
In order to conduct etching without leaving any residual on the gate insulating film. an
etching time may be increased by about 10 to 20%.

According to the first etching processing, by appropriately prescribing the shape ot a
resist mask, the end portions of the first conductive layer and the second conductive fayer
are tapered due to the effect of a bias voltage applied to the substrate side. The angle of the
taper portion may be 15 to 45°.

Thus, conductive layers 113 to 117 (first conducrive layers 113a to 117a and second
conductive layers 113b to 117b) of a first shape composed of first conductive layers and
second conductive layers are formed by the first etching processing (Fig. 1B). The width of
the first conductive layer in the channel length direction corresponds to the first width
shown in above Embodiment modes. Alrthough not shown, regions of the insulating film
106 to be a gate insulating film, not covered with the conductive layers 113 to 117 of a first
shape, are etched by about 10 to 20 nm to be thin.

Without removing the resist masks, the first doping processing is conducted, whereby
an impurity element providing an n-type is added to the semiconductor layers (Fig. 1C).
The doping processing may be conducted by ion doping or ion implantation. lon doping is
conducted under the conditions of a dose amount of 1 x 10" o 5 x 10%/cm® and an
acceleration voltage of 60 to 100 keV. In this embodiment, doping is conducted at a dose
amount of 1.5 x 10%/cm” and an acceleration voltage of 80 keV. As the impurity element

providing an n-type, an element belonging ro Group XV, wypically, phosphorus (P) or
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arsenic {As) is used. Herein, phosphorus (P) is used. In this case, the conductive lavers 113

to 116 function as masks with respect to the impurity clement providing an n-type, wherehy
high-concentration impuriry regions 118 to 121 are formed in a selt-alisnmentmanner. An
impurity element imparting an n-type is added to the high-concentration impuricy regions
118 to 121 in a concentration of 1 x 10%t0 1 x 10*/em’.

Then, without removing the resist masks, second etching processing is conducted.
Herein, etching is conducted for 25 seconds by using SF,, Cl,, and O, as etching gas (flow
rate ratio: 24/12/24 (sccm)) with an RF power (13.56 MHZ) of 700 W supplied to a
coil-shaped electrode at a pressure of 1.3 Pa to thereby generate plasma. An RE power

(13.56 MHZ) of 10 W is also applied to the substrate side (sample stage), whereby a

‘substantially negative self-bias voltage is applied thereto. In the second etching processing,

an etching rate with respect to W is 227.3 nm/min., an etching rate with respect to TaN is

32.1 nm/min., and a selection ratio of W with respect to TaN is 7.1. An etching rate with
:respect to SION that is the insulating film 106 is 33.7 nm/min. In the case of using SF, as

.the etching gas, a selection ratio with respect to the insulating film 106 is high, so that a

decrease in a film thickness can be suppressed.

The taper angle of the second conductive layer (W) becomes 70° in the second
etching processing. Furthermore, in the second etching processing, second conducrive
layers 122b to [26b are formed. On the other hand, the first conductive layers are hardly
etched to form first conductive layers 122a to 126a. In addition, the masks from resist 108a
to 12a are changed its shape into masks from resist 108b to 112b by the second etching
processing (Fig. 1D). Although not shown, actually, the width of the first conductive layers
is narrowed by about 0.15 pm (i.e., about 0.3 um over the total line width) compared with
the state before the second etching processing. Furthermore, the width of the second
conductive layer in the channel length direction corresponds to the second width shown
in Embodiment modes.

The ¢lectrode formed by the first conductive layer 1222 and the second conducrive
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fayer 122b becomes the n—channci TFT type gate electrode of the CMOS circuir formed in
the following steps. The electrode formed by the first conductive layer 1252 and the second
conducrive layer 125b becomes an electrode of the holding capacitor formed in the
following steps.

It is also possible to use CF,, Cl,, and O, as the etching gas in the second ctching
procussing. In this case, erching may be conducted by generating plasma under a flow race
ratio of 25/25/10 (sccm) with an RF power (13.56 MHZ) of 500 W supplied to a coil-shaped
electrode at a pressure of 1 Pa. An RF power (13.56 MHZ) of 20 W is also applied to the
substrate side (sample stage), whereby a substantially negative self bias volrage is applicd
thereto. In the case of using CF,, Cl,, and O, , an etching rate with respect to W is 124.62
nm/min., an etching rate with respect to TaN is 20.67 nm/min., and a selection ratio of W
with respect to TaN is 6.05. Thus, the W film is selectively etched. Furthermore, in this
case, the regions of the insulating film 106, not covered with the conductive layers 122 to
126 of a first sh:ape, are etched by about 50 nm to be thin.

Then, after removing the resist masks, second doping processing is conducted to
obtain a state shown in Fig. ZA. Doping is conducted using the second conductive layers
122b to 125b as masks with respect to an impurity element so that the impurity element is
added to the semiconductor layers below the taper portions of the first conductive layers.
In this embodiment, phosphorus (P) is used as the impurity element, and plasma doping is
conducted under the doping conditions of a dose amount of 1.5 x 10%/cm?, an acceleration
voltage of 90 kéV, an ion current density of 0.5 pA/cm?, phosphine (PH;) 5% hydrogen
dilute gas, and a flow rate of 30 sccm. Thus, low-concentration impurity regions 127 to 136
are formed so as to be overlapped with the first conductive layers in a self-alignment
manner. The concentration of phosphorus (P) added to the low-concentration impurity
regions 127 to 136is 1 x 10" to 1 x 10%/cm’, and the low-concentration impurity regions
[27 to 136 have a concentration gradient in accordance with the thickness of the taper

portions of the first conductive layers. In the semiconducror layer overlapped wich the taper
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portion of the first conductive layer, an impurity concentration (P concentration) decreases
gradually from the end of the taper portion of the first conductive layer inwardly. More
specifically, in the second doping processing, a concentration distribution is formed.

Furthermore, an impurity element is also added to the high-concentration impurity regions

118 to 121 to form high-concentration impurity regions 137 to 145.

In this embodiment, the width (in the channel length direction) of the raper éortion
is preferably at least 0.5 um or more up to a range of 1.5 um to 2 um. Therefore, although
influenced by a thickness, the width in the channel length direction of the
low-concentration impurity region having a concentration gradient is not beyvond a range
of 1.5 um to 2 um, either. Herein, although the high-concentration impurity regions and
the low-concentration impurity regions are shown separately. Actually, there is no clear
border therebetween and regions having a concentration gradient are formed. Similarly,
there is no clear border between the channel forming regions and the low-concentration
Impurity regions.

Then, the region other than the pixel portion 94 are covered by the mask 146 and
third etching processing is conducted. The metal plate, the glass plate, the ceramic plate
and the ceramic glass plate can be used to the mask 146. The upper view of the mask 146
is shown in Fig. 16. In the third etching processing, taper portions of the first conductive
layers which are not overlapped with the mask 146 are selectively conducted dry etching
to eliminate regions overlapped with impurity regions of the semiconductor layers. The
third etching processing is coniducted by using an ICP etching apparatus, using, as etching
gas, Cl; having a high selection ratio with respect to W. In this embodiment, etching is
conducted for 30 seconds by generating plasma, using Cl, with a flow rate ratio of 80 (sccm),
with an RF power (13.56 MHZ) of 350 W supplied to a coil-shaped electrode at a pressure
of 1.2 Pa. An RF power (13.56 MHZ) of 50 W is also supplied to the substrate side {(sample
stage), whereby a substantially negative self-bias voltage is applied thereto. In the third

etching, first conductive layers 124¢ and 126¢ are formed (Fig. 2B).

38



10

15

An example of conducting a third etching process is shown in this embodiment. The
third etching proce_ss is not conducted if there is no need to conduct.

Next, the semiconductor layers to be active layers of n-channel TFTs are covered wich
resist masks 147 formed by third photolithography. Under this condition, third doping
processing is conducted. In the third doping processing, p-type impurity regions 148 to 150
{high-concentration impurity regions and low-concentration impurity regions) are formed
in which an impurity element providing conductivity (p-type) opposite to the
above-mentioned conductivity (n-type) is added to the semiconductor layers to be active
layers of p-channel TFTs. Since the semiconductor layers are doped with the impuriey
element by allowing the impurity element to pass through the waper portions, the p-type
low-concentration impurity regions have a concentration gradient similar to that of the
n-type low-concentration impurity regions (Fig. 2C). Using the first conductive layers as
masks with respect to an impurity element, an impurity element providing a p-type is added
to form p-type impurity regions 148 to 150. In this embodiment, the p-type impurity regions
148 to 150 are formed by ion doping using diborane (B,Hy). In the first and second doping
processing, phosphorus is added to the impurity regions in different concentrations.
However, by conducting doping processing so that the concentration of boron becomes 2
x 10" to 2 x 10*!/cm’ in either region, whereby they function as a source region and a drain
region of a p-channel TFT. Thus, there is no problem.

Furthermore, in the case of using the condition of preventing a decrease in film
thickness in the second etching processing (for example, in the case of using SF, as etching
gas), in order to facilitate doping of boron, etching (reactive ion etching (RIE} using CHF,
gas) for thinning the insulating film 106may be conducted before the third doping
processing.

Then, as shown in Fig. 2D, an impurity element added to each semiconductor layer
isactivated. The activation is conducted by thermal annealing using an annealing furnace.

Thermal annealing may be conducted at 400°C o 700°C, wypically 500°C to 550°C ina
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nitrogen atmosphere having an oxygen concentration of 1 ppm or less, preferably 0.1 ppm
or less. In this cml;odiment, activation is conducted by heart rreatment at 550°C for four
hours. Instead of thermal annealing, laser annealing or rapid thermal annealing (RTA) can
be applied.

Though not shown in the drawing, the impurity elements are diffused through the
activation treatment to thereby erase the border between the n-type impurity regions (low
concentration} and the impurity regions (high concentration) almost completely.

In this embodiment, at the same time as the above-mentioned activation, nickel used
as a catalyst during crystallization is gettered in the impurity region conraining phosphorus
of high concentration, whereby a nickel concentration in the semiconductor layer mainly
to be a channel forming region is reduced. In a TFT having a channel forming region thus
produced, an OFF current value is decreased and crystallinity is satisfactory. Tl;ereforc, a
high electric field effect mobility is obtained, and satisfactory characteristics can be
achieved.

Next, heat treatment is conducted in a hydrogen atmosphere to hydrogenate the
semiconductor layers. Plasma hydrogenation (using hydrogen excired by plasma) can be
used as another method of hydrogenation.

In the case of using laser annealing as the activation, it is desirable that laser light such
as excimer laser and YAG laser is radiated after the above hydrogenation.

Next, a plating process operation is carried out with respect to both the surface of the
source wiring line 126 of the pixel portion 403, and the electrode surface of the terminal
portion. Fig. 7A shows an upper view of the terminal portion just after the plating process
operation is carried and Fig. 7B indicates a sectional view thereof. In Figs. 7A-7B, reference
numeral 400 indicates a terminal portion, and reference numeral 401 represents an
electrode which is connected to an external rerminal. Also, for the sake of simple
explanations, Figs. 7A-7B indicates one TFT provided in the drive circuit portion 402, and

only the source wiring line 126 is indicated in the pixel portion 403. In this embodiment,
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the plating process operation was carried out by employing the copper plating tluid
(manufactured by i“fE]A "MICROFAB Cu2200"). Asindicated in one example of Fig. 10,
when this plating process operation is carried our, either wiring lincs or clectrodes, which
will be plated, are coupled to cach other by employing a dummy pattern so as to become the
same potentials. When the substrate is cut out in the succeeding step, the adjoining
electrodes are cut out so as to be separated from each other. Altemat.ively, a short-circuit
ring may be formed by using the dummy pattern.

Next, a first interlayer insulating film 155 capable of covering the source wiring line
of the pixelis formed. As this first interlayerinsulating film 155, an inorganic insulating film
mainly containing silicon may be employed.

Next, a second interlayer insulating film 156 made of an otganic insulating marerial
is formed on the first interlayer insulating film 155. In this embodiment, an acrylic resin film
having a thickness of 1.6 um was formed.

Next, a pixel electrode 170 made of a transparent conducti\:ze film is patterned on the
second interlayer insulating film by employing a photomask. As the transparent conductive
film which constitutes the pixel electrode 170, for instance, ITO (alloy made of indium
oxide and tin oxide), an alloy made of indium oxide and zinc oxide (In,O, - ZnO), zinc
oxide (ZnQO), and the like may be employed.

Next, while the second insulating film is selectively etched by employing the
photomask, a contact hole which is reached to the respective impurity regions (137, 138,
148, 149, 151, 153, 150) is formed; another contact hole whicke is reached to the source
wiring line 126 of the pixel portion is formed; and another contact hole which is reached
to the gate electrode 124 is formed; and also, another contact hole which is reached to the
electrode 125b is formed.

Next, electrodes 157 to 160 which are electrically connected to the respective impurity
regions {137, 138, 149, 148), and a source wiring line of the drive circuit are formed;

clectrodes 169 and 163 which are electrically connected to both the impurity region 150
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and the impurity region 153 are formed; an electrode {connection electrode) 161 is formed
which electrically connects the impurity region 151 which constitutes a source region o the
source wirng line 126 of the pixel portion; a gate wiring line 162 which is elecrrically
connected to the gate electrode 124 is formed; and also a capacitor wiring line which is
electrically connected to the electrode 125b is formed.

Also, a pixel electrode 170 is electrically connected to the impurity region 153 of th
pixel TFT 206 by such an electrode 163 which is made in contact with and is overlapped
with this pixel electrode 170. Also, this pixel electrode 170 is electrically connected to the
impurity region 150 of the holding capacitor 207 by another clectrode 169 which is made
in contact with and is overlapped with the pixel electrode 147.

Also, in this embodiment, such an example is shown that the electrodes 169 and 163
are formed after the pixel electrodes have been formed. Alternatively, the conract holes are
formed and the electrode is formed, and thereafter, the pixel electrode made of the
transparent conductive film may be formed in such a manner that this pixel electrode is
overlapped with this electrode.

Also, the impurity elements capable of applying the p type are added to the respective
impurity regions 135, 136, 144, 145, which may function as one electrode of a holding
capacitor 207. This holding capacitor 207 is formed by electrodes 125a and 125b connected
to the capacitor wiring line, and also by a semic0ndﬁct0r fayer, while an insulating film 106
is used as a dielectric member.

While the above-described manufacturing method is carried out, both thé drive circuit
201 and the pixel portion 205 can be formed on the same substrate. The drive circuit 201
contains the CMOS circuit 202 constructed of the n-channel type TFT 203 and the p-
channel type TFT 204. The pixel portion 205 contains the pixel TFT 206 made of the n-
channel TFT and the holding capacitor 207 (see Fig. 3B). It should be noted that such a
substrate is referred o as an "active matrix substrate" in this specification, for the sake of

convenience.
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Fig. 5 is an upper view for indicating the pixel portion of the active matrix substrate
manufactured in this embodiment. It should also be noted thar the same reference
numerals shown in Fig. 3B are employed as those for indicating the same, or similar
elements in Fig. 4 and Fig. 5. The dotted line A-A' shown in Fig. 3B corresponds to a
sectional view, taken along a dotred line A-A'in Fig. 4. The dotted line B-B' shown in Fig.
3B corresponds to a sectional view taken along a dotted line B-B of Fig. 5. Also, Fig. 4 is
an upper view of the active matrix substrate obtained just after the source wiring line 126
of the pixel is formed.

The pixel structure of this embodiment is manufactured in such a manner that while
a black matrix is not employed, an edge portion of the pixel electrode 170 is arranged to be
overlapped with the source wiring line 126 in order to shield spaces among the pixel
electrodes.

Also, in accordance with the steps shown in this embodiment, a total number of _
photomasks which are required to manufacture the active matrix substrate could become -
SiX.

A description will now be made of steps by which an active matrix type liquid crystal
display device may be manufactured from this active matrix substrate obtained by the above
method. Fig. 6 is used to explain this manufacturing steps.

After the active matrix substrate formed under such a condition of Fig. 3B has been
obtained, an orientation film 301 is formed on this active matrix substrate of Fig. 3B, and
then, the resultant active matrix substrate is processed by a rubbing process operation. It °
should also be noted that in this embodiment, before the orientation film 301 is formed, a
spacer having a pillar shape was formed at a desirable position by patterning the organic
resin film such as an acrylic resin film in order to maintain an interval of the substrate.
Alternatively, a spacer having a spherical shape may be distributed on an entire surtace of
the substrate instead of the pillar-shaped spacer.

Next, a counter substrate 300 is prepared. A color filter is provided on this counter
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substrate. In this color filter, a colé)rcd laver 302 and a light shiclding layer 303 are arraneed
in correspondence with each of the pixels. A flatring film 304 capable of covering this color
filter and the light shielding layer was provided. Next, a counter electrode 305 made of a
transparent conductive film was formed on the flatting film 304 in the pixel portion, and
another orientation film 306 was formed on an entire surface of the counter substrace, and
then, the resultant substrate was processed by the rubbing piocess operarion.

Then, both the active matrix substrate on which the pixel portion and the drive circuir
are formed, and the counter substrate 300 are adhered to each other by using a sealing
material 307. While a filler is mixed into the sealing material 307, these two substrates are
adhered to each other by maintaining an uniform interval by this filler and the pillar-shaped
spacer. Thereafter, a liquid crystal material 308 is injected into the space between both the
substrates so as to completely seal these substrates by using sealing agent (not shown). As
the liquid crystal material 308, the known liquid crystal material may be employed. Then,
either the active matrix substrate or the counter substrate is cut out so as to form a desirable
shape. In this case, the dummy pattern which is provided so as to perform the plating
process operation is cut out.

Fig. 8A is an upper view of the active matrix liquid crystal display device after being
cut out and Fig. 8B is a sectional view of this liquid crystal display device, taken along a
dotted line D-D'. In Figs. 8A-8C, reference numeral 400 shows a terminal portion, and
reference numeral 401 indicates an electrode which is connected to the external terminal.
Also, for the sake of simplicity, one TFT of the drive circuit portion 402 is shown and only
the source wiring line 126 is shown in the pixel portion 403 in Figs. SA-8C. Also, the
electrode 401 is electrically connected to wiring liﬁes 157 to 160. In the rerminal porrion
40, a portion of the electrode 401 which is processed by the plating process operation is
exposed, and a transparent conductive film 404 is formed.

Furthermore, a polarization plate 309 and the like were properly provided by using the

rechnique known in this field. Then, an FPC is adhered to the exposed portion within the
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terminal portion by employing the known technique. Fig. 8C indicates a sectional view of
the liquid crystal di_Splay device after the FPC 405 has been adhered therero.

Referring now to an upper view of Fig. 9, a construction of the liquid erystal module
manufactured in accordance with the above-explained manner will be described. It should
be noted the same reference numerals shown in Fig. 6 will be employed as those for
denoting the same components in Fig. 9.

In the upper view of the liquid crystal module shown in Fig. 9, such an active matrix
substrate is adhered via the sealing material 370 to the counter substrate 300 where the
color filter is provided. On this active matrix substrate, there are tormed the pixel portion,
the drive circuit, an external input terminal 319 used to adhere an FPC (Flexible Printed
Circuir) 321, a wiring line 320 used to connect the external input terminal 319 to input
portions of the respective circuits.

A light shielding layer 303a is provided on the side of the counter substrate in such a
manner that this light shielding layer 303a is overlapped with the gate-wiring-line-sided
drive circuit 201a. Another light shielding layer 303b is provided on the side of the counter
substrate in such a manner that this light shielding layer 303a is overlapped with the source-
wiring-line-sided drive circuit 201b. Also, in the color filter 302 which is provided on the
side of the counter substrate on the pixel portion 205, the light shiclding layers and the
colored layers made of the red (R) color, the green (G) color, and the blue (B}-color are
provided in correspondence with the respective pixels. When the liquid crystal module
actually displays thereon an image, a color representation is formed by three colors
constructed of the colored layer of red (R) color, the colored layer of green(G) color, and
the colored layer of blue (B) color. It is so assumed that these colored layers of the
respective colors may be arbitrarily arranged.

In this case, the color filter 302 is provided on the counter substrate so as to realize the
color display mode, but the present invention is not limited thereto. When an active matrix

substrate is manufactured, a color filter may be formed on this active marrix substrare.
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Also, the light shielding layer 303 is provided between the adjoining pixels in the color
filter so as to shiel& the lichr at the place other than the display recion. Aleernatively, a
light shiclding layer may also be provided at such a region capable of covering the drive
circuit. Alternatively, since the region capable of covering the drive circuit is covered by
a cover when the liquid crystal display device is assembled as a display unit of an electronic
appliance at a succeeding stage, such a light shielding layer may not be especially provided.
Also, when the active matrix substrate is manufactured, the light shiclding layer may be
formed on the active matrix substrare.

Also, an FPC 321 constituted by a base film and a wiring line is adhered to the
external input terminal by employing anisotropic conductive resin. Furthermore, this FPC
321 is furthermore reinformed by a reinforcement plate so as to emphasize a mechanical
strength.

Also, in this example, all of the drive circuits are formed on the substrate.
Alrernatively, several pieces of ICs may be employed in a portion of the drive circuits.

The liquid crystal module manufactured in the above-described manner may be
employed as display units of various sorts of electronic appliances. When this liquid crystal
module is assembled, a back light 310 and a light conducting plate 311 are provided, which
is covered by a cover 312, an active matrix type liquid crystal display device indicated in Fig.
6 may be accomplished. It should also be noted that the cover 312 is adhered to the liquid
crystal module by employing adhesive agent and organic resin. Also, when the substrate is
adhered to the counter substrate, both the substrate and the counter substrate may be
surrounded by a frame, and a space between the substrate and this frame is filled with

organic resin so as to adhere this substrate to the frame.

[Embodiment 2]
The present invention is fearured by that a source wiring line of a pixel portion is

formed by way of such a different step from that of a source wiring line of a drive circuit.
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In this embodiment, a different point from that of the prior art will now he explained with
reference to Fig. 16. It should be understood thar in Fig. 10, only three pieces of source
wiring lines 91 of the pixel portion, and only three picces of eate wiring liens 92 arc
displayed for the sake of simplicity. Also, the source wiring lines 91 of the pixel portion are
made of band shapes which are located in parallel to each other, and an interval among
these source wiring lines 91 is equal to a pixel pitch.

It should also be noted that Fig. 10 is a block construction used to realize a digital
drive. In this embodiment, this block construction contains a source-sided drive circuit 93,
a pixel portion 94, and a gate-sided drive circuir95. It should also be noted that an
expression "drive circuit” implies such a general term involving a gate-sided drive circuit and
a source-sided drive circuit.

The source-sided drive circuit 93 is provided with a shift register 93a, a latch (A) 93b,
a latch (B) 93¢, a D/A converter 93d, and a buffer 93e. Also, the gate-sided drive circuit
95 is provided with a shift register 953, a level shifter 95b, and a buffer 95¢c. Also, a level
shifter circuit may be provided between the latch (B) 93¢ and the D/A converter 93d, if
necessary.

Also, in this embodiment, as represented in Fig. 10, a conract portion is present
between the source-sided drive circuit 93 and the pixel portion 94. This is because the
source wiring lines of the source-sided drive circuit and the source line 91 of the pixel
portion are formed in the different processes. In accordance with the present invention, the
source wiring lines of the pixel portion is formed in accordance with the different process
from the process for the source wiring lines of the source-sided drive circuit in order that the
plating process operation is carried out with respect to the wiring line using the same
material as that of the gate electrode, and then, this plated wiring line is covered by a
material having a low resistance value.

Also, in order to perform the plating process operation, all of the source wiring lines

of the pixel portion are connected to each other by employing a wiring line patcern in such
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a manner that alt of these source lines become the same potential, and an clectrode 96 tor
performing a platin,;I process operation is provided. Also, the terminal portion are similarly
connected to each other by emploving a wiring line pattern, and an clectrode for executing
a plating process operation is provided. In Fig. 10, the electrodes used to perform the
plating process operation are separarely provided. Altémarivcly, while the source wiring
lines are connected by the wiring pattery, the connected source wiring lines may be
processed by the plating process operartion by a single electrode within one time. Also. a
dotted line shown in Fig. 10 constitutes a cut-out line 97 of the substrate, and indicates such
a place which is cut out after the plating process operation has bee performed.

Also, a pixel portion 94 contains a plurality of pixels, and TFT elements are provided
within these plural pixels. Also, in the pixel portion 94, a large number of gare wiring lines
which are connected to the gate-sided drive circuits are provided in parallel to each other.
Also, the terminal portion is preferably covered by a material having a low resistance value,
while plating process operation is carried out with respect to an elecrrode with employment
of the same material as thar of the gate electrode.

Alternatively, a gate-sided drive circuit may also be provided at the opposite side of
the gate-sided drive circuit 95, while sandwiching the pixel portion 94.

Also, in the case that the drive circuit is driven in the analog manner, a sampling
circuit may be provided instead of the latch circuir.

It should also be noted that this embodiment 2 may be combined with the

embodiment 1.

[Embodiment 3]

In the embodiment 1, such an example is indicated. That is, the taper portion is
selectively etched away. In this embodiment 3, no etching process operation is carried out.
[t should be understood thar since only a pixel portion of this embodiment 3 is different

from the embodiment 1, only such a pixel portion is indicated in Fios. [TA-11B.
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This embodiment 3 is such an example that the third ctching process operation of Fie.
2B of the embodiment 1 is not carried out. In Fig. 11A, a gate elecrrode of a pixel TFT 709
forms a pixel electrode 700 construceed of a transparent conductive fifm.

In Fig. 11A, a structure of the gate electrode is different from the gate elecrrode
structure of the embodiment 1, and the first conductive layers 707 and 708 own taper
potions. As a result, the first conductive layer 707 is overlapped with the impurity region,
while sandwiching the insulating film.

It should be noted that the first conductive layers 707 and 708 having the taper

- portions correspond to the first conductive layer 124a of the embodiment 1. Note,

reference numeral 701 indicates a source wiring line; 720, a gate wiring line.

Also, Fig. 11B shows such an example that the resulting liquid crystal module is made
of a triple gate structure. In Fig. 11B, the first conductive layer 804 is overlapped with
impurity regions 803 and 805, while sandwiching an insulating film. Also, a first conductive
layer 807 is overlapped with impurity regions 806 and 808, while sandwiching an insulating
film, and a first conductive layer 810 is overlapped with impurity regions 809 and 811, while
sandwiching an insulating film. Note, reference numeral 801 indicates a source wiring line
(by the planting process); 820, a gate wiring line.

Since the triple gate structure is employed in this embodiment 3, the OFF-current can
be reduced. Also, since the width of the gate electrode is made narrow, for example, 1.5
pm, the OFF-current may be further reduced.

It should also above noted that this embodiment 3 may be freely combined with either

the embodiment 1 or the embodiment 2.

{Embodiment 4]

The embodiment 1 shows such an example that the active matrix substrate used in the
transmission type liquid crystal display device is formed. This embodiment 4 indicates an

example of a reflection type liquid crystal display device. It should be understood that since
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only a pixel portion of this embodiment ¢ is different from the embodiment 1, only such a
pixel portion is ind;mwd in Fig. 12,

As a substrate, a glass substrate, a quartz substrate, and a plastic substrate mav be
employed. Furthermore, since this embodiment 4 corresponds to the reflection type ligquid
crystal display device, there is no specific limitation.  For instance, a silicon substrate, a
metal substrate, or a stainless steel substrate where an insulating film is formed on a surface
thereof may be alternatively employed.

Fig. 12 is such an example that while a plating process operation is carried out in
accordance with the embodiment | so as to obrain a source wiring line 1401, after a second
interlayer insulating film is formed, the resultant substrate is patterned by employing a
photomask to form a conract hole, and then, the respective electrodes, a gate wiring line,
and a pixel electrode 1406 are formed. The pixel electrode 1406 is electrically connected
to an impurity region 1405. As materials of these electrodes and the pixel electrode 1406,
such materials having superior reflection characteristics may be employed, e.g., either a film
mainly containing Al. (aluminum), or Ag (silver) or a stacked layer film of these materials
may be used. InFig. 12, the pixel TFT 1402 owns a double gate structure, and also has two
sets of channel forming regions. These channel forming regions are overlapped with each
other, while sandwiching the gate electrodes 1403 and 1404, and the insulating film. Note,
reference numeral 1420 indicates a gate wiring linie. -

In accordance with the method for manufacturing the structure of Fig. 12, since the
pixel electrodes and the gate wiring lines can be manufactured at the same time, a toral

number of photomasks required to manufacture the active matrix substrate could be

reduced to 5.

[Embodiment 5]
Figs. 13A-13C show an example of an embodiment 5 in which a source wiring line is

formed by a different step from thart of the embodiment 1.
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Fig. 13A represents such an example thar after a source wiring line 903 of a pixel
portion 911 is proéessed by a plating process operation, an interlayer insulating film is
formed, and a contact hole is formed in this interlayer insulating film, and thereafter, a
terminal portion 900 is processed by a plating process operation.

First, an clectrode 901 of the terminal portion 900 is formed at the same step as chat
of a gate electrode 902 of a drive circuit portion 910. A source electrode 903 is formed at
the same step as this electrode. First, only the source wiring line 903 of the pixel portion
911 is selectively processed by a plating process operation. Subsequently, an interlayer
insulating film is formed and a contact hole is formed. When this conract hole is formed,
a portion of the electrode 901 of the terminal portion 900 is exposed. Next, only such an
exposed region of the electrode 901 of the rerminal portion 900 is processed by a plating
process operation, so that a plated film 904 is formed. Thereafter, an extraction wiring line,
a source wiring line, and a drain wiring line are formed. Subsequently, a structure shown
in Fig. 13A may be formed in accordance with the succeeding steps of the embodiment
1.

It should be noted that the activation of the impurity elements contained in the
semiconductor layer may be preferably carried out before the plated film 904 is formed.
Note, reference numeral 920 indicates an FPC.

Also, similar to the embodiment 1, when the plating process operation is carried out,
the wiring lines and the electrodes, which will be plated, are connected to each other by
employing dummy patterns in such a manner that the potentials of these wiring lines, or the
electrodes are made equal to each other.  When the substrate is cut out at the later step,
the mutual electrodes are cut out so as to be separated from each other. Alternatively, a
short-circuit ring may be formed by using these dummy partterns.

Fig. 13B indicates such an example that a plating process operarion is carried our at
a step different from the step Fig. 13A. This embodiment corresponds to such an example

that when a gate electrode 11002 is formed, a source wiring line 11003 is not formed at the
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same time.

Afrer an insx;la[ing film capable of protecting the vate elecrrode 11002 has been
formed, while the impurity elements added to the respective semiconductor layers are
activated, both a source wiring line 11003 of a pixel portion 110t and an efectrode 11001
of a terminal portion 11000 are formed at the same time on the insularing film by executing
a photolithography step. This wiring line and the electrode are made of a metal marterial
having a low resistance value (typically known as meral materials mainly containing
aluminum, silver, and copper). As previously described, since the source wiring line 11003
of the pixel portion 11011 is formed by employing such a metal material having a low
resistance value, even when the area of the pixel portion is increased, the liquid crvstal
module can be sufficiently driven. Also, in order to reduce a total number of masks, the
source wiring line may be formed by way of a printing method.

Next, while a plating process operation {electrolytic plating method) is carried out, a
metal film is formed on both a surface of the source witing line 11003 of the pixel portion
11011, and also a surface of the electrode 11001 of the terminal portion 11000.
Subsequently, such a structure shown in Fig. 13B may be formed in accordance with the
embodiment 1 in the succeeding steps.

Fig. 13C indicates such an example that a source wiring line is formed at a step
different from the step shown in Fig. 13A. Note, reference numeral 11020 indicates an
FPC.

In this embodiment, the source wiring line is formed by executing a printing method.
A conductive layer was formed in order to improve positional precision of the source wiring
line 11033 of the pixel portion 11032.

In this embodiment, conductive layers were formed at the same steps as those of the
gate electrode. Next, while the gate electrode was not covered by the insulating film, the
impurity element was activated. As the activation process, for instant, since thermal

annealing operation was carried out under reduced pressure within inactive atmosphere, it
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could suppress that the gate electrode owns the high resistance value due to oxidation of
the conducrive Iay::‘rs. Subsequenily, a source wiring line was formed by emploving a
printing method in order to embed a space between the conductive lavers. Also, since the
conductive layer is formed along the source wiring line, it is possible to avoid the line
disconnection which may occur in the printing method (screen printing method).
Subsequently, such a structure shown in Fig. 13C may be formed in accordance with the
succeeding steps of the embodiment I. Note, in Fig. 13C, reference numeral 11030
indicates a terminal portion; 11031, a drive circuit portion; and 11034, an FPC.

A screen printing method is carried out as follows: for instance, while a plate having
an opening of a desirable pattern is used as a mask, either paste (dilution fluid) mixed with
metal particles (Ag, Al etc.) or ink is formed from the opening on a substrate corresponding
to a member to be printed. Thereafter, the resulting substrate is thermally sintered, so that
a wiring line having a desirable pattern is formed. Since such a screen printing method is
relatively low cost and may be applied to a large area, this screen printing method may be
suitable for the present invention.

Alternatively, instead of the screen printing method, a letterpress (relief) printing
method using a rotary drum, an intaglio printing method, and various sorts of offset printing
method may be applied to the present invention.

The source wiring line of the pixel portion may be formed by executing the above-
explained various methods.

It should also be noted that the present embodiment 5 may be freely combined with

any one of the above-described embodiments 1 1o 4.

[Embodiment 6]
In the embodiment 1, there is shown such an example of the TFT having the top gate
structure. However, the present invention is not limited o this TFT structure. In this

embodiment, Fig. 14 indicates such an example of a pixel TFT 1502 having a bottom ¢are
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structure,

First, after both a gate electrode 1503 and a source wiring line have heen formed on
a substrate, a gate insulating film is formed. Next, a semiconducror film is formed in such
a manner that this semiconductor film is overlapped with the gate electrode 1503 while
sandwiching the gate insulating film. Next, an insulating layer is selectively formed on such
a portion of the semiconductor {ilin, which constitutes a channel forming region, and then,
a doping operation is carried out.  Subsequently, after an activation process operation is
carried out, both the semiconductor film and the gate insulating film are selectively
removed. At this time, the insulating film which covers the source wiring line is removed
s0 as to expose the surface of this source wiring line. Next, the surface of the source wiring
line is processed by the plating process operation, so that such a source wiring line 1501
having a low resistance value is formed.

Next, an interlayer insulating film is formed, a pixel electrode 1504 made of ITO is
formed, and then, a contact hole is formed. Next, an electrode is formed which connects
the source region of the pixel TFT 1502 to the source wiring line 1501; a gate wiring line
1520 connected to the gate electrode is formed; and another electrode is formed which
connects the drain region of the pixel TFT 1502 o the pixel electrode 1504.

[t should also be noted that the present embodiment 6 may be freely combined with

any one of the above-described embodiments 1 to 5.

[Embodiment 7]

Fig. 15 indicates such an example that a source wiring line is formed at a step different
from the step shown in the embodiment 1.

Fig. 15 is such an example that after an interlayer insulating film has been formed, a
pixel electrode 1600 made of ITO is formed on the interlayer insulating film, and then, a
source wiring line 1601 is formed.

In this embodiment, while the source wiring line 1601 is formed by way of the screen
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printing method, a connection electrode 1621 is provided which is employed so as to
connect this sourceu wiring line 1601 to a source region of a pixel TFT 1602.

A screen printing method is carried out as follows: for insrance, while a plate having
an opening of a desirable pattern is used as a mask, either paste (dilution fluid) mixed with
metal particles (Ag, Al, Cu etc.) or ink is formed from the opening on a substrate
corresponding to a membeiio be printed. Thereafter, the resulting substrate is thermally
sintered, so that a wiring line having a desirable pattern is formed. Since such a screen
printing method is relatively low cost and may be applied to a large area, this screen printing
method may be suitable for the present invention.

Alternatively, instead of the screen printing method, a lerterpress (relief) printing
method using a rotary drum, an intaglio printing method, and various sorts of offset printing
method may be applied to the present invention.

In this embodiment, while the source wiring line 1601 was made of copper, both the
connection electrode 1621 and the gate wiring line 1621 were formed by such a triple-layer
stacked layer of Ti/Al/Ti.

It should also be noted that the present embodiment 7 may be freely combined with

any one of the above-described embodiments 1 to 4.

[Embodiment 8]

Fig. 17 represents an example of an upper view of a pixel in the case that a lquid
crystal module is constructed of a triple gate structure in this embodiment 8.

In Fig. 17, reference numeral 1201 indicates a semicond_uctor layer, reference numeral
1202 shows a gate electrode, reference numeral 1203 represents a capacitive electrode,
reference numeral 1204 shows a source wiring line, and reference numeral 1205 denotes a
gate wiring line. Also, reference numeral 1206 indicates a capacitive wiring line, reference
numeral 1207 shows an electrode for connecting the semiconductor layer o the source

wiring line, reference numeral 1209 indicates a pixel electrode, and rererence numeral 1208
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shows an clectrode for connecting the semiconductor layer to the pixel electrode.

In this embod_iment. both the gate electrode 1202 and the capacitive electrode 1203
are formed at the same step on an insulating film which covers the semiconductor laver
1201. The source wiring line 1204 is formed at the same step, or different steps of these
electrodes. In this embodiment, after ‘an impurity element has been added two the
semiconductor layer and iiie added impurity element has been activated, the wiring line was
formed on the gate insulating film at a different step, and a surface thereof is processed by
a plating process operation so as to lower a resistance value of this wiring line. Also, in this
embodiment, the gate electrode 1205, the capacitive electrode 1206, the electrodes 1207
and 1208 on the interlayer insulating film which covers the gate electrode 1202, the source
wiring line 1204, and the capacitive wiring line 1203 are formed at the same step. Also, the
electrode 1208 is provided in such a manner that this electrode 1208 is made in contact
with a portion of the pixel electrode 1209 and is overlapped with this portion. The pixel
electrode 1209 is made of a transparent conductive film which is formed on the interlayer
insulating film. Also, as shown in Fig. 17, as viewed from the upper surface, the capacitive
wiring line 1206 is arranged between the electrode 1208 and the electrode 1207.

The gate electrode 1202 is overlapped with the semiconductor layer 1201 at three
positions, while sandwiching therebetween the gate insulating film, and thus, constitutes a
triple gate structure. Since a sectional view of a portion near the gate elecrrode is
substantially identical to that of Fig. 11B, an explanation thereof is omitted.

Fig. 11B is such an example that the capacitor of the pixel portion is formed in the
semiconductor layer which is different from the pixel TFT. In Fig. 17, a capacitor is formed
by a portion of the semiconductor layer of the pixel TFT. To secure the capacitor, the
thickness of the insulating film may be made thin up to approximately 80 nm.

In this embodiment, since the triple gate structure is employed, the OFF current may
be reduced. Also, since the width of the gate electrode 1202 is made narrow, for example,

1.5 pum, the OFF-current may be further reduced.
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[t should alse be noted that the present embodiment 8 may be freely combined with

any one of the above-described embodiments | to 7.

[Embodiment 9j
This embodiment 9 indicates such an example that PPTA (Plural Pulse Thermal -
5 Annealing) is employed as the thermal pfocessing operation in the embodiment 1.

The thermal process operation "PPTA" implies such a thermal processing operation
that a heating cycle by a light source (halogen lamp, metal halide lamp, high-pressure
mercury lamp, high-pressure sodium lamp, xenon lamp etc.), and a cooling cycle by
circulating coolant (nitrogen, helium, argon, krypton, xenon etc.) into a processing chamber

10 * are repeatedly carried out plural times. The light emission time of the light source per 1
time is equal to 1 through 60 seconds, preferably, 0.1 through 20 seconds. The light source
irradiates light plural times. The light source is turned ON in an intermittent manner by

a power supply thereof and a control circuir in such a manner that the holding time period
_ of the semiconductor film becomes 0.5 to 5 seconds.
15 While the actual heating time is shortened by PPTA, since light which is selectively
absorbed by the semiconductor film is irradiated form the light source provided on one
- surface side, or the light sources provided on both surface sides, only the semiconductor film
is selectively heated (temperature increasing speed of 100 to 200 °C/second) without
heating the substrate itself to higher temperatures. Also, in order to suppress the

20 - temperature increase of the substrate, this substrate is cooled from the peripheral portion
thereof by employing the coolant (temperature decreasing speed of 50 o 150
°C/second).

The following example is indicated in which one heating process operation among the
heating process operations executed in Embodiment 1 is used in activation.

25 In the activation process shown in Fig. 2D, the activation process operation is carried

out by PPTA. While a tungsten halogen lamp is employed as a licht source, pulse lighs is
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irradiated from one surface side, or both surface sides of the substrare. At this time, a flow
rate of "He" is incr;ased/decreased in synchronism with turning ON/OFF of the tungsten
halogen lamp so as to selectively hear the semiconductor film.

The impurity element may be activated by this PPTA, and also, the metal clement
which is employed to crystalize and is contained in the semiconductor layer may be
gettering-processed from the channel forming region into the impurity region. It should be
noted thart if not only phosphorus, but also an impurity element capable of applying the p
type are added into the impurity region, then a more effective effect may be achieved. As
a result, such a step for adding boron capable of adding the p type may be preferably added
after the first doping step. Alternatively, while the PPTA processing chamber is set to such
a pressure reduction condition lower than, or equal to 13.3 Pa, it is possible to prevent
occurrences of oxidation and contamination.

It should also be noted that the present embodiment 9 may be freely combined with
any one of the above-described embodiments 1 to 8.

{Embodiment 10]

In this embodiment, a method of simultaneously manufacturing a pixel portion (n-
channel TFT) and TFTs (an EEMOS circuit from n-channel TFT), which is providing a
NMOS circuit of a drive circuit provided on the periphery of the pixel portion, on the same
substrate will be described with reference to Figs. 18A to 22.

Inthis embodiment, a substrate 1000 is used, which is made of barium borosilicate
glass such as #7059 glass and #1737 glass produced by Corning Corp. or
aluminoborosilicate glass. As the substrate 1000, any substrate can be used as long as it has
transparency. A quartz substrate may be used. A plastic substrate having heat resistance
enduring a treatment temperature of this embodiment also may be used.

Then, an underlying film (001 composed of an insulating film such as a silicon oxide

film, a silicon nitride film, or a silicon oxide nitride film is formed on the substrate 1000, In
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this embodiment, a two-layered structure is used as the underlying film 1001, However, a
single insulating film or a laminarion of two or more insulating films using the above
insulating film may also be used. As a first layer of the underlying tilm 1001, a silicon oxide
nitride film 1001a is formed to a thickness of 10 to 200 nm {preterably, 50 to 100 nm) by
plasma CVD, using SiH,, NH,, and N,O as reactive gas. In this embodiment, asilicon oxide
nitride film 1001a (compositioﬁ ratio: Si = 32%, O = 27%, N = 24%, and H = 17%)
having a thickness of 50 nm is formed. Then, as a second layer of underlying film 1001, a
silicon oxide nitride film 1001b is formed to a thickness of 50 to 200 nm (preferably, 100 to
150 nm) by plasma CVD, using SiH, and N,O as reactive gas. In this embodiment, a silicon
oxide nitride film 1001b (composition ratio: Si = 32%, O = 59%, N = 7%, and H = 1%)
having a thickness of 100 nm is formed.

Then, semiconductor layers 1002 to 1003 are formed on the underlying film. The
semiconductor layers 1002 to 1005 are formed by forming a semiconductor film having an
amorphous structure by a known method (sputtering, LPCVD, plasma CVD, or the like),
conducting a known crystallization precessing (laser crystallization, thermal crystallization,
or thermal crystallization using a catalyst such as nickel) to obtain a crystalline
semiconductor film, and patterning the film into a desired shape. The semiconductor layers
1002 to 1005 are formed to a thickness of 25 to 80 nm (preferably, 30 to 60 nm). There is
no particular limit regarding the materal for the crystalline semiconductor film. However,
it is preferable to form silicon or a silicon germanium alloy. In this embodiment, an
amorphous silicon film of 55 nm is formed by plasma CVD, and thereafter, a solution
containing nickel is held on the amorphous silicon film. The amorphous silicon film is
dehydrogenated (at 500°C, for one hour), and then subjected to thermal cryscallization (at
550°C, for 4 hours). Furthermore, laser annealing is conducted for the purpose of improving
crystallization, whereby a crystalline silicon film is formed. The crystalline silicon film.is

subjected to patterning by photolithography to form the semiconductor fayers 1002 to

1005.
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Furthermore, after the semiconductor layers 1002 to 1005 arc formed, Jdoping of a
trace amount ofim[;uriry elements (boron or phosphorus) may be appropriately conducred
so as o manufacture separately enhancement type and depression nype.

Furthermore, in the case of manufacturing a crystalline semiconductor film by laser
crystallization, a pulse-oscillation type or continuous light emission type excimer laser, a
YAG laser and a YVO, laser can be used. When using these lasers, laser light emitted from
a laser oscillator may be condensed into a line shape by an optical system and allowed o
radiate to a semiconductor film. Crystallization conditions are appropriately selected by the
operator. However, when using an excimer laser, a pulse oscillation frequency is set to be
30 Hz, and a laser energy density is set to be 100 to 400 mj/em® {typically 200 to 300
mJ/cm’). In the case of using a pulse oscillation YAG laser, the second harmonic thereof
may be used, a pulse oscillation frequency may be set to be 1 to 10 kHz, and a laser energy
density may be set to be 300 to 600 mj/cm’ (typically, 350 to 500 m}/em?). Laser light
condensed in a line shape with a width of 100 to 1000 um (e.g., 400 pm) may be radiated
over the entire surface of a substrate, and a line-shaped laser light overlap ratio at this time
may be set to be 80 to 98%.

In addition, the state of laser radiation is shown briefly in Fig. 25. The laser light
enitted from the laser light source 6101 is radiated to a large substrate 6105 by the optical
system 6102 and the mirror 6103. The arrow on the large substrate shows a scanning
direction of the laser light. Fig. 25 shows executing a multiple pattern o form six substrates
sized 12.1 inches from the large substrate 6105 sized 650 x 550 nm.

Then, a gate insulating film 1006 is formed so as to cover the semiconductor layers
1002 to 1005. The gate insulating film 1006 is formed of an insulating film containing
silicon so as to have a thickness of 40 to 150 nm by plasma CVD or sputtering. In this
embodiment, a silicon oxide nitride film (composition ratio: Si = 32%, O = 59%, N = 7%,
and H = 2%) is formed to a thickness of 115 nm by plasma CVD. Needless to say, the gate

insulating film is not limited ro a silicon oxide nitride film, and may have a single layer or

60




10

15

20

25

multi-layered seructure of insulati‘ng films containing another silicon.

Then, as shown in Fig. 18A, a tirst conductive film 1007a (thickness: 20 to 100 nm)
and a second conductive film 1007 (thickness: 100 to 400 nm) are laminated on the Gate
insulating film 1006. In this embodiment, the first conductive film 1007a made of a TaN
film having a thickness of 30 nm and the second conductive film 1007b made of a W film
having a thickness of 370 wuu are laminated thereon. The TaN film is formed by sputtering
using Ta as a target in an atmosphere containing nitrogen. The W film is formed by
sputtering using W as a target. The W film can also be formed by thermal CVD using
tungsten hexafluoride (WF,). In any case, it is required to lower a resistance in order to use
the W film as a gate electrode, and it is desirable that a resistance ratio of the W film is 20
pLcm or less. The resistance ratio of the W film can be lowered by enlareing crvstal grains
thereof. However, in the case where there are a number of impurity elements such as
oxygen in the W film, crystallization is inhibited, and the resistance of the W film is
increased. Therefore, in this embodiment, the W film is formed by sputtering using
high-purity W (purity: 99.9999% or 99.99%) as a target so that no impurity may be allowed
to enter in the W film from a vapor phase during the film formation, whereby a resistance
ratio of 9 to 20 uf2cm can be achieved.

In this embodiment, the first conductive film 1007a is made of TaN, and the second
conductive film 1007b is made of W. However, the present invention is not limited thereto.
Both the films may be formed of an element selected from Ta, W, Ti, Mo, Al, Cu, Cr, and
Nd, or an alloy material containing the element as its main component or a compound
material. A semiconductor film such as a polycrystalline silicon fitm doped with an impurity
element such as phosphorus may also be used. Furthermore, the following combination
may be used: the first conductive film made of a tantalum (Ta) film and the second
conductive film made of a W film; the first conductive film made of a titanium nitride (TiN)
film and the second conductive film made of a W film; the first conductive film made of a

tantalum nitride (TaN) film and the second conductive film made of an Al film; the first
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conductive film made of tantalu m. nitride (TaN) film and the second conductive film made
of a Cu film.

Then, masks 1008a to 1012a made of a resist are formed by photolithography, and first
etching processing for forming electrodes and wiring is conducted. The first etching
processing is conducted as first and second etching conditions. In this embodiment, under
the first etching condition, etching is conducted by an inductively coupled plasma (ICP)
etching method, in which plasma is generated by using CF,, Cl,, and O, as etching gas (flow
rate: 25/25/10 (scem)) with an RF power (13.56 MHZ) of 500 W supplied to a coil-shaped
electrode ata pressure of 1 Pa. As the etching gas, chlorine type gas such as CL,, BCl,, SiCL,,
and CCl, or fluorine gas such as CF,, SF,, and NF;, or O, can be appropriately used. Herein,
a dry etching apparatus (Model E645- ICP) using ICP produced by Matsushita electric
Industrial Co., Ltd. is used. An RF power (13.56 MHZ) of 150 W is also applied to the
substrate side (sample stage), whereby a substantially negative self-bias voltage is applied
thereto. Under the first etching condition, the W film is etched and end portions of the first
conductive layer are tapered. Under the firstetching condition, an etching rate with respect
to W is 200.39 nm/min., an etching rate with respect to TaN is 80.32 nm/min., and a
selection ratio of W with respect to TaN is about 2.5. Furthermore, under the first etching
condition, a taper angle of W becomes about 26°.

Thereafter, without removing the masks 1008a to 10122 made of a resist, etching is
conducted for about 30 seconds under the second etching condition, in which plasma is
generated by using CF, and Cl, as etching gas (flow rate ratio: 30/30 (sccm)) with an RF
power (13.56 MHZ) of 500 W supplied to a coil-shaped electrode at a pressure of 1 Pa. An
RF power (13.56 MHZ) of 20 W is also applied to the substrate side (sample stage), whereby
a substantially negative self-bias voltage is applied thereto. Under the second etching
condition using a mixture of CF, and Cl, as etching gas, the W film and the TaN film are
etched to the same degree. Under the second etching condition, an etching rate with

respect to W is 38.97 nm/min., und an erching rate with respect to TaN is 66.43 nm/min.
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In order to conduct crching without leaving any residual on the gate insulating film, an
etching time may be increased by about 10 to 20%.

According to the first erching processing, by appropriarely prescribing thie shape of a
resist mask, the end portions of the first conducrive layer and the second
conductive layer are tapered due to the effect of a bias voltage applied to the substrate side.
The angle of the uper portion may be 15 to 45°.

Thus, conducrive layers 1013 to 1017 (first conductive layers 1013a to 1017a and
second conductive layers 1013b to 1017b) of a first shape composed of first conductive
layers and second conductive layers are formed by the first etching processing (Fig. 18B).
The width of the first conductive layer in the channel length direction corresponds to the
first width shown in above Embodiment modes. Although not shown, regions of the
insulating film 1006 to be a gate insulating film, not covered with the conductive layers
1013 to 1017 of a first shape, are etched by about 10 to 20 nm to be thin.

Without removing the resist masks, the first doping processing is conducted, whereby
an impurity element providing an n-type is added to the semiconductor layers (Fig. 18C).
The doping processing may be conducted by ion doping or ion implantation. Ion doping is
conducted under the conditions of a dose amount of 1 x 10” to 5 x 10%/cm’ and an
acceleration voltage of 60 to 100 keV. In this embodiment, doping is conducted at a dose
amount of 1.5 x 10"/cm” and an acceleration voltage of 80 keV. As the impurity element
providing an n-type, an element belonging to Group XV, typically, phosphorus (P) or
arsenic (As) is used. Herein, phosphorus (P) is used. In this case, the conductive layers
1013 to 1016 function as masks with respect to the impurity element providing an n-type,
whereby high-concentration impurity regions 1118 to 1121 are formed in a self-alignment
manner. An impurity element imparting an n-type is added to the high-concentration
impurity regions 1118 to 1121 in a concentration of I x 10¥t0 I x 107/cm’.

Then, without removing the tesist masks, second etching processing is conducted.

Herein, etching is conducred for 25 seconds by using SF,, Cl,, and O, as ciching gas (tlow
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rate ratio: 24/12/24 (sccn)) Wi[il an RF power (13.56 MHZ) of 700 W supplied to a
coil-shaped electrode at a pressure of 1.3 Pa to thereby generate plasma. An RF power
(13.56 MHZ) of 10 W is also applied to the substrate side (sample stage), wherchy a
substantially negative self-bias voltage is applied thereto. In the second etching processing,
an etching rate with respect to W is 227.3 nm/min., an etching rate with respect to TaN is
32.1 nm/inin., and a selection ratio of W with respect to TaN is 7.1. An erching rate with
respect to SiON that is the insulating film 1006 is 33.7 nm/min. In the case of using SF; as
the etching gas, a selection ratio with respect to the insulating film 1006 is high, so that a
de;regse in a film thickness can be suppressed.

The taper angle of the second conductive layer {W) becomes 70° in the second
etching processing. Furthermore, in the second etching processing, second conductive
layers 1122b to 1126b are formed. On the other hand, the first conductive layers are hardly
etched to form first conductive layers 1122a to 1126a. In addition, the masks from resist
1008a to 1012a are changed its shape into masks from resist 1008b to 1012b by the second
etching processing (Fig. 18D). Although not shown, actually, the width of the first
conductive layers is narrowed by about 0.15 um (i.e., about 0.3 izm over the total line widch)
compared with the state before the second etching processing. Furthermore, the width of
the second conductive layer in the channel length direction corresponds to the second
width shown in Embodiment modes.

The electrode formed by the first conductive layer 1122a and the second conductive
layer 1122b becomes the n-channel TFT type gate electrode of the CMOS circuit formed
in the following steps. The electrode formed by the first conductive layer 1125a and the
second conductive layer 1125b becomes an electrode of the storage capacitor formed in the
following steps.

It is also possible to use CF,, CL, and O, as the etching gas in the second etching
processing. In this case, etching may be conducted by generating plasma under a tlow rate

ratio of 25/25/10 (sccm) with an RF power (13.56 MHZ) of 500 W supplied to a coil-shaped
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electrode at a pressure of 1 Pa. An RF power (13.56 MHZ) of 20 W is also applied to the
substrate side (sami)le stage}, whereby a substantially negative self bias volrage is applied
therero. In the case of using CF,, Cl,, and O., an etching rate with respect to W is 124.62
nm/min., an etching rate with respect to TaN is 20.67 nm/min., and a selection ratio of W
with respect to TaN is 6.05. Thus, the W film is selectively etched. Furthermore, in this
casey tie regions of the insulating film 1006, not covered with the conductive layers 1122
to 1126 of a first shape, are etched by about 50 nm to be thin.

Then, after removing the resist masks, second doping processing is conducted to
obtain a state shown in Fig. 19A. Doping is conducted using the second conductive layers
1122b to 1125b as masks with respect to an impurity element so that the impurity element
is added to the semiconductor layers below the taper portions of the first conductive layers.
In this embodiment, phosphorus (P) is used as the impurity element, and plasma doping is
conducted under the doping conditions of a dose amount of 1.5 x 10"/cm?, an acceleration
voltage of 90 keV, an ion current density of 0.5 pA/cm’, phosphine (PH,) 5% hydrogen
dilute gas, and a flow rate of 30 sccm. Thus, low-concentration impurity regions 1127 to
1136 are formed so as to be overlapped with the first conductive layers in a self-alignment
manner. The concentration of phosphorus (P) added to the low-concentration impurity
regions 1127 to 11361s 1 x 10" to [ x 10”/cm?, and the low-concentration impurity regions
1127 to 1136 have a concentration gradient in accordance with the thickness of the taper
portions of the first conductive layers. In the semiconductor layer overlapped with the taper
portion of the first conductive layer, an impurity concentration {P concentration) decreases
gradually from the end of the taper portion of the first conductive layer inwardly. More
specifically, in the second doping processing, a concentration distribution is formed.
Furthermore, an impurity element is also added to the high-concentration impurity regions
1118 to 1121 o form high-concentration impurity regions 1137 to 1145.

In this embodiment, the width (in the channel length direcrion) of the waper portion

is preferably at least 0.5 pm or more up to a range of 1.5 um to 2 wm. Therefore, alchough
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influenced by a thickness, the width in the channel leneth direction of the
fow-concentration "impuriry region having a concentration gradient is not beyvond a range
of 1.5 um to 2 um, cither. Herein, although the high-concentration impurity regions and
the low-concentration impurity regions are shown separately. Actually, there is no clear
border therebetween and regions having a concentration gradient are formed. Similarly,
thicre is no clear border between the channel forming regions and the low-concentration
impurity regions.

‘Then, the region other than the pixel portion are covered by the mask 146 and third
etching processing is conducted. The metal plate, the glass plaze, the ceramic plate and the
ceramic glass plate can be used to the mask 146. The upper view of the mask 146 is shown
in Fig. 16. In the third etching processing, taper portions of the first conductive layers
which are not overlapped with the mask 146 are selectively conducted dry etching to
eliminate regions overlapped with impurity regidns of the semiconducror layers. The third
etching ﬁrocessing is conducted by using an ICP etching apparatus, using, as etching gas,
Cl; having a high selection ratio with respect to W. In this embodiment, etching is
conducted for 30 seconds by generating plasma, using Cl, with a flow rate ratio of 80 (sccm),
with an RF power (13.56 MHZ) of 350 W supplied to a coil-shaped electrode at a pressure
of 1.2 Pa. An RF power (13.56 MHZ) of 50 W is also supplied to the substrate side (sample
stage), whereby a substantially negative self-bias voltage is applied thereto. In the third
etching, first conductive layers 1124c and 1126¢ are formed (Fig. 19B).

An example of conducting a third etching process is shown in this embodiment. The
third etching process is not conducted if there is no need to conducr.

Then, as shown in Fig. 19D, an impurity element added to each semiconductor layer
is activated. The activation is conducted by thermal annealing using an annealing furnace.
Thermal annealing may be conducted at 400 to 700°C, typically 500 to 550°C in a nitrogen
atmosphere having an oxygen concentration of 1 ppm or less, preferably 0.1 ppm or less.

In this embodiment, activation is conducted by hear rreatment ar 350°C for four hours.
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Instead of thermal annealing, las'cr annealing or rapid thermal anncaling (RTA) can be
applied. i

Though not shown in the drawing, the impurity elements are diffused through che
activation treatment to thereby crase the border between the n-type impurity regions (low
concentration) and the impurity regions (high concentration) almost completely.

In this embodiment, at the same time as the above-mentioned activation, nickel used
as a catalyst during crystallization is gettered in the impurity region coniaining phosphorus
of high concentration, whereby a nickel concentration in the semiconductor layer mainly
to be a channel forming region is reduced. Ina TET having a channel forming region thus
produced, an OFF current value is decreased and crystallinity is satisfactory. Therefore, a
high electric field effect mobility is obtained, and satisfactory characteristics can be
achieved.

Next, heat treatment is conducted in a hydrogen atmosphere so as to be hydrogenated
the semiconductor layers. Plasma hydrogenation (using hydrogen excited by plasma) can
be used as another method of hydrogenation.

In the case of using laser annealing as the activation, it is desirable that laser lightsuch
as excimer laser and YAG laser is radiated after the above hydrogenation.

Next, a plating process operation is carried out with respect o both the surface of the
source wiring line 1126 of the pixel portion, and the electrode surface of the terminal
portion. Fig. 7A shows an upper view of the active matrix type liquid crystal display device
just after the plating process operation is carried and Fig. 7B indicates a sectional view
thereof. In Figs. 7A-7B, reference numeral 400 indicates a terminal portion, and reference
numeral 401 represents an electrode which is connected to an external terminal. Also, for
the sake of simple explanations, Figs. 7A-7B indicate one TFT provided in the drive circuit
portion 402, and only the source wiring line 1126 is indicated in the pixel portion 403. In
this embodiment, the plating process operation was carried out by employing the copper

plating fluid {manufactured by EEJA : "MICROFAB Cul200™. As indicated in one
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example of Fig. 10, when this plating process operation is carried our, either wiring lines or
electrodes, which will be plated, are coupled to each other by employing a dummy partern
s0 as to become the same potentials. When the substrate is cut out in the succeeding step,
the adjoining electrodes are cut out so as to be separated from each other. Alternarively,
a short-ciicuit ring may be formed by using the dummy pattern.

Next, a first interlayer insulating film 1155 capable of covering the source wiring line
of the pixel is formed. As this first interlayer insulating film 1155, an inorganic insulating
film mainly containing silicon may be employed.

Next, a second interlayer insulating film 1156 made of an organic insulating material
is formed on the first interlayer insulating film 1155. In this embodiment, an acrylic resin
film having a thickness of 1.6 um was formed.

Next, a pixel electrode 1147 made of a transparent conductive film is patterned on the
second interlayer insulating film by employing a photomask. As the transparent conductive
film which constitutes the pixel electrode 1147, for instance, ITO (alloy made of indium
oxide and tin oxide}, an alloy made of indium oxide and zinc oxide (In,O; - ZQO), zinc

oxide (Zn0), and the like may be employed.

- Next, while the second insularing film is selectively etched by employing the

photomask, a contact hole which is reached to the respective impurity regions (1137, 1138,
1139, 1140, 1151, 1153, 1144) is formed; another contact hole which is reached to the
source wiring line 1126 of the pixel portion is formed; and another contact hole which is
reached to the gate electrode 1124 is formed; and also, another contact hole which is
reached to the electrode 1125b is formed.

Next, electrodes 1157 to 1160 which are electrically connected to the respecrive
impurity regions (1137, 1138, 1139, 1140), and a source wiring line of the drive circuit are
formed; electrodes 1150 and 1163 which are electrically connected to both the impurity
region 1144 and the impurity region 1153 are formed; an electrode (connection electrode)

1161 is formed which electrically connects the impurity region 1151 which constitures a
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source region to the source wiring line 1126 of the pixel portion; a gate wiring line 1162
which is clcctricalh—/ connected to the gate electrode 1124 is formed; and also a capacitor
wiring line 1169 which is clectrically connected to the electrode 1125h is formed.

Also, a pixel electrode 1147 is electrically connected to the impurity region 1153 of
the pixel TFT 206 by such an electrode 1163 which is made in contact with and is
overlapped with this pixel electrode 1147. Also, this pixel electrode 1147 is electrically |
connected to the impurity region 1144 of the holding capacitor by another electrode 1150
which is made in contact with and is overlapped with the pixél electrode 1147.

Also, in this embodiment, such an example is shown that the electrodes 1150 and
1163 are formed after the pixel electrodes have been formed. Alternatively, the contace
holes are formed and the electrode is formed, and thereafter, the pixel electrode made of the
transparent conductive film may be formed in such a manner that this pixel electrode is
overlapped with this electrode.

Also, the impurity elements capable of applying the n-type are added to the respective
impurity regions 1135, 1136, 1144, 1145, which may function as one electrode of a holding
capacitor. This holding capacitor is formed by electrodes 1125a and 1125b connected to
the capacitor wiring line 1169, and also by a semiconductor layer, while an insulating film
1006 is used as a dielectric member.

While the above-described manufacturing method is carried out, both the drive circuit
and the pixel portion 205 can be formed on the same substrate. The drive circuit contains
the NMOS circuit 1182 constructed of two n-channel type TFTs 1180 and 1181. The pixel
portion 205 contains the pixel TFT 206 made of th; p-channel TET 206 and the holding
capacitor 1183 (see Fig. 20B). It should be noted that such a substrate is referred to as an
"active matrix substrate” in this specification, for the sake of convenience.

In addition, the EEMOS circuit is structured shown in Fig. 23A by using two n-
channel TFT in this embodiment.

Fig. 22 is an upper view for indicarting the pixel portion of the active matrix substrate
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manufacturcd in this embodiment. It should also be noted that the same reference
numerals shown in-Fig. 20B are employed as those for indicating the same. The dotted line
A-A’'shown in Fig. 20B corresponds to a sectional view, raken along a dotted line A-A'in
Fig. 22. The dotted line B-B' shown in Fig. 20B corresponds to a sectional view taken along
a dotted line B-B' of Fig. 22. Also, Fig. 21 is an upper view of the active matrix substrate
obtained just after the source wiring line 1126 of the pixel is formed.

The pixel structure of this embodiment is manufactured in such a manner that while
a black matrix is not employed, an edge portion of the pixel electrode 1147 is arranged o
be overlapped with the source wiring line 1126 in order to shield spaces among the pixel
electrodes.

Also, in accordance with the steps shown in this embodiment, a total number of
photomasks which are required to manufacture the active matrix substrate could become
five.

A description will now be made of steps by which an active matrix type liquid crystal
display device shown in Fig. 6 may be manufactured according to Embodiment 1 from this

active matrix substrate obtained.

[Embodiment 11}
In such a case of n-channel cype TFT shown in Embodiment 10, elements belonging
to the group XV in the periodic table (preferably, phosphorus) or elements belonging to the

group XIII 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 circuir”).
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Fig. 23A shows an example of the EEMOS circuit, and Fie. 23B shows an example of
the EDMOS circuit. Each of components 31 and 32 shown in Fig. 23A is an enhancement-
typ of n-channel TFT (hereinafter referred vo as E-type NTFT). Components 33 shown in

Fig. 23B is an E-type NTFT and 34 is a depletion type of n-channel TFT (hereinateer

referred to as D-type NTFT), respectively.

In Figs. 23A and 23B, 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).

Figs. 24 A-24B show an example of a shift register formed by using the EEMOS circuit
shown in Fig. 23A or the EDMOS circuit shown in Fig. 23B. Portions 40 and 41 of Figs.
24A-24B are flip-flop circuits. Components 42 and 43 are E-type NTFTs. 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. 23A or
the EDMOS circuit shown in Fig. 23B is used, as shown in Fig. 24B. Therefore all of drive
circuits of the display device can be all structured by n-channel type TFT. Note, ;eference
numeral 45 indicates an NAND circuit.

Further, this embodiment can be freely combined with any structures of Embodiments

2 to 10.

{Embodiment 12]

The drive circuit and the pixel portion in accordance with the present invention can
be used in various modules (active matrix type liquid crystal module and active matrix type
EC module). In other words, the present invention can be applied to all of the electronic
equipments having these modules as the display section.

The following can be given as examples of the electronic equipment: video cameras;
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digital cameras; head mounted displays (goggle type display); car navigation systems;
projectors; car sterc:o; personal computers; portable information terminals (such as mobife
computers, portable telephones and electronic notebook). An example of these is shown
in Figs. 26A to 27B.

Fig. 26 A shows a personal computer, and itincludes a main body 2001, animage input
section 2002, a display portion 2003, and a keyboard 2004. The present inventici s
applicable to the display portion 2003.

Fig. 26B shows a mobile computer, and it includes a main body 2201, a camera section
2202, animage receiving section 2203, operation switches 2204, and a display portion 2205.
The present invention is applicable to the display portion 2205.

Fig. 26C shows a player using a recording medium which records a program
(hereinafter referred to as a recording medium), and it includes a main body 2401; a display
portion. 2402; a speaker section 2403; a recording medium 2404; and operation switches
2405. This player uses DVD {digital versatile disc), CD, etc. for the recording medium, and
can be used for music appreciation, film appreciation, games and Internet. The present
invention is applicable to the display portion 2402.

Fig. 27A shows a portable book (electronic book), and it includes a main body 3001,
display portions 3002 and 3003, a recording medium 3004, operation switches 3005, and an
antenna 3006. The presen't invention can be applied to the display portions 3002 and 3003.

Fig. 27B shows a display, and it includes a main body 3101, a support stand 3102, and
a display portion 3103. The present invention can be applied to the display portion 3103,
which is equal to or greater than 10 to 50 inches in diagonal.

The applicable range of the present invention is thus extremely wide, and it is possible
to apply the present invention to a manufacturing method of clectronic equipments in all
fields. Further, the electronic equipment of the embodiment 12 can be realized by using a

constitution of any combination of the embodiments 1 to 11.
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[Embodiment 13]

Referring now to Fig. Z8A to Fig. 30C and Fig. 32, a description will now be made of
an embodiment of the present invention. In this embodiment, a method for manufacturing
a liquid crystal display device is indicated. Such a method by whicha TFT of a pixel portion
is formed on a substrate in an inverse stagger type, and a holding capacitor to be connected
to the above-described TFT is manufactured, will now be explained in detail in accordance
with steps. Fig. 28A to Fig. 30C represent, at the same time, a terminal portion in the
manufacturing steps, which is electrically connected to a wiring line of a circuit provided
onanother substrate. Thissubstrate provided on an edge portion of the substrate. It should
be noted that sectional views of Fig. 28A to Fig. 30C correspond to a sectional view, taken
along a line A-A' of Fig. 32.

First, a semiconductor display device is manufactured by employing a substrate 4100
having a light transmission characteristic. As a usable substrate, such glass substrates as
barium Eorosilicate glass and alumina borosilicate glass may be employed, which are typically
known as #7059 glass and #1737 glass, manufactured by Coming Inc. Such a substrate
having a light transmission characteristic known as a quartz substrate and a plastic substrate
may be employed as another substrate.

After a conductive layer is formed over an entire surface of the above-explained
substrate 4100, a first lithography step is carried out, a resist mask is formed, and an
unnecessary portion is removed by way of an etching process operation, so that both wiring
lines and electrodes (namely, source wiring line 4102, gate electrodes 4103 and 4104,
holding capacitor 4105, and terminal 4101} are formed (see Fig. 28A).

The above-described wiring lines and electrodes may be manufactured from materials
of such an element selected from Ti, Ta, W, Mo, Cr, Nd, of an alloy which contains the
above-explained elements, or of nitride which contains the above-described elements.
Furthermore, plural sets of these elements which are selected from Ti, Ta, W, Wo, Cr, Nd,

plural sets of these alloys containing the above-explained elements, or plural sets of nitride
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containing the above-explained elements may be stacked as the materials of these wiring
lines and e[ectrode;.

Next, both a Cu film 4106 and another Cu film 4110 arc formed on both a source
wiring line 4102 and a terminal portion 4101 by executing a plating method (see Fig. 28B).
By coating the source line with the copper film 4106, the wiring resistance can be decreased
and it is possible to lower the power consumption of the display. This is advantageous when
the diagonal size of the pixel portion exceeds 5 inches inasmuch as the power consumption
caused by the wiring resistance becomes significant in a larger size display. In particular, this
is advantageous when the wirings consist of Ti, Ta, W, Mo, Cr, Nd, an alloy thereot or a
nitride of these elements. In this embodiment, Cu is employed as the meral tilm.
Alternatively, Ag, Au, Cr, Fe, Ni, Pt, oran alloy of these elements may be employed as this
metal film.

Also, each of the above-described manufacturing methods is featured by that in the
plating process step; the source wiring lines of the pixel portions are connected to each
other by using wiring lines so as to become same potentials to each other. Also, the wiring
lines which are used to connect these source wiring lines so as to become equi-potential may
be cut out by laser light (CO, laser etc.) after the plating process operation has been
accomplished, or may be cut out at the same time when the substrate is cut out after the
plating process operation has been completed. Al;o, a short-circuit ring may be formed by
using these wiring patterns.

Next, an insula;ting film 4107 is formed over an entire surface. While a silicon nitride
film is employed as this insulating film, a thickness of this insulating film is selected to be 50
to 200 nm. Preferably, this insulating film having a thickness of 150 nm is formed. Itshould
be understood that the gate insulating film is not limited to the silicon nitride film, but may
be manufactured by employing such an insulating film as a silicon oxide film, a silicon oxide
nitride film, and a tantalum oxide film (see Fig. 28C).

Next, a first amorphous semiconductor film 4108 having a thickness of 50 to 200 nm,
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preferably 100 to 150 nm, is fom‘n:d on an entire surface of the insulating film 4107 by
employing the known method such as the plasma CVD merthod and the sputtering method.
An amorphous silicon (a-Si) film is typically formed, while having a film thickness of 100
nm (see Fig. 28C).

- Next, a second amorphous semiconductor film 4109 containing one conductivity type
(either n-type or p-type) impurity element is formed, while having a thickness of 20 to 80
nm. The second amorphous semiconductor film 4109 containing the impurity element
capable of applying one conductivity type (either n-type or p-type) is formed on the entire
surface by employing the known method such as the plasma CVD method and the
sputtering method. In this embodiment, while a silicon target into which phosphorus has
been added is employed, the second amorphous semiconductor film 4109 containing the n-
type impurity element was formed (see Fig. 28C).

Next, photoresist masks 4205 and 4206 are formed by way of a second
photolithography step, and then, an unnecessary portion thereof is removed by way of an
etching process operation so as to form a source wiring line 4311. As the etching method
in this case, either a wet etching method or a dry etching method is employed (see Fig.
29A).

In this etching step, while the second amorphous semiconductor film 4109 and the
first amorphous semiconductor film 4108 are sequentially etched at a place other than the
resist masks 4205 and 4206, both the second amorphous semiconductor film 4203 and the
fist amorphous semiconductof film 4201 are formed in a TFT 4312 of the pixel portion.
Also, both the second amorphous semiconductor film 4204 and the first amorphous
semiconductor film 4202 are formed in a holding capacitor 4313.

Next, after the resist masks 4205 and 4206 have been removed, a third
photolithography step is carried out, and a resist mask 4207 is formed, and also an
unnecessary portion is removed by way of an etching process operation, so that both a first

amorphous semiconductor film 4208, and second amorphous semiconductor films 4209,

75




10

15

20

15

4210, 4211 are formed (see Fig. 29B).

Next, after th; above-described resist mask 4207 is moved, a fisst interlayer insulating
film 4213 made of a silicon oxide nitride film having a thickness of 150 nm is formed by way
of a plasma CVD method in such a manner that this first interlayer insulating film 4213 may
cover the source wiring line 4311, the TFT 4312 of the pixel portion, and the holding
capacitor 4313 of the pixel portion 4314 (see Fig. 29C).

Next, a second interlayer insulating film 4302 having a thickness of 1.6 um, which
corresponds to an organic insulating material made of acrylic resin is formed on a first
interlayer insulating film 4213 made of a silicon oxide nitride film. In this embodiment, the
6rganic insulating material made of the acrylic resin is selected as the second interlayer
insulating film. Alternatively, polyimide and the like may be employed as the organic
material, and furthermore, an inorganic material may be selected. Thereafter, while a
fourth photolithography step is carried our, a resist mask 4301 is formed, and then, a
contact hole is formed by executing a dry erching step. This contact hole is employed so as
to electrically connect the source wiring line 4311 to the second amorphous semiconductor
film 4209. At the same time, another contact hole is formed which is used to electrically
connect the holding capacitor 4313 to the second amorphous semiconductor film 4211.
Also, another contact hole is formed in a terminal potion 43 10, and this contact hole is used
to electrically connect the gate wiring line to the terminal portion 4310 (see Fig. 30A).

Subsequently, a transparent electrode film such as [TO (Indium-Tin-Oxide) having
a thickness of 110 nm is formed. Theréafter, since both a fifth photolithography step and
an etching process step are carried out, a transparent pixel electrode 4309 is formed (see Fig.
30B).

Next, in order to form a metal wiring line, both a sixth photolithography step and an
etching process step are carried out. A metal wiring line 4303 is formed so as to electrically
connect the source wiring line 4311 to the second amorphous semiconductor film 4209.

Also, a mertal wiring line 4305 is formed so as to electrically connect the second amorphous
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semiconductor film 4211 to the transparent pixel electrode 4309. Also, a metal wiring line
4306 is formed so as to electrically connect the transparent pixel electrode 4309 to the
holding capacitor 4313.  Also, a mertal wiring fine 4308 is formed so as to electrically

connect the gate electrode to the terminal portion 4310. It should also be noted that as the

‘metal wiring material, a stacked layer film made of both a Ti film having a thickness of 50

nm and an Al-Ti alloy film having a thickness of 500 nm may be used (see Fig. 30C).

In the method for manufacturing the semiconductor display device shown in the
embodiment 13, the metal wiring lines are formed after the transparent pixel electrode such
as ITOisformed. A toral number of photolithography steps by which such a semiconducror
display device is manufactured as follows is equal to the rtotal number of these
photolithography steps for the above-described manufacruring method of the embodiment
13. That s, after the metal wiring lines are formed, the transparent pixel electrode such as
ITO 15 formed. As a result, it is possible ro Vform either the metal wiring lines or the
transparent pixel electrode such as ITO in the:beginning of the manufacturing step.

Since the above-described phortolithography steps are carried out six times, the
transmission type semiconductor display device can be manufactured which is constituted
by the source wiring line 4311 on which "Cu" is plated, the TFT 4312 of the inverse stagger
type pixel portion and th;a holding capacitor 4313 thereof, and the terminal portion
4310.

[t should also be noted that such a TFT which is formed by the activation layer by the
amorphous sermiconductor film in chis embodiment has a low field-effect mobility, namely
the mobility of only 1 cm®/V sec could be obtained. As a result, a drive circuit for displaying
an image is fabricated by an IC chip, and thus, the drive circuit IC chip is mounted by way
of a TAB (Tape Automated Bonding) method, or a COG (Chip On Glass) method.

Also, the module manufactured in the respective embodiments by utilizing the present
embodiment may be applied to a display portion of electronic devices shown in the

embodiment 12.
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[Embodiment 14]

The embod;mcnt [5 indicates such an example thar the transmission tpe
semiconductor display device can be formed by performing the photolichography steps six
umes. In accordance with this embodiment 14, a reflection type semiconductor display
device may be manufactured by executing photolithography steps five times, the method
of which is indicated in Fig. 31.

Since manufacturing conditions of this embodiment 14 are obtained at the same steps
as the manufacturing condition of Fig. 30A in the embodiment 13, only different
manufacturing steps will be explained as follows: It should be understood thar portions
corresponding to Fig. 30A are indicated by the same reference numerals.

First, after the manufacturing condition of Fig. 30A is obtained in accordance with the
embodiment 13, a metal wiring line 4402 is formed by executing both the fifth
photolithography step and the erching process step. This metal wiring line 4402 is employed
so as to electrically connect the source wiring line 4311 to the second amorphous
semiconductor film 4209. At the same time, a pixel electrode 4401 is formed. Furthermore,
another metal wiring line 4405 which is electrically connected to the terminal portion is
formed (see Fig. 31B).

Since the above-described photolithography steps are carried out five times, the
reflection type semiconductor display device can be manufactured which is constituted by
the source wiring line 4311 on which the metal film is plated, the inverse stageer type TFT
4312 of the pixel portion 4314 and the holding capacitor 4313 thereof, and the terminal
portion 4310.

Also, the module manufactured in the respective embodiments by utilizing the
present embodiment may be applied to a display portion of electronic devices shown in the

embodiment 12.

[Embodiment 15]
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In the embodiment 13 and the embodiment 14, the plating process step is carried out
after the first photolithography step has been performed. In this embodiment 15, a plating
process step is carried out after a fourth photolithography step has been performed, which
will be described with reference to Fig. 34A to Fig. 36C.

First, a semiconductor display device is manufactured by employing a substrate 4900
having a light transmission characreristic. As a usable substrate, such glass substrates as
barium borosilicate glass and alumina borosilicate glass may be employed, which are typically
known as #7059 glass and #1737 glass, manufactured by Corning Inc. Such a substrate
having a light transmission characteristic known as a quartz substrate and a plastic substrate
may be employed as another substrate.

After a conductive layer is formed over an entire surface of the above-explained
substrate 4900, a first lithography step is carded out, a resist mask is formed, and an
unnecessary portion is removed by way of an etching process operation, so that both wiring
lines and electrodes (namely, source wiring line 4902, cate electrodes 4903 and 4904,
holding capacitor 4905, and terminal 4901} are formed (see Fig. 34A).

The above-described wiring lines and electrodes may be manufactured from materials
of such an element selected from Ti, Ta, W, Mo, Cr, Nd, of an alloy which contains the
above-explained elements, or of nitride which contains the above-described elements.
Furthermore, plural sets of these elements which are selected from Ti, Ta, W, Wo, Cr, Nd,
plural sets of these alloys containing the above-explained elements, or plural sets of nitride
containing the above-explained elements may be stacked as the materials of these wiring
lines and electrodes.

Next, an insulating film 4906 is formed over an entire surface. While a silicon nitride
film is employed as this insulating tilm, a thickness of this insulating film is selecred to be 50
to 200 nm. Preferably, this insularing film having a thickness of 150 nm is formed. [t should
be understood that the gare insulacing film is not limited to the silicon nitride film, but may

be manufactured by employing such an insulating film as a silicon oxide fitm, a silicon oxide
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nitride film, and a tantalum oxide film (see Fig. 34B).

Next, a first a;norphous semiconductor film 4907 having a thickness of 50 to 200 nm,
preferably 100 to 150 nm, is formed on an entire surface of the insulating film 4906 hy
employing the known merhod such as the plasma CVD method and the sputtering method.
An amorphous silicon (a-Si) film is rypically formed, while having a film thickness of 100
nm (see Fig. 34B).

Next, a second amorphous semiconductor film 4908 containing one conductivity rype
(either n-type or p-type) impurity element is formed, while having a thickness of 20 to 80
nm. The second amorphous semiconductor film 4908 containing the impurity clement
capable of applying one conductivity type (either n-type or p-type) is formed on the entire
surface by employing the known method such as the plasma CVD method and the
sputtering method. In this embodiment, while a silicon target into which phosphorus has
been added is employed, the second amorphous semiconductor film 4908 containing the n-
type impurity element was formed (see Fig. 34B).

Next, photoresist masks 4909 and 4910 are formed by way of a second
photolithography step, and then, an unnecessary portion thereof is removed by way of an
etching process operation so as to form a source wiring line 5111. As the etching method
in this case, either a wet etching method or a dry etching method is employed (see Fig.
34C).

In this etching step, while the second amorphous semiconductor film 4908 and the
first amorphous semiconductor film 4907 are sequendially etched at a place other than the
resist masks 4909 and 4910, both the second amorphous semiconducror film 4913 and the
fist amorphous semiconductor film 4911 are formed in a TFT 5112 of the pixel portion
5114. Also, both the second amorphous semiconducror film 4908 and the first amorphous
semiconductor film 4907 are formed in a holding capacitor 5113.

Next, af;ter the resist masks 4909 and 4910 have been temoved, a third

photolithography step is carried out, and a resist mask 5001 is formed, and also an
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unnecessary portion is removed by way of an etching process operation, so that both a first
amorphous scmico;lductor film 5002, and second amorphous semiconductor fiims 5003,
5004, 5005 are formed (see Fig. 35A).

Next, after the above-described resist mask 5001 is moved, a first interlayer insulating
film 5006 made of a silicon oxide nitride film having a thickness of 150 nm is formed by way
ofaplasma CVD method in such 2 manner that this first interlayer insulating film 5006 may
cover the source wiring line 5111, the TFT 5112 of the pixel portion 5114, and the holding
capacttor 5113 (see Fig. 35B).

Next, a second interlayer insulating film 5008 having a thickness of 1.6 um, which
corresponds to an organic insulating material made of acrylic resin is formed on a firse
interlayer insulating film 5006 made of a silicon oxide nitride film. In this embodiment, the
organic insulating material made of the acrylic resin is selected as the second interlayer
insulating film 5008. Alternatively, polyimide and the like may be employed as the organic
material, and furthermore, an inorganic material may be selected. Thereafter, while a
fourth photolithography step is carried out, a resist mask 5007 is formed, and then, both the
first interlayer insulating film and the second interlayer insulating film, which are formed

on the source wiring line 5111 and the terminal portion 5110, are removed. Also, a contact

“hole is formed which is used to electrically connect the holding capacitor 5113 to the

second amorphous semiconductor film 5005 (see Fig. 35C).

Next, Cu films 5101 and 5102 are formed on the source wiring line 5110 and the
terminal portion 5111 by executing a plating process operation (see Fig. 36A). In this
embodiment, similar to the embodiment 13, as the metal film, Ag, Au, Cr, Fe, Ni, P, oran

alloy of these elements may be employed.

Also, similar to the embodiment 13, each of the above-described manufacturing
methods is featured by that in the plating process step, the source wiring lines of the pixel
portions are connected to each other by using wiring lines 5o as to become same potentials

to each other. Also, the wiring lines which are used to connect these source lines so as w
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become equi-potential may be cut out by laser light (CO, laser etc.) after the plating process
operation has becn-accomplished, or may be cut out at the same time when the substrate
is cut out after the plating process operation has been complered. Also, a short-circuit ring
may be formed by using these wiring patterns.

Subsequently, a transparent electrode film such as ITO (Indium-Tin-Oxide) having
a thickness of 110 nm is formed. Thereafter, since both a fifth photolithography step and
an etching process step are carried out, a transparent pixel elecrrode 5103 is formed (see Fig.
36B).

Next, in order to form a metal wiring line, both a sixth photolithography step and an
etching process step are carried out. A metal wiring line 5105 is formed so as to electrically
connect the source wiring line 5111 to the second amorphous semiconductor film 5003.
Also, a metal wiring line 5107 is formed so as to elecirically connect the second amorphous
semiconductor film 5005 to the transparent pixel electrode 5103. Also, a metal wiring line
5108 is formed so as to electrically connect the transparent pixel electrode 5103 to the
holding capacitor 5113. Also, a metal wiring line 5104 is formed so as to electrically
connect the gate electrode to the terminal portion 5110. It should also be noted that as the
metal wiring material, a stacked layer film made of both a Ti film having a thickness of 50
nm and an Al-Ti alloy film having a thickness of 500 nm may be used (see Fig. 36C).

In the method for manufacturing the semiconductor display device shown in the
embodiment 15, the metal wiring lines are formed after the transparent pixel electrode such
as ITO s formed. A rotal number of photolithography steps by which such a semiconductor
display device is manufactured as follows is equal to_the total number of these
photolithography steps for the above-described manufacturing method of the embodiment
15. That is, after the metal wiring lines are formed, the transparent pixel electrode such as
ITO is formed. As a result, it is possible to form either the metal wiring lines or the
transparent pixel electrode such as [TO in the beginning of the manufacturing step.

Since the above-described photolithography steps are carried out six times, the
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transmission type semiconductor display device can be manufactured which is consticuted
by the source wiring line 5111 on which "Cu" is plated, the inverse stagger eype TFT 5112
of the pixel portion 5114 and the holding capacitor 5113 thereot, and the terminal porrion
5110.

It should also be noted that when the same metal as the metal wiring line is used in
the pixel electrode, a reflection type semiconductor device may be formed by executing the
photolithography steps five times.

Similar to the embodiment 13, the drive circuit constructed of the IC chip is mounted
also in this embodiment.

Also, the module manufactured in the respective embodiments by utilizing the

present embodiment may be applied to a display portion of electronic devices shown in the

embodiment 12.

[Embodiment 16]

In the above-described embodiment 13 to embodiment 15, the semiconductor devices
correspond to such semiconductor devices that the TFT of the pixel portion is made of the
channel-etched type. This embodiment 16 corresponds to such a semiconductor device
that a TFT of a pixel portion is made of a channel-stopped type, which will be explained
with reference to Fig. 37A to Fig. 39C.

First, a semiconductor display device is manufactured by employing a substrate 5200

having a light transmission characteristic. As a usable substrate, such glass substrates as

_barium borosilicate glass and alumina borosilicate glass may be employed, which are eypically

known as #7059 glass and #1737 glass, manufactured by Corning Inc. Such a substrate
having a light transmission characteristic known as a quartz substrate and a plastic substrate

may be employed as another substrate.
After a conductive layer is formed over an entire surface of the above-explained

substrate 5200, a first lithography step is carried out, a resist mask is formed, and an
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unnecessary portion is removed by way of an etching process operation, so that both wiring
lines and clectrodes (namely, source wiring line 5202, gate clectrodes 5203 and 5204,
holding capacitor 5205, and terminal 5201) are formed (see Fig. 37A).

The above-described wiring lines and electrodes may be manufactured from materials
of such an element selected from Ti, Ta, W, Mo, Cr, Nd, of an alloy which contains the
above-explained elements, or of nitride which contains the above-described elements.
Furthermore, plural sets of these elements which are selected from Ti, Ta, W, Wo, Cr, Nd,
plural sets of these alloys containing the above-explained elements, or plural sets of nitride
containing the above-explained elements may be stacked as the materials of these wiring
lines and electrodes.

Next, both a Cu film 5206 and another Cu film 5209 are formed on both a source
wiring line 5202 and a terminal portion 5201 by executing a plating method (see Fig. 37B).
By coating the source line with the copper film 5206, the wiring resistance can be decreased
and it is possible to lower the power consumprion of the display. This is advantageous when
the diagonal size of the pixel portion exceeds 5 inches inasmuch as the power consumption
caused by the wiring resistance becomes significant in a larger size display. In particular, this

is advantageous when the wirings consist of 11, Ta, W, Mo, Cr, Nd, an alloy thereof or a

“nitride of these elements. In this embodiment, Cu is employed as the metal film.

Alternatively, Ag, Au, Cr, Fe, Ni, Pt, or an alloy of these elements may be employed as rhis
metal film. In this embodiment, Cu is employed as the metal film. Alternatively, Ag, Au,
Cr, Fe, Ni, Pt, or an alloy of these elements may be employed as this metal film.

Also, similar to the embodiment 13, each of the above-described manufacturing
methods is featured by that in the plating process step, the source wiring lines of the pixel
portions are connected to each other by using wiring lines o as to become same potentials
to each other. Also, the wiring lines which are used to connect these source lines so as to
become equi-potential may be cut out by laser light (CO, taser erc.) after the plating process

operation has been accomplished, or may be cut our at the same time when the substrate
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is cut out after the plating process operation has been completed. Also, a short-circuit ring
may be formed by using these wiring patterns.

Next, an insulating film 5207 is formed over an entire surface. While a silicon nigride
film is employed as this insulacing film, a thickness of this insulating film is selected to be 50
to 200 nm. Preferably, this insulating film having a thickness of 150 nm is formed. It should
be understood that the gate insulating film is not limired to the silicon nitride film, but may
be manufactured by employing such an insulating film as a silicon oxide film, a silicon oxide
nitride film, and a tantalum oxide film (see Fig. 37C).

Next, an amorphous semiconductor film 5208 having a thickness of 50 to 200 nm,
preferably 100 to 150 nm, is formed on an entire surface of the insulating film 5207 by
employing the known method such as the plasma CVD method and the sputtering method.
An amorphous silicon (a-Si) film is typically formed, while having a film thickness of 100
nm (see Fig. 37C).

Next, photoresist masks 5301 and 5302 are formed by way of a second
photolithography step, and then, an unnecessary portion thereof is removed by way of an
etching process operation so as to form a source wiring line 5411. As the etching method
in this case, either a wet etching method or a dry etching method is employed {see Fig.
38A).

In this etching step, while the amorphous semiconductor film 5208 is etched ar a place
other than the resist masks 5301 and 5302, an amorphous semiconductor film 5303 is
formed in a TFT 5412 of the pixel portion. Also, the amorphous semiconductor film 5304
is formcd in a holding capacitor 5413. —

Next, such an insulating film having a thickness of 100 to 200 nm is formed on an
amorphous semiconductor layer 5303. This insulating film is made of either silicon oxide
or silicon nitride. In Fig. 38A, second insulating layers 5305 and 5306 which constitute
channel protection films in a self-alignment manner are formed by way of an exposing

process operation, while the light is exposed from the rear surface and the gare electrode is
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employed as a mask.

Next, such a doping process step is carried out in order ro form an LDD (Lightly
Doped Drain) region of an n-channel type TFT. As a doping method, cither an ion doping
method or an ion implanting method is carried out. Phosphorus is added as an n-type
impurity, and while the second insulating layers 5305 and 5306 are used as a mask, impurity
regions 5307 to 5309 are formed. Donor concentration of this region is selected to be 1 x
10'° through 1 x 10"/cm’ (see Fig. 38B).

Next, a first interlayer insulating film 5311 made of a silicon oxide nitride film having
a thickness of 150 nm is formed by way of a plasma CVD method in such a manner thar this
first interlayer insulating film 5311 may cover the source witing line 5411, the TFT 5412
of the pixel portion 5414, and the holding capacitor 5413 (sée Fig. 38C).

" Next, a second interlayer insulating film 5402 having a thickness of 1.6 um, which
corresponds to an organic insulating marerial made of acrylic resin is formed on a first
interlayer insulating film 5311 made of a silicon oxide nitride film. In this embodiment, the
organic insulating material made of the acrylic resin is selected as the second interlayer
insulating film. Alternatively, polyimide and the like may be employed as the organic
material, and furthermore, an inorganic material may be selected. Thereafter, while a
fourth photolithography step is carried out, a resist mask 5401 is formed, and then, a
contact hole is formed by executing a dry etching step. This contact hole is employed so as
to electrically connect the source wiring line 5411 to the amorphous semiconductor film
5307. At the same time, another contact hole is formed which is used to electrically
connect the holding capacitor 5413 to the amorphous semiconductor film 5309. Also,
another contact hole is formed in a terminal potion 5410, and this contact hole is used to
electrically connect the gate wiring line to the terminal portion 5410 (see Fig. 39A).

Subsequently, a ransparent electrode film such as ITO (Indium-Tin-Oxide) having
a thickness of 110 nm is formed. Thereafter, since both a fifth phorolithography step and

an erching process step are carried out, a transparent pixel electrode 5403 is formed (sce Fig.
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Next, in order to form a metal wiring line, both a sixth phorolithography step and an
etching process step are carried out. A metal wiring line 3405 is formed so as to electrically
connect the source wiring line 5411 o the amorphous semiconductor film 5307. Also, a
metal wiring line 5407 is formed so as to electrically connect the amorphous semiconductor
film 5309 to the transparent pixel electrode 5403. Also, a metal wiring line 5408 is formed
so as to electrically connect the transparent pixel electrode 3403 to the holding capacitor
5413. Also, a metal wiring line 5404 is formed so as to clectrically connect the wate
electrode to the terminal portion 5410. It should also be noted that as the metal wiring
material, a stacked layer film made of both a Ti film having a thickness of 50 nm and an Al-
Ti alloy film having a thickness of 500 nm may be used (see Fig. 39C).

In the method for manufacturing the semiconductor display device shown in the
embodiment 16, the metal wiring lines are formed after the rransparent pixel electrode such
asITO s formed. A total number of photolithography steps by which such a semiconductor
display device is manufactured as follows is equal to the total number of these
photolithography steps for the above-described manufacturing method of the embodiment
16. That is, after the metal wiring lines are formed, the transparent pixel electrode such as
ITO is formed. As a result, it is possible to form either the mertal wiring lines or the
transparent pixel electrode such as ITO in the beginning of the manufacturing step.

Since the above-described photolithography steps are carried out six times, the
transmission type semiconductor display device can be manutactured which is constituted
by the source wiring lire 5411 on which "Cu" is plated, the inverse stagger type TFT-5412
of the pixel portion 5414 and the holding capacitor 5413 thereof, and the terminal portion
5410.

It should also be noted that when the same metal as the meral wiring line is used in
the pixel electrode, a reflection type semiconducror device may be formed by exceuting the

photolithography steps five times.
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Similar to the embodiment 13, the drive circuit constructed of the IC chip is mounted
also in this embodiment.

Also, while a liquid crystal module is manufactured by employing the technique shown
in this embodiment 16 in accordance with the respective embodiments, and then, the
manufactured liquid crystal module may be applied to the display unit of the electronic
appliance shown in the embodiment 12.

Aspreviously described in detail, in the semiconductor device which is rypically known
as the active matrix type liquid crystal display device, even when the area of the pixel
portion thereof is increased and the display screen is enlarged, berter displays can be
realized. Since the resistance value of the source wiring line of the pixel portion is largely
reduced, for example, the present invention may be applicable to such a large-sized display
screen, for example, a diagonal line of 40 inches and a diagonal line of 50 inches.

While the preferred embodiments have been described with reference to liquid crystal
displays, the present invention should not be limited to the liquid crystal displays. The

present invention can be applied to an active matrix organic electroluminesence display

device (also called organic light emitting display device), for example.
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WHAT IS CLAIMED IS:

1. A semiconductor device comprising:

at least one thin film transistor formed over a substrate, said thin film transistor
comprising a gate clectrode on an insulating surface, an insulating layer covering the
gate electrode, a channel formation region located over the gate electrode with the
insulating layer therebetween, and source and drain regions in contact with the channel
formation region;

at least one source line formed on the insulating surface wherein the source line
comprises a first conductor and a second conductor formed on the surface of the first
conductor wherein the source line is covered by the insulating layer;

a first insulating film formed over at least' the thin film transistor;

a second insulating film formed on the first insulating film;

a first metal wiring formed on the second insulating film connecting the source.
line and the thin film transistor;

a second metal wiring formed on the second insulating film connecting the thin
film transistor and a storage capacitor; and

a pixel electrode comprising a transparent clectrode and formed on the second
insulating film wherein the pixel electrode is electrically connected to the thin film
transistor; and

a plated terminal formed over the substrate.

2. The semiconductor device according to claim 1 wherein said second conductor

1s formed by a plating method.

3. A semiconductor device comprising:
at least one thin film transistor formed over a substrate, said thin film transistor
comprising a gate electrode on an insulating surface, an insulating layer covering the

gate electrode, a channel formation region located over the gate electrode with the
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insulating layer therebetween, and source and drain regions in contact with the channel
formation region;

at least one source line formed on the insulating surface wherein the source line
comprises a first conductor and a second conductor formed on the surface of the first
conductor wherein the source line is covered by the insulating layer;

a first insulating film formed over at least the thin film transistor;

a second insulating film formed on the first insulating film;

a metal wiring formed on the second insulating film connecting the source line,
the thin film transistor or a storage capacitor;

a second metal wiring formed on the second insulating film connecting the thin
film transistor and a storage capacitor; and

a pixel electrode comprising a metal and formed on the second insulating film;
and

a plated terminal formed over the substrate.

4. The semiconductor device according to claim 1 or 3 wherein the second
conductor comprises at least one material selected from the group consisting of Cu, Ag,

Au, Cr, Fe, Ni, and Pt.

5. The semiconductor device according to claim 1 or 3 wherein the terminal

portion and the source line are plated at the same time.
6. The semiconductor device accordihg to claim 1 or 3 wherein the channel

formation region comprises an amorphous semiconductor and the source and drain

regions comprise an amorphous semiconductor containing an N-type impurity.
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