
SEMICONDUCTOR DEVICE, AND MANUFACTURING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

Field of rhe Invention 

The present invenrion geuerally relares to a semiconductor device including a circuir 

5 consritured by thin-film transistors (referred to as a "TFT" hereinafter), and a manufacturing 

method rhereof. More specifically, the present invention is directed to such an appararus 

typically known as a liquid crystal display apparatus (namely, liquid crystal module is 

mounted) or rhe like, and also to an electronic appliance which mounts rhereon such a 

liquid crystal display or the like as a component, and is further directed to a manufacturing 

10 method thereof. 

It should be understood that a term "semiconductor device" implies all of such 

apparatus, or devices operable by using semiconductor characteristics, and rhus, all of 

elecrrooptical apparatus, semiconductor devices, and electronic appliances correspond to 

semiconductor devices in the specificarion of rhe present invention. 

15 Descriprion of Related Art 

Very recently, a specific anention has been paid to such a rechnique capable of 

consrituting a rhin-film rransistor (TFT), while employing a semiconductor rhin film 

(t':hickness rhereofbeing several nm to several hundreds nm) which is formed on a subsrrare 

having an insulating surface. Thin-film transistors are widely urilized in various elecrronic 

20 devices such as ICs and electrooprical apparatus. In particular, there are srrong demands 

to rapidly develop rhese rhin-film transistors as switching elements of image display 

apparatus. 

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

Since high precision images can be obtained, large numbers nf acrive matrix type liquid 



crystal display devices are usually employed, as compared with passive type liquid crystal 

display devices. In an active matrix rype liquid crystal display dcvicc, since pixel clcctrodcs 

arranged in a matrix form arc driven, a display pattern is formed on a display screcn. More 

specifically, since a voltage is applied between a selected pixel electrode and a counter 

5 electrode corresponding to this selected pixel electrode, liquid crystal layers arranged 

between the selected pixel eiectrode and the counter electrode are optically modulated, so 

that this optical modulation may be recognized as a display pattern by a viewer. 

While such active matrix rype liquid crystal display devices are widely used in various 

fields, strong demands are requested for enlarging display screen sizes, and for realizing high 

10 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 

15 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 

20 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 

25 line before being plated is formed by using the same material as that of a gate electrode, a 
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surface of this wiring line may be preferably processeJ by a plating process uperation sn as 

to form the source ~iring line. As a material film which is processed by a plating pmcess 

operation, it is preferable to ernplov such a material film having a lower resistance value 

than that of the gate electrode. As a result, the source wiring line of the pixel portion may 

5 become such a wiring line having a low resistance value, because of the plating process 

operation. 

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 

10 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 (or 

resistivity) than that of the gate electrode, while surrounding the wiring line made of the 

15 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 

20 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 containing Cu, 

Al, Au, Ag, or an alloy of these elements. 

Also, a semiconductor device, according to another aspect of the present invention, 

25 is featured by such a semiconductor device equipped with a TFT containing a 

semiconductor layer fonncd on an insulating surface, an insulating tllm formed on the 

semiconductor layer, and a gate electrode formed on the insulating film, comprising: 
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a pixel portion equipped with a first n-channel type TFT having a source wiring !inc: 

which is processed by a plating process operation; 

a drive circuit equipped with a circuit constructed of ho th a second n-channel type 

TFT and a p-channel type TFT; and 

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

In dw 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 

10 portion and the source wiring line of the pixel portion are separately, or simultaneously 

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 material as 

that of the gate electrode. Also, the plating-processed source line is formed by way of a 

printing process operation, and further, corresponds to such a wiring line having a lower 

15 resistance value than that of the gate electrode. 

Also, in the above-explained semiconductor device strucrure, a CM OS 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 

20 electrode, while a width of the channel forming region is identical to a width of the gate 

electrode. Alternatively, in the above-described semiconductor device structure, the first 

n-ch<J.nnel type TFT has a gate electrode having a taper portion, a channel fom1ing 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 

25 preferably made of a triple gate structure having three channel-forming regions. 

Also, in the above-explained semiconductor device structure, then-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 wirh rhe gate elecrrode, and an impuriry rc.gion which is panially 

overlapped wirh rh~ gare ekcrrode. 

Also, in rhe above-explained semiconductor device strucwre, impurity concentrarion 

in an impurity region of then-channel type TFT is detlned within ar least a range of l x 10 1
; 

5 to 1 x 10 18/cm3
, and a region having a concentration gradient is contained. A distance from 

the channel fom1ing region is increased, and also, impurity concentrarion is increased. 

Furthermore, in order to obrain the above-described semiconductor device structures, 

a semiconductor device manufacturing method, according to another aspect of the present 

invention, is featured by such a merhod for manufacruring a semiconductor device provided 

10 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 fom1ing a first gate electrode, a source wiring line of the pixel portion, and 

15 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 so as to form a taper portion; 

20 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 w form a p type 

25 impurity region; 

a step for performing a plating process operation with respect to hmh a surface uf rhe 

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

the pixd portion a~d 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. 

5 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; 

10 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 inrn the 

semiconductor layer, while the first gate electrode is used as a mask, ~o as to form an n type 

15 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; 

20 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 region; 

a step for executing a plating process operation with respect to a surface of the source 

wiring line of the pixel portion; 

25 a step for performing a plating process operation with respect to a surface uf 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 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. 

In the above-described semiconducror device structure, both the above-described 

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

5nch a material film mainly containing Cu, Al, Au, Ag, or an alloy of these elements. 

Also, in the above-explained semiconducror device structure, at the plating process 

operation step, the source wiring lines of the pixel portion are connected to each other hy 

using a wiring line so as to become the same potential. This connected wiring line for the 

10 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 TFT of the 

15 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 TFTs with each other (will be referred to as an "EEMOS" 

20 circuit hereinafter), whereas as indicated in Fig. 23B, such an NMOS 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 TFT in a 

distinguishable manner, either such an element (preferably phosphorus) belonging to Group 

25 XV of the periodic table or another element (preferably boron) belonging to Group Xlll of 

the periodic table may be properlv added to a semiconducror which constitutes a channel 

forn1ing regior1. 
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Also, in such a displa,· apparatus whose display area is sm:1ll, in the case that a clrive 

circuit is formed hy such an NMOS circuit made of n-channd type TFTs, consumed power 

thereof is larger than that nt a CMOS circuit. However, the invemive idea of the present 

invention may become particularly effective in the case that a clisplay area of a display 

5 apparatus is a large 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 NM OS circuits (i.e. N-channel thin film transistors) as well as all 

10 thin film transistors in the pixel portion being N-channel thin film tr<msistors. It 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 

15 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 

20 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 

25 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 mareri:1l 
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film having the low resisrancc (resistivity) value contains Cu, Al, Au, Ag, or ;m alloy of 

these elements. 

Also, a semiconJuctor ckvice, according to another aspect of the present invention, 

is featureJ by such a semiconJucror device equipped with a TFT containing a 

5 semiconductor layer formeJ 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 wirin.~ line 

which is processed by a plating process operation; 

a drive circuit equippeJ with a circuit constructed of both a second n-channel type 

10 TFT and a third n-channcl 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. 

15 Also, in each of the above-explained semiconductor device structures, both the 

terminal portion and the source wiring line of the pixel portion are separately, 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. 

20 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 that of the gate electrode 

may be formed in such a manner thac after a film has been formed by employing the 

25 spurtering method, this sputtered film is patterned. Alternatively, this wiring line may be 

formed by way of the printing method. When the wiring line is formcJ by executing the 

printing method, a total number of masks may be reduccJ. 
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Also, in each of the semiconductor device structures, either an EEMOS circuit or an 

EDMOS circuit is formed by employing the second n-channcl type TFT and the third n­

channel type TFT. 

Also, in each of the above-described semiconductor device structures, the first n-

5 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 width 

of the gate electrode. 

Also, in the above-described semiconductor device structure, the first n-channel type 

TFT owns a gate electrode having. -a raper portion, a channel forming region w!1ich is 

10 overlapped with the gate electrode, and an impurity region which is partially overlapped 

with the gate electrode. 

Also, in each of above-explained semiconductor device structures, then-channel type 

TFT of the drive circuit includes a gate electrode having a raper portion, a channel forming 

region which is overlapped with the gate electrode, and an impurity region which is partially 

15 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 then-channel type TFT is defined within at least a range of 1 x 10" 

to 1 x 1018 /cm3
, and a region having a concentration gradient is contained. A distance from 

20 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 disclosed in the specification of 

the present invention: the semiconductor device equipped with a TFT containing a 

25 semiconductor layer formed on an insulating surface, an insulating film formed on the 

semiconductor layer, and a gate electrode formed on the insulating tllm, comprising: 

a terminal portion, at least the partial surface of which is covered hy a materi<1l tilm 
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having a lower resisr:rnce value than that of the gate electrode, while surrounding the 

electrode made of tl1e same material as that of the gate electrode. This material film having 

the low resistance value is lower than that of the material ,,f the gate electrode. 

A semiconductor device having another strucrnre is ,Jisclosed in the specification of 

5 the present invention: the semiconductor device equipped with a TIT 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 

having a lower resistance value (or a resistivity) than that of the gate electrode, while 

10 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 

15 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 

20 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; 

25 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 adC:ing an impurity element capable of applying an n-type into the 
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semiconductor layer, while the first gate electrode is used as a mask.'" as to form an n t\'r•e 

first in1purity rcgit)i1; 

a step for etching the first gate electrode so as to form a t;iper pnrtion; 

a step for adding an impurity element capable of applying ;inn-type through the raper 

5 portion of the first gate electrode into the semiconductor layer so as to form an n type 

second impurity region; 

a step for performing a plating process operation with respecr to both a surface of rhe 

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

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

10 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 

15 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 

20 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 so as to form a taper portion; 

25 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 fom1 an n type 

second impurity region; 
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a step for executing a pl;)ting process opcrati<)O \Vith rc~pcct tn ~1 :-;urfacc of the source 

wiring line of the pixel pmtion; 

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

terminal portion; 

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

the pixel portion and the terminal portion; and 

a step for forn1ing botl1 a gate \viring line and a source \viri11g li11e of the drive circuit 

on the second insulating film. 

Also, in each of the above-explained semiconductor device manufacturing method, 

10 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 manufacturing 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 

15 line for the equi-potential purpose may be cut out by laser light (C02-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-

20 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 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 

25 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 maP,rial film having a lower resistance value than that 
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of the gate electrode, while surrounding rhe wiring line made of rhe s::nne material :b rhar 

•if the aare electrocfc-
' b • 

a drive circuit equipped with a circuit consrruct..:d of bmh a second p-channcl type 

TFT and a third p-channcl type TFT; and 

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

resistance value than rbar of the gate electrode, while surrnunding 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 invemion, 

rs featured by such a semiconductor devic.e equipped with a TFT rnntainin~ a 

10 semiconductor layer fanned on an insulating surface, an insulating film iormed on d1e 

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 

15 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 circuit is constituted by employing both the second p-

channel type TFT and the third p-channel type TFT. 

20 Also, the present invention is not specifically limited to the structures ofTFTs, bur an 

inverse stagger type TFT structure may be employed. Also, as an activation layer of a TFT, 

not only a semiconductor 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 

25 comprising: a source wiring line which is plating-processed by employing a material having 

a low resistance value (typically known as Cu, Ag, Au, Cr, Fe, Ni, Pt, m alloy ot" these 

elements); a TFT of an inverse stagger ryp·2 pixel portion: a storage capacimr; ancl a 
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terminal ponion. It should be noted that since only the shape of the pixel portion is 

increased when the display screen size is enlarged, there is no need to plate the metal tllm 

on any portions other than the pixel portion. In other words, the metal film may be plating­

processed only on the source wiring line of the pixel portion. 

5 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 fom1ed on a 

substrate. A plating-process electrode 4805 corresponding to an electrode for performing 

a plating process operation is mounted on this wiring pattern. &)th a terminal portion 4808 

connected to a drive circuit provided on the gate wiring line side, and also another terminal 

10 4809 connected to a drive circuit provided on the source wiring line side are fom1ed 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 

15 is connected to the drive circuit provided on the source wiring line side. Note, reference 

numeral 480 l indicates a gate wiring line; 4804, a glass substrate; 4806 and 4807, substrate 

cur-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 

20 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 film 

transistors which constitute a driver circuit and all the thin film transistors provided at a 

pixel portion are made of p-channel thin film transistors. Source lines of the pixel portion 

25 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. 
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Furthcrn1orc, in ;Jccorliancc \Vitl1 <111otl1er aspect {)f the present invention, ~111 

the thin film transistors which constitute a driver circuit ;rnd all the thin film transistors 

provided at a pixel portion are made of n-channcl thin film uansistms. Source lines of the 

pixel portion may be formed of the same layer as the gate electrode of the p-channel thin 

5 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 thin film transistors. 

BRIEF DESCRIPTION OF THE ORA WINGS 

Figs. lA-10 are diagrams for representing a manutacturing step of an AJ\·1-LCD 

according to an embodiment of the present invention; 

10 Figs. ZA-20 are diagrams for showing a manufacturing step ofthe 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 pi.xel of the AM-LCD; 

15 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 liquid 

crystal display device according to an embodiment of the present invention; 

Figs. 7 A-7B are diagrams for showing a terminal portion of the active matrix type 

liquid crystal display device; 

20 Figs. SA-SC 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; 

25 Figs. l lA-11 Bare diagrams for showing a sectional vie\" 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 cr\·stal 

module; 

Figs. 13A-13C are diagrams for showing a terminal portion of the liquid cr\·sral 

5 module; 

Fig. 14 is a diagram for illustratively showing an example ofo_ horrom gate type 

TFT; 

Fig. 15 is a diagram for indicating a sectional view of a pixel portion in accordance 

with the present invention; 

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

Fig. 17 is a diagram for showing an upper view of a pixel of the bottom gate type 

TFT; 

Figs. 18A-18D are diagrams for representing a manufacturing step of an AM-LCD 

according to another embodiment of the present invention; 

15 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; 

20 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. 24A-24B are diagrams for indicating a structure of a shift register according to 

another embodiment of the present invention; 

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

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

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

according to another embodiment of the present invention; 

Figs. 28A-28C are diagrams for indicating a manufacrnrin.g step of a transmission rvpe 

semiconductor device in which a source wiring line is plated by employing "Cu", accmding 

5 to an embodiment of the present invention; 

Figs. 29A-29C are diagrams for indicating a manufacturing step of a transmission tvpe 

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 transmi"ion 

10 type semiconductor device in which the source wiring line is plated by employing "Cu", 

according to the embodiment of the present invention; 

Figs. 3 lA-3 lB 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; 

15 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 

20 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 employing "Cu", 

according to the embodiment of the present invention; 

25 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. 3 7 A; 3 7C are diagran1s for indicating a n1anufacturin.~ ~rep of a rra11sn1ission C\J:'lt' 

semiconductor dev!ce manufactured by a channel stop mode, according to an elllhodilllcm 

of the present invention; 

Figs. 38A-38C are diagrams for showing a manufacturing step of the transmission type 

5 semiconductor device manufactured by the channel stop mode, according to the 

embodiment of the present invention; and 

10 

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 DESCRJPT!ON OF THE PREFERRED EMBODIMENTS 

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

detail. 

[Embodiment mode l] 

First, after an underlayer insulating film has been manufactured on a substrate, a 

15 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 stack layer manner. These stack layer films are 

20 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, after 

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 m;mufocrnred in the second 

photolithography step is kept under present condition, an impurity clement (phosphmus 

etc.) capable of applying an "n" type is added to the semiconductor so that an "n" type 

5 impurity region (high concentration) is fom1ed 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 (first 

width) having a taper portion, and also a second conductive layer (second width) are 

10 manufactured. It should be noted that the first width is made wider d1an 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 capable of applying 

15 the "n" type is added through the taper portion of the first conductive layer into the 

semiconductor layer. In this case, while a channel fom1ing region is fom1ed below the 

second conductive layer, an impurity region (low concentration) is fom1ed 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. 

20 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 perfom1ing 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. As indicated in Figs. l lA-

25 l l B, when the taper portion is not selectively removed, this taper portion is fom1ed as a 

triple gate construction in order that an OFF-current may he preferably reduced. 

Next, while a mask is formed so as to cover such a region that an n-channel type TFT 

20 



is formed by way of a third photolithography step, a third doping process operation is carried 

out. In this third doping process operation, an impurity clement (boron) capable of ape' kin.~ 

a "p" type is added to the semiconductor so as to form a "p" type impurity region (high 

concentration). 

5 Subsequently, after the impurity elements added to the respective semiconductor 

layers are activated, a plating process operation (electrolytic plating method) is carried out 

so 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 

10 metal ions which will be fom1ed by the plating method, and thus, a metal film is frmned 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 metal 

materials. Since an electric resistance value of copper is very low, this copper is an optimum 

15 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 perfom1ing a plating method 

20 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, the fomrntion of an interlayer insulating film is carried out, and also the 

formation of a transparent conductive film is carried out. Next, the transparent conductive 

25 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. ln 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. 

Next, a conductive film is made of a metal material having a low resistance value. An 

electrode which connects the gate wiring line, the source wiring line, and the impurity 

5 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 photolithography step. In the 

present invention, the gate wiring line is elecaically connected via the comact hole formed 

in the interlayer insulating film to either the first gate electrode or the second gate 

electrode. Also, the source electrode is electrically connected via the contact hole formed 

10 in the interlayer insulating film to the impurity region (source region). Also, an electrode 

which is connected to a pixel electrode is elecaically 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 plwtolithography steps six times in total, 

15 namely by employing six sheets of masks. The pixe_l 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 type 

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 

20 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. 

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 manufacrnred at the 

25 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, 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 he fom1ed, the impurity elemcnrs added rn the 

respective semiconJuctor layers may be activated, and furthermore, l>nth the source ,,·iring 

line of the pixel portion and the electrode of the terminal portion may he rnanufacrnred on 

this insulating film at the same time by executing a phornlithography step, while these 

5 source wiring line and the electrode of the terminal portion arc made of such a metal 

material (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 tem1inal portion, which have been manufactured in the above­

described manner, are processed by a plating process operation. Also, in order to reduce a 

10 total number of masks, the source wiring line of the pixel portion may he formed by way of 

a printing method. 

[Embodiment mode 2] 

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 

15 phorolithography 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 perfom1ing a first etching process 

20 operation, so that a gate electrode made of both a first conducti_ve 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 nored 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. 

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

photolithography step is kept under present condition, an impurity element (phosphorus 
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etc.) capable of applying an "n" type is added to the semiconducmr, and then, an "n" type 

impurity region (high concentration) is formed in a self-alignment manner. 

Next, while a resist mask which has been manufacrnred by way of the second 

phorolithography step is kept under present condition, a second etching process operation 

5 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 width) 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 (iirst gate electrode) of an n-channel type TFT. 

IO Subsequently, after the resist mask has been removed, while the above-described 

second conductive layer is 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 

15 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) fom1ed in the pixel portion. Only the taper portion of the 

gate electrode of the pixel portion may be removed by perfom1ing a dry etching process 

20 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. As indicated in, Figs. 1 lA-

11 B, 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 

25 layers are activated, a plating process operation (electrolytic plating method) is carried out 

so 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 tem1inal portion. A platm~ method corresponds 
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to such a methoJ by which a DC current is supplieJ through a water solution conraining 

metal ions which will be formed by the plating method, and thus, a metal film is formed on 

a cathode surface. As a mcul to he plated, any materials havm~ resistance values IPwer 

than the resisrnnce value ,,f the above-described gate electrode may be employed, for 

5 instance, copper, silver, gold, chromium, iron, nickel, platinum, or alloys of these metal 

materials. Since an electric resistance value ofcnpper is very low, this copper is an optimum 

metal material as a metal tllm 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 pf 

10 this pixel portion is increaseJ, 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, such a metal film formeJ on a surface is also referred to as 

a source wiring line. 

15 Subsequently, fom1ing of an interlayer insulating film is carried out, 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 

20 electrode, and another contact 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 line, the source wiring line, anJ the impurity 

region to each other, and another electrode which connects the pixel electrode and the 

25 impurity region to each other are formed by way of a fifth phowlithography step. In the 

present invention, the gate wiring line is electrically connected via the contact hole formed 

in the interlayer insulating film to either the tlrst gate electrode nr the second gJte 
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electrode. Also, the source electrode is electrically connected vi:i the cont:ict hole formed 

in the interlayer ins-ulating film w 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). 

5 As previously explained, the element substrate provided with 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 

10 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 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 fom1ed by employing 4 sheers of masks. 

15 Also, in such a case that an ED MOS 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 fom1ed, 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 

20 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 electrode is formed, both the source wiring 

line of the pixel portion and the electrode of the terminal portion are manufactured at the 

25 same time. Alternatively, these gate electrode, source wiring line of the pixel portion and 

electrode of the terminal portion may be separately manufactured. !'or instance, after the 

iP1purity element has been added to the respective semiconducrnr layers, the insulatin!.! film 
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capable of protecting the gare electrode may be formed, the impurity clements added to the 

respective semiconJuctor layers may be activated, and furthermore, both the source wiring 

line of the pixel portion and the electrode of the terminal portion may he manufactured on 

this insulating film at the same rime by executing a phomlithography step, while these 

5 source wiring line and the electrode of th~ terminal portion are made of such a metal 

material (material main!1' :~mtains 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 ahove­

described manner, are processed by a plating process operation. Also, in order ro reduce a 

10 total number of masks, the source wiring line of the pixel portion may be formed by way <li 

a priming 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. 

15 [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. 

20 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 line. TI1is 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 metal film can be plated only the 

source wiring line by mounting the electrode on the substrate. 

25 It should be understood in this specification that an expression "meral film" indicates 

Cu, Ag, AL,, Cr, Fe, Ni, Pt, or an alloy of these metal clements. 
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Each of the ahovc-clcscrihcd manufacturing methods arc featured by that the smtrce 

wiring lines of the -pixel portion arc connected to each other by wiring lines in order ro 

become the same potentials in the a hove-described plating step:;. Al:;o, the wiring line:; used 

to connect the source wiring lines so as to become the same potential may he cut out by 

5 using laser light (C02 - laser etc.) after the plating process operation is carried out, or may 

be cut out at the san"' 'imc with respect to the substrate after the plating process operation 

is performed. Also, a short-circuit 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 seumd amorphous semiconductor film arc formed on the 

10 insulating film in a stacked layer manner. The second amorphous semiconductor tllm 

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 fanned, while having desirable shapes. 

15 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. 

20 Subsequently, after the resist mask of the third photolithography step has been 

removed, a first interlayer insulating film is formed in such a manner that 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 

25 film. The second interlayer insulating film is made of an organic insulating material 

constructed of acrylic resin. Thereafter, a resist mask is formed by pcrforn1ing a fourth 

phorolithography step, a:o.d then, a comae[ hole is formed by executing a dry etching process 
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srep. In this case, a comacr hole which is reached m rhe secllnd amnrphlluS semicllnclucwr 

film having one Cllnducrive type (either n-rype or p-rypc) impurir,· demem of the _gate 

electrode is formed; another contact hole which is reached [tl the second amtlrphom 

semiconductor film containing one conductive type (eirher n-n-pe or p-type) impurity 

5 element of rhe holding capacitor is formed; and also another contacr hok which is reached 

to the source wiring line is formed. Ar the same time, an unnecessary first interlayer 

insulating film and an unnecessary second interlayer insularing film ,,fa terminal ponion are 

etched, so that a terminal ponion is fom1ed. 

Next, a second amorphous semiconducror film (drain region) containing one 

10 conductive type (either n-type or p-type) impurity elemem, and a transparent pixel 

electrode used to electrically connect the holding capaciwr are formed by way of a fifi:h 

photolithography step. 

Subsequently, a metal wiring line made of a metal material having a low resisrance 

value is formed. A gate electrode, an electrode, and a metal wiring line electrically 

15 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-rype) impurity element to the source wiring line. 

In accordance wirh the present invention, the gate wiring line is electrically connected 

through the contact hole fom1ed in the insulating film to either a first gare electrode or a 

20 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 connected through 

the contact hole formed in the interlayer insulating tllm ro the second amorphous 

25 semiconductor film (drain region) containing one conductivity rype (either n-type or p-rype) 

impurity element. 

As previously described, the ::ransmission type semiconducrm display device can he 
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manufacrured hy execuring rhe phorolirhography sreps six rimes in E()[al. This 

semiconductor display device is consritured hy rhe source wiring line which is plated hy rhe 

metal film, rhe im·erse-sragger rype pixel portion, rhe holding car1aciwr, and rhe rermin;1I 

portion. 

5 [Embodimem mode 4 J 

A reflection type semiconductor device in which the present invemion is embodied 

will now be explained. 

A reflection type semiconductor device may be manufactured hv executing the same 

manufacturing steps up to the fourth photolithography step used to the rransmission type 

10 semiconductor device of the emhodimem mode 3. Since a fifth phorolithography step is 

carried out, a gate wiring line, an electrode used to connect a source wiring line to a second 

amorphous semiconductor film (source region), a pixel electrode, and a metal wiring line 

are manufactured. The second amorphous semiconductor film comains one conductivity 

type (either n-type or p-type) impurity element. The metal wiring line is electrically 

15 connected to a terminal portion. It should also be noted that as a material of this metal 

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. 

20 

In the above-described case, since the pixel electrode is formed hy employing a similar 

elemem to that of the metal wiring line, the pixel electrode may be formed at the same time 

while the fifth photolithography step is carried our. 

As previously described, the reflection type semiconductor display device can be 

manufactured by executing the photolithography steps five times in total. This 

semiconductor display device is constituted by the source wiring line which is plated hy rhe 

25 metal film, the inverse-stagger type pixel portion, the holding capacitor, and the terminal 

portion. 
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The semiconJuctor Jevices with employment of the ahovc-cxplaincJ structures will 

now be Jescribed n~on~ in detail with reference to the below-mentioned embodiments. 

[Embodiment l] 

In this embodiment, a method of simultaneously manufacturing a pixel portion (n-

5 channel TFT) and TFTs (n-channel TFT and p-channel TFT), which is providing a CM OS 

circuit of a drive circuit provided on the periphery of the pixel portion, on the same 

substrate will be described with reference to Figs. IA to 10. 

In this embodiment, a substrate 100 is used, which is made of barium borosilicate .<.:lass 

such as #7059 glass and # 1737 glass produced by Coming Corp. or aluminoborosilicate 

10 glass. As the substrate 100, any substrate can be used as long as it has transparenn. 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 

15 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 10 I, a silicon oxide 

nitride film !Ola is formed to a thickness of 10 to 200 nm (preferably, 50 to 100 nm) by 

plasma CVD, using SiH4, NH3, and N20 as reactive gas. In this embodiment, a silicon oxide 

20 nitride film !Ola (composition ratio: Si= 32%, 0 = 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 IO lb is formed to a thickness of 50 to 200 nm (preferably, 100 to 

150 nm) by plasma CVD, using SiH4 and N20 as reactive gas. In this embodiment, a silicon 

oxide nitride film (composition ratio: Si= 32%, 0 = 59%, N = 7%, and H = 2%) having 

25 a thickness of 100 nm is formed. 

Then, semiconductor layers 102 to !OS are formed on the underlying film. The 
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semiconductor layers 102 to 105 arc formed h, forming a semiconductor film ha,·in~ ;m 

amorphous structure by a known method (spuucring, LPCVD, plasma CVD, or rhc like}, 

conducting a known crystalli:ation precessing (laser crystallization, thermal crystalli:a ti< •n, 

or thermal crystallization using a catalyst such as nickel) to obtain a cryst;11linc 

S semiconductor film, and patterning the film into a desired shape. The semiconductor Jaycrs 

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. Hmvc,·er, 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 solutit1n 

10 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 thern1al 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 photolithography to form the semiconductor layers 102 

15 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 YV04 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 to 

20 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 densiry is set to be 100 to 400 mJ/cm2 (rypically 200 to 300 

mJ/cm2
). In the case of using a pulse oscillation Y AG laser, the second harmonic thereof 

may be used, a pulse oscillation frequency may be set to be l to 10 kHz, and a laser energy 

25 densiry may be set to be 300 to 600 mJ/cm2 (typically, 350 to 500 mJ/cm2
). Laser li.ght 

condensed in a line shape with a width of 100 to 1000 µ.m (e.g., 400 µ.m) mav he radi;ued 

over the entire surface of a substrate, and a line-sl,aped laser light overlap ratio at this rime 
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may be set to be 80 to 98%. 

Then, a gate ir~sulating film 106 is formed so as to cover the semiconductor layers 102 

to 105. The gate insulating film 106 is formed of an insulatin~ film comaining silicon S<l as 

to have a thickness of 40 to 150 nm by plasma CVD or sputtering. In this embodiment, a 

5 silicon oxide nitride film (composition ratio: Si = 32%, 0 = 59%, N = 7%, and H = 2%) 

is formed to a thickness of 115 nm by plasma CVD. Needless to say, the gate insulating tllm 

is not limited to a silicon oxide nitride film, and may have a single layer or multi-la1·ercd 

structure of insulating films containing another silicon. 

Then, as shown in Fig. IA, a first conductive film 107a (thickness: 20 to 100 nm) and 

·. 10 a second conductive film 107b (thickness: 100 to 400 nm) are laminated on the gate 

insulating film 106. In this embodiment, the first conductive film 107a made of a Ta1'i film 

having a thickness of 30 nm and the second conductive film 107b made of a W film having 

a thickness of 3 70 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 

15 using W as a target. The W film can also be formed by thermal CVD using tungsten 

hexafluoride (WF6). 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 µDem 

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 impuriry elements such as oxygen in the 

20 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-puriry W (puriry: 

99.9999% or 99.99%) as a target so that no impuriry may be allowed to enter in the \Y/ film 

from a vapor phase during the film formation, whereby a resistance ratio of 9 to 20 µOcm 

can be achieved. 

25 In this embodiment, the first conductive film 107a is made of TaN, and the second 

conductive film 107b is made ofW. However, the present invention is not limited thereto. 

Both the films may be formed of an clement selected irom T1, \Y/, Ti, Mo, Al, Cu, Cr, and 
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Nd, or an alloy n1aterial conr;1inin.~ the clcn1ent as its n1ain con1poncnt or a con1pou11d 

material. A semiconductor film such as a polycrystalline silicon film doped wi[h an impurity 

clement such ;is phosphorus may also be used. Furthermore, [he flillowin.g crnnbina[ion 

may be used: the first conductive film made uf a tantalum (Ta) film and the sernncl 

5 conductive film made of a \Y/ film; [he 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 

conductive film made of tantalum nitride (TaN) film and the second conductive film made 

·· of a Cu film. 

IO Then, masks l08a to l l 2a made of a resist are formed by phmolithography, 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 CF4, Cl,, and 0 2 as etching gas (flow 

15 rate: 25/25/10 (seem)) with an RF power (13.56 MHZ) of 500 W supplied to a coil-shaped 

electrode at a pressure of 1 Pa. As the etching gas, chlorine type gas such as Cl2, BCl3 , SiCl4 , 

and CC14 or fluorine gas such as CF4 , SF6, and NF3, or 0 2 can be appropriately used. Herein, 

a dry etching apparatus (Model E6'1-5- ICP) using ICP produced by Matsushita electric 

Industrial Co., Ltd. is used. An RF power ( 13 .56 MHZ) of 150 \YJ is also appli_ed to the 

20 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 first etching condition, an etching rate with respect 

to W is 200.39 nm/min., an etching rate with respect to TaN is 80.3 2 nm/min., and a 

selection ratio ofW with respect ro TaN is about 2.5. Furthermore, under the first etching 

25 condition, a taper angle ofW becomes about 26°. 

Thereafter, without removing the masks 108a to l 12a made of a resist, etching is 

conducted for about 30 seconds under the second etching ctmdirion, in which plasma is 
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generated by using CF, and Cl2 as etching gas (flow rate ratio: 30/30 (seem)) with an RF 

power (13.56 MHZ) of500 W supplied to a coil-shaped electrode at a pressure of l Pa. An 

RF power (13.56 MHZ) of20 Wis also applied m the substrate side (sample srage), "hcrdw 

a substantially negative self-bias voltage is applied thereto. Under the second etching 

5 condition using a mixture of CF, and Cl2 as etching gas, the \YJ film and the TaN film an: 

etched to the same degree. Under the second etching condition, an etci1;ng rate with 

respect to Wis 58.97 nm/min., and an etching 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 IO to 20%. 

10 According to the first etching processing, by appropriately prescribing the shar'c ,,fa 

resist mask, the end portions of the first conductive layer and the second conductive !aver 

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 conductive layers l 13a to l l 7a and second 

15 conductive layers 113b to l l 7b) of a first shape composed of first conductive layers and 

second conductive layers are formed by the first etching processing (Fig. l B). 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 

106 to be a gate insulating film, not covered with the conductive layers 113 to 117 of a first 

20 shape, are etched by about IO 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. l C). 

The doping processing may be conducted by ion doping or ion implantation. Ion doping is 

conducted under the conditions of a dose amount of l x I0 13 w 5 x 10 15 /cm2 and an 

25 acceleration voltage of 60 to IOO keV. In this embodiment, doping is conducted at a dose 

amount of 1.5 x 10 15/cm2 and an acceleration voltage of SO keV. As the impurity element 

providing an n-type, an element belonging to Group XV, typically, phosphorus (P) or 
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arsenic (As) is useJ. Herein, phosphorus (P) is useJ. In rhis c:1se, rhe cnnducrive l:wers I 13 

to 116 funcrion as masks wirh respecr rn rhe impurity element providing an n-rvpe, whereby 

high-concenrrnrion impuriry regions 118 rn 121 are formed in a selt~alignmenr manner. r\n 

impurity elemenr impaning an n-type is aJJed rn the high-concentration impurity re,gions 

5 118 to 121 in a concenm:rion of 1 x 1020 to 1x1021/cm3
. 

T!o~:1, without removing the resist masks, seconJ etching processing is conducted. 

Herein, etching is conJucted for 25 seconds by using SF6, Cl 2, and 0 2 as etching gas (flow 

rate ratio: 24/12/24 (seem)) 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 RF ~'ower 

10 (13.56 MHZ) of 10 W is also applied to the substrate siJe (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 22 7.3 nm/min., an etching rate with respect to T aN is 

32.l nm/min., and a selection ratio ofW with respect to TaN is 7.1. An etching rate with 

,respect to Si ON that is the insulating film 106 is 33. 7 nm/min. In the case of using SF6 as 

15 . 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 conductive 

layers 122b to 126b are formed. On the other hand, the first conductive layers are hardly 

20 etched ro form first conductive layers 122a to 126a. In addition, the masks from resist 108a 

to l l 2a are changed its shape into masks from resist 108b to 11 Zh by the second etching 

processing (Fig. l D). Although not shown, actually, the width of the first conductive layers 

is narrowed by about 0.15 µm (i.e., about 0.3 µmover the total line width) compared with 

the state before the second etching processing. Funhermore, the width of the second 

25 conductive layer in the channel length direction corresponds to the second width shown 

in Embodiment modes. 

The electrode formed by the first conductive layer 122a and the second conducnve 
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layer 122b becomes the n-channcl TFT type gate electrode of the CMOS circuit formed in 

the following steps.-The electrode formed by the first conductive la\'er l 25a ;md the second 

conductive layer l 25b becomes ;rn electrode of the holding capacitor formed in the 

following steps. 

5 Ir is also possible to use CF4, Cl2, and 0 2 as the etching gas in the second etching 

proc~,;,;ing. In this case, etching may be conducted by generating plasma under a flow rare 

ratio of 25/25/10 (seem) 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 Wis also applied to the 

substrate side (sample stage), whereby a substantially negative self bias voltage is applied 

10 thereto. In the case of using CF4, Cl2, and 0 2 , an etching rare with respect to Wis 124.62 

nm/min., an etching rate with respect to TaN is 20.67 nm/min., and a selection ratio of\'{1 

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 shape, are etched by about 50 nm to be thin. 

15 Then, after removing the resist masks, second doping processing is conducted to 

obtain a state shown in Fig. 2A. 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 

20 conducted under the doping conditions of a dose amount of 1.5 x 10"/cm2
, an acceleration 

voltage of 90 keV, an ion current density of 0.5 µA/cm 2
, phosphine (PH3) 5% hydrogen 

dilute gas, and a flow rate of 30 seem. 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 I27 to 136 is 1 x IO" w 1 x l0 19/cm2
, and the low-concentration impurity regions 

127 w 136 have a concentration gradient in accordance with the thickness of the taper 

ponions of rhe first conductive layers. 1 n the semiconductor layer overlapped with the taper 
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portion of che firsc conduccive layer, an impurity concenuacion (P concentration) Jecrcbes 

gradually from che end of the taper porcion of the firsc conductive layer inwardly. More 

specifically, in che second doping processing, a concentr;nion discrihurion is forme,!. 

Furthermore, an impurity element is also added rn che high-concentracion impuricy regintb 

5 118 co 121 rn fom1 high-concentracion impurity regions 137 co 145. 

In chis embodiment, che width (in the channel length direction) of the caper ponion 

is preferably at least 0.5 µm or more up to a range of 1.5 µm to 2 µm. Therefore, although 

influenced by a thickness, the width in the channel length direction of the 

low-concentracion impuricy region having a concentration gradient is not henmd a range 

10 of 1.5 µm w 2 µm, eicher. Herein, alchough the high-concentracion impurity regions and 

che low-concentration impurity regions are shown separacely. Accually, there is no clear 

border therebetween and regions having a concentration gradient are formed. Similarly, 

there is no clear border becween che channel forming regions and the low-concentracion 

impurity regions. 

15 Then, the region other .chan che pixel portion 94 are covered by the mask 146 and 

third etching processing is conducted. The metal plate, the glass plate, che ceramic place 

and the ceramic glass plate can be used co the mask 146. The upper view of the mask 146 

is shown in Fig. 16. In the third ecching processing, taper portions of the firsc conduccive 

layers which are noc overlapped with che mask 146 are seleccively conducced dry ecching 

20 to eliminate regions overlapped wich impurity regions of che semiconducwr layers. The 

chird ecching processing is conducced by using an ICP ecching apparacus, using, as ecching 

gas, Cl3 having a high seleccion racio wich respecc co W. In chis embodiment, ecching is 

conducted for 30 seconds by generacing plasma, using Cl3 with a flow race ratio of 80 (seem), 

with an RF power (13.56 MHZ) of 350 W supplied co a coil-shaped eleccrode at a pressure 

25 of 1.2 Pa. An RF power (13.56 MHZ) of 50 Wis also supplied co the subsuace side (sample 

stage), whereby a substantially negative self-bias voltage is applied cherero. In che chird 

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

Next, the semiconductor layers to be active layers of n-channd TFTs arc covered "·ith 

resist masks 14 7 formed by third photolithography. Under this condition, third dopmg 

5 processing is conducted. In the third doping processing, p-type impurity regions 148 to 150 

{high-concentration impurity regions and low-concentration impurity regions) arc formed 

in which an impurity element providing conductivity {p-typc) opposite tn 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 impuritv 

10 element by allowing the impurity element to pass through the taper 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 

15 148 to 150 are formed by ion doping using diborane (B2H6). 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 1020 to 2 x 1021 /cm3 in either region, whereby they function as a source region and a drain 

region of a p-channel TFT. Thus, there is no problem. 

20 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 SF6 as etching 

gas), in order to facilitate doping of boron, etching (reactive ion etching (RIE) using CHF3 

gas) for thinning the insulating film 106may be conducted before the third doping 

processi11g. 

25 Then, as shown in Fig. 20, 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°C to 700°C, typically 500°C to 550°C in a 
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nitrogen atmosphere having an oxygen concentration of 1 ppm m less, preferably 0.1 ppm 

or less. ln this embodiment, activation is conducted by heat treatment at 550°C for four 

hours. Instead of thermal annealing, laser annealing or rapid thermal annealing (RT A) can 

be applied. 

5 Though not shown in the drawing, the impurity elements are diffused through the 

activation treatment to thereby erase the border between then-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 containing phosphorus 

10 of high concentration, whereby a nickel concentration in the semiconductor layer mainly 

to be a channel forming region is reduced. In a TIT 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. 

15 Next, heat treatment is conducted in a hydrogen_ atmosphere to hydrogenate 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 light such 

as excimer laser and Y AG laser is radiated after the above hydrogenation. 

20 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 

port~on. Fig. 7 A 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. 7 A-7B, reference 

numeral 400 indicates a terminal portion, and reference numeral 40 l represents an 

25 electrode which is connected to an external terminal. Also, for the sake of simple 

explanations, Figs. 7 A-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 fluid 

(manufactured by EEJA: "MICROFAB Cu2200"). As indicated in one example of Fig. lO, 

when this plating process operation is carried out, either wiring lines or electrodes, which 

will be plated, are coupled to each other by employing a dummy pattern so as to hecome the 

5 same potentials. When the substrate is cut out in the succeeding step, the adjoining 

electrodes are cut our so as to be separated from each other. Alternatively, 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 pixel is formed. As this first interlayer insulating film 155, an inorganic insulatin.g film 

10 mainly containing silicon may be employed. 

Next, a second interlayer insulating film 156 made of an organic insulating material 

is fom1ed on the first interlayer insulating film 155. In this embodiment, an acrylic resin film 

having a thickness of 1.6 µ,m was fom1ed. 

Next, a pixel electrode 170 made of a transparent conductive film is patterned on the 

15 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 (ln20 3 - ZnO), zinc 

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

Next, while the second insulating film is selectively etched by employing the 

20 photomask, a contact hole which is reached to the respective impurity regions ( 13 7, 138, 

r _) 

148, 149, 151, 153, 150) is formed; another contact hole which is reached to the source 

wiring line 126 of the pixel portion is fom1ed; 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 l 25b is formed. 

Next, electrodes 157 to 160 which are electrically connected to the respective impurity 

regicms (137, 138, 149, 148), and a source wiring line of the drive circuit are formed; 

electrodes 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) 16 l is formed 

which electrically connects the impurity region 151 which constitutes a source re.gion to the 

source wiring line 126 of the pixel portion; a gate wiring line 162 which is ekctrically 

connected to the gate electrode 124 is formed; and also a capacitor wiring line which is 

5 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 l 70 is electrically connected to the 

impurity region 150 of the holding capacitor 207 by another electrode 169 which is made 

10 in contact with and is overlapped with the pixel electrode 14 7. 

Also, in this embodiment, such an example is shown that the electrodes 169 and 163 

are fom1ed after the pixel electrodes have been fom1ed. Alternatively, the contact holes are 

formed and the electrode is formed, and thereafter, the pixel electrode made of the 

transparent conductive film may be fom1ed in such a manner that this pixel electrode is 

15 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 l 25b connected 

to the capacitor wiring line, and also by a semiconductor layer, while an insulating film 106 

20 is used as a dielectric member. 

While the above-described manufacturing method is carried our, both the 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 then-

25 channel TFT and the holding capacitor 207 (see Fig. 3B). It should be noted that such a 

substrate is referred to 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 suhstratc 

manufactured in this embodiment. It should also be noted that the same reference 

numerals shown in Fig. 38 are employed as those for indicating the same, nr similar 

elements in Fig. 4 and Fig. 5. The dotted line A-A' shown in Fig. 38 corresponds ro a 

5 sectional view, taken along a dorted line A-A' in Fig. 4. The dotted line 8-8' shown in Fig. 

3 8 corresponds to a sectional view taken along a dotted line B- o· 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 fom1ed. 

The pixel strucrurc of this embodiment is manufactured in such a manner that while 

10 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 hecome ' 

15 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 manufacruring steps. 

After the active matrix substrate formed under such a condition of Fig. 38 has been 

20 obtained, an orientation film 301 is formed on this active matrix substrate of Fig. 3 B, 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 30 l is fom1ed, 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. 

25 Alternatively, a spacer having a spherical shape may be distribmed on an entire surface 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 colored la\Tr 302 and a light shielding layer 303 are arran~ed 

in correspondence with e;ich of the pixels. A flatting film 304 capahle of covering this color 

filter and the light shielding layer was provided. Next, a counter electrode 305 made of a 

transparent conductive film w;is formed on the fl;itting tllm 304 in the pixel portion, and 

5 another orient;ition film 306 was fr)rmed on ;in entire surface of the counter substrate, and 

then, the resultant substrate was processed by the rubbing lJiucess operation. 

Then, both the active matrix substrate on which the pixel portion and the drive circuit 

are fom1ed, 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 

10 adhered to each other by maintaining an unifom1 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 

15 shape. In this case, the dummy pattern which is provided so as to perfom1 the plating 

process operation is cut out. 

Fig. BA is an upper view of the active matrix liquid crystal display device after being 

cut out and Fig. 88 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 

20 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 porti<_in 403 in Figs. 8A-8C. Also, the 

electrode 401 is electrically connected to wiring lines 157 to 160. In the terminal portion 

40, a portion of the electrode 401 which is processed by the plating process operation is 

25 exposed, and a transparent conductive film 404 is formed. 

Furthermore, a polarization plate 309 and the like were proper!\· provided by using the 

technique known in this field. Then, an FPC is adhered to the exp<N:d portion within the 
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terminal portion by employing the known technique. Fig. SC indicates a sectional view of 

the liquid crystal Jisplay device after the FPC 405 has been adhered tberero. 

Rderring now to an upper view of Fig. 9, a construction of the liquid crystal module 

manufactured in accordance with the above-explained manner will be described. It should 

5 be noted the same reference numerals shown in Fig. 6 will be employed as those fm 

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 3 70 to the counter substrate 300 where the 

color filter is provided. On this active matrix substrate, there are formed the pixel portion, 

10 the drive circuit, an external input terminal 319 used to adhere an FPC (Flexible Printed 

Circuit) 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 

15 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 201 b. Also, in the color filter 302 which is provided on the 

side of the counter substrate on the pixel portion 205, the light shielding layers and the 

colored layers made -of the red (R) color, the green (G) color, and the blue (B}·color are 

20 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 J;reen(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. 

25 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 he formed on this active matrix substrate. 
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Also, the light shie!Jin'-'. layer 303 is provided between the adjoining pixels in the color 

filter so as to shield the li.ght at the place other than the dispbv rc.gion. Altcrnativclv, a 

light shidding layer may alsci he provided at such a region capal'lc nf coverin.g rhe ,[rive 

circuit. Alternatively, since the region capable of covering the drive circuit is covered by 

5 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, rhe light shielding layer may he 

formed on the active matrix substrate. 

Also, an FPC 321 constituted by a base film and a wiring line is adhered to the 

10 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, m this example, all of the drive circuits are formed on the substrate. 

Alternatively, several pieces of !Cs may be employed in a portion of the drive circuits. 

15 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 

20 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 fra.Il!_e is filled with 

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

[Embodiment 2] 

25 The present invention is featured by that a source wirin.g 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 an will now he explained with 

reference ro Fig. l 0. l t should he understood that in Fig. I 0, only three pieces of source 

wiring lines 9 l of the pixel porrion, :md only three pieces of gate wiring liens 92 are 

displayed for the sake of simplicity. Also, the source wiring lines 9 l of the pixel portion arc 

5 made of band shapes which are located in parallel to each other, and an interval anllmg 

these source wiring lines 9 l is equal to a pixel pitch. 

It should also.be noted that Fig. IO 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 circuit ~5. It should also be noted that an 

10 expression "drive circuit" implies such a general tem1 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) 93c, a D/A converter 93d, and a buffer 93e. Also, the gate-sided drive circuit 

95 is provided with a shift register 95a, a level shifter 95b, and a buffer 95c. Also, a level 

15 shifter circuit may be provided between the latch (B) 93c and the D/A converter 93d, if 

necessary. 

Also, in this embodiment, as represented in Fig. 10, a contact 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 

20 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 th_?_t: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 

25 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 pattern in such 
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a manner rhat all of these source lines hecome rhe same pmemi;d, and an electrode 96 for 

performing a plating pnxess opermion is provided. Also, rhe terrnin;1I portion are sirnibrly 

connected to each mher lw employing a wiring line panern, an,! an electrode t(1r executing 

a plating process operation is provided. In Fig. 10, the elecrmdes used w perform the 

' 5 plating process operation are separately provided. Alternatively, while the sc1urce wiring 

lines are connected by the wiring patte1u, the connected source wiring lines may be 

processed by the plating process operation by a single electrode within one rime. Also, a 

dotted line shown in Fig. 10 constitmes a cut-our line 97 of the substrate, and indicates such 

a place which is cur our afrer rhe plating process operation has bee performed. 

10 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 gate wiring lines 

which are connected to the gate-sided drive circuits are provided in parallel ro each other. 

Also, the terminal portion is preferably covered by a material having a low resistance value, 

while plating process operation is carried our with respect to an electrode with employment 

15 of the same material as that 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 circuit. 

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

embodiment L 

[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. 

25 It should he understood that since only a pixel portion of this emhodiment 3 is different 

from the embodimem l, only such a pixel portion is indicated in Fi.~s- l lA-1 l B. 
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This embodiment 3 is such an example that the third etching process operation, ,f Fig. 

28 of the embodiment l is not carried out. In Fig. 1 IA, a g;ite electrode <lf a pixel TFT 709 

forms a pixel electrode 700 constructed of a transparent conductive film. 

In Fig. I IA, a structure of the gate electrode is different from the gate electrode 

5 structure of the embodiment I, 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 l 24a of the embodiment I. Note, 

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

Also, Fig. 118 shows such an example that the resulting liquid crystal module is made 

of a triple gate structure. In Fig. 118, 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 

15 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 

20 µ,m, 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 

25 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 [his embodiment 4 is different from [he embodiment l, only such a 

pixel ponion is indica[ed in Fig. 12. 

As a substra[e, a glass subs[rate, a quan: substrate, ancl a pbs[ic suhs[ra[e nLlY he 

employed. Furthermore, since [his embodiment 4 corresponds w [he reflection type liquid 

5 crystal display device, there is no specific limitation. For ins[ance, a silicon subs[rare, a 

metal substrate, or a stainless steel sL1ostrate 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 opera[ion is c.arried out in 

accordance with the embodiment 1 so as to obrain a source wiring line 140 I, after a sewnd 

10 interlayer insulating film is formed, [he resultant substrate is patterned hy employing a 

photomask to form a contact 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 

15 mainly containing Al. (aluminum), or Ag (silver) or a stacked layer film of these materials 

may be used. In Fig. 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 line. -

20 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 total 

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

reduced to 5. 

[Embodiment 5] 

25 Figs. 13A-13C show an example of an embodiment 5 in which ;i source wirin_g line is 

formed by a different step from [ha[ of [he embodiment 1. 
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Fig. 13A represents such an example that after a source wiring line 903 of a pixel 

portion 911 is processed by a plating process operation, ;rn 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. 

5 First, an electrode 901 of the terminal portion 900 is formed at the same step as that 

of a gate electrode 902 of a dtive 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 contact hole is formed, 

10 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 terminal portion 900 is processed by a plating 

process operation, so that a plated film 904 is fom1ed. 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 fom1ed in accordance with the succeeding steps of the embodiment 

15 L 

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, 

20 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 patterns. 

25 Fig. 13B indicates such an example that a plating process operation is carried om 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. 

After an insulatin.[( film capable of protecting the gate electrode 11002 has hcen 

formed, while the impuritv elements added to the respective semiconductor layers are 

activated, both a source wiring line 11003 of a pixel portion l lO 11 and an electrode 11001 

5 of a terminal portion 11000 are formed at the same time on the insulating film by executing 

a photolithography step. This wiring line and the electrode arc made of a metal material 

having a low resistance value (typically known as metal 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 

IO 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 masb. 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 wiring line 11003 of the pixel portion 

15 11011, and also a surface of the electrode 11001 of the tem1inal portion 11000. 

Subsequently, such a structure shown in Fig. lJB may be formed in accordance with the 

embodiment 1 in the succeeding steps. 

Fig. lJC indicates such an example that a source wiring line is formed at a step 

different from the step shown in Fig. lJA. Note, reference numeral 11020 indicates an 

20 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 

25 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 tht:rmal 

annealing operation was carried out under reduced pressure within inactive atmosphere, it 
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could suppress du[ [he ga[e electrode owns the high resistance value due to nxida[i<'l1 nf 

the cc.1nductive layers. Suhscqucnrly, a source vvirin.~ line \v~1s f{)rn1cd by cn1plo~·in.!! ~1 

printing method in ordn rn cmhc,I a space hetween the ctmductive la1·ers. Also, since' rhe 

conductive layer is formed along the source wiring line, it is possible m avoid the line 

5 disconnection which may occur in the printing method (screen printing method). 

Subsequently, such a structure shown in Fig. UC may he formed in accordance with the 

succeeding steps of the embodiment I. Note, in Fig. 13C, reference numeral l 1030 

indicates a terminal portion; 11031, a drive circuit portion; and l 1034, an FPC. 

A screen printing method is carried out as follows: for instance, while a plme kwin.Q 

10 an opening of a desirable pattern is used as a mask, either paste (dilurion fluid) mixed with 

metal particles (Ag, Al etc.) or ink is formed from the opening on a substra[e corresponcling 

to a member to be printed. ll1ereafter, the resulting substrate is thermally sill[ered, sn 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 prill[ing method may be 

15 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-

20 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 to 4. 

[Embodiment 6] 

In the embodiment 1, there is shown such an example of the TFT having the top .~are 

25 structure. However, the present invention is not limi[ed ro this TFT structure. In this 

embodiment, Fig. 14 indicates such an example of a pixel TFT I 502 having a bottom .~a[e 
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structure. 

First, after both a gate electrode 1503 and a source wiring line have been formed tll1 

a substrate, a gate insulating film is formed. Next, a semiconductor film is formed in such 

a manner that this semiconductor film is overlapped with the gate electrode 1503 while 

5 sandwiching the gate insulating film. Next, an insulating layer is selectively formed on such 

a portion of the semiconductor f;'.;;1, which cons tit mes a channel fom1ing 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 

10 so 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 150 I 

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 fom1ed which connects 

15 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 to the pixel electrode 1504. 

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

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

20 [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 l. 

Fig. 15 is such an example that after an interlayer insulating film has been formed, a 

pixel electrode 1600 made of lTO is formed on the interlayer insulating film, and then, a 

25 source wiring line 160 l is formed. 

In this embodiment, while the source wiring line 160 l i:; formed by way of the screen 
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printing method, a connection electrode 1621 is provided which is employed so as w 

connect this source wiring line 1601 to a source region of a pixel TFT 1602. 

A screen printing method is carried out as follows: for insr:111ce. while a plate ha\'in'-! 

an opening of a desirable pattern is used as a mask, either paste (dilution fluid) mixed with 

5 metal particles (Ag, Al, Cu etc.) or ink is formed from the opening on a sul:istrate 

corresponding to a membu Lu be printed. Thereafter, the resulting substrate is thermally 

sintered, so that a wiring line having a desiral:ile 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 suital:ile for the present invention. 

10 Alternatively, instead of the screen printing method, a letterpress (relief) printing 

method using a rotary drum, an intaglio printing method, and various sons 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 

15 stacked layer of Ti/ Al!fi. 

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 liquid 

20 crystal module is constructed of a triple gate structure in this embodiment 8. 

In Fig. 17, reference numeral 1201 indicates a semiconductor 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 

25 numeral 1207 shows an electrode for connecting the semiconducwr layer to the source 

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

In this embodiment, borh the gare electrode 1202 and the capacitive dectrnde 1203 

are formed at the same step Lll1 an insulating film which covers the scmiconducwr !aver 

1201. The source wiring line l204 is formed at the same step, or different steps of these 

5 electrodes. In this embodiment, after an impurity element has been added w the 

semiconductor layer anci ,~1e 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 ro lower a resistance value of this wiring line. Also, in this 

embodiment, the gate electrode 1205, the capacitive electrode l 206, the electrodes l207 

10 and 1208 on the interlayer insulating film which covers the gare 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 l 208 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 

15 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 electrode is 

20 substantially identical to that of Fig. 11 B, an explanation thereof is omitted. 

Fig. 1 lB 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. 

25 In this embodiment, since the triple gate strucrure is employed, the OFF current may 

be reduced. Also, since the width of the gate electrode l 202 is made narrow, for example, 

1.5 µm, the OFF-current may be funher reduced. 
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Ir should also be nored thar rhe presenr embodimem 0 mav he freely combined "'irh 
-

any one of rhe above-described embodiments l ro 7. 

[Embodiment 9] 

This embodiment 9 indicates such an example thar PPT A (Plural Pulse Thermal 

5 Annealing) is employed as the thermal processing operarion in rhe embodiment 1. 

The thermal process operation "PPTA" implies such a rhernwl processing opcraric'n 

that a heating cycle by a light source (halogen lamp, metal halide lamp, high-pressure 

mercury lamp, high-pressure sodium lamp, xenon lamp ere.), and a cooling cycle by 

circulating coolant (nitrogen, helium, argon, krypton, xenon ere.) inro a processing chamber 

10 · are repeatedly carried out plural times. The light emission rime of rhe light source ['Cr l 

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 circuit 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 PPT A, since light which is selectively 

absorbed by the semiconductor film is irradiated fom1 the lighr source provided on one 

. surface side, or the light sources provided on both surface sides, only the semiconductor t!lm 

is selectively heated (temperature increasing speed of 100 to 200 °C/second) withour 

heating the substrate itself to higher temperatures. Also, in order to suppress rhe 

20 ' temperature increase of the substrare, this substrate is cooled from the peripheral portion 

thereof by employing the coolant (temperature decreasing speed of 50 to 150 

°C/second). 

The following example is indicated in which one heating process operation amon_g rhe 

heating process operations execured in Embodiment 1 is used in activation. 

25 In the activation process shown in Fig. 20, the activation process operarion is carried 

out by PPT A. While a tungsten halogen lamp is employed as a lighr source, pulse lighc is 
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irradiated from one surface side, or both surface sides of the substrate. At this time, ;1 tlow 

rate of "He" is increased/decreased in synchronism with turnin.g ON/OFF of the tun.gsten 

halogen lamp so as to selectively heat the semiconductor film. 

The impurity element may be activated by this PPT A, and also, the metal element 

5 which is employed ro 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 that 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 cap;ble of adding the p type may he preferably aclded 

10 after the first doping step. Alternatively, while the PPT A processing chamber is set to such 

a pressure reduction condition. )ower 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. 

15 [Embodiment 10] 

In this embodiment, a method of simultaneously manufacturing a pixel portion (n­

channel TFT) and TITs (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. 

20 In 'this 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. 

25 Then, an underlying film 1001 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 l 000. ln 
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this embodiment, a two-layered structure is used as the underlying film 1001. However, a 

single insulating film or a lamination of two or more insularin.~ films using the ;ibove 

insulating film may also be used. As a first layer of the underlying illm 100 I, a silicon oxide 

nitride film 100 la is formed to a thickness of 10 to 200 nm (preferably, 50 to I 00 nm) by 

5 plasma CVD, using Sil-14, NH3, and N 20 as reactive gas. In this embodiment, a silicon nxide 

nitride film lOOla (composition ratio: Si = 32%, 0 = 27%, N = 24%, and 1-1 = 17%) 

having a thickness of 50 nm is formed. Then, as a second layer of underlying film 100 l, a 

silicon oxide nitride film 1001 bis formed to a thickness of 50 to 200 nm (preferably, 100 to 

150 nm) by plasma CVD, using SiH; and N 20 as reactive gas. In this embodiment, a silicon 

10 oxide nitride film lOOlb (composition ratio: Si= 32%, 0 = 59%, N = 7%, and 1-1 = 2%) 

having a thicknes·s of 100 nm is formed. 

Then, semiconductor layers 1002 to 1005 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 (spunering, LPCVD, plasma CVD, or the like), 

15 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 of25 to 80 nm (preferably, 30 to 60 nm). There is 

no particular limit regarding the material for the crystalline semiconductor film. However, 

20 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 them1al crystallization (at 

550°C, for 4 hours). Furthermore, laser annealing is conducted for the purpose of improving 

25 crystallization, whereby a crystalline silicon film is formed. The crystalline silicon film is 

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

1005. 
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Furthermore, after the semiconductor layers 1002 w 1005 are formed, clo1•ing of <l 

trace amount of impurity elements (horon or phosphorus) may he appropriate Iv conducted 

so as to manufacture separately enhancement type and depression type. 

Furthermore, in the case of manufacturing a crystalline semiconductor film by laser 

5 crystallization, a pulse-oscillation type or continuous light emission type excimer laser, a 

YAG laser and a YV04 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 to 

radiate to a semiconductor film. Crystallization conditions are appropriately selected hy the 

operator. However, when using an excimer laser, a pulse oscillation frequency is set to he 

10 30 Hz, and a laser energy density is set to be 100 to 400 mJ/cm2 (typically 200 to 300 

mJ/cm2
). 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 I to I 0 kHz, and a laser energy 

density may be set to be 300 to 600 mJ/cm2 (typically, 350 ro 500 mJ/cm2
). Laser light 

condensed in a line shape with a width of 100 to 1000 µm (e.g., 400 µm) may be radiated 

15 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 

emitted from the laser light source 610 I 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 

20 direction of the laser light. Fig. 25 shows executing a multiple pattern to forn1 six substrates 

sized 12.l 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 ro have a thickness of 40 to 150 nm by plasma CVD or sputtering. In this 

25 embodiment, a silicon oxide nitride film (composition ratio: Si = 32%, 0 = 59%, N = 7%, 

and H = 2%) is formed to a thickness of I 15 nm by plasma CVD. Needless to say, the gate 

insulating film is not limited to a silicon oxide nitride film, and may have a single layer or 
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multi-layered structure of insulating films containing another silicnn. 

Then, as shown in Fig. ISA, a first conductive film l007a (thickness: 20 to 100 nm) 

and a second conductive film l007h (thickness: 100 to 400 nm) are laminated on the gate 

insulating film 1006. In this embodiment, the first conductive film l007a made of a TaN 

5 film having a thickness of 30 nm and the sec,md conductive film 1007h made of a W film 

having a thickness of 3 70 n1u 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 

10 the W film as a gate electrode, and it is desirable that a resistance ratio of the W film is 20 

µ.Qcm 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 

15 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 µ.Qcm can he achieved. 

In this embodiment, the first conductive film 1007a is made ofTaN, and the second 

conductive film 1007b is made ofW. However, the present invention is not limited thereto. 

20 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 film doped with an ~1purity 

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 

25 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 flrst con,iuctive 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 tantalum nitride (TaN) film and the second conductive film made 

of a Cu film. 

Then, masks 1008a to I 012a made of a resist are formed by photolithography, and first 

etching processing for forming electrodes and wiring is conducted. The first etching 

5 processing is conducted as first and second etching conditions. l n this embodiment, under 

the first etching con<.iiLion, etching is conducted by an inductively coupled plasma (ICP) 

etching method, in which plasma is generated by using CF4, Cl2, and 0 2 as etching gas (flow 

rate: 25/25/10 (seem)) with an RF power (13.56 MHZ) of500 W supplied to a coil-shaped 

electrode at a pressure of I Pa. As the etching gas, chlorine type gas such as Cl,, BCl3, SiCl4 , 

10 and CCl4 or fluorine gas such as CF4, SF6, and NF3, or 0 2 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 Wis 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 

15 conductive layer are tapered. Under the first etching condition, an etching rate with respect 

to Wis 200.39 nm/min., an etching rate with respect to TaN is 80.32 nm/min., and a 

selection ratio ofW with respect to TaN is about 2.5. Furthem10re, under the first etching 

condition, a taper angle ofW becomes about 26°. 

20 

Thereafter, without removing the masks 1008a to 10 l 2a made of a resist, etching is 

conducted for about 30 seconds under the second etching condition, in which plasma is 

generated by using CF4 and Cl2 as etching gas (flow rate ratio: 30/30 (seem)) with an RF 

power (13.56 MHZ) of 500 W supplied to a coil-shaped electrode at a pressure of I Pa~_'."-.n 

RF power (13.56 MHZ) of20 Wis also applied to the substrate side (sample stage), whereby 

a substantially negative self-bias voltage is applied thereto. Under the second etching 

25 condition using a mixture ofCF4 and Cl, as etching gas, the W film and the TaN film are 

etched ro the same degree. Under the second etching condition, an etching rate with 

respect to Wis 58.97 nm/min., and an etching rate with respect to TaN is 66.4 3 nm/min. 
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In order t() C(n1duct ctcl1i11g \Vithout leaving any residual on the .~ate insulating filn1, an 

etching time may be increased by about 10 to 20%. 

According to the first etching processing, by appropriately prescribing the shape nf c1 . . 

resist mask, the end portions of the first conductive layer and the second 

5 conductive layer are tapered due tu the effect of a bias voltage applied to the substrate side. 

The angle of the L<iper portion may be 15 to 45°. 

Thus, conductive layers I 013 to 1017 (first conductive layers 1013a to l017a and 

second conductive layers 1013b to l017b) of a first shape composed of first conductive 

layers and second conductive layers are fom1ed by the first etching processing (Fig. lSB). 

10 The width of the first conductive layer in the channel length direction corresponds w 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 

15 an impurity element providing an n-type is added to the semiconductor layers (Fig. lSC). 

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 13 to 5 x 1015 /cm2 and an 

acceleration voltage of60 to 100 keV. In this embodiment, doping is conducted at a dose 

amount of 1.5 x 1015/cm' and an acceleration voltage of SO keV. As the impurity element 

20 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-tyP~.c_. 

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 

25 impurity regions 1118to 1121 inaconcentrationofl x l020
to 1 x l021 /cm3

. 

Then, without removing the resist masks, second etching proccssin.~ is conducted. 

Herein, etching is conducted for 25 seconds by using SF6, Cl 2, and 0 2 as etching gas (flow 
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rate ratio: 24/12/24 (seem)) 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 RF power 

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

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

5 an etching rate with respect to W is 22 7.3 nm/min., an etching rate with respect to TaN is 

32.l nm/Iuiu., and a selection ratio of\Y/ with respect to TaN is 7.1. An etching rate with 

respect to SiON that is the insulating film 1006 is 33.7 nm/min. In the case of using SF6 as 

the etching gas, a selection ratio with respect to the insulating film 1006 is high, so that a 

decrease in a film thickness can be suppressed. 

10 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 l 122b to 1126b are fom1ed. On the other hand, the first conductive layers are hardly 

etched to fom1 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 

15 etching processing (Fig. 180). Although not shown, actually, the width of the first 

conductive layers is narrowed by about 0.15 µ,m (i.e., about 0.3 µ,mover 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. 

20 The electrode formed by the first conductive layer 1122a and the second conductive 

layer 1122b becomes then-channel TFT type gate electrode of the CMOS circuit formed 

in the following steps. The electrode fom1ed by the first conductive layer 1125a and the 

second conductive layer 1125b becomes an electrode of the storage capacitor fom1ed in the 

following steps. 

25 It is also possible to use CF., Cl2, and 0 2 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 (seem) with an RF power\ 13.56 MHZ) of 500 \Y/ supplied to a coil-shaped 
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electrode at a pressure of l Pa. An RF power (13.56 MHZ) of 20 \'ii is also applied l<l the 
-

substrate side (sample stage), whereby a substantially negative self bias voltage is ;1pplied 

thereto. In the case of using CF,, Cl2, and 0 2 , an etching rate with respect to \Y/ is l~+.62 

nm/min., an etching rate with respect to TaN is 20.67 nm/min., and a selection ratio ofW 

5 with respect to TaN is 6.05. Thus, the W film is selectively etched. Furthermore, in this 

case, :!:e 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. l 9A. Doping is conducted using the second conductive layers 

IO 1122b to l l 25b 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 underrhe doping conditions ofa dose amount of LS x 1014/cm2
, an acceleration 

voltage of 90 keV, an ion current density of 0.5 µ,A/cm 2
, phosphine (PH3) 5% hydrogen 

15 dilute gas, and a flow rate of 30 seem. Thus, low-concentration impurity regions 112 7 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 1136 is 1 x 1017 to 1 x 1019/cm', and the low-concentration impurity regions 

1127 to 1136 have a concentration gradient in accordance with the thickness of the taper 

20 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 

25 1118 to 1121 to form high-concentration impurity regions 1137 to 1145. 

In this embodiment, the width (in the channel length direction) of the taper portion 

is preferably at least 0.5 1w1 or more up to a rar,ge of LS µm to 2 µm. Therefore, although 
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influenced by a thickness, the width in the channel length direction of the 

lc)w-concentratior1 in1purity regi<)n having a CC)ncentration gr<1dient is not heyc)nd a range 

of l.5 µm to 2 µm, either. Herein, although the high-concentration impurity regions and 

the low-concentration impurity regions are shown separately. Actually, there is no clear 

5 border there between 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 are covered by the mask 146 and third 

etching processing is conducted. The metal plate, the glass plate, the ceramic plate and the 

10 ceramic glass plate can be used to the mask 146. The upper view of the mask 146 is shmvn 

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 conducted by using an ICP etching apparatus, using, as etching gas, 

15 Cl3 having a high selection ratio with respect to W. In this embodiment, etching is 

conducted for 30 seconds by generating plasma, using Cl3 with a flow rate ratio of 80 (seem), 

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 SOW is also supplied to the substrate side (sample 

stage), whereby a substantially negative self-bias voltage is applied thereto. In the third 

20 etching, first conductive layers l 124c and 1126c are formed (Fig. 198). 

An example of conducting a third etching process is shown in this embodiment. The 

third etching process is nor conducted if there is no need to conduct. 

Then, as shown in Fig. 190, an impurity element added to each semiconductor layer 

is activated. The activation is conducted by thermal annealing using an annealing furnace. 

25 Thermal annealing may be conducted at 400 to 700°C, typically 500 to SS0°C in a nitrogen 

atmosphere having an oxygen concentration of 1 ppm or less, preferably O. l ppm or less. 

In this embodiment, activation is conducted by heat treatment at 550°C for four hours. 
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Instead of thermal annealing, laser annealing or rapid thermal annealing (RT A) can he 

applied. 

Though not shown in the clrawing, the impurity elements arc diffused thrnu.~h the 

activation treatment to thereby erase the border between the n-type impurity regions (low 

5 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 crystallizarion is gettered in the impurity region containing phosphorus 

of high concentration, whereby a nickel concentration in the semiconductor layer mainly 

to be a channel fom1ing region is reduced. In a Tl'.T having a channel forming region thus 

10 produced, an OFF current value is decreased and crysta!linity is sarisfactory. 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 

15 be used as another method of hydrogenation. 

In the case of using laser annealing as the activation, it is desiral:ile 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 1126 of the pixel portion, and the electrode surface of the terminal 

20 portion. Fig. 7 A 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. 7 A-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. 7 A-7B indicate one TFT provided in the drive circuit 

25 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 Cu2200"). As indicated in one 
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example of Fig. 10, when this plating process operation is carried out, either wiring lines m 

electrodes, which will be plated, arc coupled ro each other by employing a dummy pattern 

so as to become the same potentials. \Vhen the substrate is cut out in the succeeding step, 

the adjoining electrodes arc cut out so as to be separated from each other. Alternatively, 

5 a shorr-ci1cuit 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 materi;il 

10 is formed on the first interlayer insulating film 1155. In this embodiment, an acrylic resin 

film having a thickness of 1.6 µm was formed. 

Next, a pixel electrode 114 7 made of a transparent conductive film is patterned on the 

second interlayer insulating film by employing a phoromask. As the transparent conductive 

film which constiwtes the pixel electrode 114 7, for instance, ITO (alloy made of indium 

15 oxide and tin oxide), an alloy made of indium oxide and zinc oxide (ln20 3 - ZnO), zinc 

oxide (ZnO), 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 ( 113 7, 1138, 

1139, 1140, 1151, 1153, 1144) is formed; another contact hole which is reached to the 

20 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 l 125b is formed. 

Next, electrodes 1157 to 1160 which are electrically connected to the respective 

impurity regions (1137, 1138, 1139, 1140), and a source wiring line of the drive circuit are 

25 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 constitutes a 
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source region to the source wiring line 1126 of the pixel portion; a gate wiring line 1162 

which is electrically connected to the gate electrode 1124 is formed; and also a capacitor 

wiring line 1169 which is electrically connected to the electrode I l 25h is formed. 

Also, a pixel electrode 114 7 is electrically connected to the impurity region 115 3 of 

5 the pi:;cl 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 pixel electrode 114 7. 

Also, in this embodiment, such an example is shown that the electrodes 1150 ::md 

10 1163 are formed after the pixel electrodes have been formed. Alternatively, the contact 

holes are formed and the electrode is formed, and thereafter, the pixel electrode made of the 

transparent conductive film may be fom1ed in such a manner thm this pixel electrode is 

overlapped with this electrode. 

Also, the impurity elements capable of applying then-type are added to the respective 

15 impurity regions 1135, 1136, 1144, 1145, which may function as one electrode of a holding 

capacitor. This holding capacitor is formed by electrodes l 125a and l 125b connected to 

the capacitor wiring line 1169, and also by a semiconductor layer, while an insulating film 

1006 is used as a dielectric member. 

20 

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 the n-channel TFT 206 and the holding 

capacitor 1183 (see Fig. 208). It should be noted that such a substrate is referred to as an 

"active matrix substrate" in this specification, for the sake of convenience. 

25 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 indicating the pixel portion uf the active matrix substrate 
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manufactured in this embodiment. It should also be noted that the same reference 

numerals shown in Fig. ZOB are employed as those for indicating the same. The dotted line 

A-A' shown in Fig. ZOB corresponds to a sectional view, taken alon~ a dotted line A-A' in 

Fig. 22. The dotted line B-B' shown in Fig. 20B corresponds rn a sectional view taken along 

5 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 porrion of the pixel electrode 114 7 is arranged to 

be overlapped with the source wiring line 1126 in order to shield spaces among the pixel 

I 0 electrodes. 

Also, in accordance with the steps shown in this embodiment, a total number of 

phoromasks 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 

15 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 type TFT shown in Embodiment 10, elements belonging 

to the group XV in the periodic table (preferably, phosphorus) or elements belonging to the 

20 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 

25 circuit") or a combination of depletion-type and enhanccment-tvpe TFTs (hereinafter 

reforred to as "EDM OS circuit"). 
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Fig. 23A shows an example of the EEMOS circuit, and Fi_g. 2 3 B shows an example of 

the ED MOS circuit. Each of components 31and32 shown in Fig. 23A is an enhancemcnt­

typ of n-channel TFT (hereinafter referred to as E-type NTFT). Crnnponenrs 33 sho\\"n in 

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

5 referred to as 0-type NTFT), respectively. 

In Figs. 23A and 23B, V DH designates a power supply line to which a positive voltage; 

is applied (positive power supply line), and V0 L 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). 

10 Figs. 24A-24 B 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 4 2, 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 

15 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, reference 

numeral 45 indicates an NANO circuit. 

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

20 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 

25 equipments having these modules as the display section. 

The following can be given as examples of the electronic equipment: video c:11ncras; 
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digital cameras; head mounted displays (goggle type display); car navigation svstcms; 

projectors; car stereo; personal computers; portable information terminals (such as mobile 

computers, portable telephones and electronic notebook). An example of these is shmvn 

in Figs. 26A to 27B. 

5 Fig. 26A shows a personal computer, and it includes a main body 200 l, an image input 

section 2002, a display portion 2003, and a keyboard 2004. The present inventiua ;s 

applicable to the display portion 2003. 

Fig. 26B shows a mobile computer, and it includes a main body 220 I, a camera section 

2202, an image receiving section 2203, operation switches 2204, and a dispby portion 2205. 

10 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 240 l; 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 

15- can be used for music appreciation, film appreciation, games and Internet. The present 

invention is applicable to the display portion 2402. 

Fig. 27Ashows 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 present invention can be applied to the display portions 3002 and 3003. 

20 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 electronic equipments in all 

25 fields. Further, the electronic equipment of the embodiment 12 can be realized by using a 

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

Referring now to Fig. 28A to Fig. 30C and Fig. 3 2, a description will now he made of 

an embodiment of the present invention. Jn this embodiment, a method for manufocrurin.~ 

a liquid crystal display device is indicated. Such a method by which a TFT of a pixel portion 

5 is formed on a substrate in an inverse stagger type, and a holding capacitor robe 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 

on another substrate. This substrate provided on an edge portion of the suhstrate. It should 

10 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 borosilicate glass and alumina borosilicate glass may be employed, which are typically 

15 known <).S #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 4100, a first lithography step is carried out, a resist mask is formed, and an 

20 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 

25 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 coll[aining the above-explained ekmell[s, 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 electrodes. 

Next, both a Cu film 4106 and another Cu film 4110 are formed on both a source 

wiring line 4102 and a terminal portion 4101 by executing a plating method (see Fig. 28B). 

5 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 thereof ma 

10 nitride of these elements. In this embodiment, Cu is employed as the metal tllm. 

Alternatively, Ag, Au, Cr, Fe, Ni, Pt, or an 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 

15 other by using wiring lines so as to become same potentials to each orher. Also, the wiring 

lines which are used to connect these source wiring lines so as to become equi-porential may 

be cut out by laser light (C02 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. Also, a short-circuit ring may be formed by 

20 using these wiring patterns. 

Next, an insulating 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. It should 

be understood that the gate insulating film is not limited to the silicon nitride film, but may 

25 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 formed on an entire surface of the insulating film 4107 hy 

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 I 00 

nm (see Fig. 28C). 

5 Next, a second amorphous semiconductor film 4109 containing one conductivity type 

(either n-typ\'! 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 

10 sputtering method. In this embodiment, while a silicon target into which phosphorus has 

been added is employed, the second amorphous semiconductor film 4109 containing then­

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 

15 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 

20 resist masks 4205 and 4206, both the second amorphous semiconductor film 4203 and the 

fist amorphous semiconductor 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 

25 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, 
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4210, 4211 are formed (see Fig. 298). 

Next, after the above-described resist mask 4207 is moved, a first interlaver insulatin" 
' b 

film 4213 made of a silicon oxide nitride film having a thickness of l50 nm is formed by way 

of a plasma CVD method in such a manner that this first interlayer insulating film 4213 may 

5 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 µm, 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 

' 10 organic insulating material made of the acrylic resin is selected as the second interlayer 

insulating film. Alternatively, polyimlde 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 4301 is formed, and then, a 

contact hole is formed by executing a dry etching step. This contact hole is employed so as 

15 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 4310, and this contact hole is used 

to electrically connect the gate wiring line to the terminal portion 4310 (see Fig. 30A). 

20 Subsequently, a transparent electrode film such as ITO (Indium-Tin-Oxide) having 

a thickness of I 10 nm is fom1ed. Thereafter, since both a fifth photolithography step and 

an etching process step are carried out, a transparent pixel electrode 4309 is formed (see Fig. 

308). 

Next, in order to fom1 a metal wiring line, both a sixth phorolithography step and an 

25 etching process step are carried out. A metal wiring line 4 303 is formed so as to electrically 

connect the source wiring line 431 l to the second amorphous semiconducmr film 4209. 

Also, a metal wiring line 4 305 is formed so as to electrically connect the second amorphous 
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semiconductor film 4211 to the transparent pixel electrode 4 309. Also, a metal wirin_g line 

4306 is formed so as to electrically connect the transparent pixel electrode 4309 to the 

holding capacitor 4313. Also, a metal wiring line 4308 io formed so as to electrically 

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

5 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 manufacmring the semiconductor display device shown in the 

embodiment 13, the metal wiring lines are fom1edafter the transparent pi..xel electrode such 

as ITO is formed. A total number of photolithography steps by which such a semiconductor 

10 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 

13. That is, after the metal wiring lines are formed, the transparent pixel electrode such as 

ITO is formed. AI; a result, it is possible to form either the metal wiring lines or the 

transparent pixel electrode such as ITO in the 0beginning of the manufacturing step. 

15 Since the above-described photolithography steps are carried out six times, the 

transmission type semiconductor display device can be manufactured which is constimted 

by the source wiring line 4311 on which "Cu" is plated, the TFT 4312 of the inverse stagger 

type pixel portion and the holding capacitor 4313 thereof, and the terminal portion 

4310. 

20 It should also be noted that such a TFTwhich is formed by the activation layer by the 

amorphous semiconductor film in this embodiment has a low field-effect mobility, namely 

the mobility of only l cm2/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. 

25 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 embodiment l3 indicates such an example that the transmission t\'['e 

semiconductor display device can be formed by performing the phowlithography stq1s six 

times. In accordance with this embodiment 14, a reflection type semiconductor display 

5 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. JOA in the embodiment 13, only different 

manufacturing steps will be explained as follows: It should be understood that portions 

10 corresponding to Fig. JOA are indicated by the same reference numerals. 

First, after the manufacturing condition of Fig. JOA is obtained in accordance with the 

embodiment 13, a metal wiring line 4402 is formed by executing both the fifth 

photolithography step and the etching process step. This metal wiring line 4402 is employed 

so as to electrically connect the source wiring line 4J01 l to the second amorphous 

15 semiconductor film 4 209. 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. JIB). 

Since the above-described photolithography steps are carried out five times, the 

reflection type semiconductor display device can be manufactured which is constituted by 

20 the source wiring line 4J11 on which the metal film is plated, the inverse stagger type TFT 

4J 12 of the pixel portion 4314 and the holding capacitor 4J 13 thereof, and the terminal 

portion_:!J 10. 

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 

25 embodiment 12. 

[Embodiment 15] 
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ln rhe embodimcnr 13 and rhe embodimenr 14, the plaring process step is carried our 

after rhe firsr phowlirhography srcp has been performed. ln rhis emhodimenr 15, a plaring 

process srep is carried out afrer a fourrh phorolirhography srep has been performed, ""hich 

will be described wirh reference w Fig. 34A ro Fig. 36C. 

5 Firsr, a semiconductor display device is manufactured by employing a substrare 4900 

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

barium borosilicate glass and alumina borosilicare glass may be employed, which are typically 

known as #7059 glass and #1737 glass, manufactured by Corning Inc. Such a suhsrrare 

having a light transmission characteristic known as a quartz suhstrare and a plasric subsrrare 

10 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 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 4902, gare electrodes 4903 and 4904, 

15 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 rhe above-described elemems. 

Furthermore, plural sets of these elements which are selecred from Ti, Ta, WI, Wo, Cr, Nd, 

20 plural sets of these alloys containing the above-explained elements, or plural sets of nirride 

containing the above-explained elements may be stacked as the materials of these wiring 

lines and electrQdes. 

Next, an insulating film 4906 is formed over an entire surface. While a silicon nitride 

film is employed as this insulating t!lm, a thickness of rhis insulating film is selected to he 50 

25 to 200 nm. Preferahl\', rhis insularing film having a thickness of 150 nm is formed. lt should 

be understood that rhe gate insularing film is nor limired to rhe silicon nirride film, hur may 

be manufactured by employing such an insularing film as a silicon oxide film, a silicon oxide 

79 



nitride film, and a tantalum oxide film (see Fig. 34B). 

Next, a first amorphous semiconductor film 4907 having a thickness of 50 to 200 nm, 

preferably l 00 to l 50 nm, is frmned on an entire surface of the insulating film 4906 hy 

employing the known method such as the plasma CVD method and the sputtering method. 

5 An amorphous silicon (a-Si) film is typically formed, while having a film thickness of lOO 

nm (see Fig. 34B). 

Next, a second amorphous semiconductor film 4908 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 4908 containing the impurity element 

10 capable of applying one conductivity type (either n-type or p-type) is formed on the entire 

surface by employing tl1e 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). 

15 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). 

20 In this etching step, while the second amorphous semiconductor film 4908 and the 

first amorphous semiconductor film 4907 are sequentially etched at a place other than· the 

resist masks 4909 and 4910, boduhe second amorphous semiconductor 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 semiconductor film 4908 and the first amorphous 

semiconductor film 4907 are formed in a holding capacitor 5113. 

Next, after the resist masks 4909 and 4910 have heen removed, a third 

photolithography step is carried out, and a resist mask 500 I is formed, <lrld al.'o an 
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unnecessary portion is removed by way of an etching process operation, so that both a first 

amorphous semiconductor film 5002, and second amorphous semiconductor films 5003, 

5004, 5005 are formed (see Fig. 35A). 

Next, after the above-described resist mask 5001 is moved, a first interlayer insulating 

5 film 5006 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 5006 may 

cover the source wiring line 5111, the TFT 5112 of the pixel portion 5114, and the holding 

capacitor 5113 (see Fig. 358). 

Next, a second interlayer insulating film 5008 having a thickness of 1.6 ,um, which 

10 corresponds to an organic insulating material made of acrylic resin is formed on a first 

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 

15 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). 

20 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, ~~he metal film, Ag, Au, Cr, Fe, Ni, Pt, or an 

alloy of these elements may be employed. 

Also, similar to the embodiment 13, each of the above-described manufacturing 

25 methods is feawred 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 lines so as to 

81 



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 suhstrate 

is cut out after the plating process operation has been completed. /\!so, a shon-circuit rin~ 

may be formed by using these wiring patterns. 

5 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 electrode 5103 is formed (see Fig. 

368). 

Next, in order w form a metal wiring line, both a sixth photolithographv step and an 

10 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 electrically 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 

15 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 

20 embodiment 15, the metal wiring lines are formed after the transparent pixel electrode such 

as ITO is formed. A total number of photolithography steps by which such a semiconductor 

display device is manufactured as follows is equal t~_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 

25 ITO is formed. As a result, it is possible to form either the metal wiring lines or the 

transparent pixel electrode such as ITO in the beginning of the manufacturing step. 

Since the above-described photolithography steps arc carried out six times, the 
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transmission type semiconducrnr clisplay device can be manufactured which is constituted 

by the source wiring line 511 l on which "Cu" is plated, the inverse stagger type TFT 5112 

of the pixel portion 5 l l 4 and the holding capacitor 5113 thereof, and the terminal ponion 

5110. 

5 It should also be noted that when the same metal as the metal wiring line is used in 

IO 

the pixel electrode, a reflection type semiconductor device may he 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 

15 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. 3 7 A to Fig. 39C. 

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

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

barium borosilicate glass and alumina borosilicate glass may be_'1}1ployed, which are typically 

known as #7059 glass and # 173 7 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. 

25 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 hy way of an etching process operation, so that both wiring 

lines and electrodes (namely, source wiring line 5202, gate electrodes 5203 and 5204, 

holding capacitor 5205, and terminal 5201) are fom1ed (see Fig. 37 A). 

The above-described wiring lines and electrodes may be manufactured from materials 

5 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-descrihed 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 

IO 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. 3 7B). 

By coating the source line with the copper film 5206, the wiring resistance can be decreased 

and it is possible to lower the power consumption of the display. This is advantageous when 

15 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 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 this 

20 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 ro the embodiment 13, each of the above-.d.escribed 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 

25 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, laser etc.) after the plating process 

operation has been accomplished, or may be cut our at the same time when the suhsu;:ne 
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is cur our after rhe placing process operation has been complercJ. Also, a shon-circuir ring 

may be formed by using rhese wiring patterns. 

Next, an insulating film 5207 is formed over an emire surface. While a silicon nitride 

film is employed as this insulating film, a thickness of rhis insulating film is selected to be 50 

5 to 200 nm. Preferably, rhis insulating film having a thickness of 150 nm is formed. Ir should 

be understood rhar rhe gare insulating film is nor limited ro rhe silicon nitride film, bur may 

be manufactured by employing such an insulating film as a silicon oxide film, a silicon oxiJe 

nitride film, and a ramalum oxide film (see Fig. 3 7C). 

Nexr, an amorphous semiconducror film 5208 having a thickness of 50 to 200 nm. 

10 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 rhe sputtering method. 

An amorphous silicon (a-Si) film is typically formed, while having a film thickness oi 100 

nm (see Fig. 37C). 

Next, photoresist masks 5301 and 5302 are formed by way of a second 

15 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 

20 other than the resist masks 5301 and 5302, an amorphous semiconductor film 5303 is 

formed in a TIT 5412 of the pixel portion. Also, the amorphous semiconductor film 5304 

is for:-:Kd in a holding capacitor 5413. 

Next, such an insulating film having a thickness of 100 w 200 nm is formed on an 

amorphous semiconducror layer 5303. This insulating film is made of either silicon oxide 

25 or silicon nitride. In Fig. 38A, second insulating layers 5305 and 5306 which consriwte 

channel protection films in a self-alignment manner are formed by way of an exposing 

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

Next, such a doping process step is carried out in order rn form an LDD (Lightly 

Doped Drain) region of an n-channel type TFT. As a duping method, either an ion doping 

method or an ion implanting method is carried out. Phosphorus is added as an n-rype 

5 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 l x 

1016 through 1 x 101i/cm3 (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 that this 

10 first interlayer insulating film 5311 may cover the source wiring line 5411, the TFT 5412 

of the pixel portion 5414, and the holding capacitor 5413 (see Fig. 38C). 

Next, a second interlayer insulating film 5402 having a thickness of 1.6 µ.m, which 

corresponds to an organic insulating material made of acrylic resin is formed on a first 

interlayer insulating film 5311 made of a silicon oxide nitride film. In this embodiment, the 

15 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 540 l is formed, and then, a 

contact hole is formed by executing a dry etching step. This contact hole is employed so as 

20 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 rhe amorphous semiconductor film 53.Q9. 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 ponion 5410 (see Fig. 39A). 

25 Subsequently, a transparent electrode film such as ITO (Indium-Tin-Oxide) having 

a thickness of 110 nm is formed. Thereafter, since bmh a fifth phorolithography step and 

an etching process step are carried our, a transparent pixel electrode 5403 is formed (sec Fig. 
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39B). 

Next, in order to form a rnecal wiring line, bmh a sixth phnrolich,igraphy srep and an 

etching process step are carried our. A metal wiring line 5-105 is formed so as to electrically 

connect the source wiring line 5411 to the amorphous semiconductor film 5307. Also, a 

5 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 5403 to che holding capacitor 

5413. Also, a meral wiring line 5404 is formed so as to elecrrically connect the gate 

electrode to the terminal portion 5410. It should also he nnced that as the metal \\"irin!.'. 

IO 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 fom1ed after the transparent pixel electrode such 

as ITO is fom1ed. A total number of photolithography steps by which such a semiconductor 

15 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 metal wiring lines or the 

transparent pixel electrode such as ITO in the beginning of the manufacturing step. 

20 Since the above-described photolithography steps are carried out six times, the 

transmission type semiconductor display device can be manufactured which is constirnted 

by the source wiring h!'.e 5411 on which "Cu" is plated, the inverse stagger type TFT~~l2 

of the pixel portion 5414 and the holding capacitor 5413 thereof, and the tenninal portion 

5410. 

25 It should also he noted that when the same metal as the metal wiring line is t1'ed in 

the pixel electrode, a reflection type semiconductor device may he formed by executin.!.'. che 

photolithography steps tlve times. 
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Similar to the embodiment 13, the drive circuit constructed of the IC chip is rnoumcd 

also in this embodiment. 

Also, while a liquid crystal module is manufacwrcd lw ernployin.g rhc tee hniquc sh, ""n 

in this embodiment 16 in accordance with the respective embodiments, and then, the 

5 manufactured liquid crystal module may be applied to the display unit of the electronic 

appliance shown in the embodiment 12. 

As previously described in detail, in the semiconductor clevice which is typically known 

as the active matrix type liquid crystal display device, even when the area of the pixel 

portion thereof is incr~ased and the display screen is enlarged, better displays can he 

IO 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 

15 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 

5 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 

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 

10 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 

15 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 electrode and formed on the second 

insulating film wherein the pixel electrode is electrically connected to the thin film 

20 transistor; and 

25 

a plated terminal formed over the substrate. 

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

is 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 

5 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; 

1 o a second metal wiring formed on the second insulating film connecting the thin 

15 

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. 

20 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 according to claim 1 or 3 wherein the channel 

formation region comprises an amorphous semiconductor and the source and drain 

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