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[57] Abstract 

 The wiring of the present invention has a stacked 
structure, which includes a first conductive layer (first layer) 
having a first width, made of one or more elements selected 
from W and Mo, or alloys or compounds primarily consisting 
of these elements; a low-resistance second conductive layer 
(second layer) with a second width smaller than the first 
width, made of an alloy or compound primarily consisting of 
Al; and a third conductive layer (third layer) with a third 
width smaller than the second width, made of an alloy or 
compound primarily consisting of Ti. Adopting this structure 
provides ample room for the expansion of the pixel segment 
in the present invention. At least the edge of the second 
conductive layer is characterized by a tapered cross-section. 
Due to this shape, satisfactory coverage can be achieved.  
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1.  A wiring having a stacked structure, the wiring comprising a first conductive layer having a first width 
as the first layer, a second conductive layer having a second width as the second layer, with the second width being 
smaller than the first width, and a third conductive layer having a third width as the third layer, with the third width 
being smaller than the second width. 5 

Wherein the cross section of the edge of the first, second, or third conductive layer is tapered. 

2.  The wiring according to claim 1, wherein the first conductive layer comprises at least one selected from 
W and Mo. 

3.  The wiring according to claim 1, wherein the second conductive layer comprises Al. 

4.  The wiring according to claim 1, wherein the third conductive layer comprises Ti. 10 

5.  The wiring according to claim 1, wherein the second conductive layer is covered with the first conductive 
layer, the third conductive layer, and the insulating film, and the region contacting the insulating film is oxidized. 

6.  The wiring according to claim 1, wherein the wiring is used for at least one selected from a liquid crystal 
display device and a light-emitting device. 

7.  A method for manufacturing wiring, comprising the steps of: 15 

forming a first-shaped conductive layer comprising a stack of a first conductive layer, a second conductive 
layer, and a third conductive layer on an insulating surface; 

Etching the first conductive layer, the second conductive layer, and the third conductive layer to form a second-
shaped conductive layer, which includes a stack composed of the first conductive layer of a first width, the second 
conductive layer of a second width, and the third conductive layer of a third width; and 20 

Etching the second conductive layer of a second width and the third conductive layer of a third width to form 
a third-shaped conductive layer, which includes a stack composed of the first conductive layer of a fourth width, 
the second conductive layer of a fifth width, and the third conductive layer of a sixth width. 

Wherein the edge cross-section of the first conductive layer, the second conductive layer, or the third 
conductive layer is trapezoidal. 25 

8.  A method for manufacturing wiring, comprising the steps of: 

forming a first-shaped conductive layer comprising a stack of a first conductive layer, a second conductive 
layer, and a third conductive layer on an insulating surface; 

Etching the second conductive layer and the third conductive layer to form a second-shaped conductive layer, 
which includes a stack of the first conductive layer, the second conductive layer of the first width, and the third 30 
conductive layer of the second width; 

Etching the first conductive layer to form a third-shaped conductive layer, which includes a stack of a first 
conductive layer of the third width, a second conductive layer of the first width, and a third conductive layer of the 
second width; and 

  35 
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Etching the second conductive layer of the first width and the third conductive layer of the second width to 
form a fourth-shaped conductive layer, which includes a stack of the first conductive layer of the fourth width, the 
second conductive layer of the fifth width, and the third conductive layer of the sixth width, 

The edge cross-section of the first conductive layer, the second conductive layer, or the third conductive layer 
is of a tapered shape. 5 

9.  A method for manufacturing wiring, comprising the steps of: 

forming a first-shaped conductive layer comprising a stack of a first conductive layer, a second conductive 
layer, and a third conductive layer on an insulating surface; 

Etching the first conductive layer, the second conductive layer, and the third conductive layer to form a second-
shaped conductive layer, which includes a stack of a first conductive layer with a first width, a second conductive 10 
layer with a second width, and a third conductive layer with a third width; 

Etching the second conductive layer with the second width and the third conductive layer with the third width 
to form a third-shaped conductive layer, which includes a stack of the first conductive layer with the fourth width, 
the second conductive layer with the fifth width, and the third conductive layer with the sixth width; and 

Performing plasma treatment on the third-shaped conductive layer, 15 

The edge cross-section of the first conductive layer, the second conductive layer, or the third conductive layer 
is of a tapered shape. 

10.  A method for manufacturing wiring, comprising the steps of: 

forming a first-shaped conductive layer comprising a stack of a first conductive layer, a second conductive 
layer, and a third conductive layer on an insulating surface; 20 

Etching the second conductive layer and the third conductive layer to form a second-shaped conductive layer, 
which includes a stack of the first conductive layer, the second conductive layer of the first width, and the third 
conductive layer of the second width; 

Etching the first conductive layer to form a third-shaped conductive layer, which includes a stack of a first 
conductive layer with a third width, a second conductive layer with a first width, and a third conductive layer with 25 
a second width; 

Etching the second conductive layer of the first width and the third conductive layer of the second width to 
form a fourth-shaped conductive layer, which includes a stack of a first conductive layer with a fourth width, a 
second conductive layer with a fifth width, and a third conductive layer with a sixth width; and 

Performing plasma treatment on the fourth-shaped conductive layer, 30 

The edge cross-section of the first conductive layer, the second conductive layer, or the third conductive layer 
is of a tapered shape. 

11.  The method for manufacturing wiring according to any one of claims 7 to 10, wherein the first 
conductive layer comprises at least one selected from W and Mo. 

  35 
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12.  The method for manufacturing wiring according to any one of claims 7 to 10, wherein the second 
conductive layer comprises Al. 

13.  The method for manufacturing wiring according to any one of claims 7 to 10, wherein the third 
conductive layer comprises Ti. 

14.  The method for manufacturing wiring according to any one of claims 7 to 10, wherein oxygen or a gas, 5 
or H2O, mainly containing oxygen is used, or plasma treatment is performed. 

15.  A wiring board comprising an insulating substrate and wiring,  

wherein the wiring has a stacked structure comprising a first conductive layer having a first width as the first 
layer, a second conductive layer having a second width as the second layer, with the second width being smaller 
than the first width, and a third conductive layer having a third width as the third layer, with the third width being 10 
smaller than the second width. 

Wherein the cross section of the edge of the first, second, or third conductive layer is tapered. 

16.  The wiring board according to claim 15, wherein the first conductive layer comprises at least one of W 
and Mo. 

17.  The wiring board according to claim 15, wherein the second conductive layer comprises Al. 15 

18.  The wiring board according to claim 15, wherein the third conductive layer comprises Ti. 

19.  The wiring board according to claim 15, wherein the second conductive layer is covered by the first 
conductive layer, the third conductive layer, and the insulating film, and the region in contact with the insulating 
film is oxidized. 

20.  The wiring board according to claim 15, wherein a liquid crystal display device or a light-emitting device 20 
is manufactured using the wiring board. 

21.  A method for manufacturing a wiring board, comprising the steps of:  

forming a first-shaped conductive layer comprising a stack of a first conductive layer, a second conductive 
layer, and a third conductive layer on an insulating surface; 

etching the first conductive layer, the second conductive layer, and the third conductive layer to form a second-25 
shaped conductive layer, which includes a stack composed of a first conductive layer with a first width, a second 
conductive layer with a second width, and a third conductive layer with a third width;  

and etching the second conductive layer with the second width and the third conductive layer with the third 
width to form a third-shaped conductive layer, which includes a stack composed of a first conductive layer with a 
fourth width, a second conductive layer with a fifth width, and a third conductive layer with a sixth width,  30 

wherein the cross-section of the edges of the first conductive layer with the fourth width, the second conductive 
layer with the fifth width, or the third conductive layer with the sixth width is tapered in shape. 

22.  A method for manufacturing a wiring board, the method comprising the steps of:  
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forming a first-shaped conductive layer, which comprises a stack of a first conductive layer, a second 
conductive layer, and a third conductive layer on an insulating surface;  

Etching the second conductive layer and the third conductive layer to form a second-shaped conductive layer, 
which includes a stack of the first conductive layer, the second conductive layer of the first width, and the third 
conductive layer of the second width; 5 

etching the first conductive layer to form a third-shaped conductive layer, which comprises a stack composed 
of a first conductive layer having a third width, a second conductive layer having a first width, and a third conductive 
layer having a second width; and 

Etching the second conductive layer of the first width and the third conductive layer of the second width to 
form a fourth-shaped conductive layer, which includes a stack of the first conductive layer of the fourth width, the 10 
second conductive layer of the fifth width, and the third conductive layer of the sixth width, 

wherein the cross-section of the edges of the first conductive layer with the fourth width, the second conductive 
layer with the fifth width, or the third conductive layer with the sixth width is tapered in shape. 

23.  A method for manufacturing a wiring board, the method comprising the steps of:   

forming a first conductive layer on an insulating surface;  15 

forming a second conductive layer on the first conductive layer;  

forming a third conductive layer on the second conductive layer;  

etching the first to third conductive layers to form a conductive layer having tapered sections;  

and performing plasma treatment on the conductive layer having tapered sections. 

24.  A method for manufacturing a wiring board, the method comprising the steps of:  20 

forming a first-shaped conductive layer, which includes a stack composed of a first conductive layer, a second 
conductive layer, and a third conductive layer on an insulating surface; 

Etching the first conductive layer, the second conductive layer, and the third conductive layer to form a second-
shaped conductive layer, which includes a stack of a first conductive layer with a first width, a second conductive 
layer with a second width, and a third conductive layer with a third width; 25 

Etching the second conductive layer with the second width and the third conductive layer with the third width 
to form a third-shaped conductive layer, which includes a stack of the first conductive layer with the fourth width, 
the second conductive layer with the fifth width, and the third conductive layer with the sixth width; and 

Performing plasma treatment on the third-shaped conductive layer, 

wherein the cross-section of the edges of the first conductive layer with the fourth width, the second conductive 30 
layer with the fifth width, or the third conductive layer with the sixth width is tapered in shape. 

25.  A method for manufacturing a wiring board, the method comprising the steps of:  

forming a first-shaped conductive layer, which comprises a stack of a first conductive layer, a second 
conductive layer, and a third conductive layer on an insulating surface;  

  35 
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Etching the second conductive layer and the third conductive layer to form a second-shaped conductive layer, 
which includes a stack of the first conductive layer, the second conductive layer of the first width, and the third 
conductive layer of the second width; 

Etching the first conductive layer to form a third-shaped conductive layer, which includes a stack of a first 
conductive layer with a third width, a second conductive layer with a first width, and a third conductive layer with 5 
a second width; 

Etching the second conductive layer of the first width and the third conductive layer of the second width to 
form a fourth-shaped conductive layer, which includes a stack of a first conductive layer with a fourth width, a 
second conductive layer with a fifth width, and a third conductive layer with a sixth width; and 

Performing plasma treatment on the fourth-shaped conductive layer, 10 

wherein the cross-section of the edges of the first conductive layer with the fourth width, the second conductive 
layer with the fifth width, or the third conductive layer with the sixth width is tapered in shape. 

26.  The method for manufacturing a wiring board according to any one of claims 21 to 25, wherein the first 
conductive layer includes at least one selected from W and Mo. 

27.  The method for manufacturing a wiring board according to any one of claims 21 to 25, wherein the 15 
second conductive layer comprises Al. 

28.  The method for manufacturing a wiring board according to any one of claims 21 to 25, wherein the third 
conductive layer comprises Ti. 

29.  A method for manufacturing a wiring board according to any one of claims 21 to 25, wherein plasma 
treatment is performed using oxygen, a gas mainly containing oxygen, or H2O. 20 

30.  A semiconductor device, comprising:  

a semiconductor layer on a substrate;  

a gate insulating film on the semiconductor layer; 

The wiring on the gate insulating film has a stacked structure, including a first conductive layer with a first 
width as the first layer, a second conductive layer with a second width as the second layer, where the second width 25 
is smaller than the first width, and a third conductive layer with a third width as the third layer, where the third width 
is smaller than the second width. 

Wherein the cross section of the edge of the first, second, or third conductive layer is tapered. 

31.  A semiconductor device according to claim 30, wherein the first conductive layer comprises at least one 
selected from W and Mo. 30 

32.  The semiconductor device according to claim 30, wherein the second conductive layer comprises Al. 

33.  A semiconductor device according to claim 30, wherein the third conductive layer comprises Ti. 
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34.  A semiconductor device according to claim 30, wherein the second conductive layer is covered by the 
first conductive layer, the third conductive layer, and an insulating film, and the region contacting the insulating 
film is oxidized. 

35.  A semiconductor device according to claim 30, wherein the semiconductor device is at least one selected 
from either a liquid crystal display device or a light-emitting device. 5 

36.  A semiconductor device according to claim 30, wherein the semiconductor device is at least one selected 
from a personal computer, a player using a recording medium, and a display. 

37.  A method for manufacturing a semiconductor device, the method comprising the steps of:  

forming a semiconductor layer on a substrate;  

forming a gate insulating film on the semiconductor layer;  10 

forming a first-shaped conductive layer consisting of a stack of a first conductive layer, a second conductive 
layer, and a third conductive layer on the gate insulating film;  

etching the first conductive layer, the second conductive layer, and the third conductive layer to form a second-
shaped conductive layer consisting of a stack of a first conductive layer of a first width, a second conductive layer 
of a second width, and a third conductive layer of a third width; and 15 

and etching the second conductive layer with the second width and the third conductive layer with the third 
width to form a third-shaped conductive layer, which includes a stack composed of a first conductive layer with a 
fourth width, a second conductive layer with a fifth width, and a third conductive layer with a sixth width,  

Wherein the cross section of the edge of the first, second, or third conductive layer is tapered. 

38.  A method for manufacturing a semiconductor device, the method comprising the steps of:  20 

forming a semiconductor layer over a substrate; 

forming a gate insulating film on the semiconductor layer;  

forming a first-shaped conductive layer consisting of a stack of a first conductive layer, a second conductive 
layer, and a third conductive layer on the gate insulating film;  

Etching the second conductive layer and the third conductive layer to form a second-shaped conductive layer, 25 
which includes a stack of the first conductive layer, the second conductive layer of the first width, and the third 
conductive layer of the second width; 

etching the first conductive layer to form a third-shaped conductive layer, which comprises a stack composed 
of a first conductive layer having a third width, a second conductive layer having a first width, and a third conductive 
layer having a second width; and 30 

Etching the second conductive layer of the first width and the third conductive layer of the second width to 
form a fourth-shaped conductive layer, which includes a stack of the first conductive layer of the fourth width, the 
second conductive layer of the fifth width, and the third conductive layer of the sixth width, 
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Wherein the cross section of the edge of the first, second, or third conductive layer is tapered. 

39.  A method for manufacturing a semiconductor device, the method comprising the steps of:  

forming a semiconductor layer over a substrate; 

forming a gate insulating film on the semiconductor layer;  

forming a first-shaped conductive layer consisting of a stack of a first conductive layer, a second conductive 5 
layer, and a third conductive layer on the gate insulating film;  

Etching the first conductive layer, the second conductive layer, and the third conductive layer to form a second-
shaped conductive layer, which includes a stack of a first conductive layer with a first width, a second conductive 
layer with a second width, and a third conductive layer with a third width; 

etching a second conductive layer of a second width and a third conductive layer of a third width to form a 10 
third-shaped conductive layer, which comprises a stack consisting of a first conductive layer of a fourth width, a 
second conductive layer of a fifth width, and a third conductive layer of a sixth width; and 

Performing plasma treatment on the third-shaped conductive layer, 

Wherein the cross section of the edge of the first, second, or third conductive layer is tapered. 

40.  A method for manufacturing a semiconductor device, the method comprising the steps of:  15 

forming a semiconductor layer over a substrate; 

forming a gate insulating film on the semiconductor layer;  

forming a first-shaped conductive layer consisting of a stack of a first conductive layer, a second conductive 
layer, and a third conductive layer on the gate insulating film;  

Etching the second conductive layer and the third conductive layer to form a second-shaped conductive layer, 20 
which includes a stack of the first conductive layer, the second conductive layer of the first width, and the third 
conductive layer of the second width; 

Etching the first conductive layer to form a third-shaped conductive layer, which includes a stack of a first 
conductive layer with a third width, a second conductive layer with a first width, and a third conductive layer with 
a second width; 25 

Etching the second conductive layer of the first width and the third conductive layer of the second width to 
form a fourth-shaped conductive layer, which includes a stack of a first conductive layer with a fourth width, a 
second conductive layer with a fifth width, and a third conductive layer with a sixth width; and 

Performing plasma treatment on the fourth-shaped conductive layer, 

Wherein the cross section of the edge of the first, second, or third conductive layer is tapered. 30 

41.  The method for manufacturing a semiconductor device according to any one of claims 37 to 40, wherein 
the first conductive layer includes at least one selected from W and Mo. 
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42.  The method for manufacturing a semiconductor device according to any one of claims 37 to 40, wherein 
the second conductive layer comprises Al. 

43.  A method for manufacturing a semiconductor device according to any one of claims 37 to 40, wherein 
the third conductive layer comprises Ti. 

44.  A method for manufacturing a semiconductor device according to any one of claims 37 to 40, wherein 5 
plasma treatment is performed using oxygen, a predominantly oxygen-containing gas, or H2O. 

45.  A method for manufacturing a semiconductor device according to any one of claims 37 to 40, wherein 
the semiconductor device is at least one selected from a liquid crystal display device and a light-emitting device. 

46.  A method for manufacturing a semiconductor device according to any one of claims 37 to 40, wherein 
the semiconductor device is at least one selected from a personal computer, a media playback device using a 10 
recording medium, and a display. 
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Wiring and methods for manufacturing wiring, as well as wiring boards and methods for 
manufacturing wiring boards 

 

Technical Field 

This invention relates to wiring formed using thin-film technology and methods for manufacturing such wiring. 5 
The present invention also relates to wiring boards and methods for manufacturing such wiring boards. In this 
specification, a wiring board refers to an insulating substrate made of materials such as special-purpose glass or 
various substrates having wiring formed using thin-film technology. 

Background Technology 

In recent years, technology for forming thin-film transistors (TFTs) using semiconductor thin films (with a 10 
thickness of approximately several to several hundred nanometers) on substrates with insulating surfaces has 
attracted attention. TFTs are widely used in electronic devices such as integrated circuits (ICs) and electro-optical 
instruments. In particular, TFTs are being rapidly developed as switching elements for image display devices. 

Typically, liquid crystal display devices are known as image display devices. Compared to passive-type liquid 
crystal display devices, active matrix-type liquid crystal display devices are increasingly being used because they 15 
provide higher-resolution images. In active matrix-type liquid crystal display devices, pixel electrodes arranged in 
a matrix are driven to form display patterns on the screen. More specifically, a voltage is applied between a selected 
pixel electrode and a counter electrode corresponding to the pixel electrode, thereby optically modulating the liquid 
crystal layer disposed between the pixel electrode and the counter electrode. This optical modulation is perceived 
by an observer as a displayed pattern. 20 

Such active matrix-type liquid crystal display devices have been widely used, and there is an increasing demand 
for high precision, high aperture ratio, high stability, and larger screen sizes. There is also a demand for improving 
productivity and reducing costs. 

When aluminum (Al) is used as the wiring material to manufacture the said TFTs, heat treatment may lead to 
the formation of protrusions such as bumps and whiskers. Al atoms can diffuse into the insulating film and the 25 
active region (particularly the channel formation region), which may result in TFT operational failures or 
degradation of its electrical characteristics. 

In such cases, heat-resistant metal materials have been considered (typically, metal elements with high melting 
points, such as tungsten (W) and molybdenum (Mo)). However, the resistance of these elements is significantly 
higher compared to that of Al (see Table 1). 30 
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Table 1 

Wiring Materials Resistivity (μΩcm) 
A1 2 

W 10-20 
Mo 15-25 

 

Therefore, as screen size increases, line delay becomes an issue. In view of this, methods of reducing resistance 
by increasing the thickness of the wiring have been considered. However, as the wiring width increases, the design 
freedom and the aperture ratio of the pixel segment decrease. Furthermore, increasing the film thickness of the 5 
wiring is likely to cause short circuits at sections where the wirings three-dimensionally intersect, and the coverage 
at wiring step sections may also decrease. 

Summary of the Invention 

Therefore, in view of the above circumstances, an object of the present invention is to provide wiring that 
facilitates screen enlargement and a method for manufacturing such wiring, as well as to provide a wiring board and 10 
a method for manufacturing the wiring board. 

According to the present invention, the wiring is a stacked structure, which includes: As the first layer, a 
conductive film primarily containing one or more elements selected from W and Mo; as the second layer, a low-
resistance conductive film primarily containing Al; and as the third layer, a conductive film primarily containing 
Ti, thereby aiming to reduce wiring resistance. According to the present invention, the low-resistance conductive 15 
film primarily containing Al is sandwiched between other conductive films, thereby preventing the formation of 
protrusions such as bumps and whiskers caused by heat treatment. Furthermore, since the first and second layers 
are made of high melting point conductive films, they function as Al barriers, which prevent Al atoms from diffusing 
into the insulating film and active region (Table 2). Additionally, when an insulating film is formed on the wiring 
of the present invention and contact is formed with the wiring, the third layer acts as a stopper against the etching 20 
of the insulating film, thereby facilitating contact formation. When Al comes into contact with an ITO film (a typical 
transparent conductive film), Al causes electrochemic Al corrosion, leading to an increase in contact resistance. 
However, the third layer is made of a conductive film primarily containing Ti, resulting in satisfactory contact 
resistance. 

Table 2 25 

Wiring Materials Melting Point [°C] 
A1 660.4 

W 3387 
Mo 2610 

Ti 1675 
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Additionally, according to the present invention, the edges of the second layer, which is at least composed of 
a low-resistance conductive film mainly containing Al, are tapered. Due to this tapered shape, the coverage over 
step sections is improved. In this specification, the taper angle refers to the angle formed between the horizontal 
surface and the side surface of a material layer. Moreover, in this specification, for convenience, the side surface 
with a taper angle is referred to as a beveled shape, and the tapered section is referred to as a tapered segment. 5 

The structure disclosed in this specification concerning the present invention relates to a stacked structure 
wiring, which includes a first conductive layer having a first width as the first layer, a second conductive layer with 
a second width smaller than the first width as the second layer, and a third conductive layer with a third width 
smaller than the second width as the third layer. It is characterized by the tapered cross-sectional shape of the edge 
of the first, second, or third conductive layers. 10 

In the aforementioned structure, the wiring is characterized by a stacked structure, comprising a conductive 
layer (first layer) made of an alloy or compound primarily containing W, a conductive layer (second layer) made of 
an alloy or compound primarily containing Al, and a conductive layer (third layer) made of an alloy or compound 
primarily containing Ti. In another scenario, the wiring is characterized by a stacked structure, which includes a 
conductive layer (first layer) made of an alloy or compound primarily containing Mo, a conductive layer (second 15 
layer) made of an alloy or compound primarily containing A1, and a conductive layer (third layer) made of an alloy 
or compound primarily containing Ti. For example, materials such as W, WN, Mo, or other similar materials may 
be used as the first layer. As the second layer, materials such as Al, Al-Si (2 wt%), Al-Ti (1 wt%), Al-Nd (1 wt%), 
Al-Sc (0.18 wt%), or other similar materials may be used. As the third layer, materials such as Ti, TiN, or other 
similar materials may be used. These layers can be formed by methods such as sputtering, plasma CVD, or similar 20 
techniques. Moreover, when forming Al-Si or similar materials in the second layer, there is a limitation on the ratio 
at which elements such as Si can dissolve into Al (solid solubility limit). This is because higher solubility leads to 
an increase in electrical resistance and changes in thermal resistance. Therefore, those skilled in the art can 
appropriately determine the ratio of Si or similar materials to Al based on the electrical resistance and thermal 
resistance suitable for wiring, as well as the solid solubility limit of an element such as Si. 25 

Table 3 shows examples of resistance in each conductive layer constituting the wiring. From Table 3, it is 
understood that the conductive layers made from alloys or compounds primarily containing Al exhibit significantly 
lower resistance compared to other conductive layers. 

  

Page 13 BOE v. Samsung IPR2025-01476 
Ex-1033



Table 3 

Wiring Materials Resistivity (μΩcm) 
Materials primarily containing W W 10-20 

WN 150-220 
Materials primarily containing Al A1 2 

Al-Si (2wt%) 3.5 - 4.5 
Al-Ti (1wt%) 8-10 

Al-Nd (1wt%) 7-10 

Al-Sc (0.18wt%) 3.5 - 4.0 
Materials primarily containing Ti Ti 50 - 60 

TiN 130 - 200 

Any etching method may be used, provided that the first, second, and third conductive films with thermal 
resistance and electrical conductivity can be etched at a high speed and with good accuracy, and the edge sections 
of the films can be tapered. Among these, dry etching methods utilizing high-density plasma are preferred. Etching 
devices using microwave, helicon wave plasma (HWP), or inductively coupled plasma (ICP) are suitable for 5 
obtaining high-density plasma. For example, an electron cyclotron resonance (ECR) etcher, a surface wave plasma 
(SWP) etcher, an ICP etcher, a dual-frequency parallel plate excitation etcher, or other similar instruments can be 
used. In particular, ICP etchers are easy to control for plasma and facilitate the expansion of substrates to be 
processed. 

For example, to perform high-precision plasma processing, a method is used in which plasma is formed by 10 
applying high-frequency electric power to multiple helical coils, where several helical coil segments are connected 
in parallel through impedance matching circuits. In addition, high-frequency electric power is also applied to the 
lower electrode holding the substrate to be processed, thereby supplying a bias voltage thereto. 

When an ICP etcher employing such multiple helical coils is used, the taper angle can vary significantly 
depending on the bias electric power applied to the substrate side. Therefore, by further increasing the bias electric 15 
power and adjusting the pressure, the taper angle can be modified within the range of 50°-85°. 

Chlorine gas is preferred as the etching gas for the second and third layers. For example, SiCl4, HCl, CCl4, 
BCl3, Cl2, or other similar gases may be used. 

As the etching gas for the first layer, fluorine gas is preferably used. For example, NF3, CF4, C2F6, SF6, or other 
similar gases may be used. When chlorine gas and fluorine gas are used simultaneously, the etching rate in the first 20 
layer is increased, which is desirable. 

Furthermore, by forming the wiring with a stacked structure including the aforementioned conductive layers, 
ICP etching or other similar methods can be used to taper the wiring edges. By tapering the wiring edges, the 
coverage of the thin film to be formed in subsequent processes can be satisfactory. 
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In the above structure, the edge of the first conductive layer is preferably tapered. The tapered section (i.e., the 
taper segment) is a region that does not overlap with the second conductive layer, and its width corresponds to the 
width obtained by subtracting the second width from the first width. Furthermore, it is preferable that the second 
conductive layer is tapered, and its taper angle is greater than that of the tapered segment of the first conductive 
layer. Furthermore, it is preferable that the third conductive layer is tapered, and its taper angle is approximately the 5 
same as that of the tapered section of the second conductive layer. 

The structure for implementing this solution involves a method for manufacturing wiring, which includes the 
following steps: Form the first-shaped conductive layer, which includes a stack composed of a first conductive layer, 
a second conductive layer, and a third conductive layer on an insulating surface. Etch the first conductive layer, the 
second conductive layer, and the third conductive layer to form the second-shaped conductive layer, which includes 10 
a stack consisting of a first conductive layer with a first width, a second conductive layer with a second width, and 
a third conductive layer with a third width. Then, etch the second conductive layer with a second width and the third 
conductive layer with a third width to form the third-shaped conductive layer, which includes a stack composed of 
a first conductive layer with a fourth width, a second conductive layer with a fifth width, and a third conductive 
layer with a sixth width, wherein the edge cross-section of the first conductive layer, the second conductive layer, 15 
or the third conductive layer is tapered. 

In the aforementioned structure, the wiring is characterized by a stacked structure, which includes a conductive 
layer (first layer) primarily composed of an alloy or compound containing W, a conductive layer (second layer) 
primarily composed of an alloy or compound containing Al, and a conductive layer (third layer) primarily composed 
of an alloy or compound containing Ti. In another case, the wiring is characterized by a stacked structure, which 20 
includes a conductive layer (first layer) primarily composed of an alloy or compound containing Mo, a conductive 
layer (second layer) primarily composed of an alloy or compound containing Al, and a conductive layer (third layer) 
primarily composed of an alloy or compound containing Ti. 

In addition, by enabling the wiring to have a stacked structure that includes the aforementioned conductive 
layer, the wiring edges can be made to form tapered shapes using the ICP etching method or other similar methods. 25 
By tapering the edges of the wiring, the coverage of the thin film to be formed in subsequent processes can be made 
satisfactory. 

In the above structure, the edge of the first conductive layer is preferably tapered. The tapered section (i.e., the 
taper segment) is a region that does not overlap with the second conductive layer, and its width corresponds to the 
width obtained by subtracting the second width from the first width. It is also preferable that the second conductive 30 
layer is tapered, and its taper angle is greater than the taper angle of the tapered section of the first conductive layer. 
Furthermore, it is preferable that the third conductive layer is tapered, and its taper angle is approximately the same 
as that of the tapered section of the second conductive layer. 
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The structure of the present invention relates to a wiring board including an insulating substrate and wiring, 
characterized in that the wiring has a stacked structure, which includes: a first conductive layer with a first width as 
the first layer; a second conductive layer with a second width smaller than the first width as the second layer; and a 
third conductive layer with a third width smaller than the second width as the third layer, and is further characterized 
in that the edge cross-section of the first conductive layer, the second conductive layer, or the third conductive layer 5 
is tapered. 

In the aforementioned structure, the wiring forming method is characterized in that a conductive film primarily 
containing W, a conductive film primarily containing Al, and a conductive film primarily containing Ti are stacked 
on top of each other and then etched with a mask. Furthermore, in the aforementioned structure, the wiring formation 
process is characterized in that a conductive film primarily containing Mo, a conductive film primarily containing 10 
Al, and a conductive film primarily containing Ti are stacked on top of each other and then etched using a mask. 

In the above structure, the edge of the first conductive layer is preferably tapered. The tapered section (i.e., the 
taper segment) is a region that does not overlap with the second conductive layer, and its width corresponds to the 
width obtained by subtracting the second width from the first width. It is also preferable that the second conductive 
layer is tapered, and its taper angle is greater than the taper angle of the tapered section of the first conductive layer. 15 
Furthermore, it is preferable that the third conductive layer is tapered, and its taper angle is approximately the same 
as that of the tapered section of the second conductive layer. 

In addition, the structure for implementing the present invention pertains to a method for manufacturing a 
wiring board, characterized by including the following steps: forming a first conductive layer on an insulating 
surface; forming a second conductive layer on the first conductive layer; forming a third conductive layer on the 20 
second conductive layer; and etching the first to third conductive layers to form conductive layers with tapered 
sections. 

In the aforementioned structure, the wiring formation process is characterized in that a conductive film 
primarily containing W, a conductive film primarily containing Al, and a conductive film primarily containing Ti 
are stacked on top of each other and then etched with a mask. Additionally, in the aforementioned structure, the 25 
wiring formation process is characterized by conductive films primarily containing Mo, primarily containing Al, 
and primarily containing Ti stacked on top of each other, followed by etching with a mask. 

Furthermore, by enabling the wiring to have a stacked structure that includes the aforementioned conductive 
layers, the wiring edge is tapered using the ICP etching method or other similar techniques. By tapering the edges 
of the wiring, the coverage of the thin film to be formed in subsequent processes can be made satisfactory. 30 

In the above structure, the edge of the first conductive layer is preferably tapered. The tapered section (i.e., the 
taper segment) is a region that does not overlap with the second conductive layer, and its width corresponds to the 
width obtained by subtracting the second width from the first width. It is also preferable that the second conductive 
layer is tapered, and its taper angle is greater than the taper angle of the tapered section of the first conductive layer. 
Furthermore, it is preferable that the third conductive layer is tapered, and its taper angle is approximately the same 35 
as that of the tapered section of the second conductive layer. 
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According to the present invention, low resistivity in wiring can be achieved through a simple method suitable 
for conventional wiring or wiring board manufacturing processes. Therefore, the degree of design freedom and pixel 
aperture ratio can be enhanced. Due to the wiring comprising conductive layers with a tapered shape, satisfactory 
coverage is achieved. Due to these advantages, in semiconductor devices represented by active matrix-type liquid 
crystal display devices, the present invention provides sufficient room for screen expansion caused by the increase 5 
in pixel segment area, thereby enhancing the operating characteristics and reliability of the semiconductor device. 

These and other advantages of the present invention will become apparent to those skilled in the art upon 
reading and understanding the following detailed description with reference to the accompanying drawings. 

 

Description of Drawings 10 

In the drawings: 

Figures 1A - 1C illustrate the typical principles of the present invention. 

Figures 2A and 2B illustrate the typical shapes of wiring produced according to the present invention. 

Figures 3A and 3B schematically illustrate the morphology of wiring produced according to the present 
invention. 15 

Figures 4A - 4C illustrate the typical shapes of wiring produced according to the present invention. 

Figures 5A - 5C illustrate the typical shapes of wiring produced according to the present invention. 

Figures 6A - 6C illustrate the typical shapes of wiring produced according to the present invention. 

Figures 7A - 7C illustrate the typical principles of the present invention. 

Figures 8A - 8C are cross-sectional views illustrating the manufacturing process of pixel TFTs and TFT driver 20 
circuits. 

Figures 9A - 9C are cross-sectional views illustrating the manufacturing process of pixel TFTs and TFT driving 
circuits. 

Figure 10 is a cross-sectional view illustrating the manufacturing process of pixel TFTs and TFT driving 
circuits. 25 

Figure 11 is a top view showing the arrangement of pixel TFTs. 

Figure 12 is a cross-sectional view illustrating the manufacturing process of active matrix liquid crystal display 
devices;  

Figure 13 is a cross-sectional view illustrating the manufacturing process of active matrix liquid crystal display 
devices;  30 

Figure 14 is a cross-sectional structural view of the driving circuit and pixel segment of the light-emitting 
device. 

Figure 15A is a top view of a light-emitting device, and Figure 15B is a cross-sectional structural view of the 
driving circuit and pixel segment of the light-emitting device. 

Figure 16 is a cross-sectional structural view of the driving circuit and pixel segment of the light-emitting 35 
device. 
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Figures 17A and 17B illustrate the typical principles of the present invention. 

Figures 18A and 18B are cross-sectional views illustrating the manufacturing process of active matrix-type 
liquid crystal display devices. 

Figure 19 is a cross-sectional structural view of the pixel segment of the light-emitting device. 

Figures 20A to 20C show examples of semiconductor devices. 5 

Figure 21 is a cross-sectional view illustrating the manufacturing process of pixel TFTs and TFT driver circuits; 
and 

Figure 22 schematically illustrates the shape of wiring produced under the first etching conditions. 

 

Detailed Implementation Plan 10 

Hereinafter, the present invention will be described by way of exemplary embodiments with reference to 
Figures 1A to 1C. In this embodiment, a wiring board equipped with TFT and gate electrodes according to the 
present invention will be described. 

First, the base insulating film 11 is formed on substrate 10. Substrate 10 may be a glass substrate, quartz 
substrate, silicon substrate, plastic substrate, metal substrate, flexible substrate, or other similar substrates. Examples 15 
of glass substrates include substrates made of glass such as barium borosilicate glass or aluminoborosilicate glass. 
In addition, the flexible substrate refers to a film-shaped substrate made of materials such as PET, PES, PEN, acrylic 
resin, or similar materials. If semiconductor devices are manufactured using flexible substrates, it can be expected 
that their weight will be light. It is preferable to form single-layer or multi-layer barrier layers such as Al films 
(AlON, AlN, AlO, etc.), carbon films (diamond-like carbon (DLC), etc.), or SiN films on the front surface or both 20 
the front and back surfaces of flexible substrates to improve their lifespan. 

Additionally, as the base insulating film 11, a base film 11 is formed from insulating films such as silicon oxide 
films, silicon nitride films, or silicon oxynitride films. Among these, the base film 11 with a double-layer structure 
(11a, 11b) is provided as an example; however, the base film 11 can be a single-layer insulating film or may have a 
multi-layer structure with two or more layers. Note that the base insulating film may not be formed. 25 

Then, a semiconductor layer 12 is formed on the base insulating film 11. An amorphous semiconductor film is 
created using known methods (sputtering, LPCVD, plasma CVD, etc.), crystallized via known crystallization 
methods (laser crystallization method, thermal crystallization method, thermal crystallization method using a 
catalyst such as nickel, etc.), and patterned into the desired shape using the first photomask to obtain the 
semiconductor layer 12. The thickness of the formed semiconductor layer 12 ranges from 25 to 80 nm (preferably 30 
30 to 60 nm). There is no particular restriction on the material of the crystalline semiconductor film; however, it is 
preferably formed of silicon, silicon-germanium (SiGe) alloy, or other similar materials. 
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Then, an insulating film 13 is formed to cover the semiconductor 12. The thickness of the insulating film 13 
ranges from 40 to 150 nm, such that the silicon-containing insulating film has either a single-layer or multi-layer 
structure achieved by plasma CVD or sputtering. The insulating film 13 will serve as the gate insulating film. 

Subsequently, a first conductive film 14 (thickness:  20 to 100 nm), a second conductive film 15 (thickness: 
100 to 800 nm), and a third conductive film 16 (thickness: 20 to 100 nm) are stacked on the insulating film 13. Here, 5 
these conductive films can be formed using sputtering, plasma CVD, or other similar methods. Since the first 
conductive film 14 is in contact with the insulating film 13, a conductive film primarily containing W or Mo (e.g., 
W, WMo, Mo) can be used to prevent impurities from diffusing from the substrate 10 into the channel formation 
region. Additionally, for the second conductive film 15, a low-resistance conductive film primarily containing Al 
(e.g., Al, Al-Ti, Al-Sc, Al-Si, etc.) can be used. For the third conductive film 16, a conductive film primarily 10 
containing Ti (e.g., Ti, TiN, etc.) with low contact resistance can be used. 

Then, a resist mask 17a is formed using the second photomask, and the first etching process is performed using 
an inductively coupled plasma (ICP) etching apparatus or similar equipment. Due to the first etching process, the 
first to third conductive films 14–16 are etched, resulting in conductive layers 18a–20a with tapered edges, as shown 
in Figure 1B. 15 

The second etching process is performed using an ICP etching apparatus or similar equipment, employing the 
resist mask 17a originally formed during the second photolithography process. As a result of the second etching 
process, the second conductive layer 19a and the third conductive layer 18a are selectively etched to form the second 
conductive layer 19b and the third conductive layer 18b, as shown in Figure 1C. During the second etching process, 
the resist mask 17a, the first conductive layer 20a, and the insulating film 13 are lightly etched to form the resist 20 
mask 17b, the first conductive layer 20b, and the insulating film 21b. The first conductive layer 20b has a first width 
(W1), the second conductive layer 19b has a second width (W2), and the third conductive layer 18b has a third 
width (W3). The first width is greater than the second width, and the second width is greater than the third width. 

Here, to suppress the reduction of the insulating film 13, etching is performed twice (the first and the second 
etching processes). However, there is no particular limitation as long as the electrode structure shown in Figure 1C 25 
(a stacked structure of the third conductive layer 18b, the second conductive layer 19b, and the first conductive layer 
20b) can be formed. Etching may be performed once. 

As described above, according to the present invention, the gate line is formed from a low-resistance 
conductive layer. Therefore, even if the pixel segment area is enlarged, it can still be sufficiently driven. It goes 
without saying that the present invention is applicable to various wirings as well as gate lines, and enables the 30 
production of wiring boards having such wirings formed thereon. Furthermore, according to the present invention, 
the operating characteristics and reliability of semiconductor devices with such wiring formed thereon can also be 
improved. 
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The present invention, with the above-mentioned structure, will be detailed through the following 
embodiments. 

The present invention will be described by way of embodiments; however, it should be noted that the invention 
is not limited thereto. 

 5 

[Embodiment 1] 

Next, a typical structure of a wiring board equipped with gate electrodes in accordance with the present 
invention will be described. 

First, the base insulating film 11 is formed on substrate 10. As the substrate 10, a glass substrate, a quartz 
substrate, a silicon substrate, or a metal substrate, or a flexible substrate with an insulating film formed thereon can 10 
be used. Furthermore, a plastic substrate having thermal resistance that can withstand processing temperatures can 
be used. In this embodiment, a glass substrate (Corning 1737) is employed. 

As the base insulating film 11, a base film 11 made of insulating films such as a silicon oxide film, a silicon 
nitride film, or a silicon oxynitride film is formed. Here, the base film 11 with a double-layer structure (11a, 11b) is 
given as an example, but the base film 11 may be a single-layer insulating film or a multilayer structure with two or 15 
more layers. Note that the base insulating film may not be formed. In this embodiment, a silicon oxychloride film 
11a with a thickness of 50 nm is formed (composition ratio: Si=32%, O=27%, N=24 %, H=17%). Next, a silicon 
oxynitride film 11b with a thickness of 100 nm is formed (composition ratio: Si=32%, 0=59%, N=7%, H=2%). 

Then, a semiconductor layer 12 is formed on the base insulating film 11. An amorphous semiconductor film is 
formed using known methods (such as sputtering, LPCVD, plasma CVD, etc.), crystallized using known 20 
crystallization techniques (e.g., laser crystallization, thermal crystallization, thermal crystallization using catalysts 
such as nickel, etc.), and patterned into the desired shape using a first photomask, thus obtaining the semiconductor 
layer 12. The thickness of the formed semiconductor layer 12 is between 25–80 nm (preferably 30–60 nm). There 
is no particular restriction on the material of the crystalline semiconductor film; however, it is preferably formed 
using silicon, silicon germanium (SiGe) alloys, or other similar materials. In this embodiment, an amorphous silicon 25 
film with a thickness of 55 nm is formed by plasma CVD, and a nickel-containing solution is applied to the 
amorphous silicon film. The amorphous silicon film is dehydrogenated at 500°C for 1 hour. Then, it undergoes 
thermal crystallization at 550°C for 4 hours. Laser annealing is performed to improve crystallization, forming a 
crystalline silicon film. The crystalline silicon film is patterned by photolithography to form the semiconductor layer 
12. 30 

Then, an insulating film 13 is formed to cover the semiconductor layer 12. The insulating film 13, formed by 
plasma CVD or sputtering, has a thickness of 40 to 150 nm to ensure that the silicon-containing insulating film 
adopts a single-layer or multilayer structure. The insulating film 13 will serve as the gate insulating film. In this 
embodiment, a silicon oxynitride film formed by plasma CVD (composition ratio: Si = 32%, O = 59%, N = 7%, H 
= 2% (thickness: 110 nm)). 35 
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Subsequently, a first conductive film 14 (thickness: 20 to 100 nm), a second conductive film 15 (thickness: 
100 to 800 nm), and a third conductive film 16 (thickness: 20 to 100 nm) are stacked on the insulating film 13. Here, 
these conductive films 3 are formed by sputtering or similar methods. Since the first conductive film 14 is in contact 
with the insulating film 13, a conductive film mainly containing W or Mo (e.g., W, WMo, Mo, etc.) can be used to 
prevent impurities from diffusing from the substrate 10 into the channel formation region. In addition, for the second 5 
conductive film 15, a low-resistance conductive film mainly containing Al (e.g., Al, Al-Ti, Al-Sc, Al-Si) can be 
used. For the third conductive film 16, a conductive film mainly containing Ti (e.g., Ti, TiN, etc.) with low contact 
resistance can be used. In this embodiment, the first conductive film 14, made of a W film (thickness: 30 nm), the 
second conductive film 15, made of an Al-Ti film (thickness: 500 nm), and the third conductive film 15, made of a 
Ti film (thickness: 50 nm), are stacked through sputtering. The Ti content of the second conductive film 15 is 1%, 10 
and Al-Ti is used as the target material to form the second conductive film 15. 

Then, the first etching process is performed. The first etching process is carried out under the first and second 
etching conditions. In this embodiment, the ICP etching method is employed under the first etching condition. More 
specifically, BCl2, Cl2, and O2 are used as etching gases, with a gas flow rate ratio of 65:10:5 (sccm). The RF power 
of 450 W (13.56 MHz) is supplied to the coil-shaped electrode under a pressure of 1.2 Pa. Etching is performed for 15 
147 seconds by generating plasma. Here, a dry etching apparatus (model E645-ICP) manufactured by Matsushita 
Electric Industrial Co., Ltd. is used, employing an ICP system. An RF power of 300 W (13.56 MHz) is also supplied 
to the substrate side (sample stage), thereby predominantly applying a negative self-bias. Under the first etching 
conditions, the etching rate for the resist mask is 235.5 nm/min, for Al-Ti is 233.4 nm/min, and for W is 133.8 
nm/min. The etching rate of Ti is almost the same as that of Al-Ti. As shown in Figure 22, the Al-Ti film and the 20 
Ti film are etched under the first etching conditions to obtain the second conductive film 29 and the third conductive 
film 28. Under the first etching conditions, the etching of the Al-Ti film and Ti film results in tapered edges for the 
second and third conductive layers. Additionally, under the first etching conditions, the taper angle of the Al-Ti film 
and the Ti film becomes approximately 45°. Since the etching rate of W is significantly lower than that of the resist 
mask, Ti, and Al-Ti, the surface of the first conductive film 14 is primarily etched to form the shape indicated by 25 
reference numeral 30. 

Thereafter, the etching conditions are changed to the second etching conditions without removing the resist 
mask 17a. Under the second etching conditions, CF4, Cl2, and O2 are used as etching gases, with a gas flow rate 
ratio of 25:25:10 (sccm), 500 W RF (13.56 MHz) power is supplied to the coil-shaped electrode at a pressure of 1 
Pa, generating plasma to perform etching for 30 seconds. 20 W RF (13.56 MHz) power is also supplied to the 30 
substrate side (sample stage), thereby applying a primarily negative self-bias. Under the second etching condition, 
CF4, Cl2, and O2 are mixed, exclusively etching the W film. The etching rate of W under the second etching condition 
is 124.6 nm/min. To perform etching without leaving residues on the gate insulating film, the etching time can be 
increased by approximately 10-20%. 
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During the first etching process, by appropriately shaping the resist mask, the edges of the first and second 
conductive layers are tapered due to the bias applied to the substrate. The taper angle can be set between 15° and 
45°. Thus, a first-shaped conductive layer including the first conductive layer 20a, the second conductive layer 19a, 
and the third conductive layer 18a is formed through the first etching process. The width of the first conductive 
layer 20a in the channel length direction corresponds to W1 as shown in the above-mentioned embodiment pattern. 5 
Reference numeral 21a denotes the gate insulating film, and the region of the gate insulating film 21a not covered 
by the first-shaped conductive layer is lightly etched by approximately 20-50 nm. The first etching process here 
corresponds to the first etching process described in the above embodiment mode (Figure 1B). Figure 2A shows a 
scanning electron microscope photograph of the first-shaped conductive layer formed at that time. 

Then, a second etching process is performed without removing the resist mask. Here, BCl3 and Cl2 are used as 10 
etching gases. The gas flow rate ratio is 20:60 (sccm), and 600 W of RF (13.56 MHz) power is supplied to the coil-
shaped electrode at a pressure of 1.2 Pa, with plasma generated for etching. 100 W of RF (13.56 MHz) power is 
also supplied to the substrate side (sample stage), thereby applying a substantially negative self-bias voltage thereto. 
In the second etching process, the Al-Ti film and the Ti film are selectively etched. As a result of the second etching 
process, the taper angle of the Al-Ti film and the Ti film changes to 80°. During the second etching process, the 15 
second conductive layer 19b and the third conductive layer 18b are formed. On the other hand, the first conductive 
layer 20a is hardly etched compared to the second conductive layer 19b and the third conductive layer 18b, forming 
the first conductive layer 20b. The second etching process here is equivalent to the second etching process (Figure 
1C) described in the above embodiment mode. Therefore, a second-shaped conductive layer is formed, consisting 
of a first conductive layer with a width of W1 in the channel length direction, a second conductive layer with a 20 
width of W2 in the channel length direction, and a third conductive layer with a width of W3 in the channel length 
direction. Figure 2B shows a scanning electron microscope photograph of the second-shaped conductive layer. 

Table 4 shows the results obtained by calculating the thickness (nm) of the base film to be etched, taking into 
account the in-plane variation of the etching rate of the Al-Ti film when the etching rate for films formed beneath 
the Al-Ti film is 2-10. At that time, the thickness was calculated assuming an Al-Ti film thickness of 500 nm with 25 
±5% in-plane variations. 
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Table 4 

 
As shown in Table 4, as the variation in the etching rate for the Al-Ti film increases, the thickness to be etched 

becomes larger. Furthermore, as the selectivity for the base film increases, the thickness to be etched becomes 
thinner. If these characteristics are utilized, wiring of the desired shape can be formed. 5 

As described above, according to the present invention, since the gate line is formed by a low-resistance 
conductive layer, the pixel segment can be sufficiently driven even if the area of the pixel segment is expanded. 
Furthermore, the operational characteristics and reliability of semiconductor devices having such wiring formed 
thereon can be improved. 

 10 

[Embodiment 2] 

In this embodiment, the changes in the first etching conditions of the first etching process in Embodiment 1 
will be described with reference to FIGS. 3A-3B to FIGS. 6A-6C. Here, the first etching condition is changed, and 
only two layers (the first and third conductive layers) constitute the gate line in Embodiment 1. However, the present 
invention is also applicable to the case where the gate line is composed of three layers, using the first conductive 15 
layer in Embodiment 1 as the bottom layer. 

First, a silicon oxynitride film 33 with a thickness of 200 nm is formed on the 1737 glass substrate 10 by 
sputtering. Then, a first conductive film 34 made of an Al-Ti film (thickness: 500 nm) and a second conductive film 
35 made of a Ti film (thickness: 100 nm) are stacked through sputtering (Figure 3A). 

  20 

Changes in the 
etching rate for 
Al-Ti film (±%) 

Selectivity for the base film 
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Then, the etching process is performed after forming a resist film on the second conductive layer 35. The 
etching process is conducted under the first etching conditions in the first embodiment. In this embodiment, the ICP 
etching method is used, with BCl2 and Cl2 as the etching gases, and the pressure is set to 1.2 Pa. Etching is performed 
by varying the gas flow rate as shown in Table 5 and adjusting the electric power supplied to the coil-shaped 
electrode and the substrate side (sample stage) (Figure 3B). As a result of this etching process, the resist film, the 5 
second conductive film 35, and the first conductive film are etched, forming the second conductive layer 37, the 
first conductive layer 38, and the oxynitride film 40. Reference numeral 36 denotes the resist film after the etching 
process. 

Table 5 

 ICP Bias Voltage Gas Flow Rate Ratio Etching Time 

Working Conditions (W) (W)  (sccm) (sec.) 

1 100 300 BC13:C12 60:20 268 
2 300 300 BC13:C12 60:20 168 

3 700 300 BC13:C12 60:20 159 
4 500 100 BC13:C12 60:20 175 

5 500 200 BC13:C12 60:20 147 
6 500 400 BC13:C12 60:20 147 

7 500 300 BC13:C12 20:60 60 

8 500 300 BC13:C12 40:40 81 
9 500 300 BC13:C12 70:10 350 

 10 

Figures 4A-4C to 6A-6C illustrate the conductive layer patterns observed using a scanning electron microscope 
at a magnification of 15,000 times under the working conditions shown in Table 5. Figure 4A shows the conductive 
layer formed under Working Condition 1. Figure 4B shows the conductive layer formed under Working Condition 
2. Figure 4C shows the conductive layer formed under Working Condition 3. Figure 5A shows the conductive layer 
formed under Working Condition 4. Figure 5B shows the conductive layer formed under Working Condition 5. 15 
Figure 5C shows the conductive layer formed under Working Condition 6. Figure 6A shows the conductive layer 
formed under working condition 7. Figure 6B shows the conductive layer formed under working condition 8. Figure 
6C shows the conductive layer formed under working condition 9. From FIGS. 4A-4C, it is understood that the 
conical angle increases as the electric power supplied to the coiled electrode increases. From FIGS. 5A-5C, it is 
understood that the conical angle increases as the electric power supplied to the substrate side increases. From FIGS. 20 
6A-6C, it is understood that the conical angle increases as the BC12 gas flow rate ratio increases. Therefore, the 
change in the conical angle depends on the working conditions. In addition, Table 6 shows the etching rates obtained 
under the conditions shown in Table 5. Table 7 shows the selectivity ratios for various films. Under conditions 
where the selectivity between Al-Ti and W is high, anisotropic etching can be performed, thereby forming a 
conductive layer having a desired shape.  25 
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Table 6 

 
Table 7 

Working 
Conditions 

Selectivity to Al-Si Selectivity to resist film Selectivity to W Selectivity for SiON 

Resist film W SiON Al-Si W SiON Al-Si Resist film SiON Al-Si Resist film W 
1 1.38 4.55 4.40 0.73 3.30 3.19 0.22 0.30 0.97 0.23 0.31 1.03 

2 1.20 3.99 3.57 0.84 3.33 2.98 0.25 0.30 0.89 0.28 0.34 1.12 
3 1.00 2.37 2.44 1.00 2.38 2.45 0.42 0.42 1.03 0.41 0.41 0.97 

4 1.77 5.72 4.23 0.56 3.23 2.39 0.17 0.31 0.74 0.24 0.42 1.35 

5 1.24 3.57 3.02 0.81 2.89 2.44 0.28 0.35 0.85 0.33 0.41 1.18 
6 0.98 2.45 2.41 1.02 2.49 2.46 0.41 0.40 0.99 0.41 0.41 1.01 

7 1.90 5.88 7.22 0.53 3.09 3.80 0.17 0.32 1.23 0.14 0.26 0.81 
8 1.41 4.41 4.91 0.71 3.12 3.47 0.23 0.32 1.11 0.20 0.29 0.90 

9 0.96 2.33 1.43 1.04 2.44 1.50 0.43 0.41 0.61 0.70 0.67 1.63 

 

As described above, by changing the working conditions, a conductive layer of the desired shape can be 5 
obtained. Furthermore, even if the pixel segment area is enlarged, the pixel can still be sufficiently driven. The 
operating characteristics and reliability of a semiconductor device having such wiring formed thereon can also be 
improved. 

 

[Embodiment 3] 10 

In this embodiment, the case where the wiring formed in Embodiment 1 is subjected to plasma treatment will 
be explained with reference to FIGS. 17A and 17B. In this specification, plasma treatment refers to exposing the 
sample to a plasma treatment gas environment. 

First, according to Embodiment 1, the state shown in Figure 1C is obtained. Figures 17A and 17C show the 
same state, and the corresponding sections are denoted by identical reference numerals. 15 
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The wiring thus formed is subjected to plasma treatment using oxygen, a gas primarily containing oxygen, or 
H2O (Figure 17B). The plasma treatment is performed using a plasma generator (such as a plasma CVD apparatus, 
dry etching apparatus, sputtering apparatus, etc.) for 30 seconds to 20 minutes (preferably 3 to 15 minutes). 
Additionally, it is preferable to process the wiring under conditions of a gas flow rate of 50-300 sccm, a substrate 
temperature ranging from room temperature to 200°C, and RF power of 100-2000 W. Due to the plasma treatment, 5 
the second conductive layer 19b, composed of Al or an alloy or compound mainly containing Al within the three-
layer conductive structure, may be oxidized. Therefore, section 22 of the conductive layer 19b that is not in contact 
with other conductive layers becomes oxidized. This further reduces the formation of protrusions, such as bumps 
and whiskers. 

Needless to say, if oxygen or an oxygen-rich gas, or H2O is used, or ashing is performed to remove the resist 10 
film 17b, then the exposed section of the second conductive layer 19b will be oxidized. However, it is more likely 
that a sufficient oxide film will be formed when plasma treatment is performed after removing the resist film 17b. 

As described above, according to the present invention, the gate line is formed from a low-resistance 
conductive layer. Therefore, even if the pixel segment area is enlarged, the pixel can still be effectively driven. 
Furthermore, semiconductor devices with such wiring formed thereon can have improved operating characteristics 15 
and reliability. 

 

[Embodiment 4] 

Examples of wiring boards manufactured by applying the present invention to wiring structures different from 
those in Embodiments 1 to 3 will be described with reference to Figure 7. 20 

First, as the substrate 10, a glass substrate, a quartz substrate, a silicon substrate, a metal substrate, or a flexible 
pillar substrate with an insulating film formed thereon can be used. Furthermore, a plastic substrate having thermal 
resistance that can withstand processing temperatures can be used. In this embodiment, a glass substrate (Corning 
1737) is employed. 

Then, a first conductive film 44 (thickness: 20-100 nm), a second conductive film 45 (thickness: 100-800 nm), 25 
and a third conductive film 46 (thickness: 20-100 nm) are stacked on the substrate 10. Here, these conductive films 
can be formed by sputtering, and since the first conductive film 44 is in contact with the insulating film, a conductive 
film mainly containing W or Mo can be used to prevent impurities from diffusing from the substrate 10 into the 
channel formation region. In addition, as the second conductive film 45, a low-resistance conductive film primarily 
containing Al or Cu can be used. As the third conductive film 46, a conductive film primarily containing Ti and 30 
having low contact resistance can be used. In this embodiment, these conductive films can be formed by sputtering, 
and the first conductive film 44, made of a Mo film (thickness: 30 nm), the second conductive film 45, made of an 
Al-Ti film (thickness: 500 nm), and the third conductive film 46, made of a Ti film (thickness: 50 nm), are stacked 
together. 
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Then, the etching process is carried out. The etching process is performed under the first etching condition and 
the second etching condition. In this embodiment, the ICP etching method is employed under the first etching 
condition. More specifically, BC2, Cl2, and O2 are used as etching gases, with a gas flow ratio of 65:10:5 (sccm). An 
RF power of 450 W (13.56 MHz) is supplied to the coil-shaped electrode at a pressure of 1.2 Pa to generate plasma 
for etching. Here, an ICP dry etcher (model E645-□ICP) manufactured by Matsushita Electric Industrial Co., Ltd. 5 
is used. A 300 W RF power (13.56 MHz) is also supplied to the substrate side (sample stage), thereby causing a 
substantially negative self-bias voltage to be applied thereto. Under the first etching condition, the Al-Ti film and 
Ti film are etched to form the edge of the first conductive layer into a tapered shape. Furthermore, under the first 
etching condition, although the taper angle of the Al-Ti film and Ti film becomes approximately 45°, the Mo remains 
unetched. 10 

Subsequently, the etching condition is changed to the second etching condition without removing the resist 
mask 47. Under the second etching condition using CF4, Cl2, and O2 as etching gases, the gas flow ratio is 25:25:10 
(sccm). A 500 W RF power (13.56 MHz) is supplied to the coil-shaped electrode at a pressure of 1.2 Pa, generating 
plasma for the etching process. A 20 W RF power (13.56 MHz) is also supplied to the substrate side (sample stage), 
thereby applying a substantially negative self-bias voltage. In the second etching condition, a mixture of CF4, Cl2, 15 
and O2 is used to etch only the Mo film. To ensure etching without leaving residues on the gate insulating film, the 
etching time can be increased approximately by 10-20%.  

During the etching process, by appropriately shaping the resist mask, and due to the bias applied to the substrate 
side, the edges of the first and second conductive layers are formed into a tapered shape. The taper angle can be set 
between 15° and 45°. Hence, the etching process forms a conductive layer composed of the first conductive layer 20 
50, the second conductive layer 49, and the third conductive layer 48.  

Subsequently, an insulating film 51 is formed to cover the conductive layer. The insulating film 51 is formed 
by plasma CVD or sputtering with a thickness of 40-150 nm, to obtain a silicon-containing insulating film in a 
single-layer or multi-layer structure. In this embodiment, a silicon oxynitride film (composition ratio: Si = 32%, O 
= 59%, N = 7%, H = 2%) is formed by plasma CVD with a thickness of 110 nm.  25 

Next, a semiconductor layer 52 is formed on the insulating film 51. An amorphous semiconductor film is 
formed using known methods (sputtering, LPCVD, plasma CVD, etc.). This film is crystallized using known 
crystallization methods such as laser crystallization, thermal crystallization, or thermal crystallization using a 
catalyst like nickel. The crystallized semiconductor film is patterned into the desired shape using a photomask, 
thereby forming the semiconductor layer 52. The thickness of the formed semiconductor layer 52 is between 25 and 30 
300 nm (preferably between 30 and 150 nm). There is no particular restriction on the material of the crystalline 
semiconductor film; however, it is preferably formed of silicon, silicon-germanium (SiGe) alloy, or other similar 
materials. In this embodiment, the amorphous silicon film formed by plasma-enhanced CVD has a thickness of 55 
nm, and this amorphous silicon film undergoes a laser annealing process to form a crystalline silicon film. The 
crystalline silicon film is patterned through photolithography to form the semiconductor layer 52. 35 
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As described above, according to the present invention, the gate lines are formed from a low-resistance 
conductive layer. Therefore, when using TFTs with an inverted staggered structure, the pixels can still be sufficiently 
actuated even if the pixel segment area is enlarged. Moreover, the operating characteristics and reliability of 
semiconductor devices having such wiring formed thereon can be improved. 

 5 

[Embodiment 5] 

In this embodiment, as a typical wiring board utilizing the present invention, the manufacturing method for the 
active matrix substrate will be described with reference to Figures 8A-11. In this specification, a substrate on which 
a driving circuit with CMOS circuits, a pixel segment having pixel TFTs, and storage capacitors are simultaneously 
formed will be referred to as an active matrix substrate for convenience. 10 

In this embodiment, a substrate 400 made of glass, such as barium borosilicate glass (e.g., #7059 glass and 
#1737 glass produced by Corning Inc.) or aluminoborosilicate glass, is used. As the substrate 400, quartz substrate, 
silicon substrate, metal substrate with insulating films formed thereon, or flexible substrate can be used. On the 
other hand, a heat-resistant plastic substrate capable of withstanding high temperatures can be used. 

Then, a base film 401 composed of an insulating film such as a silicon oxide film, a silicon nitride film, or a 15 
silicon oxynitride film is formed on substrate 400. In this embodiment, the base film 401 has a double-layer 
structure; however, it may have a single-layer structure or a multilayer structure composed of two or more insulating 
films. As the lower layer of base film 401, a silicon oxynitride film 401a is formed using SiH4, NH3, and N2O as 
reaction gases by plasma CVD, with a thickness of 10–200 nm (preferably 50–100 nm). In this embodiment, a 
silicon oxynitride film 401a is formed to a thickness of 50 nm (composition ratio: Si=32%, O=27%, N=24%, 20 
H=17%). Subsequently, as the upper layer of base film 401, a silicon oxide film 401b is formed using SiH4 and N2O 
as reaction gases by plasma CVD, with a thickness of 50–200 nm (preferably 100–150 nm). In this embodiment, a 
silicon oxide film 401b is formed to a thickness of 100 nm (composition ratio: Si=32%, O=59%, H=2%). 
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Then, semiconductor layers 402–406 are formed on base film 401. A semiconductor film with a thickness of 
25–300 nm （preferably 30–200 nm） is formed using well-known methods （such as sputtering, LPCVD, plasma 
CVD, etc.）, crystallized by well-known crystallization methods （e.g., laser crystallization, thermal crystallization 
methods such as furnace annealing and rapid thermal annealing （RTA）, or thermal crystallization using metal 
elements to accelerate crystallization, etc.）, and crystalline semiconductor films are patterned into the shapes 5 
required. Examples of semiconductor films include amorphous semiconductor films, microcrystalline 
semiconductor films, and crystalline semiconductor films, as well as composite semiconductor films with 
amorphous structures, such as amorphous silicon oxide films. In this embodiment, an amorphous silicon film with 
a thickness of 55 nm is formed by plasma CVD, while a lanthanum-containing solution remains on the amorphous 
silicon film. The amorphous film undergoes dehydrogenation at 500 °C for 1 hour and is subjected to thermal 10 
crystallization at 550 °C for 4 hours. The crystalline silicon film is patterned by photolithography to form 
semiconductor layers 402–406. 

In the case of manufacturing crystalline semiconductor films using the laser crystallization method, a 
continuous oscillation or pulsed oscillation solid-state laser, gas laser, or metal laser can be used. Examples of solid-
state lasers include continuous oscillation type or pulsed oscillation type YAG lasers, YVO4 lasers, YLF lasers, 15 
YAlO3 lasers, glass lasers, ruby lasers, alexandrite lasers, Ti: sapphire lasers, and the like. Examples of gas lasers 
include continuous oscillation type or pulsed oscillation type excitation lasers, Ar lasers, Kr lasers, CO2 lasers, and 
the like. Examples of metal lasers include ammonia cadmium lasers, copper vapor lasers, and gold vapor lasers. 
When using these lasers, the laser beam emitted by the laser oscillator can be condensed into a linear shape by an 
optical system and then irradiated onto the semiconductor film. The crystallization conditions should be 20 
appropriately selected by those skilled in the art. When using a pulsed oscillation excitation laser, the pulse 
frequency is set at 300 Hz, and the laser energy density is set at 100-1200 mJ/cm2 (typically 200-800 mJ/cm2). 
Furthermore, when using a pulsed oscillation YAG laser with a second harmonic, the pulse frequency is set at 1-
300 Hz, and the laser energy density is set at 300-1200 mJ/cm2 (typically 350-1000 mJ/cm2). It is also possible to 
condense the laser beam into a straight line with a width of 100-1000 μm (e.g., 400 μm) and irradiate the entire 25 
surface of the substrate, with the overlap ratio of the linear beam set at 50-98%. In addition, when using a continuous 
oscillation laser, the energy density requirement is approximately 0.01-100 MW/cm2 (preferably 0.1-10 MW/cm2). 
Irradiation is performed by moving the sample stage at a relative speed of approximately 0.5-2000 cm/s with respect 
to the laser beam. 

However, in this embodiment, the amorphous film is crystallized using a metal-element-assisted crystallization 30 
method, so the metal element remains in the crystalline silicon film. Thus, an amorphous silicon film with a 
thickness of 50-100 nm is formed on the crystalline silicon film, and heat treatment (e.g., thermal annealing using 
an annealing furnace, RTA, etc.) is conducted to diffuse the metal element into the amorphous film. After the heat 
treatment, the amorphous film is removed by etching. As a result, the content of metal elements in the crystalline 
silicon film can be reduced or removed. 35 
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Needless to say, crystalline semiconductor films obtained solely by laser crystallization can also be used to 
fabricate TFTs. However, if the thermal crystallization method using metal elements is combined with the laser 
crystallization method, the crystallinity of the crystalline semiconductor film is improved. Consequently, the 
electrical characteristics of the TFT are also improved. And this is desirable. For example, when the TFT is 
fabricated using a crystalline semiconductor film obtained solely by laser crystallization, the mobility is 5 
approximately 300 cm2/Vs. On the other hand, when the TFT is manufactured using a crystalline semiconductor 
film obtained through thermal crystallization employing metal elements combined with a laser crystallization 
method, the mobility is significantly improved (i.e., approximately 500-600 cm2/Vs). 

After the formation of semiconductor layers 402-406, trace amounts of impurity elements (boron or 
phosphorus) can be doped to control the threshold voltage of the TFT. 10 

Subsequently, a gate insulating film 407 is formed to cover the semiconductor layers 402-406. The gate 
insulating film 407 is formed from a silicon-containing insulating film via plasma-enhanced CVD or sputtering, 
achieving a thickness of 40-150 nm. In this embodiment, a silicon oxynitride film (composition ratio: Si = 32%, O 
= 59%, N = 7%, H = 2%) is formed by plasma CVD with a thickness of 110 nm. It should be understood that gate 
insulating film 407 is not limited to silicon oxynitride film; it may also be another silicon-containing insulating film 15 
with either a single-layer or multi-layer structure. 

In the case of using a silicon oxide film, the silicon oxide film can be formed by plasma CVD. More 
specifically, a silicon oxide film can be formed by mixing tetraethyl orthosilicate (TEOS) with O2, setting the 
reaction pressure and substrate temperature at 40 Pa and 300°C-400°C, and performing discharge at a high 
frequency (13.56 MHz) with a power density of 0.5-0.8 W/cm2, a silicon oxide film can be formed. The silicon 20 
oxide film thus manufactured, after thermal annealing at 400°C to 500°C, exhibits satisfactory electrical 
characteristics as a gate insulating film. 

Then, the first conductive film 408a (thickness: 20-100 nm), the second conductive film 408b (thickness: 100-
800 nm), and the third conductive film 408c (thickness: 20-100 nm) are stacked over the gate insulating film 407. 
In this embodiment, the first conductive film 408a made of a WN film (thickness: 30 nm), the second conductive 25 
film 408b made of an Al-Sc film (thickness: 370 nm), and the third conductive film 408c made of a TiN film 
(thickness: 30 nm) are stacked. 

In this embodiment, although the first conductive film 408a is made of WN, there is no particular limitation 
thereto. The first conductive film 408a may be formed as a conductive layer made of an element selected from W 
and Mo, or an alloy or a compound mainly containing these elements. In addition, although the second conductive 30 
film 408b is made of Al-Si, there is no particular limitation thereto. The second conductive film 408b may be formed 
as a conductive layer made of Al, or an alloy or a compound mainly containing Al. In addition, although the third 
conductive film 408c is made of TiN, there is no particular limitation thereto. The third conductive layer 408c may 
be formed as a conductive layer made of Ti, or an alloy or a compound mainly containing Ti. 
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Next, etch-resistant masks 410-415 are formed by photolithography, thereby performing a first etching process 
to form electrodes and wiring. The first etching process is performed under the first etching condition and the second 
etching condition (Figure 8B). In this embodiment, the ICP etching method is employed under the first etching 
condition. More specifically, BCl2, Cl2, and O2 are used as etching gases, with a gas flow ratio of 65:10:5 (sccm). 
These gases are supplied to a coil-shaped electrode at 450 W RF (13.56 MHz) power under a pressure of 1.2 Pa, 5 
where plasma is generated for etching. An RF (13.56 MHz) power of 300 W is also supplied to the substrate side 
(sample stage), thereby applying a substantially negative self-bias voltage thereto. Under the first etching condition, 
the Al-Sc film and the TiN film are etched to form tapered edges of the second and third conductive layers. 
Furthermore, under the first etching condition, the taper angles of the Al-Sc film and the TiN film are approximately 
45°, while the WN film is hardly etched. 10 

Subsequently, the etching condition is switched to the second etching condition without removing the resist 
masks 410-415. Under the second etching condition, CF4, Cl2, and O2 are used as etching gases, with a gas flow 
ratio of 25:25:30 (sccm). RF power of 500W (13.56 MHz) is supplied to the coil-shaped electrode under a pressure 
of 1.2Pa to generate plasma for etching. A 20 W RF power (13.56 MHz) is also supplied to the substrate side (sample 
stage), thereby applying a substantially negative self-bias voltage. To ensure etching without leaving residues on 15 
the gate insulating film, the etching time can be increased approximately by 10-20%.  

During the first etching process, by appropriately shaping the resist mask, the edges of the first to third 
conductive layers are tapered due to the effect of the bias applied to the substrate side. The taper angle can be set 
between 15° and 45°. Thus, through the first etching process, the first-shaped conductive layers 417-422, composed 
of the first, second, and third conductive layers (the first conductive layers 417a-422a, the second conductive layers 20 
417b-422b, and the third conductive layers 417c-422c), are formed. 

Reference numeral 416 denotes the gate insulating film. The regions of the gate insulating film 416 not covered 
by the first-shaped conductive layers 417 to 422 are etched by approximately 20 to 50 nm and become thinner. 

Then, a second etching process is performed without removing the resist mask (Figure 8C). Here, BCl2 and Cl2 
are used as etching gases, with a gas flow ratio of 20:60 (sccm). An RF power of 600 W (13.56 MHz) is supplied 25 
to the coil-shaped electrode under a pressure of 1.2 Pa to generate plasma for etching. An RF power of 100 W (13.56 
MHz) is also supplied to the substrate side (sample stage), thereby applying a substantially negative self-bias voltage 
thereto. During the second etching process, the Al-Sc film and the TiN film are selectively etched. Due to the second 
etching process, the second conductive layers 428b-433b and the third conductive layers 428c-433c are formed. On 
the other hand, the first conductive layers 417a to 422a are hardly etched, and thus the second-shaped conductive 30 
layers 428 to 433 are formed. 
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As described above, due to the first etching process and the second etching process, and using the structure of 
the present invention, the gate electrodes 428 to 431, one electrode of the storage capacitor 432, and the source line 
433 are formed. 

Next, the first doping process is performed without removing the resist mask, whereby an impurity element 
capable of introducing n-type conductivity is added to the semiconductor layer with a low concentration. The doping 5 
process can be carried out using ion doping or ion implantation. Ion doping is carried out at a dose of l*1013-
5*1014/cm2 and under an acceleration voltage of 40-80 keV. In this embodiment, ion doping is carried out under the 
conditions of a dose of 1.5*1013/cm2 and an acceleration voltage of 60 keV. As the impurity element introducing n-
type conductivity, an element belonging to Group 15 (typically phosphorus (P) or arsenic (As)) is used. Here, 
phosphorus (P) is used. In this case, conductive layers 428-433 act as masks for introducing n-type impurity 10 
elements, and impurity regions 423-427 are formed in a self-aligned manner. Impurity elements introducing n-type 
properties are added to impurity regions 423-427 to achieve a concentration range of 1*1018 to 1*1020/cm3. 

After removing the photoresist mask, new resist masks 434a-434c are formed, and the second doping process 
is conducted at an acceleration voltage higher than that of the first doping process. At this time, ion doping is carried 
out at a dose of 1*1013 to 5*1015/cm3 and an acceleration voltage of 60-120 keV. The doping process is performed 15 
using the second conductive layers 428b-432b as masks for the impurity elements, so that the impurity elements are 
added to the semiconductor layer below the tapered section of the first conductive layer. Then, the third doping 
process is performed at an acceleration voltage lower than that of the second doping process, thereby resulting in 
the state shown in Figure 9A. At this time, ion doping is performed under conditions where the dose is 1*1015-
q*1017/cm2 and the acceleration voltage is 50-100 keV. Due to the second and third doping processes, n-type 20 
impurity elements are added to low-concentration impurity regions 436, 442, and 448, which overlap with the first 
conductive layer, at a concentration ranging from 1*1018 to 5*1019/cm3. On the other hand, n-type impurity elements 
are added to high-concentration impurity regions 435, 438, 441, 444, and 447, at a concentration ranging from 
1*1019 to 5*1020/cm3. 

Needless to say, by setting an appropriate acceleration voltage, low-concentration impurity regions and high-25 
concentration impurity regions can be formed through a single doping process without requiring the second and 
third doping processes. 

Then, after removing the resist masks 434a-434c, new resist masks 450a-450c are formed, thereby performing 
a fourth doping process. Due to the fourth doping process, impurity regions 453, 454, 459, and 460 formed in the 
semiconductor layer serve as the active layers of the p-channel TFT, to which impurity elements providing 30 
conductivity opposite to the aforementioned conductivity type are added. The second conductive layers 428a-432a 
are used as masks for the impurity elements, and n-type impurity elements are added, thereby forming the impurity 
regions in a self-aligned manner. In this embodiment, impurity regions 453, 454, 459, and 460 are formed by ion 
doping using diborane (B2H6). In the fourth doping process, the semiconductor layer constituting the n-channel TFT 
is covered by the resist masks 450a-450c. Due to the first to third doping processes, phosphorus is added to the 35 
impurity regions 438 and 439 at different concentrations. However, since doping is performed in both regions, the 
concentration of p-type impurity elements becomes 1*1019-5*1021 atoms/cm3, and thus these regions serve as the 
source region and drain region of the p-channel TFT. Therefore, there is no problem. 
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As a result of the above-described process, impurity regions are formed in each semiconductor layer. 

Then, the resist masks 450a-450c are removed, and the first interlayer insulating film 461 is formed. The first 
interlayer insulating film 461 is formed of a silicon-containing insulating film with a thickness of 100 to 200 nm by 
plasma CVD or sputtering. In this embodiment, a silicon oxynitride film with a thickness of 150 nm is formed by 
plasma CVD. Needless to say, the first interlayer insulating film 461 is not limited to silicon oxynitride film but 5 
may be another silicon-containing insulating film having a single-layer or multi-layer structure. 

Then, as shown in Figure 9C, the crystallinity of the semiconductor layers is restored, while impurity elements 
added to the respective semiconductor layers are activated by irradiation with a laser beam. It is preferable to use a 
continuous oscillation type or pulsed oscillation type solid-state laser, a gas laser, or a metal laser. In particular, it 
is preferable to perform a laser annealing process using a YAG laser. If a continuous wave laser is used, the energy 10 
density of the laser beam is required to be approximately 0.01-100 MW/cm2 (preferably 0.01-10 MW/cm2), and the 
substrate is required to move relative to the laser beam at a speed of 0.5-2000 cm/s. If a pulsed oscillation laser is 
used, it is preferable to set the frequency to 300 Hz and the laser energy density to 50-900 mJ/cm2 (typically 50-500 
mJ/cm2). At this time, the laser beams can overlap by 50-98%. In cases where the region where the second 
conductive layer contacts the first interlayer insulating film 461 is sufficiently oxidized, even under heat treatment, 15 
protrusions such as bulges or whiskers will not be formed. Thermal annealing using an annealing furnace or RTA 
can be applied. 

Heat treatment may be performed before the formation of the first interlayer insulating film. In cases where 
the wiring to be used is not heat-resistant, it is preferable to perform an activation process after the formation of the 
interlayer insulating film (mainly a silicon-containing insulating film, such as a silicon nitride film) to protect the 20 
wiring, as demonstrated in this embodiment. 

Then, hydrogenation can be performed through thermal treatment (300°C to 450°C, 1 to 12 hours), during 
which the unsaturated bonds in the semiconductor layer are terminated due to the action of the hydrogen contained 
in the first interlayer insulating film 461. Despite the presence of the first interlayer insulating film, the 
semiconductor layer can still be hydrogenated. As another method of hydrogenation, plasma oxidation (using 25 
hydrogen activated by plasma) or heat treatment at 300°C to 450°C for 1 to 12 hours in an atmosphere containing 
3 to 100% hydrogen may be performed. 
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Next, a second interlayer insulating film 462a made of inorganic insulating film material or organic insulating 
material is formed on the first interlayer insulating film 461. In this embodiment, an acrylic resin film is formed 
with a viscosity of 10 to 1000 cp (preferably 40 to 200 cp), with a thickness of 1.6 μm, and uneven thickness is 
formed on its surface. Without using an organic resin film, the second interlayer insulating film 462b is formed in 
the shape shown in Figure 21. 5 

In this embodiment, in order to prevent specular reflection, a second interlayer insulating film is formed with 
uneven thickness, thereby creating uneven thickness on the surface of the pixel electrode. Furthermore, in order to 
achieve light scattering by forming uneven thickness on the surface of the pixel electrode, an arc-shaped protrusion 
can be formed in the lower region of the pixel electrode. In this case, the arc-shaped protrusions can be formed using 
the same photomask as that used for forming the TFTs. Therefore, the number of processes does not need to increase. 10 
In the pixel area, rather than the wiring and TFT areas, an arc-shaped protrusion can be appropriately formed on the 
substrate. In view of this, the uneven thickness region formed along the surface of the insulating film covering the 
arc-shaped protrusion causes uneven thickness on the surface of the pixel electrode. 

As the second interlayer insulating film 462a, a film whose surface requires leveling can be used. In this case, 
it is preferable, after forming the pixel electrode, to create uneven thickness on the surface using known methods 15 
such as sandblasting or etching to prevent mirror reflection and allow reflected light to scatter, thereby improving 
whiteness. 

In the driving circuit 506, wirings 463 to 467 are formed to electrically connect with the respective impurity 
regions. By making the Ti film (thickness: 50 nm) and alloy (Al and Ti) films (thickness: 500 nm) stacked film is 
formed to create these wires. It should be understood that these wires may have a single-layer structure or a multi-20 
layer structure consisting of three or more layers, instead of a double-layer structure. Furthermore, the material of 
the wiring is not limited to Al and Ti. For example, a stacked film obtained by forming Al or Cu on a TaN film and 
then forming a Ti film thereon can be shaped to form wiring (Figure 10). 

In pixel section 507, a pixel electrode 470, gate line 469, and connection electrode 468 are formed, allowing 
the source lines (433a-433c) to be electrically connected to the pixel TFT. Additionally, gate line 469 is electrically 25 
connected to the gate electrode of the pixel TFT. In addition, the pixel electrode 470 is electrically connected to the 
drain region 422 of the pixel TFT and to the semiconductor layer 458 serving as one electrode plate of the storage 
capacitor. For the pixel electrode 470, it is preferable to use a material with excellent reflectivity, such as a thin film 
mainly containing Al or Ag, or a stacked film of these thin films. 

  30 

Page 34 BOE v. Samsung IPR2025-01476 
Ex-1033



As mentioned above, a driver circuit having a CMOS circuit including n-channel TFT 501, p-channel TFT 
502, and n-channel TFT 503, and a pixel segment 507 having a pixel TFT 504 and a storage capacitor 505, which 
includes capacitor wiring 523, can be formed on the same substrate. In this way, the active matrix substrate is 
completed. 

The n-channel TFT 501 of driver circuit 506 has a channel formation region 437, a low-concentration impurity 5 
region 436 (GOLD region) that overlaps with the first conductive layer 428a, which forms part of the gate electrode, 
and a high-concentration impurity region 452 serving as the source or drain region. By connecting electrode 466 to 
the n-channel TFT 501, the p-channel TFT 502 forming part of the CMOS circuit features a channel formation 
region 440, a high-concentration impurity region 454 serving as the source or drain region, and an impurity region 
453 doped with both n-type and p-type impurity elements. Furthermore, the n-channel TFT 503 has a channel 10 
formation region 443, a low-concentration impurity region 442 (GOLD region), which overlaps with the first 
conductive layer 430 constituting part of the gate electrode, and a high-concentration impurity region 456 
functioning as a source region or a drain region. 

The pixel TFT 504 of the pixel segment 507 includes a channel formation region 446, a low-concentration 
impurity region 445 (Lightly Doped Drain (LDD) region) formed outside the gate electrode, and a high-15 
concentration impurity region 458 acting as a source region or a drain region. Additionally, n-type and p-type 
impurity elements are added to the semiconductor layer acting as one electrode plate of the storage capacitor 505. 
The storage capacitor 505 is composed of electrodes (stacked structures 432a-432c) and a semiconductor layer using 
the insulating film 416 as a dielectric. 

In the pixel configuration of this embodiment, the edges of the pixel electrodes are arranged to overlap with 20 
the source lines, thereby achieving light shielding between the gaps of the pixel electrodes without using a black 
matrix. 

Additionally, Figure 11 shows a top view of the pixel section of the active matrix substrate manufactured in 
this embodiment. The corresponding sections in Figures 8A-8C-11 are indicated by the same reference numerals. 
The dot-dash line A-A' in Figure 10 corresponds to the cross-section along the dot-dash line A-A' in Figure 11. The 25 
dot-dash line B-B' in Figure 10 corresponds to the cross-section along the dot-dash line B-B' in Figure 11. 

In the wiring thus produced, low resistance is achieved, and the wiring board having such wiring can also be 
fully used for an enlarged pixel segment. 

This embodiment can be arbitrarily combined with any of Embodiments 1 to 4. 

 30 

[Embodiment 6] 
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In this embodiment, the process of manufacturing a reflective liquid crystal display device using the active 
matrix substrate manufactured in Embodiment 5 will be described with reference to Figure 12. 

First, according to Embodiment 5, an active matrix substrate as shown in Figure 10 is obtained. Thereafter, an 
alignment film 567 is formed on at least the pixel electrode 470 of the active matrix substrate in Figure 10, and a 
rubbing process is performed. In this embodiment, before the formation of alignment film 567, an organic resin 5 
film, such as an acrylic resin film, is shaped to form columnar spacers 572 that maintain the substrate gap at the 
required positions. Additionally, spherical spacers may be distributed across the entire surface of the substrate 
instead of columnar spacers. 

Then, the counter substrate 569 is manufactured. Color layers 570 and 571, and the leveling film 573 are 
formed on the counter substrate 569. The red layer 570 overlaps with the blue layer 571 to form a light shielding 10 
section. It is also possible to partially overlap the red layer with the green layer to form a light shielding section. 

In this embodiment, the substrate described in Embodiment 5 is used. Therefore, as shown in Figure 11, which 
illustrates the top view of the pixel section of Embodiment 5, it is required that light shielding should be provided 
at least in the gaps between the gate line 469 and the pixel electrode 470, the gate line 469 and the connecting 
electrode 468, and the connecting electrode 468 and the pixel electrode 470. In this embodiment, the arrangement 15 
of each color layer should ensure that the light-shielding section composed of stacked color layers overlaps with the 
positions requiring light shielding, and under this condition, the sub-base plate is fixed. 

As described above, the gaps between the individual pixels are light-shielded by the segments composed of 
laminated color layers, thereby reducing the number of processes without forming a separate light-shielding layer, 
such as a black mask. 20 

Then, a counter electrode 576 composed of a transparent conductive film is formed at least on the leveling film 
573 in the pixel section, and an alignment film 574 is formed over the entire surface of the counter substrate, thereby 
enabling a rubbing process. 

Afterward, the active matrix substrate and the counter substrate, on which the pixel section and driving circuits 
are formed, are bonded together using a sealant layer 568. After the filler is mixed into the sealant 568, the two 25 
substrates are bonded together at the same intervals using the filler and columnar spacers. Thereafter, a liquid crystal 
material 575 is injected between the substrates, and the substrates are completely sealed with a sealant (not shown). 
For the liquid crystal material 575, known liquid crystal materials can be used. Thus, the reflective liquid crystal 
display device shown in Figure 12 is completed. If necessary, the active matrix substrate or counter substrate can 
be separated into the required shape. Additionally, the polarizing plate (not shown) is only attached to the counter 30 
substrate. Then, the flexible printed circuit (FPC) is bonded using known techniques. 
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The liquid crystal display panel manufactured as described above can be used as the display part of various 
electronic devices. The liquid crystal display panel can be fully utilized for large areas without reducing the aperture 
ratio of the pixel segments. 

This embodiment can be freely combined with any of Embodiments 1-5. 

 5 

[Embodiment 7] 

In this embodiment, the manufacturing process of an active matrix type liquid crystal display device will be 
described with reference to Figure 13, and this liquid crystal display device is distinct from the liquid crystal display 
device in embodiment 6, which uses the active matrix substrate manufactured in embodiment 5. 

First, according to Embodiment 5, an active matrix substrate as shown in Figure 8A to Figure 8C is obtained. 10 
Thereafter, an alignment film 1067 is formed on the active matrix substrate shown in FIGs. 8A to 8C, and a rubbing 
treatment is performed. In this embodiment, before forming the alignment film 1067, an organic resin film, such as 
an acrylic resin film, is shaped to create columnar spacers 572 at required positions to maintain substrate gaps. 
Furthermore, spherical spacers can be distributed across the entire surface of the substrate instead of columnar 
spacers. 15 

Then, an auxiliary substrate 1068 is prepared. The auxiliary substrate is provided with a color filter, in which 
a color layer 1074 and a light shielding layer 1075 are arranged to correspond to each pixel. Light shielding layers 
1077 are evenly formed in the driver circuit section. A leveling film 1076 covering the color filter and the light 
shielding layer 1077 is provided. Then, a counter electrode 1069 made of a transparent conductive film on the 
leveling film 1076 is formed in the pixel section, and an adjustment film 1070 is formed over the entire surface of 20 
the auxiliary substrate 1068, followed by a rubbing treatment. 

Then, the active matrix substrate and the auxiliary substrate, on which pixel segments and driving circuits are 
formed, are bonded together using a sealant layer 1071. Fillers are mixed into the sealant layer 1071, and the two 
substrates are bonded to each other at the same intervals using the fillers and columnar spacers. Thereafter, liquid 
crystal material 1073 is injected between the substrates, and the substrates are completely sealed with a sealant (not 25 
shown). For liquid crystal material 1073, a known liquid crystal material can be used. Thus, the active matrix type 
liquid crystal display device shown in Figure 11 is completed. If necessary, the active matrix substrate or auxiliary 
substrate can be separated into the required shape. In addition, polarization plates and the like can be appropriately 
provided using known techniques. The FPC is then bonded using known techniques. 

The liquid crystal display panel manufactured as described above can be used as the display portion of various 30 
electronic devices. The liquid crystal display panel can be fully utilized for large areas without reducing the aperture 
ratio of the pixel section. 

This embodiment can be freely combined with any of Embodiments 1 to 5. 
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[Embodiment 8] 

In this embodiment, as an application of the wiring board of the present invention, the typical production 
situation of light-emitting devices will be described using the TFT manufacturing method, which is employed for 
producing the active matrix substrate in Embodiment 5. In this specification, the light-emitting device is referred to 
as a display panel, in which the light-emitting element formed on the substrate is sealed between the substrate, the 5 
cover member, and the display module, wherein the IC is mounted on the display panel within the display module. 
The light-emitting element includes a light-emitting layer containing organic compounds, enabling 
electroluminescence from an electric field, along with an anode layer and a cathode layer. Furthermore, 
luminescence in an organic compound includes fluorescence generated when a singlet excited state returns to a 
normal state and phosphorescence produced when a triplet excited state returns to a normal state. Either one or both 10 
types of luminescence are included. 

In this specification, all layers formed between the anode and the cathode in a light-emitting element are 
defined as organic light-emitting layers. Specifically, the organic light-emitting layers include a light-emitting layer, 
a hole injection layer, an electron injection layer, a hole transport layer, an electron transport layer, and so on. The 
basic structure of a light-emitting element consists of the sequential stacking of an anode layer, a light-emitting 15 
layer, and a cathode layer. In addition to the above structure, the light-emitting element may have the following 
structures: A structure in which an anode layer, a hole injection layer, a light-emitting layer, and a cathode layer are 
stacked in sequence; or a structure in which an anode layer, a hole injection layer, a light-emitting layer, an electron 
transport layer, and a cathode layer are stacked in sequence, etc. 

Figure 14 is a cross-sectional view of the light-emitting device of this embodiment. In Figure 14, a switching 20 
TFT603 provided on substrate 700 is formed using the n-channel TFT503 shown in Figure 10. Regarding the 
configuration of the switching TFT603. Refer to the description of the n-channel TFT503. 

Although the present embodiment illustrates a double-gate structure with two channel formation regions, a 
single-gate structure with one channel formation region or a triple-gate structure with three channel formation 
regions may also be used. 25 

The driving circuit provided on substrate 700 is formed using the CMOS circuit shown in Figure 10. Therefore, 
for the description of the driving circuit configuration, refer to the description of the n-channel TFT 501 and the p-
channel TFT 502. Although the present embodiment illustrates a single-gate structure, a double-gate structure or a 
triple-gate structure may also be used. 

Furthermore, wires 701 and 703 function as source lines for the CMOS circuit, while wire 702 functions as a 30 
drain line. Wiring 704 functions to electrically connect the source line 708 to the source region of the switching 
TFT, while wiring 705 functions to electrically connect the drain line 709 to the drain region of the switching TFT. 

The current control TFT 604 is formed using the p-channel TFT 502 in Figure 10. Therefore, the description 
of the current control TFT 604 can refer to the description of the p-channel TFT 502. Although the present 
embodiment represents a single-gate structure, a double-gate structure or a triple-gate structure may also be used. 35 

  

Page 38 BOE v. Samsung IPR2025-01476 
Ex-1033



Wiring 706 serves as the source line (equivalent to the current supply line) for the current control TFT 604, 
and reference numeral 707 denotes an electrode that is electrically connected to the pixel electrode 711 by 
overlapping with it. 

The pixel electrode 711 is the anode of the light-emitting element and is made of a transparent conductive film. 
As the transparent conductive film, a mixture of indium oxide and tin oxide, a mixture of indium oxide and zinc 5 
oxide, zinc oxide, tin oxide, or indium oxide can be used. A transparent conductive film containing gallium may be 
used. Before forming the aforementioned wiring, the pixel electrode 711 is formed on the flat interlayer insulating 
film 710. In this embodiment, it is extremely important to use the resin-based leveling film 710 to level the step 
difference caused by the TFT. The light-emitting layer to be formed later is very thin, so light emission defects may 
occur due to the presence of step differences. Therefore, it is preferable to smooth the surface before forming the 10 
pixel electrode so that the light-emitting layer can be formed on a flat surface. 

After the conductive lines 701-707 are formed, a wiring pad 712 is formed, as shown in Figure 14. The wiring 
pad 712 can be formed by patterning an insulating film or an organic resin film containing silicon (thickness 100-
400 nm). 

Since wiring pad 712 is made of an insulating film, electrostatic breakdown of elements should be considered 15 
during the film formation process. In this embodiment, static electricity is suppressed by adding carbon particles or 
metal particles to the insulating film material used for wiring pad 712 to increase resistance. At this point, the amount 
of carbon particles or metal particles added can be adjusted to make the resistance 1 * 106-1 * 1012 Ω·m (preferably 
1 * 108-1 * 1010 Ω·m). 

A light-emitting layer 713 is formed on the pixel electrode 711. Although one pixel is shown in Figure 14, the 20 
formed light-emitting layers should correspond to R (red), G (green), and B (blue) in this embodiment. Furthermore, 
in this embodiment, the low-molecular-weight organic light-emitting material is formed via vapor deposition. More 
specifically, a stacked structure is used, in which a copper phthalocyanine (CuPc) film (thickness: 20 nm) is provided 
as a hole injection layer, and a tris (8-hydroxyquinoline) aluminum complex (A1q3) film (thickness: 70 nm) is 
provided as a light-emitting layer on the hole injection layer. By adding fluorescent substances such as 25 
dihydroxyquinoline acridine, terrylene, or DCM1 to A1q3, the color of the emitted light can be controlled. 

It should be noted that typical organic light-emitting materials that can be used as the light-emitting layer have 
been described above, but the present embodiment is not limited thereto. The light-emitting layer (for emitting light 
and transporting carriers of the emitted light) can be formed by any combination of a light-emitting layer, a charge 
transport layer, or a charge injection layer. In this embodiment, a low-molecular-weight organic light-emitting 30 
material is used as the light-emitting layer; however, medium-molecular-weight or high-molecular-weight organic 
light-emitting materials may also be used. In this specification, medium molecular weight organic light-emitting 
materials refer to those without sublimation properties, containing 20 or fewer molecules, or having a linked 
molecule length of 10 μm or shorter. In addition, as an example of using high-molecular-weight organic luminescent 
materials, a stacked structure can be employed in which a poly (thiophene) (PEDOT) film (thickness: 20 nm) is 35 
spin-coated as a hole injection layer, and a poly (p-phenylene vinylene) (PPV) film (thickness: approximately 100 
nm) is formed as the light-emitting layer on the hole injection layer. When using π-conjugated polymers such as 
PPV, emission wavelengths ranging from red to blue can be selected. Furthermore, it is possible to use inorganic 
materials such as silicon carbide as the charge transport layer or charge injection layer. Known materials can be 
used as the organic light-emitting materials and inorganic materials. 40 
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Next, a cathode 714 made of a conductive film is formed on the light-emitting layer 713. In this embodiment, 
alloy films of aluminum and lithium are used as conductive films. Needless to say, a known MgAg film (an alloy 
film of magnesium and silver) may be used. As the cathode material, a conductive film made of an element 
belonging to Group 1 or Group 2 of the periodic table, or a conductive film containing these elements, may be used. 

When the cathode 714 is formed, the light-emitting element 715 is completed. The light-emitting element 715 5 
here refers to a diode formed by a pixel electrode (anode) 711, a light-emitting layer 713, and a cathode 714. 

It is useful to form a passivation film 716 to completely cover the light-emitting element 715. As the passivation 
film 716, an insulating film with a single-layer or multi-layer structure, such as a carbon film, a silicon nitride film, 
or a silicon oxynitride film, may be used. 

In such cases, it is preferable to use a film with satisfactory coverage as the passivation film. The use of carbon 10 
films (particularly DLC films) is effective. Since the DLC film can be formed in a temperature range from room 
temperature to 100° C, the DLC film can be easily formed even on the light emitting layer 713 with low heat 
resistance. In addition, due to its high oxygen shielding effect, the DLC film can suppress formation over the light-
emitting layer 713 and can be easily formed. Furthermore, due to its high barrier effect against oxygen, the DLC 
film can suppress oxidation of the light-emitting layer 713. Therefore, the light-emitting layer 713 can be protected 15 
from oxidation during subsequent sealing processes. 

Furthermore, a sealant layer 717 is formed on the passivation film 716, and a cover member 718 is bonded to 
the sealant layer 717. As the sealant layer 717, a UV-curable resin can be used, and it is effective to add hygroscopic 
materials or materials with antioxidant properties to the sealant layer 717. Furthermore, in this embodiment, as the 
cover member 718, a glass substrate, quartz substrate, or a plastic substrate (including a plastic film) with carbon 20 
film (preferably DLC film) formed on both sides is used. 
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Therefore, the light-emitting device with the configuration shown in Figure 14 is completed. After the terminal 
block 712 is formed, it is effective to continuously perform the process of forming the passivation film 716 without 
exposing it to the environment in a multi-chamber type (or tandem type) thin film forming apparatus. It is possible 
to continuously carry out the process until adhesive cover part 718 without exposing it to the aforementioned 
environment. 5 

Thus, n-channel TFTs 601 and 602, a switching TFT (n-channel TFT) 603, and a current control TFT (n-
channel TFT) 604 are formed on the substrate 700. 

Furthermore, as shown in Figure 14, by forming the impurity layer to overlap with the gate electrode via the 
insulating film, an n-channel TFT that is less likely to degrade due to the hot carrier effect can be formed. Therefore, 
a highly reliable light-emitting device can be obtained. 10 

In this embodiment, only the configuration of the pixel segments and the driving circuit is shown. However, 
according to the manufacturing process of this embodiment, logic circuits such as signal separation circuits, D/A 
converters, operational amplifiers, and γ-correction circuits can be formed on the same insulator. Furthermore, even 
memory and microprocessors can be formed. 

Following the sealing (or encapsulation) process conducted to protect the light-emitting element, the light-15 
emitting device of this embodiment will be described with reference to Figure 15A and Figure 15B. If necessary, 
reference numerals used in Figure 14 will be cited. 

Figure 15A is a top view showing the state when the light-emitting element is completely sealed. Figure 15B 
is a cross-sectional view taken along the line C-C’ in Figure 15A. The sections enclosed by dashed lines and denoted 
by reference numerals 801, 806, and 807 are respectively the source side driving circuit, the pixel section, and the 20 
gate side driving circuit. Reference numeral 901 denotes a cover member, 902 denotes a first sealing layer, 903 
denotes a second sealing layer, and a sealing material 907 is formed in the inner section enclosed by the sealing 
layer 902. 

Reference numeral 904 denotes wiring, which transmits signal input to the source side driving circuit 801 and 
the gate side driving circuit 807 and receives video signals and clock signals from the flexible printed circuit (FPC) 25 
to be the external input terminal. Here, although only the FPC is shown, a printed wiring board (PWB) can also be 
connected to the FPC. The light-emitting device in this specification includes not only the light-emitting device 
itself but also a light-emitting device equipped with an FPC or a PWB. 

Next, the cross-sectional configuration diagram will be explained with reference to Figure 15B. The pixel 
segment 806 and the gate side driving circuit 807 are formed over substrate 700. The pixel segment 806 is composed 30 
of the current control TFT 604 and a plurality of pixels including a pixel electrode 710, and the pixel electrode 710 
is electrically connected to the drain line of the current control TFT 604. Furthermore, the gate side driving circuit 
807 is composed of a CMOS circuit (see Figure 14), which is obtained by combining an n-channel TFT 601 and a 
p-channel TFT 602. 

Pixel electrode 711 serves as the anode of the light-emitting element. Wiring terminals 712 are formed at both 35 
ends of pixel electrode 711, and the light-emitting layer 713 and cathode 714 of the light-emitting element are 
formed on pixel electrode 711. 
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The cathode 714 serves as a common wiring for all pixels and is electrically connected to the FPC 905 through 
a connecting line 904. In addition, all components contained within the pixel segment and the gate-side driving 
circuit 807 are covered by the cathode terminal 14 and the passivation film 716. 

The cover 901 is bonded to the first sealing layer 902. A spacer made of resin film may be formed to ensure 
the gap between the cover 901 and the light-emitting element. The inner section of the first sealing layer 902 is 5 
filled with sealing material 907. Epoxy resin is preferably used for the first sealant layer 902 and the sealing material 
907. Preferably, the first sealant layer 902 is less likely to transmit moisture and oxygen. In addition, the sealing 
material 907 may contain materials with hygroscopic and antioxidative properties. 

The sealing material 907, formed to cover the light-emitting element, also serves as an adhesive for bonding 
the cover 901. In this embodiment, materials for the plastic substrate 901a constituting the cover member 901 may 10 
include fiberglass reinforced plastic (FRP), polyvinyl fluoride (PVF), polyester resin, polyester, or acrylic resin. 

Furthermore, after bonding the cover member 901 to the sealing material 907, a second sealant layer 903 is 
formed to cover the side surface (exposed surface) of the sealing material 907. The second sealant layer 903 may 
be made using the same material as that used for the first sealant layer 902. 

In the above configuration, by encapsulating the light-emitting element with the sealing material 907, the light-15 
emitting element can be completely isolated from the external environment. This prevents accelerated erosion of 
the light-emitting layer material due to oxidation, such as moisture and oxygen, from external intrusion. Thus, a 
highly reliable light-emitting device is obtained. Furthermore, the light-emitting device is fully suited for large-area 
applications without reducing the aperture ratio of the pixel section. 

This embodiment can be arbitrarily combined with any one of Embodiments 1 to 5. 20 

 

[Embodiment 9] 

In this embodiment, a light-emitting device with a different pixel configuration from that of previous 
embodiments will be described with reference to Figure 16. 

In Figure 16, as the current control TFT 4501, a TFT with the same configuration as the p-channel TFT 502 in 25 
Figure 10 is used, while as the switch TFT 4402, a TFT with the same configuration as the pixel TFT 504 in Figure 
10 is used. Needless to say, the gate electrode of the current control TFT 4501 is electrically connected to the drain 
line of the switch TFT 4402. In addition, the drain line of the current control TFT 4501 is electrically connected to 
the pixel electrode 4504 formed on the insulating film 4409. 

In this embodiment, the pixel electrode 4504 made of a conductive film functions as the cathode of the light-30 
emitting element. More specifically, an alloy film of aluminum and lithium is used. A conductive film made of an 
element belonging to Group 1 or Group 2 of the periodic table or a conductive film doped with the element can be 
used. 
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A light-emitting layer 4505 is formed on the pixel electrode 4504. In Figure 16, only one pixel is shown. In 
this embodiment, a light-emitting layer corresponding to G (green) is formed by vapor deposition and coating 
(preferably spin coating). More specifically, the light-emitting layer has a multilayer structure, with a lithium 
fluoride (LiF) film (thickness: 20 nm) formed as the electron injection layer. On the lithium fluoride film, a 
polyphenylene vinylene (PPV) layer (thickness: 70 nm) is further formed as the light-emitting layer. 5 

An anode 4506, made of a transparent conductive film, is formed on the light-emitting layer 4504. In this 
embodiment, the transparent conductive film is made from a mixture of indium oxide and zinc oxide or their oxide 
mixture. 

Once the anode 4506 is formed, the light-emitting element 4507 is completed. Here, the light-emitting element 
4507 refers to a diode formed by the pixel electrode (anode) 4504, the light-emitting layer 4505, and the anode 10 
4506. 

It is beneficial to form a passivation film 4508 to completely cover the light-emitting element 4507. As the 
passivation film 4508, an insulating film with either a single-layer structure or a multi-layer structure is used, 
including carbon films, silicon nitride films, or silicon oxynitride films. 

Additionally, a sealing material 4509 is formed on the passivation film 4508, and a cover 4510 is bonded to 15 
the sealing material 4509. As the sealing material 4509, a UV-curable resin can be used, and it is effective to add 
materials with hygroscopic or anti-oxidation properties to the sealing material 4509. In this embodiment, as the 
cover member 4510, a glass substrate, a quartz substrate, or a plastic substrate (including a plastic film) with carbon 
films (preferably DLC films) formed on both sides thereof is used. 

In the wiring of light-emitting devices manufactured in this manner, low resistance is achieved, making such 20 
light-emitting devices fully suitable for large areas without lowering the aperture ratio of pixel segments. 

This embodiment can be freely combined with any of Embodiments 1-5. 

 

[Embodiment 10] 

In this embodiment, a typical liquid crystal display device according to the present invention will be described. 25 
The configuration of TFTs in the device differs from that of the active matrix substrate manufactured in Embodiment 
5. 

On the active matrix substrate shown in Figure 18A, a driving circuit 506 having an n-channel TFT 503 and a 
p-channel TFT 502, and a pixel segment 507 having a pixel TFT 504 and a storage capacitor 505, are formed. 
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These TFTs are obtained by forming gate lines 512-517 on substrate 501, forming insulating films 511 (511a 
and 511b) on the gate lines 512-517 (512a-517a, 512b-517b, and 512c-517c), and forming channel formation 
regions, source regions, drain regions, LDD regions, etc., in the semiconductor layer over the insulating films. The 
semiconductor layer is formed in the same manner as in Embodiments 1 to 5 according to the present invention. 

The total thickness of the gate lines 512-517 should be 200-400 nm (preferably 250 nm), allowing the gate 5 
lines 512-517 to be tapered to improve the step coverage of the coating film formed on the upper layers. The gate 
lines 512-517 are formed so that the tapered angle becomes 5°-30° (preferably 15°-30°). The tapered section is 
formed through dry etching, and its angle is controlled by the etching gas and the bias applied to the substrate side. 

Additionally, impurity regions are formed during the first to second doping processes. First, the first doping 
process is carried out to form the LDD region of the n-channel TFT. Doping can be carried out by means of ion 10 
doping or ion implantation. Phosphorus (P) is added as an impurity element introducing n-type (donor) 
characteristics, and the first impurity region is formed with a mask. Then, a mask is reformed to cover the LDD 
region of the n-channel TFT, thereby forming the source region and the drain region of the n-channel TFT during 
the second doping process. 

During the third doping process, the source region and the drain region of the p-channel TFT are formed. 15 
Doping is performed using ion doping or ion implantation, with only impurity elements introducing P-type 
(acceptor) properties being added. At this time, the semiconductor layer in which the n-channel TFT is to be formed 
is covered with a mask, so the p-type impurity elements will not be added to the semiconductor layer. In this 
embodiment, although LDD regions are not formed in the p-channel TFT, they may be formed. 

Thus, in the n-channel TFT 503, the LDD region 530 and the source or drain region 531 are formed outside 20 
the channel formation region 529. The p-channel TFT 502 also has the same configuration and is composed of a 
channel formation region 527 and a source or drain region 528. In the present embodiment, a single-gate structure 
is used; however, a dual-gate structure or a triple-gate structure may be utilized. 

In the pixel segment 507, the pixel TFT 504, formed by an n-channel TFT, adopts a multi-gate structure to 
reduce OFF current, and the LDD region 533 as well as the source or drain regions 534-536 are formed outside the 25 
channel formation region 532. 

The interlayer insulating film is composed of a first interlayer insulating film 540 (thickness: made of inorganic 
materials such as silicon oxide, silicon nitride, or silicon oxynitride. 50-500nm) and a second interlayer insulating 
film 541 made of organic insulating materials such as polyimide, acrylic resin, polyimide amide, and 
benzocyclobutene (BCB). Thus, the surface of the interlayer insulating film can be satisfactorily flattened through 30 
the second interlayer insulating film formed from organic insulating materials. Organic resin materials typically 
have a low dielectric constant, enabling them to reduce parasitic capacitance. However, organic resin materials are 
not suitable for use as protective films due to their hygroscopicity and are preferably combined with the first 
interlayer insulator 540. 
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Thereafter, a resist mask with a predetermined pattern is formed, and contact holes are created which extend 
to the source region or the drain region formed in the semiconductor layer. The contact holes are formed through 
dry etching. In this case, a mixed gas of CF4, O2, and He is used as the etching gas to first etch the second interlayer 
insulating film 541 made of an organic resin material, followed by using CF4 and O2 as the etching gas to etch the 
first interlayer insulating film 540. 5 

Then, a conductive metal film is formed through sputtering or vacuum vapor deposition. Thus, a resist mask 
pattern is formed, and the wirings 543 to 549 are formed through etching. In this way, an active matrix substrate 
can be formed. 

The process of manufacturing an active matrix-type liquid crystal display device using the active matrix 
substrate shown in Figure 18A will be described. Figure 18B shows a state where the active matrix substrate is 10 
bonded to the sub-substrate 554 using the sealant 558. First, columnar spacers 551 and 552 are formed on the active 
matrix substrate shown in Figure 18A. The spacer 551 provided in the pixel segment is formed so as to overlap with 
the contact segment on the pixel electrode. Although it will vary depending on the liquid crystal material to be used, 
the height of the spacers is set at 3-10 μm. In the contact section, a recessed section is formed corresponding to the 
contact hole. Thus, by aligning the formed spacers with the recessed sections, the orientation of the liquid crystal 15 
can be protected from interference. Subsequently, an alignment film 553 is formed and undergoes rubbing treatment. 
A transparent conductive film 555 and an alignment film 556 are formed on the auxiliary substrate 554. Then, the 
active matrix substrate and the auxiliary substrate are connected to each other, and liquid crystal 557 is injected into 
the gap between them. 

The active matrix-type liquid crystal display device manufactured as described above can be used as a display 20 
instrument for various electronic devices. The aforementioned liquid crystal display panel is fully applicable to large 
areas without lowering the aperture ratio in the pixel segment. 

This embodiment can be freely combined with any of Embodiments 1-5. 

 

[Embodiment 11] 25 

The case of manufacturing a light-emitting device using the active matrix substrate described in Embodiment 
10 will be described. 

In Figure 19, as the current control TFT4501, a TFT having the same configuration as the n-channel TFT503 
shown in Figure 16 is used. Needless to say, the gate electrode of the current control TFT4501 is electrically 
connected to the drain line of the switching TFT4402. The drain line of the current control TFT 4501 is electrically 30 
connected to the pixel electrode 4504 formed on the insulating film 4409. 
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In this embodiment, the pixel electrode 4505 made of a conductive film serves as the cathode of the light-
emitting element. More specifically, an alloy film of aluminum and lithium is used. A conductive film made of an 
element belonging to Group 1 or Group 2 of the periodic table or a conductive film doped with the element can be 
used. 

A light-emitting layer 4505 is formed on the pixel electrode 4504. In Figure 19, only one pixel is illustrated. 5 
In this embodiment, the light-emitting layer corresponding to G (green) is formed via vapor deposition and coating 
(preferably spin coating). More specifically, a stacked structure is used, wherein a LiF film (thickness: 20 nm) is 
formed as an electron injection layer, and a PPV film (thickness: 70 nm) is further formed as the light-emitting 
layer. 

Next, an anode 4506 made of a transparent conductive film is formed on the light-emitting layer 4505. In this 10 
embodiment, a conductive film made of a mixture of indium oxide and tin oxide or a mixture of indium oxide and 
zinc oxide is used. 

When the anode 4506 is formed, the light-emitting element 4507 is completed. The light-emitting element 
4507 refers to a diode composed of a pixel electrode (cathode) 4504, a light-emitting layer 4505, and an anode 4506. 

It is beneficial to form a passivation film 4508 to completely cover the light-emitting element 4507. As the 15 
passivation film 4508, an insulating film with either a single-layer structure or a multi-layer structure is used, 
including carbon films, silicon nitride films, or silicon oxynitride films. 

Furthermore, a sealing material 4509 is formed on the passivation film 4508, and a cover 4510 is bonded to 
the sealing material 4509. As the sealing material 4509, a UV-curable resin can be used, and it is useful to form a 
hygroscopic material or a material with anti-oxidation properties within the sealing material 4509. In this 20 
embodiment, as the cover 4510, a glass substrate, a quartz substrate, or a plastic substrate with a carbon film 
(preferably a DLC film) formed on both sides thereof (including plastic film) is used. 

The light-emitting device manufactured in this way can be fully utilized for large-area applications without 
reducing the aperture ratio in the pixel segments. 

This embodiment can be freely combined with any of Embodiments 1-5. 25 

 

[Embodiment 12] 

The wiring board formed according to the present invention can be used for various electro-optical devices 
(active matrix liquid crystal display devices, active matrix EC display devices, and active matrix light-emitting 
devices). Specifically, the present invention can be implemented in all electronic devices in which these electro-30 
optical devices are incorporated into a display portion. 
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Examples of such electronic devices include personal computers and monitors. Figures 20A to 20C illustrate 
examples thereof. 

Figure 20A shows a personal computer, which includes a main body 3001, an image input section 3002, a 
display section 3003, a keyboard 3004, and the like. The present invention is applied to the display portion 3003 
and can be readily utilized for expanding the display portion 3003. 5 

Figure 20B illustrates a playback device using a storage-program recording medium (hereinafter simply 
referred to as a recording medium), which includes a main body 3401, a display portion 3402, a speaker portion 
3403, a recording medium 3404, operation switches 3405, and the like. This playback device utilizes digital versatile 
discs (DVDs), compact discs (CDs), and other media as recording media, and can be used for listening to music, 
watching movies, playing games, and browsing the Internet. The present invention can be applied to the display 10 
portion 3402. The present invention can be utilized to expand the display portion 3402 at any time. 

Figure 20C illustrates a display device, which includes a main body 4101, a base 4102, a display portion 4103, 
and the like. The present invention can be applied to the display portion 4103. The display of the present invention 
is fully prepared for screen expansion. Specifically, the present invention is advantageous for displays with a 
diagonal size of 10 inches or greater (especially 30 inches or greater). 15 

As described above, the application range of the present invention is extremely wide, and it can be applied to 
electronic devices across various fields. Furthermore, the electronic device of this embodiment can be obtained by 
utilizing a structure formed from any arbitrary combination of Embodiments 1 to 11. 

By adopting the structure of the present invention, the following basic important facts can be obtained. 

(a)  A simple method suitable for conventional wiring and the process of manufacturing wiring boards. 20 

(b)  Achieving low resistance in wiring. Therefore, the degree of design freedom and pixel aperture ratio are 
increased. 

(c) Satisfactory coverage is achieved. 

(d) In semiconductor devices, such as active matrix liquid crystal display devices, while the above 
advantages are satisfactory, the area of the pixel segment is also increased. The present invention is fully prepared 25 
for the expansion of the screen, which will improve the operating characteristics and reliability of semiconductor 
devices. 

Various other modifications will become apparent to and can be readily made by those skilled in the art without 
departing from the scope and spirit of the invention. Therefore, it is not intended that the scope of the claims 
appended hereto be limited to the description as set forth herein, but rather that such claims be broadly interpreted. 30 
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