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(57) ABSTRACT 

The wiring line structure comprises a transparent Substrate, 
a barrier layer, a metal layer, and a photosensitive protecting 
layer. The barrier layer and a metal layer are successively 
disposed on the transparent Substrate. The photosensitive 
protecting layer is formed on the barrier layer and both sides 
of the metal layer. A method for fabricating the wiring line 
structure is also disclosed. 
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WRING LINE STRUCTURE AND METHOD FOR 
FORMING THE SAME 

BACKGROUND 

0001. The invention relates to a wiring line structure and, 
more particularly, to a wiring line structure on a transparent 
Substrate and a method for fabricating the same, improving 
film coverage and simplifying process steps. 
0002. A typical liquid crystal display (LCD) includes a 
thin film transistor (TFT) substrate, a color filter (CF) 
Substrate, and a liquid crystal layer disposed therebetween. 
The TFT substrate contains a plurality of matrix pixels 
consisting of a plurality of data lines and a plurality of scan 
lines, and a plurality of pixel driving circuits consisting of a 
plurality of electric devices, such as thin film transistors and 
capacitors. Traditionally, the line material (data line or scan 
line) for connecting to the transistors comprises Al, Cr, Mo, 
or W, wherein Al material with higher electric conductivity 
is commonly used as a gate line (scan line). However, 
increased size and resolution of LCDS requires reducing 
resistance-capacitance RC delay. Accordingly, there has 
been an increase in the use of copper with good electric 
conductivity as a wiring line material for LCD devices rather 
than aluminum. 

0003. It is, however, very difficult to etch a copper layer 
and to control the taper angle of the copper wiring line, 
resulting in reduction of film coverage in the Subsequent 
deposition. Moreover, copper easily reacts with silicon, 
forming copper silicide (i.e. CUSi), reducing device per 
formance. Additionally, copper atoms easily diffuse in the 
silicon oxide, increasing current leakage. Moreover, the 
copper layer has poor adhesion strength with the underlying 
glass Substrate. Accordingly, if copper is used as a wiring 
line material, the fabrication of LCD devices may become 
more difficult, reducing device performance and reliability. 

SUMMARY 

0004. A wiring line structure and a method for fabricating 
the same are provided. An embodiment of a wiring line 
structure comprises a barrier layer formed on a transparent 
Substrate, a metal layer and a photosensitive protecting layer. 
The barrier layer is disposed on the transparent substrate. 
The metal layer is disposed on the barrier layer. The pho 
tosensitive protecting layer is disposed on the barrier layer 
and both sides of the metal layer. 
0005. An embodiment of a method for fabricating a 
wiring line structure is provided. After forming a barrier 
layer on a transparent Substrate, a photosensitive pattern 
layer is formed on the barrier layer, in which the photosen 
sitive pattern layer comprises an opening exposing at least 
part of the barrier layer. A metal is filled into the opening. 
The photosensitive pattern layer is selectively removed to 
form a photosensitive protecting layer on both sides of the 
metal layer. The barrier layer uncovered by the photosensi 
tive protecting layer and the metal layer is removed. 

DESCRIPTION OF THE DRAWINGS 

0006 The present invention will become more fully 
understood from the detailed description given hereinbelow 
and the accompanying drawings, given by way of illustra 
tion only and thus not intended to be limitative of the present 
invention. 
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0007 FIGS. 1A to 1E are cross-sections of an embodi 
ment of a method for fabricating a wiring line structure on 
a transparent Substrate of the present invention. 

0008 FIGS. 2A to 2F are cross-sections of an embodi 
ment of a method for fabricating a wiring line structure on 
a transparent Substrate of the present invention. 

DETAILED DESCRIPTION 

0009. A wiring line structure for a display device is 
described in greater detail in the following. 

0010 FIG. 1E illustrates a wiring line structure 100 
formed on a transparent Substrate for a display device. Such 
as a LCD device, an electroluminescent display (ELD) 
device or other flat panel display devices. The wiring line 
structure 100 on a transparent substrate 101 comprises first 
and second barrier layers 102 and 110, a metal layer 108 and 
a photosensitive protecting layer 112. In the present embodi 
ment of the invention, the first barrier layer 102 is disposed 
on the transparent Substrate 101, comprising a conductive 
material, such as comprises Mo, W. Mo Walloy, Cr, Ta, Ti, 
TiN, Ti Walloy, Rh, Re, Ru, or Co. In some embodiments, 
the first barrier layer 102 may comprise an insulating 
material. Such as an organic polymer or an inorganic mate 
rial (for example, SiC. SiN. or metal oxide) The metal layer 
108, such as a copper layer, is disposed on the first barrier 
layer 102. Additionally, an adhesion layer 103 may be 
optionally disposed between the first barrier layer 102 and 
the metal layer 108, comprising metal oxide, metal nitride, 
metal, or a combination thereof. For example, the metal 
oxide may comprise indium tin oxide (ITO), indium Zinc 
oxide (IZO), aluminum-doped zinc oxide (AZO), cadmium 
tin oxide (CTO) or the like. The metal nitride may comprise 
tantalum nitride (TaN), titanium nitride (TiN) or the like. 
The metal may comprise Ta, Ti or the like. In the present 
embodiment of the invention, the second barrier layer 110 is 
disposed on the metal layer 108, comprising a conductive 
material. For example, the second barrier layer 110 may 
comprise at least one of Co and Ni. In some embodiments, 
the second barrier layer 110 may comprise an insulating 
material. The first and second barrier layers 102 and 110 and 
the metal layer 108 therebetween constitute a composite 
wiring line. The photosensitive protecting layer 112 is 
disposed on the first barrier layer 102 and both sides of the 
metal layer 108. The photosensitive protecting layer 112 
may comprise a low dielectric constant (low-k) material. 
The dielectric constant of the low-k material ranges from 
about 2.7 to about 3.4. In the present embodiment of the 
invention, the photosensitive protecting layer 112 may com 
prise a polysilsesquiaZane, Such as photosensitive-methyl 
silsesquiazane (PS-MSZ) or the like. 

0011 FIGS. 1A to 1E illustrate an embodiment of a 
method for fabricating a wiring line structure on a transpar 
ent substrate. In FIG. 1A, a transparent substrate 101, such 
as a glass Substrate or a polymer Substrate, is provided. After 
the transparent substrate 101 is cleaned, a first barrier layer 
102 and a photosensitive layer 104 are successively formed 
thereon. In the present embodiment of the invention, the first 
barrier layer 102 may be formed by physical vapor-deposi 
tion (PVD), chemical vapor deposition (CVD) or spin coat 
ing. The thickness of the first barrier layer 102 ranges from 
about 20 nm to about 200 nm. The first barrier layer 102 
increases adhesion strength between-the transparent Sub 
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strate 101 and the metal wiring line. Additionally, an adhe 
sion layer 103 may optionally be formed on the first barrier 
layer 102 prior to deposition of the photosensitive layer 104, 
thereby further improving adhesion strength between the 
transparent substrate 101 and the metal wiring line. The 
adhesion layer 103 may comprise metal oxide, metal nitride 
or metal. The photosensitive layer 104 may comprise a low 
k material, such as PS-MSZ or the like. 

0012 Lithography is performed on the photosensitive 
layer 104 using a mask 105. Such as a half-tone mask, a 
slit-pattern mask, or a gray mask, to form a photosensitive 
pattern layer 106 on the adhesion layer 103 or the first 
barrier layer 102, having an opening 106c exposing at least 
part of the adhesion layer 103 or the first barrier layer 102. 
to define a wiring line region, as shown in FIG. 1B. The 
mask 105 shown in FIG. 1A comprises three transmission 
regions 105a, 105b and 105c with different transmittances, 
such that the photosensitive pattern layer 106 has a first 
portion 106a adjacent to the opening 106c and a second 
portion 106b laterally extending from thereof, in which the 
first portion 106a is thicker than the second portion 106b. 
For example, the transmittance of the transmission region 
105a corresponding to the opening 106c can be higher than 
that of the transmission region 105c corresponding to the 
second portion 106b, and the transmittance of the transmis 
sion region 105c higher than that of the transmission region 
105b corresponding to the first portion 106a. Here, the first 
portion 106a may have a thickness ranges from about 1000 
nm to about 3000 nm and the thickness of second portion 
106b can be substantially less than about 2500 nm. 

0013 In FIG. 1C, a metal layer 108, such as a copper 
layer, serving as a wiring line, is formed in the opening 106c 
by damascene method, eliminating copper etching prob 
lems. If the first barrier layer 102 comprises a conductive 
material, the copper layer 108 may be formed by electro 
chemical plating. Conversely, if the first barrier layer 102 
comprises an insulating material, the copper layer 108 may 
be formed by electroless plating or chemical plating. In the 
present embodiment of the invention, the first barrier layer 
102 comprises a conductive material and the copper layer 
108 is formed by electrochemical plating, in which the 
copper layer 108 is thinner than the first portion 106a of the 
photosensitive pattern layer 106. As mentioned, copper 
easily reacts with silicon or easily diffuse in the silicon 
oxide. Moreover, copper may contaminate process tools in 
Subsequent chemical deposition or dry etching due to its 
higher reactivity. Accordingly, a barrier layer must be 
formed on the copper layer 108. In the present embodiment 
of the invention, a second barrier layer 110 is formed on the 
copper layer 108 by electrochemical plating. The second 
barrier layer 110 may comprise at least one of Co and Ni. 
The thickness of the second barrier layer 110 ranges from 
about 5 nm to about 50 nm. 

0014) In FIG. 1D, the photosensitive pattern layer 106 is 
selectively removed to form a photosensitive protecting 
layer 112 on both sides of the copper layer, exposing the 
adhesion layer 103. In the present embodiment of the 
invention, the photosensitive protecting layer 112 may be 
formed by dry etching the photosensitive pattern layer 106 
to different thicknesses. Here, the photosensitive protecting 
layer 112 has a tapered profile and a top surface substantially 
level with that of second barrier layer 110. The photosen 
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sitive protecting layer 112 with tapered profile can improve 
film coverage and increase the yield. 
0015. In FIG. 1E, the exposed adhesion layer 103 and the 
underlying first barrier layer 102 are successively removed 
using the photosensitive protecting layer 112 and the second 
barrier layer 110 as an etch mask, completing the fabrication 
of the wiring line structure 100 on the transparent substrate 
101. 

0016 FIGS. 2A to 2F illustrate another embodiment of a 
method for fabricating a wiring line structure on a transpar 
ent substrate for a display device. In FIG. 2A, a transparent 
Substrate 201, such as a glass Substrate or a polymer Sub 
strate, is provided. After the transparent substrate 201 is 
cleaned, a first barrier layer 202 is formed thereon. In the 
present embodiment of the invention, the first barrier layer 
202 may comprise Mo, W. Mo Walloy, Cr, Ta, Ti, TiN, 
Ti Walloy, Rh, Re, Ru, or Co. In some embodiments, the 
first barrier layer 202 may comprise an insulating material, 
Such as an organic polymer or an inorganic material (for 
example, SiC. SiN. or metal oxide) Moreover, the first 
barrier layer 202 may be formed by PVD, CVD or spin 
coating. The thickness of the first barrier layer 202 ranges 
from about 20 nm to about 200 nm. The first barrier layer 
202 increases adhesion strength between the transparent 
substrate 201 and the metal wiring line. Additionally, an 
adhesion layer 203 may be optionally formed on the first 
barrier layer 202, comprising metal oxide, metal nitride or 
metal, or combination thereof, thereby further improving 
adhesion strength. For example, the metal oxide may com 
prise ITO, IZO, AZO, CTO or the like. The metal nitride 
may comprise TaN. TiN or the like. The metal may comprise 
Ta, Ti or the like. A photosensitive pattern layer 206 is 
formed on the adhesion layer 203 or the first barrier layer 
202, having an opening 206a exposing at least part of the 
adhesion layer 203 or the first barrier layer 202, to define a 
wiring line region. The photosensitive pattern layer 206 may 
comprise a low k material, such as PS-MSZ or the like. 
0017. In FIG. 2B, a metal layer 208, such as a copper 
layer, serving as a wiring line, is formed in the opening 
206a. If the first barrier layer 202 comprises a conductive 
material, the copper layer 208 may be formed by electro 
chemical plating. Conversely, if the first barrier layer 202 
comprises an insulating material, the copper layer 208 may 
be formed by electroless plating or chemical plating. In the 
present embodiment of invention, the first barrier layer 202 
comprises a conductive material and the copper layer 208 is 
formed by electrochemical plating, in which the copper layer 
208 is thinner than the photosensitive pattern layer 206. A 
second barrier layer 210 is formed on the copper layer 208. 
In the present embodiment of the invention, the second 
barrier layer 210 is formed by electrochemical plating. The 
second barrier layer 210 may comprise at least one of Co and 
Ni. The thickness of the second barrier layer 210 ranges 
from about 5 nm to about 50 nm. Here, the top surface of the 
photosensitive pattern layer 206 is substantially level with 
that of the second barrier layer 210. 
0018. In FIG. 2C, a photoresist layer 211 is coated on the 
photosensitive pattern layer 206 and covers the second 
barrier layer 210 above the copper layer 208. Thereafter, the 
photoresist layer 211 is patterned to form an etch masking 
layer 213 covering the second barrier layer 208 and a portion 
of the photosensitive pattern layer 206 on both sides of the 
copper layer 208, as shown in FIG. 2D. 
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0019. In FIG. 2E, the photosensitive pattern layer 206 
uncovered by the etch masking layer 213 to form a photo 
sensitive protecting layer 214 with tapered profile on both 
sides of the copper layer 208, exposing the adhesion layer 
2O3. 

0020. In FIG. 2F, after removing the etch masking layer 
213, the exposed adhesion layer 203 and the underlying first 
barrier layer 202 are successively removed using the pho 
tosensitive protecting layer 214 and the second barrier layer 
210 as etch masks, completing the fabrication of the wiring 
line structure 200. 

0021 Compared to conventional sputtering or deposi 
tion, the copper wiring line formed by electrochemical 
plating can effectively reduce fabrication costs. Moreover, 
barrier layers formed over and below the copper wiring line, 
respectively, improve adhesion strength between the wiring 
line and the underlying transparent Substrate and between 
the wiring line and the overlying gate dielectric (silicon 
nitride) layer. Additionally, the formation of barrier layers 
also prevents copper from oxidization, diffusion, formation 
of silicide and contamination. The photosensitive protecting 
layer with tapered profile on both sides of the copper wiring 
line can improve the film coverage. Accordingly, the wiring 
line assembly of the invention simplifies processes, reduces 
fabrication cost and increase device reliability. 
0022 While the invention has been described by way of 
example and in terms of preferred embodiment, it is to be 
understood that the present invention is not limited thereto. 
To the contrary, it is intended to cover various modifications 
and similar arrangements (as would be apparent to those 
skilled in the art). Therefore, the scope of the appended 
claims should be accorded the broadest interpretation to 
encompass all such modifications and similar arrangements. 

What is claimed is: 
1. A wiring line structure, comprising: 
a first barrier layer disposed on a transparent Substrate; 
a metal layer disposed on the first barrier layer; and 
a photosensitive protecting layer disposed on the first 

barrier layer and both sides of the metal layer. 
2. The wiring line structure of claim 1, wherein the first 

barrier layer comprises Mo, W. Mo W alloy, Cr, Ta, Ti, 
TiN, Ti Walloy, Rh, Re, Ru, or Co. 

3. The wiring line structure of claim 1, wherein the first 
barrier layer comprises an insulating material. 

4. The wiring line structure of claim 1, further comprising 
a second barrier layer disposed on the metal layer. 

5. The wiring line structure of claim 4, wherein the second 
barrier layer comprises at least one of Co and Ni. 

6. The wiring line structure of claim 1, wherein the metal 
layer comprises Cu. 

7. The wiring line structure of claim 1, wherein the 
photosensitive protecting layer comprises a low dielectric 
constant (low-k) material, and the dielectric constant of the 
low-k material ranges from about 2.7 to about 3.4. 

8. The wiring line structure of claim 1, wherein the 
photosensitive protecting layer comprises polysilsesquiaz 
a. 

9. The wiring line structure of claim 1, further comprising 
an adhesion layer disposed between the first barrier layer 
and the metal layer. 
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10. The wiring line structure of claim 9, wherein the 
adhesion layer comprises metal oxide, metal nitride, metal, 
or a combination thereof. 

11. A display device comprising the wiring line structure 
of claim 1. 

12. A method for fabricating a wiring line structure, 
comprising: 

forming a first barrier layer on a transparent Substrate; 
forming a photosensitive pattern layer on the first barrier 

layer, the photosensitive pattern layer comprising an 
opening to expose at least part of the first barrier layer; 

filling a metal layer into the opening; 
selectively removing the photosensitive pattern layer to 

form a photosensitive protecting layer on both sides of 
the metal layer, and 

removing the first barrier layer uncovered by the photo 
sensitive protecting layer and the metal layer. 

13. The method of claim 12, wherein formation of the 
photosensitive pattern layer comprises: 

forming a photosensitive layer on the first barrier layer ; 
and 

patterning the photosensitive layer to form the opening 
therein; 

wherein the photosensitive pattern layer comprises a first 
portion adjacent to the opening and thicker than a 
second portion laterally extending therefrom. 

14. The method of claim 13, wherein the thickness of the 
first portion of the photosensitive pattern layer ranges from 
about 1000 nm to about 3000 nm. 

15. The method of claim 13, wherein the thickness of the 
second portion of the photosensitive pattern layer is Sub 
stantially less than about 2500 nm. 

16. The method of claim 12, wherein the metal layer is 
formed in the opening by electrochemical plating. 

17. The method of claim 12, wherein the photosensitive 
pattern layer is formed using a half-tone mask, a slit-pattern 
mask, or a gray mask. 

18. The method of claim 12, wherein the thickness of the 
first barrier layer ranges from about 20 nm to about 200 nm. 

19. The method of claim 12, wherein the first barrier layer 
comprises Mo, W. Mo W alloy, Cr, Ta, Ti, TiN, Ti W 
alloy, Rh, Re, Ru, or Co. 

20. The method of claim 12, wherein the first barrier layer 
comprises an insulating material. 

21. The method of claim 12, further comprising forming 
a second barrier layer on the metal layer. 

22. The method of claim 21, wherein the thickness of the 
second barrier layer ranges from about 5 nm to about 50 nm. 

23. The method of claim 21, wherein the second barrier 
layer comprises at least one of Co and Ni. 

24. The method of claim 21, wherein the second barrier 
layer is formed on the metal layer by electrochemical 
plating. 

25. The method of claim 12, wherein the metal layer 
comprises Cu. 

26. The method of claim 12, wherein the photosensitive 
protecting layer comprises a low dielectric constant (low-k) 
material, and the dielectric constant of the low-k material 
ranges from about 2.7 to about 3.4. 
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27. The method of claim 12, wherein the photosensitive 
protecting layer comprises polysilsesquiaZane. 

28. The method of claim 12, wherein the selective 
removal of the photosensitive pattern layer comprises: 

forming a photoresist layer on the photosensitive pattern 
layer and the metal layer, 

patterning the photoresist layer to form an etch masking 
layer covering the metal layer and a portion of the 
photosensitive pattern layer on both sides thereof; and 

removing the photosensitive pattern layer uncovered by 
the etch masking layer. 

29. The method of claim 28, further comprising forming 
a second barrier layer on the metal layer. 
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30. The method of claim 29, wherein the thickness of the 
second barrier layer ranges from about 5 nm to about 50 nm. 

31. The method of claim 29, wherein the second barrier 
layer comprises at least one of Co and Ni. 

32. The method of claim 29, wherein the second barrier 
layer is formed on the metal layer by electrochemical 
plating. 

33. The method of claim 12, further comprising forming 
an adhesion layer between the first barrier layer and metal 
layer. 

34. The method of claim 33, wherein the adhesion layer 
comprises metal oxide, metal nitride, metal, or a combina 
tion thereof. 


