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(57) ABSTRACT 

ATFT structure having sufficiently low resistance wiring is 
provided, in which characteristic defects thereof caused by 
undercuts in a barrier metal layer can be prevented, the 
undercuts formed in a step for processing a Source and a 
drain electrode composed of copper. The TFT structure of 
the present invention comprises a gate electrode on a glass 
Substrate, a gate insulation film, a Semiconductor active 
layer disposed on the gate insulation film So as to oppose the 
gate electrode, ohmic contact layers formed on both edge 
portions of the Semiconductor active layer, and a Source and 
a drain electrode connected to the Semiconductor active 
layer via the respective ohmic contact layers. In addition, the 
Source electrode and the drain electrode are formed of 
copper, and barrier metal layers are formed on the bottom 
Surfaces of the Source electrode and the drain electrode 
above areas at which the upper Surfaces of the respective 
ohmic contact layers are located. 
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THIN FILM TRANSISTOR AND 
MANUFACTURING METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to thin film transistors 
(hereinafter referred to as TFTs) and to manufacturing 
methods therefor, and more particularly, to a TFT structure 
in which copper is used as a low resistance material Spe 
cifically for Source and drain wiring. 
0003 2. Description of the Related Art 
0004. In conventional common TFT liquid crystal display 
devices, a TFT array Substrate having a reverse-stagger type 
TFT, gate wiring, Source wiring, and the like is provided, as 
shown in FIG. 6 as a structural example. In the TFT array 
substrate, as shown in FIG. 6, gate wiring 50 and source 
wiring 51 are disposed in the form of a matrix on a 
transparent Substrate composed of glass or the like. An area 
surrounded by the gate wiring 50 and the source wiring 51 
is a pixel 52, and a TFT 53 is formed in each pixel 52. 
Recently, copper, which is a low resistance material, has 
attracted attention as a wiring material for use in this kind of 
liquid crystal display device, Semiconductor device, and the 
like. Accordingly, one example will be described below in 
which copper is applied to a TFT array Substrate. FIG. 4 is 
a cross-sectional view of the TFT array Substrate, and FIGS. 
5A to 5E are cross-sectional views of the TFT showing a 
manufacturing proceSS therefor. 

0005. In the TFT53 as shown in FIG. 4, a gate electrode 
55 extending from the gate wiring 50 is formed on a 
transparent Substrate 54, and a gate insulation film 56 is 
formed So as to cover the gate electrode 55. A Semiconductor 
active layer 57 composed of amorphous silicon (a-Si) is 
formed on the gate insulation film 56 above the gate elec 
trode 55. A source electrode 59 extending from the source 
wiring 51 and a drain electrode 60 are formed above ohmic 
contact layers 58 formed on the semiconductor active layer 
57 above the gate insulation film 56, in which the ohmic 
contact layerS 58 is composed of amorphous Silicon 
(a-Sin') containing an n-type impurity Such as phosphorus. 
The source wiring 51, source electrode 59, and the drain 
electrode 60 are formed of copper. 

0006 When the source electrode 59 and the drain elec 
trode 60 are formed of copper, and when silicon forming the 
Semiconductor active layer 57 and copper are placed directly 
in contact with each other, a problem arises with regard to 
copper film Separation due to poor cohesion between Silicon 
and copper, or degradation of TFT characteristics due to 
copper diffusion into Silicon. Consequently, metal layers 
composed of, for example, titanium or molybdenum, are 
formed under the copper as barrier metal layerS 61 So that 
the source wiring 51, the source electrode 59, and the drain 
electrode 60 have a two-layer structure composed of a 
barrier metal and copper. 

0007. Then, a passivation film 62 is formed so as to cover 
the TFT 53 composed of the source electrode 59, the drain 
electrode 60, the gate electrode 55, and the like. A contact 
hole 63 is formed in the passivation film 62 above the drain 
electrode 60. A pixel electrode 64 is further formed, which 
is composed of a transparent conductive film, Such as an 
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indium-tin-oxide compound (hereinafter referred to as ITO), 
and is electrically connected to the drain electrode 60 via the 
contact hole 63. 

0008. A left side of the discontinuity in FIG. 4 shows a 
croSS-Sectional Structure of a gate terminal pad portion 65 
which is an end portion of the gate wiring located outside the 
display area. AS shown in this figure, a contact hole 67 
penetrating the gate insulation film 56 and the passivation 
film 62 is formed above a lower pad layer 66 composed of 
a gate wiring material on the transparent Substrate 54, and an 
upper pad layer 68 is formed of the same transparent 
conductive film as that used for the pixel electrode 64 so as 
to be electrically connected with the lower pad layer 66 via 
the contact hole 67. 

0009. When the thin film transistor array substrate is 
manufactured, as shown in FIG. 5A, a conductive film is 
formed on the transparent Substrate 54, and is then patterned, 
so that the gate electrode 55 and the gate wiring 50 are 
formed. In addition, the lower pad layer 66 is formed in the 
gate terminal pad portion 65. 
0010 Next, as shown in FIG. 5B, after forming the gate 
insulation film 56 so as to cover the gate electrode 55 and the 
gate wiring 50, an a-Si film (to later become semiconductor 
active layer 57), and an a-Sin' film 69 are sequentially 
formed, and the a-Si film and the a-Sin' film 69 thus formed 
are simultaneously patterned by using a photo mask, 
whereby an island 70 is formed above the gate electrode 
with the gate insulation film 56 provided therebetween. 
0011. As shown in FIG. 5C, after sequentially forming 
the barrier metal film 61 composed of, for example, titanium 
or molybdenum, and a copper film 71 over the entire surface 
of the substrate, the copper film 71 and the barrier metal film 
61 are patterned so as to form the drain electrode 60, the 
Source electrode 59, and the source wiring 51, and the 
a-Sin' film above a channel region composed of the a-Si 
film is removed so as to form the ohmic contact layers 58 
composed of the a-Sin' film. 
0012 Next, as shown in FIG.5D, the passivation film 62 
is formed over the entire Surface of the Substrate, and is then 
patterned So as to form openings therein above the drain 
electrode 60 and the lower pad layer 66, whereby the contact 
holes 63 and 67 are formed for electrical connections 
between the drain electrode 60 and the pixel electrode 64 
and between the lower pad layer 66 and the upper pad layer 
68, respectively. 

0013 Finally, as shown in FIG. 5E, the ITO film is 
formed over the entire Surface of the Substrate, and is then 
patterned So as to form the pixel electrode 64 and the upper 
pad layer 68. By executing the steps described above, the 
conventional TFT array Substrate shown in FIG. 4 is com 
pleted. 

0014. However, in the conventional TFT array Substrate, 
there are problems as described below. 

0015 That is, since the source electrode and the drain 
electrode are laminates each composed of the barrier metal 
layer (titanium, molybdenum, or the like) and copper, a cell 
reaction occurs between the titanium, molybdenum, or the 
like and the copper when the laminate is etched, and as a 
result, undercuts in the barrier metal layer are formed at the 
side surfaces of the pattern. When the undercuts are formed 
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at the above-mentioned location, there are problems with 
regard to an increase in off-current of the TFT and worsening 
of residual imageS. In addition, the wiring widths are diffi 
cult to control due to the occurrence of the undercuts in the 
barrier metal layer, and as a result, there is a problem in that 
desired characteristics of the TFT cannot be obtained. Fur 
thermore, even though the copper, which is a low resistance 
material, is used, the barrier metal layer having a higher 
resistance than that of copper is used as an under layer, and 
hence, the advantages of copper which has a lower resis 
tance are not Sufficiently exploited. 

SUMMARY OF THE INVENTION 

0016. In order to solve the problems described above, an 
object of the present invention is to provide a TFT structure 
and a manufacturing method therefor, in which characteris 
tic defects in the TFT can be prevented, which were caused 
by undercuts in a barrier metal layer formed in a step for 
processing a Source electrode and a drain electrode com 
posed of copper, and a low resistance wiring can thereby be 
adequately realized. 

0017. To these ends, the TFT of the present invention 
comprises a gate electrode formed on a SubStrate, a gate 
insulation film formed So as to cover the gate electrode, a 
Semiconductor active layer formed on the gate insulation 
film So as to oppose the gate electrode, ohmic contact layers 
formed of a doped Semiconductor layer and Separately 
formed on two edge portions of the Semiconductor active 
layer, and a Source electrode and a drain electrode connected 
to the Semiconductor active layer via the respective ohmic 
contact layers, wherein the Source electrode and the drain 
electrode are composed of copper, and barrier metal layers 
are formed on the bottom Surfaces of the Source electrode 
and the drain electrode above areas at which the upper 
Surfaces of the respective ohmic contact layers are located. 

0.018. In conventional TFT structures, when copper is 
used as a material for a Source and a drain electrode, a barrier 
metal layer is formed on the entire bottom surface of the 
copper layer, and the overall electrode (wiring) is generally 
a two-layer structure. In contrast, in the TFT structure of the 
present invention, the barrier metal layers are formed on the 
bottom Surfaces of the Source electrode and the drain elec 
trode above areas at which the upper Surfaces of the ohmic 
contact layers are located, and the barrier metal layers are 
not formed on other areas at which the upper Surfaces of the 
gate insulation film are located. 
0019. In order to practically form the structure described 
above, Since the barrier metal layer and the copper layer 
cannot be formed by Simultaneous patterning, the copper 
film is formed after forming the barrier metal layer by 
patterning. Consequently, unlike in conventional methods in 
which a laminate composed of a barrier metal layer and a 
copper layer is formed by Simultaneous etching, undercuts 
in the barrier metal layer are not formed, which is caused by 
a cell reaction during etching. As a result, characteristic 
defects of the TFT caused by the undercuts formed in the 
barrier metal layer can be prevented. In addition, Since the 
barrier metal layers are only present above areas at which the 
ohmic contact layers are formed, and the Source wiring 
portion is only formed of, for example, copper, resistance of 
the wiring can be lowered compared to that of the conven 
tional wiring. 
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0020. As a material used for the barrier metal layer, a 
metal Selected from the group consisting of titanium, molyb 
denum, tantalum, chromium, and tungsten, or an alloy 
thereof may be used. 

0021. A method for manufacturing a thin film transistor 
comprises Steps of forming an electrically conductive film 
on a Substrate, patterning the electrically conductive film to 
form a gate electrode, forming a gate insulation film So as to 
cover the gate electrode, a Semiconductor film, a doped 
Semiconductor film doped with an impurity, and a barrier 
metal film in that order, patterning the barrier metal film, the 
doped Semiconductor film, and the Semiconductor film So as 
to form a laminated island having a Semiconductor active 
layer formed of the Semiconductor film, the doped Semicon 
ductor film, and the barrier metal film, forming a copper film 
So as to cover the laminated island and the gate insulation 
film, patterning the copper film So as to form a Source 
electrode and a drain electrode extending from the laminated 
island onto the gate insulation film, and removing the barrier 
metal film and the doped Semiconductor film by etching 
using the Source electrode and the drain electrode as a mask 
So that ohmic contact layerS formed of the doped Semicon 
ductor film and patterned layers formed of the barrier metal 
film are present above the two edge portions of the Semi 
conductor active layer. 
0022. According to the method for manufacturing the 
TFT described above, the TFT structure of the present 
invention can be formed. In the TFT structure of the present 
invention, as described above, patterning of the barrier metal 
film and the patterning of the copper film are separately 
performed. However, after Sequentially forming the four 
films, i.e., the gate insulation film, the Semiconductor film, 
the doped Semiconductor film, and the barrier metal film, a 
laminated island having the Semiconductor active layer, the 
doped Semiconductor film, and the barrier metal film is 
formed by patterning the barrier metal film, the doped 
Semiconductor film, and the Semiconductor film. That is, in 
the manufacturing method of the present invention, Since the 
barrier metal film is simultaneously patterned with the 
Semiconductor active layer and the doped Semiconductor 
film in a step for forming the laminated island, only barrier 
metal film is not separately patterned. Accordingly, com 
pared to the conventional manufacturing process, the num 
ber of photomasks to be used is not increased. 

0023. In the manufacturing method described above, the 
gate insulation film, the Semiconductor film, the doped 
Semiconductor film, and the barrier metal film are preferably 
sequentially formed without being exposed in the air. When 
the four-layer formation mentioned above is performed, 
oxide layers are not formed between four layers, and as a 
result, the characteristics of the TFT are not adversely 
affected. In addition, Steps for removing oxide layerS can be 
omitted, and hence, the number of manufacturing Steps can 
be reduced. 

0024 Film formation described above can be realized by 
using, for example, chemical vapor deposition (CVD). For 
example, a gate insulation film composed of a Silicon oxide 
film or a Silicon nitride film, a Semiconductor film and a 
doped Semiconductor film composed of amorphous Silicon 
or polycrystalline Silicon, and a barrier metal film composed 
of various metals can be formed by changing ingredient 
gases using one CVD apparatus. When the barrier metal 
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film, in particular, is formed using metal organic chemical 
vapor deposition (hereinafter referred to as MOCVD), all 
four layers can be formed by CVD. 

0.025 In another thin film transistor in accordance with 
the basic structure of the thin film transistor according to the 
present invention, the barrier metal layer may comprise 
titanium, and titanium oxide layerS may be formed between 
the Source electrode and the barrier metal layer and between 
the drain electrode and the barrier metal layer. 

0026. Another method for manufacturing a thin film 
transistor according to the present invention comprises Steps 
of forming an electrically conductive film on a Substrate, 
patterning the electrically conductive film So as to form a 
gate electrode, forming a gate insulation film So as to cover 
the gate electrode, a Semiconductor film, a doped Semicon 
ductor film doped with an impurity, and a barrier metal film 
comprising titanium in that order, patterning the barrier 
metal film, the doped Semiconductor film, and the Semicon 
ductor film So as to form a laminated island having a 
Semiconductor active layer formed of the Semiconductor 
film, the doped Semiconductor film, and the barrier metal 
film, forming a copper film So as to cover the laminated 
island and the gate insulation film, patterning the copper film 
and the barrier metal film by using the same etchant So as to 
form a Source electrode and a drain electrode extending from 
the laminated island onto the gate insulation film, and 
removing the doped Semiconductor film by etching using the 
Source electrode and the drain electrode as a mask So that 
ohmic contact layerS formed of the doped Semiconductor 
film and patterned layers formed of the barrier metal film are 
present above the two edge portions of the Semiconductor 
active layer. 

0027. In the basic structure of the thin film transistor 
according to the present invention, when titanium is used, 
particularly for the barrier metal layer, portions of the Source 
electrode and the drain electrode located above the Semi 
conductor active layer are a two-layer Structure composed of 
titanium and copper. The inventors of the present invention 
found etchants capable of Simultaneously etching a laminate 
composed of titanium and copper. They are, Specifically, an 
aqueous Solution containing monohydrogen potassium per 
OXOmonoSulfate and hydrogen fluoride, an aqueous Solution 
containing a perOXOSulfate Salt, hydrogen fluoride, and 
hydrogen chloride or a chloride compound; and an aqueous 
Solution containing a perOXOSulfate Salt and a fluoride. 
Accordingly, even though patterning Separately performed 
for the barrier metal film and the copper film is described 
heretofore, instead of the manufacturing method described 
above, patterning of the barrier metal film and patterning of 
the Source electrode and the drain electrode can be Simul 
taneously performed by applying the etchants to the present 
invention. The patterning of the barrier metal film in this 
case is specifically to remove the barrier metal film formed 
above a channel region of the TFT in the laminated island. 

0028. However, when the laminated film composed of 
titanium and copper is etched using the etchant described 
above, etching residue may remain on the ohmic contact 
layer and the gate insulation film in Some cases, resulting in 
variations in the TFT characteristics or degradation of reli 
ability. In this case, when a laminated Structure is formed So 
as to have a titanium oxide layer between the titanium and 
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the copper, uniformity obtained in the Simultaneous etching 
is improved, and hence, the problems described above are 
unlikely to occur. 

0029. In the basic structure of the thin film transistor 
according to the present invention, the Semiconductor active 
layer is preferably in direct contact with the Source electrode 
and the drain electrode at two edge Surfaces of the Semi 
conductor active layer, and the two edge Surfaces of the 
Semiconductor active layer are preferably formed at posi 
tions outside areas defined by projecting the gate electrode 
to the gate insulation film. 

0030. In the thin film transistor of the present invention, 
Since the barrier metal layers are only present above the 
areas at which the upper Surfaces of the ohmic contact layers 
are located, the Semiconductor active layer are in direct 
contact with the Source electrode and the drain electrode at 
the two edge Surfaces of the Semiconductor active layer. In 
this case, when contacting points therebetween are close to 
the gate electrode, the electric fields from the gate electrode 
adversely affect the contacting points, resulting in a problem 
with regard to an increase in off-current of the TFT. Con 
Sequently, the contacting points are formed So as to be 
distant from the positions defined by projecting the gate 
electrode to the gate insulation film, i.e., the contacting 
points are preferably formed distant from the ends of the 
gate electrode So as not to be adversely affected by the 
electric fields from the gate electrode. Accordingly, the 
problems with regard to an increase in off-current can be 
avoided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0031 FIG. 1 is a cross-sectional view of the structure of 
a TFT array Substrate according to a first embodiment of the 
present invention; 

0032 FIGS. 2A to 2E are cross-sectional views of the 
TFT array Substrate according to the first embodiment 
showing Sequential Steps of a manufacturing method there 
for; 

0033 FIG. 3 is a graph showing the relationship between 
an annealing temperature and a sheet resistance of a copper 
wiring provided with a barrier metal layer thereunder; 

0034 FIG. 4 is a cross-sectional view of the structure of 
a conventional TFT array Substrate by way of example; 

0035 FIGS. 5A to 5E are cross-sectional views of the 
conventional TFT array Substrate showing Sequential Steps 
of a manufacturing method therefor; 

0036 FIG. 6 is a plan view of the conventional TFTarray 
Substrate; 

0037 FIG. 7 is a cross-sectional view of the structure of 
a TFT array Substrate according to a Second embodiment of 
the present invention; and 

0038 FIGS. 8A to 8E are cross-sectional views of the 
TFT array Substrate according to the second embodiment 
showing Sequential Steps of a manufacturing method there 
for. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0039) First Embodiment 
0040 Hereinafter, a first embodiment of the present 
invention will be described with reference to FIGS. 1 to 3. 

0041. In a TFT and a manufacturing method therefor of 
the embodiment, copper is used for a Source electrode and 
a drain electrode in a reverse-stagger TFT, and a manufac 
turing process is a proceSS using five maskS. 

0042 FIG. 1 is a cross-sectional view of a TFT array 
Substrate which is one of Substrates opposing each other 
Separated by a liquid crystal layer provided therebetween in 
a liquid crystal display device, and FIGS. 2A to 2D are 
cross-sectional views of the TFT array Substrate showing 
Sequential Steps of the manufacturing method therefor. 

0043. In a TFT 1, as shown in FIG. 1, a gate electrode 3 
extending from a gate wiring is formed on a glass Substrate 
2, and a gate insulation film 4 composed of SiO, or SiN is 
formed so as to cover the gate electrode 3. In the embodi 
ment, aluminum is used as a gate wiring (electrode) mate 
rial. A Semiconductor active layer 5 composed of amorphous 
Silicon (a-Si) is formed on the gate insulation layer 4 above 
the gate electrode 3, and a Source electrode 7 extending from 
a Source wiring and a drain electrode 8 are formed above the 
Semiconductor active layer 5 with ohmic contact layerS 6 
provided therebetween, in which the ohmic contact layers 6 
are composed of amorphous Silicon (a-Sin') containing an 
n-type impurity such as phosphorus. 
0044) The source wiring, the source electrode 7, and the 
drain electrode 8 are formed of copper, and barrier metal 
layers 9 are only formed on the bottom surfaces of the source 
electrode 7 and the drain electrode 8 above areas at which 
the upper Surfaces of the ohmic contact layers are located. 
As a material used for the barrier metal layer 9, a metal 
Selected from the group consisting of titanium, molybde 
num, tantalum, chromium, and tungsten, or an alloy thereof 
is used. 

0.045. A passivation film 10 composed of SiO, or SiN is 
formed so as to cover the TFT 1 composed of the source 
electrode 7, the drain electrode 8, the gate electrode 3, and 
the like. A contact hole 11 is formed above the drain 
electrode 8 in the passivation film 10. In addition, a pixel 
electrode 12 composed of ITO is formed which is electri 
cally connected to the drain electrode 8 via the contact hole 
11. 

0046. At two edge surfaces of the semiconductor active 
layer 5, the Semiconductor active layer 5 is in direct contact 
with the Source electrode 7 and the drain electrode 8. When 
the TFT is observed from above in the figure, it is under 
stood that a large island Structure is formed, i.e., contacting 
points C of the semiconductor active layer 5 with the source 
electrode 7 and the drain electrode 8 are positioned distant 
from the edges T of the gate electrode 3. The distance 
between the contacting point C and the edge T of the gate 
electrode 3 is at least, for example, approximately 2 um. 
Since the distance mentioned above is restricted by align 
ment accuracy in a photolithographic process, the distance is 
determined so that an electric field from the edge T of the 
gate electrode 3 does not adversely affect the contacting 
point C, even when there is maximum misalignment. 
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0047. The left side of the discontinuity in FIG. 1 shows 
a croSS-Sectional Structure of a gate terminal pad portion 13 
which is an end portion of the gate wiring located outside the 
display area. AS shown in this figure, a contact hole 15 
penetrating the gate insulation film 4 and the passivation 
film 10 is formed above a lower pad layer 14 composed of 
a gate wiring material formed on a glass Substrate 2, and an 
upper pad layer 16 composed of the ITO film is formed so 
as to be electrically connected with the lower pad layer 14 
via the contact hole 15. 

0048. When the TFT array substrate described above is 
manufactured, as shown in FIG. 2A, an aluminum film 
(conductive film) is formed on the glass Substrate 2, and is 
then patterned by a common photolithographic method So as 
to form the gate electrode 3 and the gate wiring. In addition, 
the lower pad layer 14 is formed in the gate terminal pad 
portion 13. 

0049) Next, as shown in FIG.2B, four layers, i.e., a SiO, 
or a SiN film (gate insulation film 4), an a-Si film (to later 
become semiconductor active layer 5), an a-Sin' film 17 
(doped semiconductor film), and a barrier metal film 18, are 
Sequentially formed over the entire Surface of the Substrate. 
In this case mentioned above, a Sequential film formation 
can be performed in the same vacuum by using a chemical 
vapor deposition apparatus (CVD) without exposing the 
Substrate in the air. In order to perform the Sequential film 
formation mentioned above, gases to be fed into the CVD 
apparatus are Selected in accordance with the film to be 
formed. Conventionally common gases are used for forming 
a SiO, film, a SiN film, an a-Si film, and an a-Sin' film. 
Concerning the barrier metal film, when formed by metal 
organic CVD (MOCVD), for example, molybdenum hexac 
arbonyl (MO(CO)) is used for a molybdenum film, chro 
mium hexacarbonyl (Cr(CO)) is used for a chromium film, 
and tungsten hexacarbonyl (W(CO)) is used for a tungsten 
film. 

0050. After forming four layers, a photoresist (not 
shown) is coated on the barrier metal film, and is then 
exposed using a photo mask and is developed So as to form 
a resist pattern. Next, by using the resist pattern thus formed 
as a mask, 3 layers out of 4 layerS described above, i.e., the 
barrier metal film 18, the a-Sin' film 17, and the a-Si film 
are etched. AS has thus been described, an island 19 is 
formed, which is a laminate composed of the Semiconductor 
active layer 5, the a-Sin' film 17, and the barrier metal film 
18. 

0051. In an etching step for these films, wet etching and 
dry etching are both used. In the case in which wet-etching 
is performed, the following Solutions can be used for the 
individual films: a mixture of hydrogen fluoride (HF) and 
ammonium fluoride (NHF) or a mixture of HF and water 
(HO) for the SiO film, a mixture of HF and NHF or hot 
phosphoric acid (HPO) for the SiN film, a mixture of HF 
and nitric acid (HNO) (acetic acid (CHCOOH) may be 
included) for the a-Si film and the a-Sin' film, a mixture of 
HF and HNO for the titanium film, a mixture of HF and 
HNO (CH-COOH may be included) for the molybdenum 
film, a mixture of HF and HNO for the tantalum film, a 
mixture of (NH)Ce(NO), and HNO or a mixture of 
(NH)Ce(NO), HCIO, and HO for the chromium film, 
and a mixture of HF and HNO for the tungsten film. In the 
case in which dry etching is performed, the following gases 
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can be used for the individual films: an HF gas, a CF, gas 
(O. may be included), or a mixture of CHF, and O, for the 
SiO film, a CF, gas (O may be included), a mixture of 
CHF, and O, or a SF gas for the SiN, film, a mixture of CF, 
and O2, a mixture of CCl and O, or a SF gas for the a-Si 
film and the a-Sin" film, a mixture of CF and O for the 
titanium film, a CF, gas (O may be included) for the 
molybdenum film, a mixture of CF and O for the tantalum 
film, a CCl gas (O may be included) for the chromium film, 
and a CF, gas (O may be included) for the tungsten film. 
0.052 Next, as shown in FIG. 2C, a copper film 30 is 
formed over the entire Surface of the Substrate and is then 
patterned by a photolithographic method So as to form the 
Source wiring, the Source electrode 7, and the drain electrode 
8. In this step, an aqueous solution composed of 9% of 
(NH).S.O., and 0.5% of NHCl is used as an etchant for 
copper. Subsequently, among the 3 layerS composing the 
island 19, the barrier metal film 18 and the a-Sin' film 17, 
which are above a channel region, are etched out. Accord 
ingly, the ohmic contact layerS 6 are formed on a Source 
region and a drain region, which are at the two edges of the 
semiconductor active layer 5, whereby the barrier metal 
layers 9 only remain on the upper surfaces of the individual 
ohmic contact layerS 6. 
0053) Next, as shown in FIG. 2D, SiOx or SiNX are 
formed over the entire Surface of the Substrate so as to form 
the passivation film 10. Then, by patterning the passivation 
film 10 by a photolithographic method, an opening in the 
passivation film 10 above the drain electrode 8 and an 
opening in the passivation film 10 and the gate insulation 
film 4 above the lower pad layer 14 in the gate terminal pad 
portion 13 are formed, whereby a contact hole 11 to elec 
trically interconnect the drain electrode 8 and the pixel 
electrode 12, and a contact hole 15 to electrically intercon 
nect the lower pad 14 and the upper pad 15, are formed. 
0054 As shown in FIG. 2E, an ITO film is formed over 
the entire Surface of the Substrate and is then patterned by a 
photolithographic method So as to form the pixel electrode 
12 and the upper pad layer 16 in the gate terminal pad 
portion 13. By executing the steps thus described, the TFT 
array substrate can be manufactured. Then, the TFT array 
Substrate and an opposing Substrate provided with common 
electrodes are prepared, and liquid crystal is encapsulated 
between the two Substrates, thereby manufacturing a liquid 
crystal display device. 
0055. In the method for manufacturing the TFT of the 
embodiment, the barrier metal layers 9 are patterned in a 
Step for forming the island prior to a Step for forming the 
Source and the drain electrode, and the copper film 30 is then 
formed and etched, which method differs from the conven 
tional method in which a laminate composed of a barrier 
metal layer and copper is formed by Simultaneous etching in 
a step for forming a Source electrode and a drain electrode. 
That is, Since etching Steps for the barrier metal film and for 
the copper film are separately performed, undercuts in the 
barrier metal layer caused by a cell reaction during etching 
are not formed. Consequently, characteristic defects of the 
TFT caused by the undercuts in the barrier metal layer can 
be reliably prevented. In addition, since the barrier metal 
layers are only present above the areas at which the ohmic 
contact layerS 6 are formed, and the Source wiring is only 
formed of copper, resistance of the Source wiring can be 
lowered compared to that of the conventional wiring. 
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0056 Furthermore, according to the method for manu 
facturing the TFT, as described above, even though pattern 
ing of the barrier metal and patterning of the copper are 
performed Separately, the patterning of the barrier metal film 
18 is performed in a step for forming the island, i.e., the 
patterning is not only performed for the barrier metal film. 
Accordingly, Similar to the conventional manufacturing pro 
ceSS, the process of the embodiment is performed by using 
five masks, and the number of the masks to be used is not 
increased. In addition, Since four layers are Sequentially 
formed, oxide layers between the four layers are not formed, 
whereby characteristics of the TFT are not degraded. Fur 
thermore, Steps for removing oxide layers can be omitted, 
and as a result, a reduction in the number of manufacturing 
StepS can be achieved. 
0057. In addition, in the embodiment, since the contact 
ing points of the Semiconductor active layer 5 with the 
Source electrode 7 and the drain electrode 8 are positioned, 
for example, at approximately 2 um distant from the edges 
T of the gate electrode, electric fields from the edges T of the 
gate electrode, which are generated when the TFT is driven, 
do not adversely affect the contacting points, whereby 
off-current of the TFT can be controlled. 

0058. In this connection, the inventors of the present 
invention investigated the dependence of resistance of the 
copper wiring having the barrier metal layer thereunder on 
an annealing condition in the manufacturing proceSS. Basic 
annealing conditions were Set to be an N gas atmosphere for 
2 hours, and the films used for the study were a 1,500 
A-thick copper film provided with a 500 A-thick barrier 
metal film thereunder. Under these conditions, annealing 
temperatures and barrier metals were variously changed. 
After annealing was performed, sheet resistances of the 
wirings were measured. The results are shown in FIG. 3. In 
FIG. 3, the horizontal axis indicates an annealing tempera 
ture ( C.), the vertical axis indicates sheet resistance 
(S2/sq.), and the following Symbols indicate wiring struc 
tures: O for titanium (Ti, barrier metal)/copper (Cu), O for 
titanium nitride (TiN, barrier metal) (Cu, A for molybdenum 
(Mo, barrier metal)/Cu, V for chromium (Cr, barrier metal)/ 
Cu, and X for TiN/Ti (two-layer barrier metal)/Cu. 
0059. As shown in FIG. 3, the sheet resistances of many 
wiring structures were not significantly changed, i.e., 0.1 to 
0.2 G2/sq., after annealing thereof up to 600 C. However, 
only when the barrier metal was Ti, the sheet resistance 
thereof tended to rapidly increase when the annealing tem 
perature exceeded 300° C. Accordingly, when there is an 
annealing Step at more than 300 C., and in particular, when 
Ti is used as a barrier metal, there is a shortcoming with 
regard to an increase in wiring resistance. However, accord 
ing to the TFT structure of the present invention, the barrier 
metal layers are only present above the areas at which the 
ohmic contact layers of the TFT are formed and are not 
present in the wiring portion, and as a result, even if there is 
an annealing Step at a higher temperature, it is expected that 
the shortcoming mentioned above will not occur, and lower 
resistance wiring can be obtained. 
0060 Second Embodiment 
0061 Hereinafter, the second embodiment will be 
described with reference to FIGS. 7 and 8. 

0062 FIG. 7 is a cross-sectional view of a TFT array 
Substrate that is one of the opposing Substrates with a liquid 
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crystal layer provided therebetween. The TFT structure 
according to the embodiment is equivalent to that of the first 
embodiment except that other layers are disposed between a 
barrier metal layer and a Source electrode and between the 
barrier metal layer and a drain electrode. Accordingly, the 
same references of the constituent elements shown in FIG. 
1 designate the same elements in FIG. 7, and descriptions 
thereof will be omitted. 

0063 FIGS. 8A to 8E are cross-sectional views of the 
TFT array Substrate showing Sequential Steps of the manu 
facturing method therefor. 
0064. In the TFT according to the first embodiment, the 
barrier metal layers 9 formed only above the ohmic contact 
layerS 6 on the Semiconductor active layer 5 are in direct 
contact with the Source electrode 7 and the drain electrode 
8. In contrast, in the TFT array Substrate of the embodiment, 
as shown in FIG. 7, a material for barrier metal layers 9" is 
titanium, the a barrier metal layer 9" composed of titanium 
and a titanium oxide layer 20 are Sequentially formed on 
each ohmic contact layer 6, and further, the Source electrode 
7 and the drain electrode 8 are formed thereon. Accordingly, 
a laminated Structure composed of titanium, titanium oxide, 
and copper is formed on each ohmic contact layer 6. 
0065 Next, a method for manufacturing the TFT array 
Substrate of the embodiment will be described. 

0.066 As shown in FIG. 8A, an aluminum film (electri 
cally conductive film) is formed on a glass Substrate 2, and 
is then patterned by a common photolithographic method So 
as to form a gate electrode 3 and a gate wiring. This step is 
equivalent to that in the first embodiment. 

0067. As shown in FIG.8B, five layers, i.e., a SiO, or a 
SiN film (gate insulation film 4), an a-Si film (to later 
become semiconductor active layer 5), an a-Sin" film 17 
(doped semiconductor film), a barrier metal film 18' com 
posed of titanium, and a titanium oxide layer 20, are formed 
over the entire surface of the substrate. Methods for forming 
films may be equivalent to those in the first embodiment. In 
this connection, the titanium oxide layer 20 is formed by 
exposing the Surface of the titanium film to ultraViolet light 
at approximately 200 W/cm in the air for 1 minute to 
Several minutes. 

0068. After forming the five layers, a resist pattern is 
formed on the titanium oxide layer 20, and four layers 
among the five layers, i.e., the titanium oxide layer 20, the 
barrier metal film 18", the a-Sin' film 17, and the a-Si film, 
are etched by using the resist pattern mentioned above. AS 
a result, a laminated island 19 is formed, which is composed 
of 4 layers, i.e., the Semiconductor active layer 5, the 
a-Sin'17, the barrier metal film 18", and the titanium oxide 
layer 20. 

0069. In order to etch the individual films described 
above, wet etching and dry etching can be used Similar to 
those in the first embodiment. The titanium oxide layer 20 
that is not used in the first embodiment can be processed by 
an etching method Similar to that used for the titanium film. 
0070 Next, as shown in FIG. 8C, a copper film 30 is 
formed on the entire Surface of the Substrate, and is wet 
etched by using a resist pattern as a mask formed on the 
copper film 30, whereby a Source wiring, the Source elec 
trode 7, and the drain electrode 8 are formed. As an etchant 
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used in this step, one of the following aqueous Solutions is 
used: an aqueous Solution containing monohydrogen potas 
sium peroxomonoSulfate and hydrogen fluoride, an aqueous 
Solution containing a perOXOSulfate Salt, hydrogen fluoride, 
and hydrogen chloride or a chloride compound, and an 
aqueous Solution containing a perOXOSulfate Salt and a 
fluoride. By using these etchants described above, the three 
layers, i.e., the copper film 30, the titanium oxide layer 20, 
and the barrier metal film 18' composed of titanium, can be 
Simultaneously etched. Accordingly, patterning of the Source 
electrode 7 and the drain electrode 8 and removing of the 
titanium oxide layer 20 and the barrier metal film 18", which 
are positioned above a channel region between the Source 
electrode 7 and the drain electrode 8, can be simultaneously 
performed. 

0071 Next, as shown in FIG. 8D, the a-Sin' film 17 
located above the channel region between the Source elec 
trode 7 and the drain electrode 8 is removed by etching so 
as to form the ohmic contact layerS 6. Subsequently, Similar 
to those in the first embodiment, formation of passivation 
film 10 followed by formation of contact holes 11 and 15 is 
performed. 

0072 Finally, as shown in FIG. 8E, an ITO film is 
formed and is then patterned So as to form a pixel electrode 
12, an upper pad layer 16, and the like, whereby the TFT 
array Substrate is completed. 
0073. In the embodiment, the patterning of the barrier 
metal film and the patterning of the Source electrode and the 
drain electrode can be simultaneously performed by using 
the etchant capable of Simultaneously etching a laminate 
composed of titanium and copper. The etchants are the 
aqueous Solution containing monohydrogen potassium per 
OXOmonoSulfate and hydrogen fluoride, the aqueous Solution 
containing a perOXOSulfate Salt, hydrogen fluoride, and 
hydrogen chloride or a chloride compound, and the aqueous 
Solution containing a peroXOSulfate Salt and a fluoride. In 
this step, Since the Structure has the titanium oxide layer 20 
disposed between the copper film 30 and the barrier metal 
film 18", uniformity obtained in the simultaneous etching is 
improved, and hence, the problems can be prevented, which 
are variations in TFT characteristics, degradation of reliabil 
ity thereof, and the like caused by etching residue of the 
barrier metal film 18' composed of titanium. 
0074 The technical aspect of the present invention is not 
limited to the embodiments described above, and it is to be 
understood that changes and variations may be made with 
out departing from the Sprit or the Scope of the present 
invention. For example, concerning materials for individual 
films composing the TFT, materials other than those 
described above may be optionally Selected. For example, 
polycrystalline Silicon formed by laser annealing amorphous 
silicon formed beforehand may be used for the semiconduc 
tor active layer, or metals other than aluminum (Al) may be 
used as a material for the gate electrode. In addition, proceSS 
conditions and the like in various Steps of a manufacturing 
process may be optionally Selected. 

0075 AS has thus been described, according to the 
present invention, the undercuts in the barrier metal layer 
formed during formation of the Source and the drain elec 
trodes are not formed, and as a result, characteristic defect 
of the TFT caused by the undercuts in the barrier metal layer 
can be prevented. In addition, the barrier metal layers are 
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only present above the areas at which the ohmic contact 
layers are formed, and the Source wiring is only composed 
of copper, whereby the Source wiring having a resistance 
lower than that of the conventional wiring can be obtained. 
In particular, when titanium is used for the barrier metal 
layer, and titanium oxide layer is disposed between the 
copper film and the titanium film, uniformity obtained in the 
Simultaneous etching is improved, and the problems can be 
prevented, which are variations in TFT characteristics, deg 
radation of reliability thereof and the like caused by etching 
residue of the barrier metal film 18' composed of titanium. 
In addition, when the contacting points between the Semi 
conductor active layer and the Source electrode and between 
the Semiconductor active layer and the drain electrode are 
disposed distant from the gate electrode, the problem with 
regard to an increase in off-current can be avoided. 
What is claimed is: 

1. A thin film transistor comprising: 
a gate electrode formed on a Substrate; 
a gate insulation film formed So as to cover the gate 

electrode, 
a Semiconductor active layer formed on the gate insula 

tion film So as to oppose the gate electrode, 
ohmic contact layerS formed of a doped Semiconductor 

layer and Separately formed on two edge portions of the 
Semiconductor active layer; and 

a Source electrode and a drain electrode connected to the 
Semiconductor active layer via the respective ohmic 
contact layers, 

wherein the Source electrode and the drain electrode are 
composed of copper, and barrier metal layers are 
formed on the bottom Surfaces of the Source electrode 
and the drain electrode above areas at which the upper 
Surfaces of the respective ohmic contact layers are 
located. 

2. A thin film transistor according to claim 1, wherein the 
barrier metal layer comprises one of a metal Selected from 
the group consisting of titanium, molybdenum, tantalum, 
chromium, and tungsten, and alloys thereof. 

3. A method for manufacturing a thin film transistor 
comprising the Steps of: 

forming an electrically conductive film on a Substrate; 
patterning the electrically conductive film So as to form a 

gate electrode, 
forming a gate insulation film So as to cover the gate 

electrode, a Semiconductor film, a doped Semiconduc 
tor film doped with an impurity, and a barrier metal film 
in that order; 

patterning the barrier metal film, the doped Semiconductor 
film, and the Semiconductor film So as to form a 
laminated island having a Semiconductor active layer 
formed of the Semiconductor film, the doped Semicon 
ductor film, and the barrier metal film; 

forming a copper film So as to cover the laminated island 
and the gate insulation film; 
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patterning the copper film So as to form a Source electrode 
and a drain electrode extending from the laminated 
island onto the gate insulation film; and 

removing the barrier metal film and the doped Semicon 
ductor film by etching using the Source electrode and 
the drain electrode as a mask So that ohmic contact 
layerS formed of the doped Semiconductor film and 
patterned layers formed of the barrier metal film are 
present above two edge portions of the Semiconductor 
active layer. 

4. A method for manufacturing a thin film transistor 
according to claim 3, wherein the gate insulation film, the 
Semiconductor film, the doped Semiconductor film, and the 
barrier metal film are Sequentially formed without being 
exposed in the air. 

5. A thin film transistor according to claim 1, wherein the 
barrier metal layer comprises titanium, and further compris 
ing titanium oxide layers disposed between the Source 
electrode and the barrier metal layer and between the drain 
electrode and the barrier metal layer. 

6. A thin film transistor according to claim 1, wherein the 
Semiconductor active layer is in direct contact with the 
Source electrode and the drain electrode at two edge Surfaces 
of the Semiconductor active layer, and wherein the edge 
Surfaces thereof are formed at positions outside areas 
defined by projecting the gate electrode to the gate insulation 
film. 

7. A method for manufacturing a thin film transistor 
comprising the Steps of: 

forming an electrically conductive film on a Substrate; 

patterning the electrically conductive film So as to form a 
gate electrode, 

forming a gate insulation film So as to cover the gate 
electrode, a Semiconductor film, a doped Semiconduc 
tor film doped with an impurity, and a barrier metal film 
comprising titanium in that order; 

patterning the barrier metal film, the doped Semiconductor 
film, and the Semiconductor film So as to form a 
laminated island having a Semiconductor active layer 
formed of the Semiconductor film, the doped Semicon 
ductor film, and the barrier metal film; 

forming a copper film So as to cover the laminated island 
and the gate insulation film; 

patterning the copper film and the barrier metal film by 
using the same etchant So as to form a Source electrode 
and a drain electrode extending from the laminated 
island onto the gate insulation film; and 

removing the doped Semiconductor film by etching using 
the Source electrode and the drain electrode as a mask 
So that ohmic contact layers formed of the doped 
Semiconductor film and patterned layerS formed of the 
barrier metal film are present above two edge portions 
of the Semiconductor active layer. 


