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(57) ABSTRACT 

A contact hole is formed, by etching that uses buffered 
hydrofluoric acid, in a gate insulating film made of SiO2 and 
an interlayer insulating layer, formed on the gate insulating 
film, which is made of SiN. In this contact hole, there is 
formed an electrode which includes: a first protective metal 
layer made of a refractory metal; a wiring layer, formed on 
the first protective metal layer, which is made of a metal 
whose resistance is lower than that of the refractory metal; 
and a Second protective metal layer, made of a refractory 
metal, which is formed thicker than the gate insulating film. 
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LAYERED STRUCTURE OF WIRE (S) FORMED IN 
CONTACT HOLE, A MANUFACTURING METHOD 

THEREFOR, AND A DISPLAY APPARATUS 
HAVING THE SAME 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a layered structure 
of wire(s), a manufacturing method therefor, and a display 
apparatus including the layered structure of wire(s). 
0003 2. Description of the Related Art 
0004 Display apparatus using thin film transistors (here 
inafter simply referred to as TFTs) as Switching elements 
have been on the market these dayS. Recently organic 
electroluminescent (EL) display apparatus employing cur 
rent-driven type organic light emitting diodes (hereinafter 
also referred to as OLED) that function as luminous ele 
ments are attracting attention as display apparatus to replace 
CRTS and LCDS. In display apparatus using organic elec 
troluminescent (EL) elements, the TFTs are used also to 
drive the organic EL elements. 
0005 FIG. 5 is a cross-sectional view of a TFT in a 
display apparatus using an organic EL element. A TFT 200 
has a Stacked Structure in the order of an insulating Substrate 
210 which is made of quartz glass or the like, an active layer 
243 which is made of a polycrystalline Silicon, a gate 
insulating film 212 which is made of SiO (silicon oxide), 
and a gate electrode 242 which is made of a refractory metal 
such as molybdenum (Mo). The active layer 243 is provided 
with a channel 243c below the gate electrode 242 and a drain 
243d and a source 243s, both formed by ion injection with 
the gate electrode 242 as a mask, on both Sides of the 
channel 243c. 

0006. The TFT 200 further includes an interlayer insu 
lating film 215 which comprises a first interlayer insulating 
film 213 made of SiN and a second interlayer insulating film 
214 made of SiO, a drain electrode 253 and a source 
electrode 254. The drain electrode 253 and the Source 
electrode 254 are formed by filling aluminum (Al) or like 
metal in the contact holes provided corresponding to the 
drain 243d and the source 243s, respectively. The contact 
holes to be used in forming the drain electrode 253 and the 
Source electrode 254 are formed by etching with buffered 
hydrofluoric acid or the like. 

0007. In the TFT 200 structured as described above, 
however, the first interlayer insulating film 213 is made of 
SiN which has a lower etching rate than SiO, that constitutes 
the gate insulating film 212 therebelow when using buffered 
hydrofluoric acid. Thus, if the contact holes are formed by 
wet etching using the buffered hydrofluoric acid, an over 
hang, where more of the gate insulating film 212 is etched 
as shown in FIG. 6A, will be formed at the boundary 
between the gate insulating film 212 and the first interlayer 
insulating film 213. The formation of an overhang like this 
may cause a problem of increased contact resistance due to 
a level difference between the drain electrode 253 and the 
Source electrode 254, which are formed by their respective 
contact holes. 

0008. With display apparatus using organic EL elements, 
on the other hand, the driver TFTs including layered struc 
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ture of wire(s) which serves as a power Supply line for the 
organic EL elements are required to have higher reliability, 
which is to be realized by Such measures as lowering 
resistance, reducing whiskers and hillocks or eliminating 
electromigration or StreSSmigration. To lower the resistance, 
the drain electrode 253 and the Source electrode 254 are 
Structured of a low-resistance metal Such as the above 
mentioned aluminum. Moreover, whiskers and hillocks are 
reduced by providing a protective metal layer made of a 
refractory metal Such as molybdenum, in Such a manner as 
to cover the wiring layer made of a low-resistance metal 
Such as aluminum. The protective metal layer like this is 
formed thinner than the wiring layer made of a low-resis 
tance metal in order to reduce the resistance of the layered 
Structure of wire(s) as a whole and to reduce the unevenness 
of the panel Surface. 
0009. When the drain electrode 253 and the source elec 
trode 254 are formed of a wiring layer of a low-resistance 
metal and a protective metal layer, there may arise a problem 
of the protective metal layer severed due to a level difference 
created by the overhang formed in the contact hole as shown 
in FIG. 6B. Moreover, as illustrated therein, a whisker may 
result at the Severed portion. In particular, Since the cathode 
of an organic EL element is formed all above the drain 
electrode 253 and the Source electrode 254, the whisker 
Sprouting on the upper protective metal layer will cause a 
short circuit between these electrodes and the cathode of the 
organic EL element, thus rendering the display apparatus 
defective. 

SUMMARY OF THE INVENTION 

0010. The present invention has been made in view of the 
foregoing circumstances and an object thereof is to provide 
a layered structure of wire(s) capable of reducing the occur 
rence of defective display apparatus by preventing a short 
circuit between electrodes. Another object of the present 
invention is to reduce the occurrence of whiskers in the 
layered structure of wire(s). Still another object of the 
present invention is to lower the resistance of the layered 
Structure of wire(s). 
0011. According to the present invention, there is pro 
vided a layered structure of wire(s) provided in a contact 
hole formed in an insulating film in which a first insulating 
layer and a Second insulating layer made of different mate 
rial from each other are Stacked in this order, and this layered 
Structure of wire(s) includes: a first metal layer which is 
made of a refractory metal; a wiring layer, formed on the 
first metal layer, which is made of a metal whose resistance 
is lower than that of the refractory metal; and a Second metal 
layer, formed on the wiring layer, which is made of a 
refractory metal and is thicker than the first insulating layer. 
0012. By forming the second metal layer thicker than the 

first insulating layer, it is possible that the Second metal layer 
is formed without the occurrence of any Severance even 
when an overhang is formed at a boundary between the first 
and Second insulating layers at the contact hole. As a result, 
the formation of whiskers on the Second metal layer can be 
prevented, So that no short circuit is caused between this 
layered structure of wire(s) and other electrodes. 
0013 The first insulating layer may be made of SiO2 or 
SiON. Moreover, the second insulating layer may be made 
of SiN. 
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0.014. As the refractory metal, metal including a group 6A 
element such as molybdenum (Mo), chromium (Cr) or 
tungsten (W), for example, may be used. Provision of such 
a metal layer can contribute to reducing the occurrence of 
whiskers and hillocks in an interconnection Structure. More 
over, these group 6A elements are characterized in that they 
exhibit leSS diffusion against the low-resistance metal. Fur 
thermore, tantalum (Ta), vanadium (V) or niobium (Nb) may 
be used as the refractory metal. It is preferable that the 
refractory metal includes the molybdenum. In particular, the 
molybdenum can be processed with ease in its manufactur 
ing process. 

0.015. As a metal that constitutes the wiring layer, alu 
minum (Al), copper (Cu), Silver (AG), gold (Au), rhodium 
(Rh), iridium (Ir), nickel (Ni), platinum (Pt) or palladium 
(Pd) may be used, for example. The layered structure of 
wire(s) can be made low-resistant by using these metals as 
above. Among these metals, aluminum in particular, copper 
or silver whose resistivity is lower than that of aluminum is 
preferably used. It is particularly preferable that the wiring 
layer be made of metal including aluminum. Thereby, the 
adhesion of aluminum with the metal layer made of the 
refractory metal is enhanced because reactivity of aluminum 
is high, thus contributing to the improvement of a yield of 
the layered structure of wire(s). 
0016. According to the present invention, there is pro 
vided a layered structure of wire(s) provided in a contact 
hole formed in an insulating film in which a first insulating 
layer and a Second insulating layer made of different mate 
rial from each other are Stacked in this order, and the layered 
Structure of wire(s) includes: a first metal layer which is 
made of a refractory metal; a wiring layer, formed on the 
first metal layer, which is made of a metal whose resistance 
is lower than that of the refractory metal; and a Second metal 
layer, formed on the wiring layer, which is made of a 
refractory metal and is So formed as to be thicker than a 
distance between an overhang and the first insulating layer 
therebelow, wherein the contact hole is formed by using a 
predetermined etchant, and in the Second insulating film 
there is formed the overhang which is protruded beyond the 
first insulating film toward the center of the contact hole. 
0.017. By forming the second metal layer thicker than the 
distance between the overhang formed on the Second insu 
lating film at the contact hole and the first insulating film 
therebelow, it is possible that the Second metal layer is 
formed without the occurrence of any Severance Since the 
effect of the overhang will be thus absorbed. Thus, the 
formation of whiskers on the Second metal layer can be 
prevented, So that no short circuit is caused between this 
layered structure of wire(s) and other electrodes. It is to be 
understood that the Second metal layer in this case can be 
formed thicker than the distance between a tip of the 
overhang and the first insulating film therebelow. 
0.018. A buffered hydrofluoric acid may be used as the 
predetermined etchant. 
0.019 According to the present invention, there is pro 
vided a layered structure of wire(s) provided in a contact 
hole formed in an insulating film in which a first insulating 
layer and a Second insulating layer made of different mate 
rial from each other are Stacked in this order, and the layered 
Structure of wire(s) includes: a first metal layer which is 
made of a refractory metal; a wiring layer, formed on the 
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first metal layer, which is made of a metal whose resistance 
is lower than that of the refractory metal; and a Second metal 
layer, formed on the wiring layer, which is made of a 
refractory metal and is formed to have thickneSS Such that 
any Severance does not occur due to a level difference 
caused by different etching rates of the first insulating layer 
and the Second insulating layer when using a predetermined 
etchant, wherein the contact hole is formed by using the 
predetermined etchant. 
0020. By forming the second metal layer accordingly, it 
is possible that the second metal layer is formed without the 
occurrence of any Severance. Thus, the formation of whis 
kers on the Second metal layer can be prevented, So that no 
Short circuit is caused between this layered Structure of 
wire(s) and other electrodes. 
0021. The contact hole may be formed in such a manner 
that the Second insulating layer has a taper slower than that 
of the first insulating layer. 
0022. By forming the taper of the second insulating layer 
slower than that of the first insulating layer, the effect of the 
overhang can be reduced, So that the thickness of the Second 
metal layer can be made Smaller. Thus, the layered Structure 
of wire(s) can be made low-resistant. 
0023 The insulating film may further include a third 
insulating layer, formed on the Second insulating layer, 
which is made of material whose etching rate is greater than 
that of the Second insulating layer when using the predeter 
mined etchant. In a case when the Second insulating layer is 
SiN, the third insulating layer may be made of SiO2 or SiON. 
By providing another insulating layer Such as the third 
insulating layer described above, the third insulating layer is 
etched faster than the Second insulating layer during etching, 
So that the Second insulating layer is also etched from the 
above and the taper of the Second insulating layer can be 
made looser. 

0024. The second insulating layer may be formed such 
that the thickness of the Second insulating layer is greater 
than or equal to that of the first insulating layer and is leSS 
than or equal to approximately 600 nm. 
0025 By forming the second insulating layer in a manner 
Such that the thickness of the Second insulating layer is 
greater than or equal to the thickness of the first insulating 
layer, the taper of the Second insulating layer can be made 
looser than that of the first insulating layer. Moreover, by 
forming the Second insulating layer in a manner Such that the 
thickness thereof is less than or equal to 600 nm, etching 
time required for the formation of the contact hole can be 
controlled, So that Spreading of the contact hole can be 
properly restricted. 

0026. The first metal layer can be formed thicker than the 
first insulating layer. By forming the first metal layer thicker 
than the first insulating layer, it is possible that the first metal 
layer is formed without the occurrence of any Severance 
even when the overhang is formed at the boundary between 
the first and Second insulating layers at the contact hole. AS 
a result, the formation of whiskers on the first metal layer 
can be prevented, So that no short circuit is caused between 
this layered structure of wire(s) and other electrodes. 
0027. The above-described layered structure of wire(s) 
can be used for a Semiconductor device including a Semi 
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conductor layer provided between a Substrate and the first 
insulation layer, and a gate electrode provided in a position 
different from a spot where the contact hole is formed over 
the first insulating layer. In that case, the first insulating layer 
functions as a gate insulating film, and the Second insulating 
layer functions as a gate insulating film or an interlayer 
insulating film. The contact hole may be formed in Such a 
manner that the first and Second insulating layers are pen 
etrated through by the contact hole in order that the layered 
Structure of wire(s) is connected to the Semiconductor layer. 
0028. According to the present invention, there is pro 
Vided a method of manufacturing a layered Structure of 
wire(s), and the method comprises: forming a contact hole 
in an insulating film in which a first insulating layer and a 
Second insulating layer made of different material from each 
other are Stacked in this order, by etching with a predeter 
mined etchant; forming a first metal layer which is made of 
a refractory metal, in the contact hole; forming a wiring 
layer, on the first metal layer, which is made of a metal 
whose resistance is lower than that of the refractory metal; 
and forming a Second metal layer made of a refractory metal, 
on the wiring layer, So as to be thicker than the first 
insulating layer. 
0029. The forming the contact hole may be such that the 
etching is performed by using an etchant whose etching rate 
for the first insulating layer is higher than that for the Second 
insulating layer. 
0.030. According to the present invention, there is pro 
Vided a display apparatus which includes any one of the 
layered structure of wire(s) described above and an optical 
element having at least an anode, a luminous element layer 
and a cathode that are provided above the layered Structure 
of wire(s). 
0031. According to the present invention, there is pro 
Vided a display apparatus which includes: a layered Structure 
of wire(s) provided in a contact hole formed in an insulating 
film in which a first insulating layer and a Second insulating 
layer made of different material from each other are Stacked 
in this order; and an optical element, formed over the layered 
Structure of wire(s), which has at least an anode, a luminous 
element layer and a cathode, wherein the layered Structure of 
wire(s) includes: a first metal layer which is made of a 
refractory metal; a wiring layer, formed on the first metal 
layer, which is made of a metal whose resistance is lower 
than that of the refractory metal; and a Second metal layer, 
formed on the wiring layer, which is formed to be thicker 
than the first insulating layer. 
0032. By forming the second metal layer thicker than the 

first insulating layer, it is possible that the Second metal layer 
is formed without the occurrence of any Severance even 
when an overhang is formed at the boundary between the 
first and Second insulating layers at the contact hole. As a 
result, the formation of whiskers on the Second metal layer 
can be prevented, So that no short circuit is caused between 
this layered structure of wire(s) and an electrode of the 
optical element provided thereabove. Especially when the 
cathode of the optical element is formed commonly for a 
plurality of pixels of the display apparatus, the prevention of 
short circuit between the layered structure of wire(s) and the 
cathode can Significantly reduce the probability of the dis 
play apparatus rendered defective. 
0033. It is to be noted that any arbitrary combination of 
the above-described Structural components, and expressions 
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changed between a method and an apparatus are all effective 
as and encompassed by the present embodiments. 
0034) Moreover, this summary of the invention does not 
necessarily describe all necessary features So that the inven 
tion may also be Sub-combination of these described fea 
tureS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0035 FIG. 1 is a plan view showing part of a display 
apparatuS. 

0036 FIG. 2 is a cross-sectional view of a region indi 
cated and enclosed by a broken line in a display pixel shown 
in FIG. 1. 

0037 FIGS. 3A to 3D illustrate a process of forming a 
contact hole, a Source electrode and a drain electrode. 
0038 FIG. 4 is a schematic drawing to explain a second 
embodiment of the present invention. 
0039 FIG. 5 is a cross-sectional view of a conventional 
TFT in a display apparatus using an organic EL element. 
0040 FIG. 6A and FIG. 6B are cross-sectional views of 
a contact hole in the conventional TFT of the organic EL 
element. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0041. The invention will now be described based on 
preferred embodiments which do not intend to limit the 
Scope of the present invention but exemplify the invention. 
All of the features and the combinations thereof described in 
the embodiment are not necessarily essential to the inven 
tion. 

0042 First Embodiment 
0043. A layered structure of wire(s) according to a first 
embodiment of the present invention is used for a TFT 
which drives a display apparatus including an organic EL 
element. FIG. 1 is a plan view showing part of this display 
apparatus. A display apparatus 100 includes a display region 
110, indicated by a dashed line in FIG. 1, on an insulating 
substrate 10, and peripheral drive circuits 120 and 130 which 
drive the TFT of the display region. A plurality of scanning 
lines G1 to Gm are connected to the peripheral drive circuit 
120, and a plurality of data lines D1 to Dn are connected to 
the peripheral drive circuit 130. 
0044) Referring to FIG. 1, shown in the display region 
110 is a circuit diagram for a display pixel in the vicinity of 
a cross-point of the Scanning line Gk and the data line Dk. 
This display pixel includes an organic EL element 60, a first 
TFT 30, a second TFT 40 and a capacitor C. 
0045) Agate electrode in the first TFT30 is connected to 
the Scanning line Gk, a Source electrode (or a drain elec 
trode) in the first TFT 30 is connected to the data line Dk, 
and the drain electrode (or the Source electrode) in the first 
TFT 30 is connected to a gate electrode in the second TFT 
40 and one of electrodes in the capacitor C. 
0046) The gate electrode in the second TFT 4.0 is con 
nected to the drain electrode (or the Source electrode) in the 
TFT 30. The Source electrode in the TFT 4.0 is connected to 
an anode of the organic EL element 60, and the drain 
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electrode in the TFT 4.0 is connected to a power supply line 
112. A voltage required for actual light emission of the 
organic EL element 60 is Supplied to the power Supply line 
112. One of the electrodes of the capacitor C is connected to 
the drain electrode (or source electrode) in the first TFT 30 
and the gate electrode in the second TFT 4.0. The other of the 
electrodes of the capacitor C is grounded. The anode of the 
organic EL element 60 is connected to the Source electrode 
in the second TFT 40, and a cathode of the organic EL 
element 60 is grounded. 
0047 FIG. 2 is a cross-sectional view of a region 150 
enclosed by a broken line shown in FIG. 1. Referring to 
FIG. 2, an active layer 43 is formed on an insulating 
Substrate 10 made of glass, quartz or the like. The active 
layer 43 is made of a polycrystalline silicon (p-Si) film 
having been polycrystallized by laser irradiation to amor 
phous Silicon (a-Si) film. In the active layer 43, a Source 
43s and a drain 43d are provided on both sides of a channel 
43c. 

0.048 Over the active layer 43 is formed the gate insu 
lating film 12, over which is then formed the gate electrode 
42. The gate electrode 42 is made of a refractory metal Such 
as chromium and molybdenum. The gate electrode 42 is 
connected to the Source in the first TFT 30. In the active 
layer 43, the channel 43c is formed under the gate electrode 
42. 

0049. Over the whole surface of the gate insulating film 
12 and the gate electrode 42 is formed the interlayer insu 
lating film 15. A contact holes formed in relation to the drain 
43d and the Source 43s are filled with a metal Such as 
aluminum to form the drain electrode 53 and the Source 
electrode 54. A method of forming the contact hole, the drain 
electrode 53 and the Source electrode 54 will be described 
later. 

0050. Over the whole Surface of the interlayer insulating 
film 15, the drain electrode 53 and the Source electrode 54 
is formed a planarized insulating film 17 made of, for 
example, an organic resin. On the planarized insulating film 
17 is formed the organic EL element 60. The organic EL 
element 60 has a structure where an anode 61, a light 
emitting element layer 66 and a cathode 67 are deposited in 
Sequence. The anode 61 is connected to the Source 43S via 
a contact hole formed in relation to the Source electrode 54 
in the planarized insulating film 17. On the anode 61 is 
formed an insulating film 68. The insulating film 68 is 
formed for preventing short-circuit between the cathode 67 
and the anode 61 caused by a break in a light emitting 
element layer 66 due to a step or level difference generated 
from a thickness of the anode 61. 

0051 Examples of a material for the anode 61 include 
Indium-Tin-Oxide (ITO), tin oxide (SnO) and indium oxide 
(In O). Generally, ITO is used because of its hole-injection 
effectiveness and a low Surface resistance. Examples of a 
material for the cathode 67 include an aluminum alloy 
containing a trace amount of lithium, a magnesium-indium 
alloy, and a magnesium-silver alloy. The light emitting 
element layer 66 has a structure where a hole transport layer 
62, a light-emitting layer 64 and an electron transport layer 
65 are deposited in Sequence. Examples of a material for the 
hole transport layer 62 include 4,4',4'-tris (3-methylphe 
nylphenylamino)triphenylamine (MTDATA), N,N'-Di 
(naphthalene-1-yl)-N,N'-diphenyl-benzidine(NPB) and 
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N,N'-diphenyl-N,N'-di(3-methylphenyl)-1,1'-biphenyl-4,4'- 
diamine(TPD). Examples of a material for the light-emitting 
layer 64 include a bis(benzoquinolinolato)beryllium com 
plex comprising a quinacridone derivative (bis (10-hydroxy 
benzohlquinolinolato) beryllium: Bebd2) and an aluminum 
quinolene complex (Alq3). Examples of a material for the 
electron transport layer 65 include Bebd2 and Alq3. 
0052 The hole transport layer 62, the electron transport 
layer 65 and the cathode 67 are formed such that they are 
shared by a plurality of the organic EL elements 60 in each 
pixel. The light-emitting layer 64 is formed as an island in 
response to the anode 61. 
0053. The above configurations and materials for a pixel 
are only illustrative and do not limit the Scope of the present 
invention. For example, the first TFT30 and the second TFT 
40 may be of an n-channel type, a p-channel type or even a 
combination of an n-channel and a p-channel types. The 
organic EL element 60 may have a structure where the anode 
61, the light emitting element layer 66 and the cathode 67 are 
deposited in reverse. An intervening layer may be formed 
between layers. 
0054 There will be described operation for light-emitting 
of the organic EL element 60 in a pixel thus configured. On 
applying a gate Signal from the Scanning line Gk to the gate 
electrode in the first TFT 30, the first TFT 30 is turned on. 
Thus, the charge applied from the Source (or drain) electrode 
in the first TFT 30 is stored in the capacitor C while being 
applied to the gate electrode in the second TFT 4.0. To the 
organic EL element 60, a current in response to the Voltage 
applied to the gate electrode in the second TFT 4.0 is fed 
from the driving power line 112. 
0055. In the organic EL element 60, holes injected from 
the anode 61 and electrons injected from the cathode 67 are 
recombined inside of the light-emitting layer 64 to excite the 
organic molecules constituting the light-emitting layer 64 
for generating excitons. In the course of energy-emitting 
inactivation of the excitons, the light-emitting layer 64 emits 
a light, which is discharged via the transparent anode 61 and 
is perceived as light-emission of the organic EL element 60. 

0056 Features of the present invention will be described 
according to the pixel Structure for the organic EL display 
illustrated above. In one embodiment of the present inven 
tion, the drain electrode 53 and the Source electrode 54 have 
a multilayer Structure including a wiring layer made of a low 
resistance metal and protective metal layerS made of refrac 
tory metal in which the wiring layer is placed between the 
protective metal layers. AS for the first embodiment, the 
protective meal layers are formed to be thicker than the gate 
insulating film 12. 
0057 FIGS. 3A to 3D are a series of processes showing 
a method of forming the contact hole, drain electrode 53 and 
Source electrode 54. In this first embodiment of the present 
invention, a gate insulating film 12 is made of a Silicon oxide 
(SiO2) formed using a CVD method. An interlayer insulat 
ing film 15 comprises a first interlayer insulating film 13 
which is a silicon nitride (SiN) formed using the CVD 
method, and a Second interlayer insulating film 14 which is 
a silicon oxide (SiO2) formed also using the CVD method. 
These first interlayer insulating film 13 and second interlayer 
insulating film 14 are preferably formed in Succession using 
the CVD method without being taken out of a vacuumed 
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condition. In this manner, dust and other foreign matter in 
the air are prevented from adhering to the interface between 
the two films. 

0.058 A method of forming the contact hole is described 
hereinbelow. Etching is performed with a buffered hydrof 
luoric acid, using as a mask a resist layer 160 that has an 
opening in a position corresponding to the Source 43s (or the 
drain 43d) of the active layer 43 (see FIG.2). First, as shown 
in FIG. 3A, the second interlayer insulating film 14 is 
removed by etching. At this time, the Second interlayer 
insulating film 14 under the resist layer 160 is also under 
etched. 

0059) Next, as shown in FIG. 3B, the first interlayer 
insulating film 13 is removed by etching. At this time, the 
Second interlayer insulating film 14, whose etching rate is 
greater than that of the first interlayer insulating film 13, 
when using the buffered hydrofluoric acid, is further etched 
in the lateral direction while the first interlayer insulating 
film 13 is being etched. As a result, the first interlayer 
insulating film 13 is etched from above, too, So that a taper 
angle of the first interlayer insulating film 13 can be made 
Smaller. 

0060. As shown in FIG. 3C, on completion of the 
vertical etching of the first interlayer insulating film 13, the 
etching of the gate insulating film 12 Starts. The gate 
insulating film 12 is etched not only in the vertical direction 
but also in the horizontal direction. At this time, the first 
interlayer insulating film 13 is also etched, but the gate 
insulating film 12, whose etching rate is greater than that of 
the first interlayer insulating film 13 when using the buffered 
hydrofluoric acid, is further etched in the horizontal direc 
tion than the first interlayer insulating film 13. As a result, as 
shown in the figure, an overhang may be formed at a 
boundary between the first interlayer insulating film 13 and 
the gate insulating film 12. An overhang meant here is a 
formation on the first interlayer insulating film 13 protruding 
beyond the gate insulating film 12 toward the center of the 
contact hole at the boundary between the first interlayer 
insulating film 13 and the gate insulating film 12. In this 
manner, a contact hole penetrating the gate insulating film 
12, the first interlayer insulating film 13 and the second 
interlayer insulating film 14 is formed in a position corre 
sponding to the drain 14d (or the source 14s) of the active 
layer 43. 

0061 The resist layer 160 is removed, and then, as shown 
in FIG. 3D, a first protective metal layer 170 made of a 
refractory metal, a wiring layer 172 made of a low-resistance 
metal and a Second protective metal layer 174 made of a 
refractory metal are formed in Succession all over the 
contact hole and the Second interlayer insulating film 14, 
using a Sputtering technique. At this time, the Second pro 
tective metal layer 174 is formed thicker than the gate 
insulating film 12. Then the first protective metal layer 170, 
the wiring layer 172 and the Second protective metal layer 
174 are etched to form the drain electrode 53 and the Source 
electrode 54. 

0.062. In this first embodiment, by forming the second 
protective metal layer 174 thicker than the gate insulating 
film 12, it is possible that the Second protective metal layer 
174 is formed without the occurrence of any severance even 
when the overhang is formed at the boundary between the 
first interlayer insulating film 13 and the gate insulating film 
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12. As a result, the occurrence of whiskers at the drain 
electrode 53 and the source electrode 54 can be suppressed. 
Hence, as shown in FIG. 2, no short circuit will be caused 
even when the cathode 67 of the organic EL element 60 is 
formed all over above the drain electrode 53 and the Source 
electrode 54, thus realizing a stable manufacture of the 
display apparatus 100 (shown in FIG. 1). 
0063 Moreover, in the present embodiment, the first 
protective metal layer 170 is also formed thicker than the 
gate insulating film 12. This will Suppress the occurrence of 
whiskers on the drain electrode 53 and the Source electrode 
54. Hence, no short circuit will be caused between the drain 
electrode 53 and Source electrode 54 and the other elec 
trodes, thus realizing a stable manufacture of the display 
apparatus 100. 
0064. Furthermore, in the present embodiment, the first 
interlayer insulating film 13 is formed with a thickness larger 
than that of the gate insulating film 12. As a result, the time 
required for etching the first interlayer insulating film 13 
from above becomes longer, thereby making it possible to 
have a moderate taper angle for the first interlayer insulating 
film 13. Moreover, Since the Second interlayer insulating 
film 14 made of a material whose etching rate is higher than 
that of the first interlayer insulating film 13 when using 
buffered hydrofluoric acid is formed over the first interlayer 
insulating film 13, the time required for etching the first 
interlayer insulating film 13 from above becomes longer, 
thereby making it possible to have an even more moderate 
taper angle for the first interlayer insulating film 13. 
0065. Moreover, the first interlayer insulating film 13 can 
be formed in Such a manner that a radius of the widest part 
of a contact hole is Smaller than a desired value. For 
example, according to the present embodiment, the radius of 
the widest part of the contact hole can be formed to be (2+C) 
Aim (where C. is the radius of an opening in the resist layer 
160, and C. is approximately 2 um according to the present 
embodiment) or smaller. Referring to FIG. 3C, if the 
thicknesses of the gate insulating film 12 (SiO2), the first 
interlayer insulating film 13 (SiN) and the second interlayer 
insulating film 14 (SiO) are denoted by d1,d2 and d3, 
respectively, and the etching rates thereof when using the 
buffered hydrofluoric acid by r1, r2 and r3, respectively, then 
the total etching time T will be T=d 1/r1+d2/r2+d3/r3. 
0066. A spread L of the contact hole into the second 
interlayer insulating film 14 will be L=r3xT. Accordingly, 
the gate insulating film 12, the first interlayer insulating film 
13 and the second interlayer insulating film 14 will be 
formed into thickness Such that L=r3xTs2 um (equation 1). 
In the present embodiment, the gate insulating film 12 and 
the second interlayer insulating film 14 are both made of 
SiO, so it may be possible that r1sr3. Substituting this into 
the equation 1 and T=d1/r1+d2/r2+d3/r3, obtained is 
d2s (r2/r3) (2-d1-d3). The thickness d2 of the first inter 
layer insulating film 13 can be determined according to the 
etching rates r2 and r3 of the first interlayer insulating film 
13 and the Second interlayer insulating film 14, respectively, 
when using the buffered hydrofluoric acid and according to 
the thickness d3 of the second interlayer insulating film 14 
and the thickneSS d1 of the gate insulating film. Normally, 
the etching rate of an SiO film when using the buffered 
hydrofluoric acid is 3 to 10 times that of an SiN film. 
0067. In a case where all the above-mentioned conditions 
are met, a preferable thickness range of the first interlayer 
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insulating film 13 is 100 to 600 nm. A preferable thickness 
range of the second interlayer insulating film 14 is 100 to 
500 nm. A preferable thickness range of the gate oxide film 
12 is 20 to 100 nm. A preferable thickness range of the first 
protective metal layer 170 is 30 to 120 nm, that of the second 
protective metal layer 174 is 30 to 120 nm and that of the 
wiring layer 172 is 30 to 700 nm. 
0068. Second Embodiment 
0069 FIG. 4 is a schematic drawing to explain a second 
embodiment of the present invention. 
0070. In the first embodiment, a description was given of 
a case where the second protective metal layer 174 is formed 
thicker than the gate insulating film 12. In this Second 
embodiment, however, the Second protective metal layer 
174 is formed so that film thickness d5 of the second 
protective metal layer 174 is larger than a distance d4 
between the tip of the overhang and the gate insulating film 
12 therebelow. Thus, the second protective metal layer 174 
will be formed without the occurrence of any Severance even 
when an overhang is formed at the boundary between the 
first interlayer insulating film 13 and the gate insulating film 
12. As a result, the occurrence of whiskerS Sprouting from 
the drain electrode 53 and the source electrode 54 can be 
Suppressed. Hence, as shown in FIG. 2, no short circuit is 
caused when the cathode 67 of the organic EL element 60 is 
formed all over above the drain electrode 53 and the Source 
electrode 54, thus realizing a stable manufacture of the 
display apparatus 100. 
0071 Moreover, in this second embodiment, the first 
protective metal layer 170 is also formed so that film 
thickness d6 of the first protective metal layer 170 is larger 
than the distance d4 between the tip of the Overhang and the 
gate insulating film 12 therebelow. Thereby, the similar 
effect is obtained in which the short circuit between the 
electrodes can be prevented. 
0.072 In the embodiments described hereinabove, the 
gate insulating film 12 and the Second interlayer insulating 
film 14 are made of SiO, but the gate insulating film 12 and 
the Second interlayer insulating film 14 may be made of 
SiON (silicon oxynitride). The layered structure of wire(s) 
according to the present invention and the manufacturing 
method thereof can be used effectively when, in forming a 
hole through films in the multilayer structure by etching with 
a predetermined etchant, the etching rate of the material 
constituting a lower layer in the multilayer Structure is larger 
than that of the material constituting an upper layer thereof. 
0073 Moreover, in the above embodiments, the first 
interlayer insulating film 13 is made of SiN, but a layer made 
of SiN, for example, may be provided as a Second gate 
insulating film over the gate insulating film 12. 
0.074 Although the present invention has been described 
by way of exemplary embodiments, it should be understood 
that many changes and Substitutions may further be made by 
those skilled in the art without departing from the Scope of 
the present invention which is defined by the appended 
claims. 

What is claimed is: 
1. A layered structure of wire(s) provided in a contact hole 

formed in an insulating film in which a first insulating layer 
and a Second insulating layer made of different material from 
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each other are Stacked in this order, wherein the layered 
Structure of wire(s) including: 

a first metal layer which is made of a refractory metal; 
a wiring layer, formed on Said first metal layer, which is 
made of a metal whose resistance is lower than that of 
the refractory metal; and 

a Second metal layer, formed on Said wiring layer, which 
is made of a refractory metal and is So formed as to be 
thicker than Said first insulating layer. 

2. A layered structure of wire(s) according to claim 1, 
wherein the contact hole is formed in Such a manner that Said 
Second insulating layer has a taper slower than that of Said 
first insulating layer. 

3. A layered structure of wire(s) according to claim 1, 
wherein Said Second insulating layer is formed Such that the 
thickness of Said Second insulating layer is greater than or 
equal to that of Said first insulating layer and is less than or 
equal to approximately 600 nm. 

4. A layered structure of wire(s) according to claim 1, 
wherein said first metal layer is formed thicker than said first 
insulating layer. 

5. Alayered structure of wire(s) provided in a contact hole 
formed in an insulating film in which a first insulating layer 
and a Second insulating layer made of different material from 
each other are Stacked in this order, wherein the layered 
Structure of wire(s) including: 

a first metal layer which is made of a refractory metal; 
a wiring layer, formed on Said first metal layer, which is 
made of a metal whose resistance is lower than that of 
the refractory metal; and 

a Second metal layer, formed on Said wiring layer, which 
is made of a refractory metal and is So formed as to be 
thicker than a distance between an overhang and Said 
first insulating layer therebelow, 

wherein Said contact hole is formed by using a predeter 
mined etchant, and in Said Second insulating film there 
is formed the overhang which is protruded beyond Said 
first insulating film toward the center of Said contact 
hole. 

6. A layered structure of wire(s) according to claim 5, 
wherein Said contact hole is formed in Such a manner that 
Said Second insulating layer has a taper slower than that of 
Said first insulating layer. 

7. A layered structure of wire(s) according to claim 5, 
wherein Said Second insulating layer is formed Such that the 
thickness of Said Second insulating layer is greater than or 
equal to that of Said first insulating layer and is less than or 
equal to approximately 600 nm. 

8. A layered structure of wire(s) according to claim 5, 
wherein said first metal layer is formed thicker than said first 
insulating layer. 

9. Alayered structure of wire(s) provided in a contact hole 
formed in an insulating film in which a first insulating layer 
and a Second insulating layer made of different material from 
each other are Stacked in this order, the layered Structure of 
wire(s) including: 

a first metal layer which is made of a refractory metal; 
a wiring layer, formed on Said first metal layer, which is 
made of a metal whose resistance is lower than that of 
the refractory metal; and 
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a Second metal layer, formed on Said wiring layer, which 
is made of a refractory metal and is formed to have 
thickness Such that any Severance does not occur due to 
a level difference caused by different etching rates of 
Said first insulating layer and Said Second insulating 
layer when using a predetermined etchant, 

wherein Said contact hole is formed by using Said prede 
termined etchant. 

10. A layered structure of wire(s) according to claim 9, 
wherein Said contact hole is formed in Such a manner that 
Said Second insulating layer has a taper slower than that of 
Said first insulating layer. 

11. A layered structure of wire(s) according to claim 9, 
wherein Said Second insulating layer is formed Such that the 
thickness of Said Second insulating layer is greater than or 
equal to that of Said first insulating layer and is less than or 
equal to approximately 600 nm. 

12. A layered structure of wire(s) according to claim 9, 
wherein said first metal layer is formed thicker than said first 
insulating layer. 

13. A method of manufacturing a layered Structure of 
wire(s), the method comprising: 

forming a contact hole in an insulating film in which a first 
insulating layer and a Second insulating layer made of 
different material from each other are Stacked in this 
order, by etching using a predetermined etchant; 

forming a first metal layer which is made of a refractory 
metal, in the contact hole; 

forming a wiring layer, on Said first metal layer, which is 
made of a metal whose resistance is lower than that of 
the refractory metal; and 

forming a Second metal layer made of a refractory metal, 
on Said wiring layer, So as to be thicker than Said first 
insulating layer. 

14. A method of manufacturing a layered Structure of 
wire(s) according to claim 13, wherein said forming the 
contact hole is Such that the etching is performed by using 
an etchant whose etching rate for Said first insulating layer 
is higher than that for the Second insulating layer. 

Sep. 23, 2004 

15. A display apparatus, including: 

a layered structure of wire(s); and 
an optical element, formed on Said layered Structure of 

wire(s), which has at least an anode, a luminous ele 
ment layer and a cathode, 

wherein said layered Structure of wire(s) is provided in a 
contact hole formed in an insulating film in which a first 
insulating layer and a Second insulating layer made of 
different material from each other are Stacked in this 
order, and Said contact hole is formed by using a 
predetermined etchnat, and wherein Said layered Struc 
ture of wire(s) includes: 
a first metal layer which is made of a refractory metal; 
a wiring layer, formed on Said first metal layer, which 

is made of a metal whose resistance is lower than that 
of the refractory metal; and 

a Second metal layer, formed on Said wiring layer, 
which is made of a refractory metal and is formed to 
have thickness Such that any Severance does not 
occur due to a level difference caused by different 
etching rates of Said first insulating layer and Said 
Second insulating layer when using a predetermined 
etchant. 

16. A display apparatus according to claim 15, wherein 
Said contact hole is formed in Such a manner that Said Second 
insulating layer has a taper slower than that of Said first 
insulating layer. 

17. A display apparatus according to claim 15, wherein 
Said Second insulating layer is formed Such that the thickness 
of Said Second insulating layer is greater than or equal to that 
of Said first insulating layer and is less than or equal to 
approximately 600 nm. 

18. A display apparatus according to claim 15, wherein 
Said first metal layer is formed thicker than Said first insu 
lating layer. 


