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(54) [Title of Invention] Semiconductor Device and Its Manufacturing Method
(57) [Abstract]
[Problem to be Solved] With the high integration of devices, the reliability of wiring has become a significant issue, and this
invention aims to solve the problem known as EM (Electromigration), which is a phenomenon causing disconnection due to actual
current flow.
[Means for Solving the Problem] This invention relates to a semiconductor device comprising a multilayer wiring that includes an
upper layer wiring B connected through a via hole provided in a lower wiring layer and an interlayer insulating film above it, wherein
one or more dummy holes 10 are formed along the pattern of the upper layer wiring B near the actual via hole 11, with a depth not
reaching the lower wiring A, and part of the upper layer wiring B is embedded in the dummy hole 10 to form the upper layer wiring
B.
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[Scope of patent claims]

[Claim 1]

A semiconductor device with a multilayer wiring that includes an upper layer wiring connected through a via hole provided
in a lower wiring layer and an interlayer insulating film above it, wherein one or more dummy holes are formed near the
actual via hole, along the pattern of the upper layer wiring, with a depth that does not reach the lower wiring, and part of the
upper layer wiring is embedded in the dummy hole to form the upper layer wiring.

[Claim 2]

The semiconductor device according to Claim 1, wherein the upper layer wiring includes an Al or Al-based alloy film.
[Claim 3]

The semiconductor device according to Claim 1, wherein the upper layer wiring includes a Cu or Cu-based alloy film.
[Claim 4]

A manufacturing method of semiconductor device, which includes a multilayer wiring that includes an upper layer wiring
connected through a via hole provided in a lower wiring layer and an interlayer insulating film above it, wherein this method
includes: a step of simultaneously forming the actual via hole and one or more dummy holes near the via hole, along the
pattern of the upper layer wiring, with a depth that does not reach the lower wiring; and a step of embedding part of the upper
layer wiring simultaneously in the actual via hole and the dummy holes to form the upper layer wiring.

[Claim 5]

The manufacturing method of semiconductor device according to Claim 4, wherein a pattern corresponding to the actual via
hole and a pattern for dummy holes with smaller diameters than the via hole pattern are formed on a photoresist, and the via
holes and dummy holes are simultaneously formed by dry etching.

[Detailed explanation of the invention]

[0001]

[Technical Field to which the Invention Belongs]

This invention relates to a semiconductor device with a wiring structure that is particularly resistant to electro-migration
(EM), and a method for manufacturing such a device.

[0002]

[Conventional Technology]

With the increasing integration of devices, the reliability of wiring has become a major issue. Issues concerning wiring
reliability include stress migration (SM) and electro-migration (EM).

SM is a phenomenon where wiring breaks due to stress arising from differences in the thermal expansion coefficients
between the wiring and the surrounding insulating film. Currently, to prevent wiring from breaking due to SM, a high-
melting-point metal layer (such as TiN/Ti, TiN, Ti, TiW, W, etc.) is typically formed below an Al-based wiring layer.
[0003]

On the other hand, EM is a phenomenon where current flow causes wiring to break, due to the movement of Al atoms in
response to the flow of electronic current. The movement of Al atoms is discontinuous, especially near the W plug around the
via hole, and at the points where the upper and lower layer wirings are connected. These locations have low EM resistance.
In response to this, the "JST Forum, 13th Term, 3rd Meeting, Optimal Via Structure and Formation Process, Borderless Via
Characteristics" report indicates that by installing a reservoir near the via hole and increasing the volume of Al, the time for
void formation due to EM can be lengthened.

[0004]

Fig. 10 and Fig. 11 show cross-sectional and planar diagrams of an example structure of a reservoir.

[0005]

In the diagram, 1 is the Si substrate, 2 is an insulating film such as a BPSG film formed on the Si substrate 1, 3 is a high-
melting-point metal layer (e.g., TiN/Ti), 4 is an Al-based alloy layer, and 5 is a high-melting-point metal layer (e.g., TiN),
and 3, 4 and 5 together form the lower wiring A.

6 is an interlayer insulating film made of a material such as P-TEOS, 22 is the via hole formed in the interlayer insulating
film 6, and 15 is the tungsten (W) filled in the via hole 22.

12 is a high-melting-point metal (e.g., TiN/Ti), 13 is an Al-based alloy layer, 14 is a high-melting-point metal (e.g., TiN), and
12, 13, and 14 form the upper layer wiring B.

By extending this upper layer wiring layer from the via hole 22, a reservoir C is formed.

[0006]

As mentioned above, the time for void formation due to EM can be extended because no current causing EM flows through
the reservoir C, and as Al atoms move from the connection point with the W plug due to EM, Al atoms also move from the
reservoir C. This compensates for the lack of Al atoms that moved at the connection point.

[0007]

Another method for increasing the Al volume is the technology disclosed in Japanese Patent Application No. H4 (1992)-
348547.
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[0008]

Fig. 12 through Fig.15 show cross-sectional diagrams of the steps in this manufacturing method.

[0009]

Fig. 12 shows the process of forming an insulating film 17 on the Si substrate 16, then depositing an Al-based alloy film 19,
processing it as wiring, and then depositing an oxidation film 18 by P-CVD, followed by forming an SOG film 20.

[0010]

Next, as shown in Fig. 13, after forming a recess 21 with a depth of 200 nm, a hole 22 is formed at the bottom of the recess.
Tungsten silicide 23 is deposited to the required thickness using selective CVD, and then etch-back is performed until the
bottom of the recess 21 is exposed, embedding tungsten silicide 23 only in the hole 22.

[0011]

Furthermore, an Al-based alloy film 24 is deposited by a bias sputtering method until the recess 21 is sufficiently filled,
excess material is removed by isotropic dry etching, and as shown in Fig. 14, the recess 21 is filled only with the Al-based
alloy film 24.

Next, as shown in Fig. 15, an Al-based alloy film 25 is deposited by sputtering and processed to form the wiring.

[0012]

[Problems to be solved by the invention]

However, the former method that installs the reservoir C requires a length of 0.5 um for the reservoir C to suppress electro-
migration, which hinders the reduction of chip area. The latter method has the problem of increasing the number of process
steps to form the recess 21. In addition, since the position of the recess 21 is directly above the via hole 22, while the volume
of Al increases due to the recess 21, current flows directly through the recess, causing the movement of Al atoms. Without a
source of Al atoms like a reservoir, this leads to disconnection. This issue also applies when changing the first conductive
film of the upper layer wiring B from Al or an Al-based alloy film to Cu or a Cu-based alloy film.

[0013]

This invention aims to solve the aforementioned problems by forming dummy holes along the pattern of the upper layer
wiring at a depth that does not reach the lower wiring, near the actual via hole.

[0014]

[Means for Solving the Problem]

The invention described in Claim 1 is a semiconductor device with a multilayer wiring that includes an upper layer wiring
connected through a via hole provided in a lower wiring layer and an interlayer insulating film above it, wherein one or more
dummy holes are formed near the actual via hole, along the pattern of the upper layer wiring, with a depth that does not reach
the lower wiring, and part of the upper layer wiring is embedded in the dummy hole to form the upper layer wiring.

[0015]

The invention described in Claim 2 is the semiconductor device according to Claim 1, wherein the upper layer wiring
includes an Al or Al-based alloy film.

[0016]

The invention described in Claim 3 is the semiconductor device according to Claim 1, wherein the upper layer wiring
includes a Cu or Cu-based alloy film.

[0017]

The invention described in Claim 4 is a manufacturing method of semiconductor device, which includes a multilayer wiring
that includes an upper layer wiring connected through a via hole provided in a lower wiring layer and an interlayer insulating
film above it, wherein this method includes: a step of simultaneously forming the actual via hole and one or more dummy
holes near the via hole, along the pattern of the upper layer wiring, with a depth that does not reach the lower wiring; and a
step of embedding part of the upper layer wiring simultaneously in the actual via hole and the dummy holes to form the upper
layer wiring.

[0018]

The invention described in Claim 5 is a manufacturing method of semiconductor device according to Claim 4, wherein a
pattern corresponding to the actual via hole and a pattern for dummy holes with smaller diameters than the via hole pattern
are formed on a photoresist, and the via holes and dummy holes are simultaneously formed by dry etching.

[0019]

[Embodiments of the Invention]

The following is a detailed explanation of the embodiments of the invention, based on the figures.

[0020] (Embodiment 1)

Fig. 1 to Fig. 5 are cross-sectional views illustrating the process steps of Embodiment 1, and Fig. 6 is a plan diagram.
[0021]

In Embodiment 1 shown in Fig. 1 to Fig. 6, the same functions as those in the conventional examples explained in Fig. 12 to

Fig. 15 are denoted by the same reference numerals.
[0022]
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In Fig. 1, 1 represents a Si substrate, 2 represents an insulating film such as a BPSG film formed on the Si substrate 1, 3
represents a high-melting-point metal layer (for example, TiN/T1), 4 represents an Al-based alloy layer, and 5 represents a
high-melting-point metal layer (for example, TiN). Layers 3, 4, and 5 form the lower wiring A.

6 is an interlayer insulating film, such as a P-TEOS film (for example, 1.2 pm), deposited over the lower wiring A.

[0023]

In Fig. 2, 7 represents a photoresist formed on the interlayer insulating film 6. In this photoresist 7, a via hole pattern 1 1
corresponding to the lower wiring (3 to 5) and a dummy hole pattern 8 along the upper wiring pattern near the via hole
pattern 11 are formed.

The diameter of the dummy hole pattern 8 is smaller than the diameter of the via hole pattern 9, for example, when the
diameter of the via hole pattern 9 is 0.45 um, the diameter of the dummy via hole pattern 8 is 0.30 um or less.

[0024]

Next, as shown in Fig. 3, dry etching is performed on the interlayer insulating film 6 to process the via hole 11 and the
dummy hole 10.

The dry etching conditions are as follows:

Pressure: 250 mTorr

RF Power: 1500 W

CF4/C4F8/CO/Ar/N2: 5/3/200/300/40 sccm

Since the diameter of the dummy hole 10 is smaller than that of the via hole 9, it does not reach the lower wiring A due to the
micro-loading effect, and the depth of the hole becomes about 0.4 um.

[0025]

Furthermore, as shown in Fig. 4, a high-melting-point metal film (for example, TiN/Ti) 12 is deposited as an upper wiring
film, and an Al-based alloy 13 is embedded by high-temperature sputtering. A high-melting-point metal film (for example,
TiN) 14 is then deposited as a reflection prevention film.

[0026]

Afterward, as shown in the cross-sectional view of Fig. 5 and the plan view of Fig. 6, the shape of the upper wiring B, which
includes the dummy hole 10, is processed.

[0027]

In this way, when forming the actual via hole 11, dummy holes 10 are formed along the pattern of the upper wiring (12 to 14)
near the via hole 11. The depth of these dummy holes 10 does not reach the lower wiring (3 to 5).

By embedding the upper wiring (12 to 14) afterward, dummy holes can be formed without increasing the number of process
steps, and by using a normal reservoir in combination, the volume of Al atoms can be increased, further enhancing EM
resistance.

[0028]

In addition, in the formation of the dummy hole 10, one or more dummy hole patterns are included in the photomask for the
formation of the actual via hole 11, along the upper wiring pattern near the via hole.

In this case, the diameter of the dummy hole 10 is smaller than the diameter of the actual via hole 11, allowing the via hole
11 and the dummy hole 109 to be formed simultaneously. Moreover, the dummy hole 10 can be formed in such a way that it
does not reach the lower wiring A due to the micro-loading effect, which is advantageous.

[0029] (Embodiment 2)

Fig. 7 to Fig. 9 are cross-sectional views illustrating the key process steps of Embodiment 2, and Fig. 10 is a plan diagram.
The process up to the formation of the via hole 11 and dummy hole 10 is the same as the steps explained in Embodiment 1 in
Fig. 1 to Fig. 3.

[0030]

Embodiment 2 differs from Embodiment 1 in that, as shown in Fig. 7, the via hole 11 and dummy hole 10 are filled with
tungsten (W) 15 by the blanket W-CVD method.

[0031]

Next, as shown in Fig. 8, etching-back of the tungsten (W) 15 is performed. During this process, the surface of the interlayer
insulating film 6 is exposed, and the recess amount of the W film is increased.

Afterward, a high-melting-point metal film (e.g., TiN/Ti) 12 is deposited by sputtering, followed by embedding an Al-based
alloy 13 by high-temperature sputtering, and then depositing a reflection prevention film, a high-melting-point metal film
(e.g., TiN) 14.

[0032]

Finally, as shown in the cross-sectional view of Fig. 9 and the plan view of Fig. 10, the shape of the upper wiring, including
the dummy hole 10, is processed.

[0033]

In both Embodiment 1 and Embodiment 2, the first conductive film of the upper wiring B is described as being made of Al or
Al-based alloy film. However, it can also be made of Cu or Cu-based alloy film in the same way.

[0034]
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[Effects of the Invention]
As described above, according to this invention, dummy holes serving as an Al supply source can be formed without
increasing the number of process steps. Moreover, by forming these simultaneously with a conventional reservoir, the

deposition of Al, Cu, and other materials increases, further improving electro-migration resistance.

[Brief Description of the Figures]

[Fig.
[Fig.
[Fig.
[Fig.
[Fig.
[Fig.
[Fig.
[Fig.
[Fig.
[Fig.
[Fig.
[Fig.
[Fig.
[Fig.
[Fig.

1] It is a cross-sectional diagram showing the step in Embodiment 1.
2] It is a cross-sectional diagram showing the step in Embodiment 1.
3] It is a cross-sectional diagram showing the step in Embodiment 1.
4] It is a cross-sectional diagram showing the step in Embodiment 1.
5] It is a cross-sectional diagram showing the step in Embodiment 1.
6] It is a plan diagram showing the step in Embodiment 1.

7] It is a cross-sectional diagram showing the step in Embodiment 2.
8] It is a cross-sectional diagram showing the step in Embodiment 2.
9] It is a cross-sectional diagram showing the step in Embodiment 2.
10] It is a cross-sectional diagram showing the step of conventional technology.
11] It is a plan diagram showing the step of conventional technology.

12] It is a cross-sectional diagram showing the step of another conventional technology.
13] It is a cross-sectional diagram showing the step of another conventional technology.
14] It is a cross-sectional diagram showing the step of another conventional technology.
15] It is a cross-sectional diagram showing the step of another conventional technology.

[Description of the Reference Numerals]
1: Si substrate

2: Insulating film (BPSG film)

A: Lower wiring

B: Upper wiring

6: Insulating film (P-TEOS film)

7: Photoresist

8: Dummy hole pattern

9: Via hole pattern

10: Dummy hole

11: Via hole

12: High-melting-point metal (TiN/T1)
13: Al-based alloy deposited by high-temperature sputtering
14: High-melting-point metal (TiN)

15: W film

[Fig.
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[Fig. 10]
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