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(57) ABSTRACT 

A Semiconductor comprising a Semiconductor device 
formed on a Semiconductor Substrate, an interlevel insulat 
ing film having holes and a ring-shaped groove in a circuit 
area formed on the Semiconductor Substrate and having the 
Semiconductor element formed therein, the ring-shaped 
groove Seamlessly Surrounding an outer periphery of the 
circuit area, via plugs formed in the holes in the interlevel 
insulating film, a wiring connected to the plug electrodes and 
mainly comprising copper, and a Via ring having a layer 
formed in the ring-shaped groove and mainly comprising 
aluminum, wherein no layer mainly comprising copper is 
formed in the via ring layer. 
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SEMCONDUCTOR DEVICE AND METHOD FOR 
MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Application 
No. 11-145152, filed May 25, 1999, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a semiconductor 
device comprising a Cu wiring and a metal barrier that 
Seamlessly covers outer peripheral portions of a circuit area, 
and also to a method for manufacturing the Semiconductor 
device. 

0003) Semiconductor devices, which are represented by 
high-performance logic LSIs, require RC delays in trans 
mitted Signals to be restrained for fast operations. Thus, as 
a fine metal wiring material, Cu, which has a low resistance, 
is gathering much attention instead of conventional Al 
alloys. In using a Cu wiring, Cu must be prevented from 
diffusing to areas other than wirings. This is because due to 
its fast diffusion through an insulating film Such as a Silicon 
oxide film, which is commonly used as an interlevel insu 
lating film, Cu may diffuse to a Semiconductor element layer 
to reduce the lifetime of carriers or to degrade the Voltage 
resistance of a gate oxide film. Thus, in the conventional use 
of a Cu wiring, a nitride of a high-melting-point metal Such 
as TiN or TaN, which has a Cu diffusion preventing function, 
is combined with an insulating film Such as Silicon nitride, 
which also has the same function, to form a diffusion 
preventing layer around the Cu wiring. 
0004. On the other hand, in a semiconductor device, an 
element layer comprising MOS transistors or the like as well 
as a multilevel wiring are formed on an Si wafer, which is 
then cut into chips by means of a dicing Step, irrespective of 
the use of a Cu wiring. During the dicing Step, a dicing blade 
is used to cut a laminate layer consisting of various thin 
films, So that cracks may occur in a layer with the multilevel 
wiring formed therein and propagate through the chip to 
destroy the multilevel wiring layer. 
0005 Accordingly, in order to prevent cracks from 
propagating through the chip if they occur in a cut Surface 
of the chip during the dicing Step, known methods form a 
ring-shaped metal wall inside a dicing area in an outer 
peripheral portion of the chip which Surrounds the chip. This 
ring-shaped metal wall is formed by forming a ring-shaped 
pattern both during a multilevel wiring Step and during a step 
of embedding metal in interlevel connection holes (contact 
or via holes) (the ring-shaped metal wall is hereafter referred 
to as a “via ring”). That is, in a conventional Semiconductor 
device with a multilevel wiring Structure consisting of Al 
metal wirings formed, for example, by means of a RIE 
process and W via (contact) plugs formed by embedding W 
in the connection holes by means of the CVD process, an Al 
alloy via ring is formed in the outer peripheral portion of the 
chip during a step of forming an Al alloy thin film into 
wirings, a ring-shaped groove is Subsequently formed on the 
Al via ring area during a step of forming via holes in the 
interlevel insulating film, and W is then embedded in the 
ring-shaped groove to form a W via ring during a step of 
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embedding W in via holes. These steps can be repeated for 
the number of multilevel wiring levels to form in the 
multilevel wiring level area the via ring consisting of the Al 
alloy and the W laminate structure. 
0006 The via ring thus formed is effective as a barrier 
layer that prevents moisture from Osmosing from Side Sur 
faces of the chip after the dicing. The moisture OSmosed into 
the chip from its side Surfaces may corrode the Al alloy 
constituting the wirings or may cause MOS transistors to 
malfunction. The use of the via ring Structure, however, can 
prevent these problems. 

0007) If, however, Cu is used for the multilevel wirings, 
the conventional via ring structure and manufacturing 
method therefor are disadvantageous for the following rea 
Sons: according to the conventional via ring manufacturing 
method, portions of the chip which correspond to the Via 
ring wiring level and via (contact) plugs consist of the Cu 
covered with a barrier metal. In this case, the barrier metal 
has a film thickness of 1 to 50 nm, which is much smaller 
than the Sectional dimensions of the via ring. This is because 
the barrier metal, which has a high resistivity, must have a 
sufficiently smaller film thickness (or wiring width or via 
hole diameter) than the Cu, which is the main wiring 
material, in order to reduce the wiring and via resistances in 
the multilevel wiring area. Such a thin barrier metal func 
tions as an insufficient crack propagation-preventing layer 
during the dicing Step; if cracks occur, the coverage of the 
Cu with the barrier metal may be partly destroyed to diffuse 
the Cu from a break point to the inside of a circuit area 
(inside the via ring), resulting in the malfunction of transis 
torS. 

0008. In addition, if the via ring barrier layer is destroyed 
in the above manner, the Cu attached to the chip Side Surface 
during the dicing Step cannot be precluded from diffusing to 
the inside of the circuit area, resulting in the same problem 
as described above. Further, the OSmosis of moisture through 
the chip Side Surface may cause the Cu to oxidize or corrode 
at the break point of the barrier metal, and the moisture 
oSmosed into the circuit area may oxidize or corrode wirings 
to affect their operations or may cause the MOS transistors 
to malfunction. 

BRIEF SUMMARY OF THE INVENTION 

0009. It is an object of the present invention to provide a 
Semiconductor device and a method for manufacturing the 
Same, that avoids Cu diffusion or moisture osmosis from a 
via ring to a Semiconductor element circuit even with a 
wiring layer provided on a Semiconductor Substrate and 
mainly comprising Cu, thereby preventing the Semiconduc 
tor element from malfunctioning. 
0010. To attain this object, this invention is configured as 
described below. 

0011) A semiconductor device according to the present 
invention is characterized by a circuit area defined in a 
Semiconductor Substrate; a Semiconductor element formed 
in the circuit area; an interlevel insulating film having a hole 
reached the Semiconductor element and a ring-shaped 
groove Seamlessly Surrounding an outer periphery of the 
circuit area; a via plug formed in the hole in the interlevel 
insulating film; a wiring connected to the via plug and 
mainly comprising copper, and a via ring formed in the 
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ring-shaped groove and mainly comprising aluminum, 
wherein: no layer mainly comprising copper is formed in the 
via ring layer. 
0012 A preferred form of this semiconductor device 
manufacturing method will be described below. 
0013 (a) The via plug is configured in the same manner 
as the via ring. 
0.014) A method for manufacturing the semiconductor 
device according to the present invention is characterized by 
comprising the Steps of depositing a thin Al film on a 
Semiconductor Substrate having a Semiconductor element 
formed in a circuit area, the thin Al film mainly comprising 
aluminum, patterning the thin Al film to form via plugs in the 
circuit area and forming a via ring Surrounding the circuit 
area, depositing an insulating film on the Semiconductor 
Substrate in Such a manner as to cover the via plugs and the 
via ring, flattening a Surface of the insulating film to expose 
Surfaces of the via plugs and via ring, and forming a wiring 
mainly comprising copper and which is connected to the via 
plugs. 

0.015. A preferred form of this semiconductor device 
manufacturing method will be described below. 
0016 (a) The step of forming the wiring mainly com 
prising copper includes the Steps of forming a resist pattern 
having a wiring area exposed from the insulating film in the 
circuit area, the resist pattern covering the insulating film in 
an area with the via ring formed therein, etching the insu 
lating film to form in the circuit area a groove shaped in a 
wiring pattern, and embedding and forming in the groove a 
wiring material mainly comprising copper. 

0017 (b) Before the embedding and formation of the 
wiring material, a barrier metal is formed on a Surface of the 
wiring-patterned groove for restraining copper diffusion. 
0.018. In addition, a method for manufacturing the semi 
conductor device according to the present invention is 
characterized by comprising the Steps of depositing a thin Al 
film on a Semiconductor Substrate having a Semiconductor 
element formed in a circuit area, the thin Al film mainly 
comprising aluminum, depositing a Silicon nitride film on 
the thin Al film, patterning the Silicon nitride film to shape 
a plug pattern in the circuit area and a ring Seamlessly 
Surrounding an outer periphery of the circuit area, using the 
silicon nitride film as a mask to etch the thin film in order to 
form via plugs in the circuit area while forming a via ring 
Surrounding the circuit area, depositing an insulating film on 
the Semiconductor Substrate in Such a manner as to cover the 
via plugs and the via ring, using the Silicon nitride film as a 
Stopper to flatten a Surface of the insulating film, forming a 
resist pattern having a wiring area exposed from the insu 
lating film in the circuit area, the resist pattern covering the 
insulating film in an area with the via ring formed therein as 
well as the Silicon nitride film, etching the insulating film 
and the Silicon nitride film to form in the circuit a groove 
shaped in a wiring pattern, and embedding and forming in 
the groove a wiring material mainly comprising copper. 

0019 (a) A preferred form of this semiconductor manu 
facturing method will be described below. 
0020. Before the embedding and formation of the wiring 
material, a barrier metal is formed on Surfaces of the via 
holes and wiring groove for restraining copper diffusion. 
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0021 (b) The silicon nitride film is formed to be sub 
Stantially as thick as the wiring. 
0022 With this configuration, the present invention has 
the following operations and effects. 
0023. Since the via ring formed in the outer periphery of 
the circuit area comprises a layer mainly comprising Al 
without a layer mainly comprising Cu, no Cu diffusion 
occurs from the via ring to the inside of the Semiconductor 
element circuit. In addition, the via ring has no thin barrier 
metal layer, which has a Small film thickness, So that the via 
ring is unlikely to be destroyed during dicing, thereby 
precluding moisture from infiltrating into the circuit area. 
0024. Additional objects and advantages of the invention 
will be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0025 The accompanying drawings, which are incorpo 
rated in and constitute a part of the Specification, illustrate 
presently preferred embodiments of the invention, and 
together with the general description given above and the 
detailed description of the preferred embodiments given 
below, Serve to explain the principles of the invention. 
0026 FIGS. 1A to 1J are process sectional views show 
ing a proceSS for manufacturing a Semiconductor device 
according to a first embodiment of the present invention; 
0027 FIG. 2 is a top view showing the configuration of 
the Semiconductor device according to the first embodiment; 
and 

0028 FIGS. 3A to 3G are process sectional views show 
ing a proceSS for manufacturing a Semiconductor device 
according to a Second embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0029 Embodiments of the present invention will be 
described below with reference to the drawings. 
0030 Embodiment 1 
0031. In this embodiment, description will be made of the 
Structure of a via ring in a Semiconductor device using a Cu 
wiring as a fine metal wiring, the via ring comprising an Al 
alloy and a Silicon nitride film laminated in an outer periph 
ery of a Semiconductor chip, as well as a method for 
manufacturing the via ring. 

0032. In this embodiment, to form a multilevel wiring 
Structure in a Semiconductor device, a manufacturing 
method is used which forms columnar structures (Alpillars) 
in a thin Al alloy film using lithography and reactive ion 
etching (RIE) and which then uses the Alpillars as connec 
tion plugs (via or contact plugs) between wiring levels. Each 
of the wiring layers is formed by the Damascene method by 
embedding Cu, a wiring metal, and thin barrier metal films 
in grooves formed in the insulating film using lithography 
and RIE. In this case, the via ring Structure consisting of the 
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Al alloy and the Silicon nitride film, which is characteristic 
of the present invention, can be formed Simultaneously with 
a multilevel wiring-forming Step. 
0033. The process for manufacturing the via ring accord 
ing to this embodiment will be described with reference to 
FIGS. 1A to 1.J. 

0034) First, as shown in FIG. 1A, a conventional film 
formation method Such as Sputtering is used to form an Al 
alloy layer 12 on a Silicon Semiconductor layer (a semicon 
ductor Substrate) 11 in Such a manner as to have a film 
thickness corresponding to via plugs. The Al alloy may be an 
alloy containing Al and a Small amount of either Cu or Si, 
an alloy containing Al and Small amounts of both Cu and Si, 
or pure Al. A circuit area R1 in the Silicon Semiconductor 
layer 11 has a Semiconductor element (not shown) formed 
therein. In FIGS. 1A to 1J, R1 denotes a cross section of the 
circuit area and R2 denotes a croSS Section of a via ring area 
between the circuit area R1 and a dicing area R3 (FIG. 2). 
Next, a silicon nitride film 13 is formed on the Al alloy layer 
12 by means of plasma CVD or the like. The silicon nitride 
film 13 has Substantially the same thickneSS as a wiring 
formed in a layer on the via plugs. 
0035. Then, as shown in FIG. 1B, a lithography step is 
used to selectively form resist patterns 14, 15 on the silicon 
nitride film 13 in predetermined areas with a via ring and the 
via plugs located therein. A resist pattern 14 is formed in the 
circuit area R1 So as to cover the area with the via plugs 
formed therein. A resist pattern 15 is formed in the via ring 
area R2. So as to Seamlessly Surround peripheries of the 
circuit area R1. 

0.036 Then, as shown in FIG. 1C, the resist patterns 14, 
15 are used as a mask to process the silicon nitride film 13 
by means RIE using fluorocarbon as an etching gas. This 
RIE step forms an island-like silicon nitride film 16 in the 
circuit area R1, while forming a ring-shaped silicon nitride 
film 17 in the via ring area R2 in Such a manner as to 
Surround the circuit area R1. 

0037. Then, as shown in FIG. 1D, the resist patterns 14, 
15 are removed by means of ashing, and the Silicon nitride 
films 16, 17 are used as an etching mask (hard mask) to 
process the Al alloy layer 12 by means of RIE. The etching 
gas for this RIE step may be chiefly composed of BC1 and 
Cl. This RIE step forms Al alloy pillars 18 in the circuit area 
R1, while forming in the via ring area R2 an Al alloy ring 
19 consisting of a ring-shaped Al alloy. The Al alloy pillars 
18 and the Al alloy ring 19 have the silicon nitride films 16, 
17 formed thereon and having the same croSS Section. 
0.038. Then, as shown in FIG. 1E, an interlevel insulating 
film 20 is deposited on Surfaces of the Al alloy pillars 18, Al 
alloy ring 19, and silicon nitride films 16, 17. A surface of 
the interlevel insulating film 20 on the silicon semiconductor 
layer 11 is formed to be higher than the surfaces of the 
silicon nitride films 16, 17. The interlevel insulating film 20 
is deposited by means of the plasma CVD proceSS or the Spin 
coat process. The material of the interlevel insulating film 20 
may be conventional SiO, SiO2 with F addition, organic 
Silicate, inorganic Silicate, or their laminate. In order to 
reduce the coupling capacity between wiring levels or 
wirings, the interlevel insulating film 20 material desirably 
has a low dielectric constant. 

0.039 Then, as shown in FIG. 1F, a flattening technique 
such as the CMP process is used to flatten the surface of the 
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interlevel insulating film 20. In this case, the silicon nitride 
films 16, 17 act as an etching Stopper. 
0040. Then, as shown in FIG. 1G, to form a groove in 
which an upper level wiring for connection to the via plugs 
is embedded, the lithography Step is used to form a resist 
pattern 21 having openings in an area in which the upper 
level wiring is to be formed. In this case, the Surface of the 
silicon nitride film 17 in the via ring area R2 is covered with 
the resist pattern 21. 
0041. Then, as shown in FIG. 1H, the resist pattern 21 is 
used as a mask to form grooves 22 with the upper wiring 
embedded and formed therein. During this RIE step, the 
silicon nitride film 16 present in the circuit area R1 is 
removed, with the silicon nitride film 17 remaining in the via 
ring area R2. 
0042. Then, as shown in FIG. 1I, the sputtering process 
is used to form a barrier metal layer 23 consisting a nitride 
of a high-melting-point metal Such as TiN or TaN, So as to 
cover Surfaces of the grooves 22. In addition to the high 
melting-point metal nitride, the barrier metal layer 23 may 
be comprised of an arbitrary material that has a function of 
preventing the Cu from diffusing to the inside of the inter 
level insulating film 20. After deposition of the barrier metal 
layer 23, a thin Cu film 24 is deposited so as to be embedded 
in the grooves 22. The method for forming the thin Cu film 
24 may be the Sputtering process, the plating process, the 
CVD process, or their combination. Since the via ring area 
R2 is free from recesses, the barrier metal layer 23 and the 
thin Cu layer 24 are formed to be flat. 
0043. As shown in FIG. 1J, the CMP process is used to 
remove extra parts of the barrier metal layer 23 and thin Cu 
film 24 which are not located inside the grooves 22, thereby 
forming a Cu wiring in the grooves 22. During the CMP, 
those parts of the barrier metal layer 23 and thin Cu film 24 
which are located in the via ring area R2 are removed, 
thereby preventing the thin Cu film and the barrier metal 
layer from remaining in the via ring area R2. 
0044) The above described process can form in the outer 
periphery of the Semiconductor circuit the via ring consist 
ing of the Al alloy and Silicon nitride. Since the via ring thus 
formed contains no Cu to avoid Cu diffusion from the via 
ring to the circuit area, the malfunctioning of the Semicon 
ductor device arising from the presence of Cu can be 
prevented to improve the reliability of the semiconductor 
device. 

0045. During a dicing step after the formation of the 
Semiconductor device on a Si wafer, this via ring can 
effectively preclude cracks in a cut Surface from propagating 
through the circuit. Consequently, the wiring can be pre 
vented from being destroyed due to cracks, thereby improv 
ing the non-defective unit yield of the Semiconductor device. 
0046) The via ring consisting of the Al alloy and silicon 
nitride acts as a barrier against Osmosis of moisture from the 
exterior of the chip to preclude the device from malfunc 
tioning due to the Osmosis of moisture into the circuit area, 
while preventing the Cu wiring from being oxidized or 
corroded because of moisture, thereby improving the reli 
ability of the semiconductor device. 
0047. Second Embodiment 
0048 Next, a manufacturing method different from 
Embodiment 1 will be explained. 
0049 FIGS. 3A to 3G are process sectional views show 
ing a proceSS for manufacturing a Semiconductor device 
according to a Second embodiment of the present invention. 
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0050 First, as shown in FIG. 3A, an interlevel insulating 
film 32 is deposited on a Si Semiconductor layer 31, the 
interlevel insulating film 32 having a film thickness corre 
sponding to the total of via plugs and a wiring layer. In 
FIGS. 3A to 3G, R1 denotes a cross section of a circuit area 
and R2 denotes a croSS Section of a via ring area between the 
circuit area and a dicing area. 
0051. Then, as shown in FIG. 3B, a ring-shaped groove 
33 is formed in the via ring area R2. So as to Seamlessly 
Surround an outer periphery of the circuit area R1. Then, as 
shown in FIG. 3C, an Al alloy layer 34 chiefly composed of 
Al is formed so as to be embedded in the groove 33. Then, 
as shown in FIG. 3D, a flattening technique such as the 
CMP method is used to remove an extra part of the Al alloy 
layer 34 located on the interlevel insulating film 32, thereby 
embedding and forming an Al via ring 35 in the groove 33. 
0052. Then, as shown in FIG. 3E, a via hole 36 and a 
wiring groove 37 are formed in the interlevel insulating film 
32 in the circuit area R1. Then, as shown in FIG. 3F, a 
barrier metal layer 38 and a thin Cu film 39 are sequentially 
deposited. Then, as shown in FIG. 3G, the CMP process is 
used to remove extra parts of the barrier metal layer located 
on the interlevel insulating film 32, thereby forming a Cu 
wiring layer 40 in the wiring groove 37, while forming a Cu 
via plug 41 in the via hole 36. 
0053. This manufacturing method can also form a via 
ring without a layer chiefly composed of Cul. 
0.054 The present invention is not limited to the above 
described embodiments, but various variations may be made 
thereto without deviating from the spirits and Scope thereof. 
0.055 Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the Specific 
details and representative embodiments shown and 
described herein. Accordingly, various modifications may be 
made without departing from the Spirit or Scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 

What is claimed is: 

1. A Semiconductor device comprising: 

a circuit area defined in a Semiconductor Substrate; 

a Semiconductor element formed in the circuit area; 

an interlevel insulating film having a hole reached the 
Semiconductor element and a ring-shaped groove 
Seamlessly Surrounding an Outer periphery of the circuit 
area, 

a via plug formed in the hole in the interlevel insulating 
film; 

a wiring connected to the via plug and mainly comprising 
copper; and 

a via ring formed in the ring-shaped groove and mainly 
comprising aluminum, wherein: 

no layer mainly comprising copper is formed in the via 
ring layer. 

2. A Semiconductor device according to claim 1, wherein 
the via plug is configured in the same manner as the via ring. 
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3. A method for manufacturing a Semiconductor device, 
comprising the Steps of: 

depositing a thin Al film on a Semiconductor Substrate 
having a Semiconductor element formed in a circuit 
area, the thin Al film mainly comprising aluminum; 

patterning the thin Al film to form via plug reached the 
Semiconductor and forming a via ring Surrounding the 
circuit area; 

depositing an insulating film on the Semiconductor Sub 
Strate in Such a manner as to cover the via plugs and the 
Via ring, 

flattening a Surface of the insulating film; and 
forming a wiring mainly comprising copper and which is 

connected to the via plugs. 
4. A method for manufacturing a Semiconductor device 

according to claim 3, wherein the Step of forming the wiring 
mainly comprising copper includes the Steps of 

forming a resist pattern having a wiring area exposed 
from the insulating film in the circuit area, the resist 
pattern covering the insulating film in an area with the 
via ring formed therein; 

etching the insulating film to form in the Semiconductor 
element circuit a groove shaped in a wiring pattern; and 

embedding and forming in the groove a wiring material 
mainly comprising copper. 

5. A method for manufacturing a Semiconductor device 
according to claim 4, wherein before the embedding and 
formation of the wiring material, a barrier metal is formed 
on a Surface of the wiring-patterned groove for restraining 
copper diffusion. 

6. A method for manufacturing a Semiconductor device, 
comprising the Steps of: 

depositing a thin Al film on a Semiconductor Substrate 
having a Semiconductor element formed in a circuit 
area, the thin Al film mainly comprising aluminum; 

depositing a Silicon nitride film on the thin Al film; 
patterning the Silicon nitride film to shape a plug pattern 

in the circuit area and a ring Seamlessly Surrounding an 
Outer periphery of the circuit area; 

using the Silicon nitride film as a mask to etch the thin film 
in order to form via plugs in the circuit area while 
forming a via ring Surrounding the circuit area; 

depositing an insulating film on the Semiconductor Sub 
Strate in Such a manner as to cover the via plugs and the 
Via ring, 

using the Silicon nitride film as a stopper to flatten a 
Surface of the insulating film; 

forming a resist pattern having a wiring area exposed 
from the insulating film in the circuit area, the resist 
pattern covering the insulating film in an area with the 
via ring formed therein as well as the Silicon nitride 
film; 

etching the insulating film and the Silicon nitride film to 
form in the Semiconductor element circuit a groove 
shaped in a wiring pattern; and 

embedding and forming in the groove a wiring material 
mainly comprising copper. 
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7. A method for manufacturing a Semiconductor device 8. A method for manufacturing a Semiconductor device 
according to claim 6, wherein before the embedding and according to claim 6, wherein the Silicon nitride film is 
formation of the wiring material, a barrier metal is formed formed to be Substantially as thick as the wiring. 
on Surfaces of the via holes and wiring groove for restraining 
copper diffusion. k . . . . 


