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SEMICONDUCTOR DEVICE AND METHOD FOR 
FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
device having multi-layer Wires and a method for fabricating 
the same. More particularly, it relates to the structure of a 
plug for connecting a loWer-layer Wire having an air gap in 
a Wire-to-Wire space to an upper-layer Wire and to a method 
for forming the same. 

[0002] As semiconductor devices have become higher in 
integration and performance in recent years, Wires in the 
semiconductor devices have increasingly been reduced in 
siZe and placed in multiple layers. The siZe reduction and 
multilayer placement of the Wires increases a Wire-to-Wire 
capacitance, Which adversely affects the operating speed of 
a semiconductor element. To prevent this, a method of 
scaling doWn the Wires or placing the Wires in multiple 
layers, While reducing the Wire-to-Wire capacitance, has 
been required. 

[0003] To reduce the Wire-to-Wire capacitance, an insulat 
ing material With a loW relative dielectric constant may be 
used for an interlayer insulating ?lm. To further reduce the 
Wire-to-Wire capacitance, an air gap may also be formed in 
a Wire-to-Wire space (region lying betWeen a pair of adjacent 
Wires). 
[0004] Referring to the draWings, a description Will be 
given herein beloW to a conventional method for fabricating 
a semiconductor device as disclosed in technical papers by 
T. Ueda et al. A Novel Air Gap Integration Scheme for 
Multi-level Interconnects using Self-aligned Via Plugs: 1998 
Symposium on VLSI Technology Digest of Technical 
Papers, R46, 1998., (2) Integration of 3 Level Air Gap 
Interconnect for Sub-quarter Micron CMOS: 1999 Sympo 
sium on VLSI Technology Digest of Technical Papers, 
P111, 1999, and the like), speci?cally a method for forming 
multilayer Wires having air gaps. 

[0005] FIGS. 8A to 8C, FIGS. 9A to 9C, and FIGS. 10A 
to 10C are cross-sectional vieWs illustrating the individual 
process steps of the conventional method for fabricating a 
semiconductor device. 

[0006] First, as shoWn in FIG. 8A, an underlying insulat 
ing ?lm 11 composed of a silicon dioxide, a ?rst conductive 
?lm 12 composed of an aluminum alloy With a thickness of 
600 nm, and a ?rst interlayer insulating ?lm 13 composed of 
a silicon dioxide With a thickness of 1500 nm are deposited 
successively on a semiconductor substrate 10 composed of 
silicon. Then, a mask pattern 14 having an opening corre 
sponding to a region to be formed With a plug is formed on 
the ?rst interlayer insulating ?lm 13. 

[0007] Next, etching is performed With respect to the ?rst 
interlayer insulating ?lm 13 by using the mask pattern 14, 
thereby forming a connection hole 15 reaching the ?rst 
conductive ?lm 12 and having a diameter of about 400 nm, 
as shoWn in FIG. 8B. Thereafter, the mask pattern 14 is 
removed. 

[0008] Next, a second conductive ?lm composed of tung 
sten is deposited by vapor deposition or the like over the 
entire surface of the ?rst interlayer insulating ?lm 13 includ 
ing the connection hole 15 such that the connection hole 15 
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is ?lled fully With the second conductive ?lm. Then, the 
portion of the second conductive ?lm located externally of 
the connection hole 15 is polished aWay by CMP (chemical 
mechanical polishing), Whereby a plug 16 connected to the 
?rst conductive ?lm 12 is formed, as shoWn in FIG. 8C. 

[0009] Next, as shoWn in FIG. 9A, the ?rst interlayer 
insulating ?lm 13 is etched back to have a thickness of about 
300 to 600 nm such that an upper portion of the plug 16 
protrudes from an upper surface of the ?rst interlayer 
insulating ?lm 13. This effects control of the position of a 
top portion of each of air gaps 20 (see FIG. 10A), Which Will 
be formed in the subsequent step. 

[0010] Next, as shoWn in FIG. 9B, 21 resist pattern 17 
covering a region to be formed With a loWer-layer Wire is 
formed on the ?rst interlayer insulating ?lm 13. 

[0011] Next, as shoWn in FIG. 9C, etching is performed 
sequentially With respect to the ?rst interlayer insulating ?lm 
13 and the ?rst conductive ?lm 12 by using the resist pattern 
17 and the plug 16 as a mask, thereby forming a loWer-layer 
Wire 12A composed of the ?rst conductive ?lm 12 and 
connected to the plug 16. 

[0012] In the step illustrated in FIG. 9C, etching is also 
performed With respect to the underlying insulating ?lm 11 
by using the resist pattern 17 and the plug 16 as a mask after 
the formation of the loWer-layer Wire 12A, thereby removing 
the surface portions of the underlying insulating ?lm 11 
located under the Wire-to-Wire spaces of the loWer-layer 
Wire 12A to a depth of about 300 nm. 

[0013] Next, the resist pattern 17 is removed. Then, as 
shoWn in FIG. 10A, 21 second interlayer insulating ?lm 18 
composed of a silicon dioxide, Which is high in directivity 
and loW in coverage rate, and having a thickness of about 
200 to 500 nm is deposited over the entire surface of the 
semiconductor substrate 10 by plasma CVD using silane gas 
and dinitrogen oxide gas. Subsequently, a third interlayer 
insulating ?lm 19 composed of a silicon dioxide having an 
excellent burying property and a thickness of about 1000 nm 
is deposited by high-density plasma CVD, Whereby the air 
gaps 20 are formed in the Wire-to-Wire spaces of the loWer 
layer Wire 12A. 

[0014] Next, as shoWn in FIG. 10B, the second interlayer 
insulating ?lm 18 and the third interlayer insulating ?lm 19 
are polished by CMP till the plug 16 is exposed such that the 
respective upper surfaces of the second and third interlayer 
insulating ?lms 18 and 19 are planariZed to be ?ush With the 
upper surface of the plug 16. 

[0015] Next, as shoWn in FIG. 10c, an upper-layer Wire 21 
is formed over the planariZed second and third interlayer 
insulating ?lms 18 and 19 to be connected to the plug 16, 
Whereby a tWo-layer Wire structure is completed. 

[0016] Thus, the conventional method for fabricating a 
semiconductor device has formed the plug 16 for electrically 
connecting the loWer-layer Wire 12A and the upper-layer 
Wire 21 prior to formation of the loWer-layer Wire 12A and 
then formed the loWer-layer Wire 12A by patterning the ?rst 
conductive ?lm 12 by using the plug 16 as a mask. This 
prevents displacement betWeen the plug 16 and the loWer 
layer Wire 12A and thereby improves the reliability of the 
multilayer Wires. 
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[0017] To lower the positions of the respective top por 
tions of the air gaps 20 formed in the Wire-to-Wire spaces of 
the loWer-layer Wire 12A, hoWever, the conventional method 
for fabricating a semiconductor device has etched back the 
?rst interlayer insulating ?lm 13 such that the upper portion 
of the plug 16 protrudes from the upper surface of the ?rst 
interlayer insulating ?lm 13, as shoWn in FIG. 9A. Conse 
quently, the resist pattern 17 is formed on the rugged 
underlie, as shoWn in FIG. 9B. As a result, the accuracy of 
pattern eXposure is loWered and the resist pattern 17 may be 
deformed or the formed resist pattern 17 may partly col 
lapse, Which renders the siZe reduction of the resist pattern 
17 difficult and renders the scaling doWn of the loWer-layer 
Wire 12A, i.e., the multilayer Wires dif?cult. 

[0018] If the plug 16 is formed to have an upper portion 
not protruding from the upper surface of the ?rst interlayer 
insulating ?lm 13, the top portion of the air gap 20 may 
reach a height equal to the height of the upper surface of the 
plug 16. In this case, the air gap 20 has an opening formed 
in the upper surface of the planariZed second interlayer 
insulating ?lm 18 or third interlayer insulating ?lm 19 in the 
polishing step performed With respect to the second inter 
layer insulating ?lm 18 and the third interlayer insulating 
?lm 19 (see FIG. 10B) so that the conductive ?lm serving 
as the upper-layer Wire 21 enters the opening. This causes a 
formation defect such as a breakage in the upper-layer Wire 
21 and reduces the reliability of the multilayer Wires. 

[0019] With the increasing miniaturiZation of semicon 
ductor devices, there are a groWing number of cases Where 
plugs connecting loWer-layer and upper-layer Wires have 
been placed in close proximity. 
[0020] FIG. 11 illustrates a problem encountered When a 
pair of plugs connecting loWer-layer and upper-layer Wires 
are formed by using the conventional method for fabricating 
a semiconductor device. 

[0021] FIG. 11 is different from FIG. 10B illustrating one 
of the process steps of the conventional method for fabri 
cating a semiconductor device in that an adjacent plug 22 
connecting the loWer-layer Wire 12A and the upper-layer 
Wire 21 (see FIG. 10C) and adjacent to the plug 16 is formed 
and the air gap 20 is also formed in the space betWeen the 
plug 16 and the adjacent plug 22 (hereinafter referred to as 
a plug-to-plug space). As the distance betWeen the plug 16 
and the adjacent plug 22 decreases, the aspect ratio of the 
plug-to-plug space increases so that it becomes difficult to 
bury the second interlayer insulating ?lm 18 or the third 
interlayer insulating ?lm 19 in the plug-to-plug space. 
Consequently, the top portion of the air gap 20 formed in the 
plug-to-plug space is positioned at a high level. As a result, 
the air gap 20 has an opening 20a formed in the upper 
surface of the planariZed second interlayer insulating ?lm 18 
or third interlayer insulating ?lm 19 in the polishing step 
performed With respect to the second interlayer insulating 
?lm 18 and the third interlayer insulating ?lm 19, as shoWn 
in FIG. 11, Which raises the possibility that the conductive 
?lm serving as the upper-layer Wire 21 enters the opening 
20a. In this case, a formation defect such as a breakage 
occurs in the upper-layer Wire 21 (see FIG. 10B), a short 
circuit occurs betWeen the loWer-layer Wires 12A, or a short 
circuit occurs betWeen the plug 16 and the adjacent plug 22, 
so that the reliability of the multilayer Wires is reduced. 

[0022] Since the conventional method for fabricating a 
semiconductor device performs etching With respect to the 
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?rst conductive ?lm 12 and the like by using the plug 16 as 
a mask (see FIG. 9C) or performs polishing With respect to 
the second interlayer insulating ?lm 18 or the third interlayer 
insulating ?lm 19 till the plug 16 is exposed (see FIG. 10B), 
the height of the plug 16 is loWered gradually during the 
fabrication steps. In order for the ?nal height of the plug 16 
to be equal to a speci?ed value, the height of the plug 16 at 
the time at Which the plug 16 is formed in the connection 
hole 15 provided in the ?rst interlayer insulating ?lm 13 (see 
FIG. 8C) should have a margin. Speci?cally, it is necessary 
to form the connection hole 15 With a high aspect ratio in the 
?rst interlayer insulating ?lm 13 and bury the conductive 
?lm forming the plug 16 (hereinafter referred to as the 
conductive ?lm for plug formation) in the connection hole 
15. 

[0023] As the aspect ratio of the connection hole 15 
increases, hoWever, it becomes dif?cult to bury the conduc 
tive ?lm for plug formation in the connection hole 15. As a 
result, as shoWn in FIG. 12 (corresponding to FIG. 8C), a 
void 16a may remain in the plug 16 formed in the connec 
tion hole 15 and a plug formation defect such as the 
increased electric resistance of the plug 16 may occur. The 
plug formation defect is more likely to occur as the plug 
diameter decreases With the scaling doWn of the multilayer 
Wires. 

[0024] The upper portion of the plug 16 is further etched 
and polished in the etch-back step performed With respect to 
the ?rst interlayer insulating ?lm 13 (see FIG. 9A), in the 
etching step performed With respect to the ?rst conductive 
?lm 12 and the like (see FIG. 9C), and in the polishing step 
performed With respect to the third interlayer insulating ?lm 
19 (see FIG. 10B) and the like. This raises the possibility 
that the void 16a Within the plug 16 is formed With an 
opening, as shoWn in FIG. 13 (corresponding to FIG. 10B). 
If the void 16a is formed With the opening, the conductive 
?lm serving as the upper-layer Wire 21 enters the opening to 
cause a formation defect such as a breakage in the upper 
layer Wire 21. Alternatively, abrasive grains used in the 
polishing step performed With respect to the third interlayer 
insulating ?lm 19 and the like How into the void 16a, i.e., 
into the plug 16 and remain there, Which causes the problem 
of the reduced electromigration resistance of the plug 16, 
i.e., the problem of the reduced reliability of the multilayer 
Wires. 

SUMMARY OF THE INVENTION 

[0025] In vieW of the foregoing, it is therefore an object of 
the present invention to provide the multilayer Wires reduced 
in siZe, While the top portion of the air gap is positioned 
loWer in level than the upper surface of the plug, and to 
prevent the formation of a void in the plug. 

[0026] A method for fabricating a semiconductor device 
according to the present invention comprises the steps of: 
depositing a ?rst conductive ?lm on a semiconductor sub 
strate; forming a loWer interlayer insulating ?lm on the ?rst 
conductive ?lm and then selectively etching the loWer 
interlayer insulating ?lm to form a ?rst opening reaching the 
?rst conductive ?lm; burying a second conductive ?lm in the 
?rst opening to form a loWer plug connected to the ?rst 
conductive ?lm; forming a mask pattern on the loWer 
interlayer insulating ?lm and sequentially etching the loWer 
interlayer insulating ?lm and the ?rst conductive ?lm by 
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using the mask pattern and the loWer plug as a mask to form 
a loWer-layer Wire composed of the ?rst conductive ?lm and 
connected to the loWer plug; forming an upper interlayer 
insulating ?lm on the semiconductor substrate such that an 
air gap is formed in a Wire-to-Wire space of the loWer-layer 
Wire; selectively etching the upper interlayer insulating ?lm 
to form a second opening reaching the loWer plug; burying 
a third conductive ?lm in the second opening to form an 
upper plug connected to the loWer plug; and forming an 
upper-layer Wire on the upper interlayer insulating ?lm such 
that the upper-layer Wire is connected to the upper plug. 

[0027] The method for fabricating a semiconductor device 
according to the present invention buries the loWer plug in 
the loWer interlayer insulating ?lm formed on the ?rst 
conductive ?lm on the semiconductor substrate and patterns 
the ?rst conductive ?lm to form the loWer-layer Wire by 
using the mask pattern formed on the loWer interlayer 
insulating ?lm and the loWer plug. Thereafter, the upper 
interlayer insulating ?lm is formed such that the air gap is 
formed in the Wire-to-Wire space of the loWer-layer Wire and 
then the upper plug connected to the loWer plug is formed in 
the upper interlayer insulating ?lm. This alloWs the top 
portion of the air gap to be positioned loWer than the upper 
surface of the upper interlayer insulating ?lm, i.e., the upper 
surface of the upper plug. Accordingly, it is no more 
necessary to etch-back the loWer interlayer insulating ?lm in 
Which the loWer plug has been buried such that the loWer 
plug protrudes and thereby control the position of the top 
portion of the air gap. Since the mask pattern for forming the 
loWer-layer Wire can be formed on the loWer interlayer 
insulating ?lm free of ruggedness, the mask pattern can be 
reduced in siZe and the loWer-layer Wire, i.e., the multilayer 
Wires can be thereby scaled doWn. 

[0028] Since the method for fabricating a semiconductor 
device according to the present invention buries the upper 
plug composing each of plugs in the upper interlayer insu 
lating ?lm even When the plugs connecting the loWer-layer 
Wire and the loWer-layer Wire are disposed in close proX 
imity, the air gap is not formed in the region betWeen the 
upper plugs composing the individual plugs. This alloWs the 
top portion of the air gap to be positioned loWer than the 
upper surface of the upper plug and prevents the air gap from 
having an opening formed in the upper surface of the upper 
interlayer insulating ?lm, thereby preventing a formation 
defect in the upper-layer Wire. 

[0029] The method for fabricating a semiconductor device 
according to the present invention also divides each of the 
plugs connecting the loWer-layer Wire and the upper-layer 
Wire into the loWer plug and the upper plug and forms them 
by individually burying the conductive ?lms in the different 
openings, i.e., connection holes. This loWers the aspect ratio 
of each of the connection holes and alloWs each of the 
connection holes to be ?lled fully With the conductive ?lms, 
thereby preventing the formation of a void in each of the 
loWer plug and the upper plug. As a result, a plug having a 
sufficient height can be formed easily, While an increase in 
the electric resistance of each of the plugs composed of the 
loWer plugs and the upper plugs is prevented. Even if the 
surface portion of the plug is etched or polished during the 
fabrication steps, the void Within the plug has no opening so 
that a formation defect such as a breakage in the upper-layer 
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Wire or the reduced electromigration resistance of the plug 
due to abrasive grains that have entered the plug is pre 
vented. 

[0030] In the method for fabricating a semiconductor 
device according to the present invention, the step of form 
ing the loWer plug preferably includes the step of: planariZ 
ing an upper surface of the loWer interlayer insulating ?lm 
such that the upper surface of the loWer interlayer insulating 
?lm is ?ush With an upper surface of the loWer plug. 

[0031] This further planariZes the loWer interlayer insu 
lating ?lm serving as the underlie for the mask pattern for 
forming the loWer-layer Wire so that the mask pattern is 
further reduced in siZe and the loWer-layer Wire, i.e., the 
multilayer Wires are thereby further scaled doWn. 

[0032] In the method for fabricating a semiconductor 
device according to the present invention, an area of the 
upper surface of the loWer plug is preferably larger than an 
area of a loWer surface of the upper plug. 

[0033] In the arrangement, even if misalignment occurs 
during the formation of a mask pattern for forming the 
second opening, i.e., a connection hole for the upper plug, a 
suf?ciently large connection area is provided betWeen the 
loWer plug and the upper plug so that the electric resistance 
of the Whole plug is not increased. Even if misalignment 
occurs during the formation of the mask pattern and over 
etching is performed by using the formed mask pattern, the 
upper surface of the loWer plug functions as an etching 
stopper so that the connection hole for the upper plug is 
prevented from reaching the air gap. 

[0034] In the method for fabricating a semiconductor 
device according to the present invention, the upper inter 
layer insulating ?lm preferably has a ?rst insulating ?lm 
deposited such that the air gap is formed and a second 
insulating ?lm deposited on the ?rst insulating ?lm. 

[0035] In the arrangement, a Wire-to-Wire capacitance can 
be reduced by using an insulating ?lm Which is high in 
directivity and loW in coverage rate as the ?rst insulating 
?lm, While using an insulating ?lm Which is eXcellent in 
burying property as the second insulating ?lm, and thereby 
increasing the siZe of the air gap in a narroW Wire-to-Wire 
space. Since an air gap having a top portion positioned at a 
high level is not formed in a Wide Wire-to-Wire space, the 
situation in Which the air gap is formed With an opening in 
the subsequent polishing step or the like performed With 
respect to the interlayer insulating ?lm is circumvented so 
that the reduced reliability of the multilayer Wires is thereby 
prevented. 
[0036] Speci?cally, the ?rst insulating ?lm is preferably 
formed by plasma CVD (chemical vapor deposition) and the 
second insulating ?lm is formed by high-density plasma 
CVD using a plasma at a higher density than a plasma used 
for the plasma CVD. 

[0037] If the upper interlayer insulating ?lm further has a 
third insulating ?lm deposited on the second insulating ?lm 
and having a surface planariZed, the upper-layer Wire can be 
formed easily. At this time, a major part of the upper plug 
may also be covered With the third insulating ?lm. 

[0038] Further, the second insulating ?lm that has been 
formed is polished till the loWer plug or the ?rst insulating 
?lm is eXposed, thereby having a surface planariZed. This 
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allows the subsequent step of depositing the insulating ?lm 
or the conductive ?lm to be performed easily. 

[0039] A semiconductor device according to the present 
invention comprises: a loWer-layer Wire formed on a semi 
conductor substrate and having an air gap in a Wire-to-Wire 
space; an upper-layer Wire formed on the loWer-layer Wire 
With an interlayer insulating ?lm interposed therebetWeen; 
and a plug connecting the loWer-layer Wire and the upper 
layer Wire, the plug having a loWer plug formed on the 
loWer-layer Wire and an upper plug formed on the loWer plug 
to be connected to the upper-layer Wire. 

[0040] Since the semiconductor device according to the 
present invention is formed in accordance With the method 
for fabricating a semiconductor device according to the 
present invention, the multilayer Wires can be scaled doWn, 
While the top portion of the air gap formed in the Wire-to 
Wire space of the loWer-layer is positioned such that it is 
loWer in level than the upper surface of the upper plug, and 
the formation of a void in each of the loWer plug and the 
upper plug can be prevented. 

[0041] In the semiconductor device according to the 
present invention, an area of an upper surface of the loWer 
plug is preferably larger than an area of a loWer surface of 
the upper plug. 

[0042] In the arrangement, even if misalignment occurs 
during the formation of a mask pattern for forming a 
connection hole for the upper plug, a sufficiently large 
connection area is provided betWeen the loWer plug and the 
upper plug so that the electric resistance of the Whole plug 
is not increased. Even if misalignment occurs during the 
formation of the mask pattern and over-etching is performed 
by using the formed mask pattern, the upper surface of the 
loWer plug functions as an etching stopper so that the 
connection hole for the upper plug is prevented from reach 
ing the air gap. 

[0043] Preferably, the semiconductor device according to 
the present invention further comprises: an adjacent plug 
connecting the loWer-layer Wire and the upper-layer Wire 
and adjacent to the plug, the adjacent plug having a loWer 
adjacent plug formed on the loWer-layer Wire to be adjacent 
to the loWer plug and an upper adjacent plug formed on the 
loWer adjacent plug to be adjacent to the upper plug. 

[0044] In the arrangement, even if the plug composed of 
the loWer plug and the upper plug is disposed in close 
proximity to the adjacent plug composed of the loWer 
adjacent plug and the upper adjacent plug, the air gap is not 
formed in the region betWeen the upper plug and the upper 
adjacent plug. This alloWs the top portion of the air gap to 
be positioned loWer than the upper surface of the upper plug 
or the upper adjacent plug. 

[0045] In the semiconductor device according to the 
present invention, the interlayer insulating ?lm is preferably 
composed of a loWer interlayer insulating ?lm deposited to 
cover an upper surface of the loWer-layer Wire and an upper 
interlayer insulating ?lm deposited on the loWer interlayer 
insulating ?lm and the upper interlayer insulating ?lm 
preferably has a ?rst insulating ?lm deposited such that the 
air gap is formed and a second insulating ?lm deposited on 
the ?rst insulating ?lm. 

[0046] In the arrangement, a Wire-to-Wire capacitance can 
be reduced by using an insulating ?lm Which is high in 

Jun. 12, 2003 

directivity and loW in coverage rate as the ?rst insulating 
?lm, While using an insulating ?lm Which is eXcellent in 
burying property as the second insulating ?lm, and thereby 
increasing the siZe of the air gap in a narroW Wire-to-Wire 
space. Since an air gap having a top portion positioned at a 
high level is not formed in a Wide Wire-to-Wire space, the 
situation in Which the air gap is formed With an opening in 
the subsequent polishing step or the like performed With 
respect to the interlayer insulating ?lm is circumvented so 
that the reduced reliability of the multilayer Wires is thereby 
prevented. 
[0047] If the upper interlayer insulating ?lm further has a 
third insulating ?lm deposited on the second insulating ?lm 
and having a surface planariZed, the upper-layer Wire can be 
formed easily. At this time, a major part of the upper plug 
may also be covered With the third insulating ?lm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0048] FIGS. 1A to 1D are cross-sectional vieWs illus 
trating the individual process steps of a method for fabri 
cating a semiconductor device according to a ?rst embodi 
ment of the present invention; 

[0049] FIGS. 2A to 2C are cross-sectional vieWs illustrat 
ing the individual process steps for fabricating the semicon 
ductor device according to the ?rst embodiment; 

[0050] FIGS. 3A to 3C are cross-sectional vieWs illustrat 
ing the individual process steps for fabricating the semicon 
ductor device according to the ?rst embodiment; 

[0051] FIG. 4 is a cross-sectional vieW shoWing one of the 
process steps of a method for fabricating a semiconductor 
device according to a variation of the ?rst embodiment; 

[0052] FIGS. 5A to 5D are cross-sectional vieWs illus 
trating the individual process steps of a method for fabri 
cating a semiconductor device according to a second 
embodiment of the present invention; 

[0053] FIGS. 6A to 6C are cross-sectional vieWs illustrat 
ing the individual process steps of the method for fabricating 
the semiconductor device according to the second embodi 
ment; 

[0054] FIGS. 7A to 7C are cross-sectional vieWs illustrat 
ing the individual process steps of the method for fabricating 
the semiconductor device according to the second embodi 
ment; 

[0055] FIGS. 8A to 8C are cross-sectional vieWs illustrat 
ing the individual process steps of a conventional method for 
fabricating a semiconductor device; 

[0056] FIGS. 9A to 9C are cross-sectional vieWs illustrat 
ing the individual process steps of the conventional method 
for fabricating a semiconductor device; 

[0057] FIGS. 10A to 10C are cross-sectional vieWs illus 
trating the individual process steps of the conventional 
method for fabricating a semiconductor device; 

[0058] FIG. 11 illustrates a problem encountered When a 
pair of plugs for connecting loWer-layer and upper-layer 
Wires are formed by using the conventional method for 
fabricating a semiconductor device; 

[0059] FIG. 12 illustrates a problem encountered When 
the conventional method for fabricating a semiconductor 
device is used; and 
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[0060] FIG. 13 illustrates the problem encountered When 
the conventional method for fabricating a semiconductor 
device is used. 

DETAILED DESCRIPTION OF THE 
INVENTION 

EMBODIMENT 1 

[0061] A semiconductor device and a method for fabri 
cating the same according to a ?rst embodiment of the 
present invention Will be described With reference to the 
draWings. 
[0062] FIGS. 1A to 1D, FIGS. 2A to 2C, and FIGS. 3A 
to 3C are cross-sectional vieWs illustrating the individual 
process steps of the method for fabricating a semiconductor 
device according to the ?rst embodiment. 

[0063] First, as shoWn in FIG. 1A, an underlying insulat 
ing ?lm 101 composed of, e.g., a silicon dioxide and a ?rst 
conductive ?lm 102 composed of, e.g., an aluminum alloy 
With a thickness of about 600 nm are deposited successively 
on a semiconductor substrate 100 composed of, e.g., silicon. 
Thereafter, a ?rst interlayer insulating ?lm 103 (the loWer 
interlayer insulating ?lm in claims) composed of, e.g., a 
silicon dioxide With a thickness of about 300 to 600 nm is 
deposited on the ?rst conductive ?lm 102. Then, a mask 
pattern (not shoWn) having an opening corresponding to a 
region to be formed With a loWer plug is formed on the ?rst 
interlayer insulating ?lm 103. Subsequently, etching is per 
formed With respect to the ?rst interlayer insulating ?lm 103 
by using the mask pattern, thereby forming a ?rst connection 
hole 104 reaching the ?rst conductive ?lm 102 and having 
a diameter of about 400 nm. 

[0064] Next, a second conductive ?lm composed of, e.g., 
tungsten is deposited by, e.g., vapor deposition or the like 
over the entire surface of the ?rst interlayer insulating ?lm 
103 including the ?rst connection hole 104 such that the ?rst 
connection hole 104 is ?lled fully With the second conduc 
tive ?lm. Then, the portion of the second conductive ?lm 
located externally of the ?rst connection hole 104 is polished 
aWay by CMP, Whereby a loWer plug 105 connected to the 
?rst conductive ?lm 102 is formed, as shoWn in FIG. 1B. 
Since the aspect ratio of the ?rst connection hole 104 is 
relatively loW (on the order of, e.g., 1 to 1.5), the ?rst 
connection hole 104 can be ?lled fully With the second 
conductive ?lm so that no void is formed in the loWer plug 
105. During the formation of the loWer plug 105, the upper 
surface of the ?rst interlayer insulating ?lm 103 is pla 
nariZed to be ?ush With the upper surface of the loWer plug 
105. 

[0065] Next, as shoWn in FIG. 1C, a resist pattern 106 
covering a region to be formed With the loWer-layer Wire is 
formed on the ?rst interlayer insulating ?lm 103. Since the 
resist pattern 106 is formed on the underlie free of rugged 
ness (?rst interlayer insulating ?lm 103), the resist pattern 
106 can be reduced in siZe. 

[0066] Next, as shoWn in FIG. 1D, etching is performed 
sequentially With respect to the ?rst interlayer insulating ?lm 
103 and the ?rst conductive ?lm 102 by using the resist 
pattern 106 and the loWer plug 105 as a mask, thereby 
forming a loWer-layer Wire 102A composed of the ?rst 
conductive ?lm 102 and connected to the loWer plug 105. 
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[0067] In the step shoWn in FIG. 1D, etching is also 
performed With respect to the underlying insulating ?lm 101 
by using the resist pattern 106 and the loWer plug 105 as a 
mask after the formation of the loWer-layer Wire 102A, 
thereby removing the surface portions of the underlying 
insulating ?lm 101 located under the Wire-to-Wire spaces of 
the loWer-layer Wire 102A to a depth of, e.g., 300 nm. This 
alloWs air gaps 109, Which Will be formed in the subsequent 
step (see FIG. 2A), to be formed at loWer positions and in 
opposing relation to the entire side surfaces of the loWer 
layer Wire 102A, so that the Wire-to-Wire capacitance of the 
loWer-layer Wire 102A is further reduced. 

[0068] Next, the resist pattern 106 is removed. Then, as 
shoWn in FIG. 2A, a second interlayer insulating ?lm 107 
(the ?rst insulating ?lm of the upper interlayer insulating 
?lm in claims) composed of, e.g., a silicon dioxide With a 
thickness of about 200 to 500 nm is deposited over the entire 
surface of the semiconductor substrate 100 by plasma CVD 
using, e.g., silane gas and dinitrogen oxide gas. Subse 
quently, a third interlayer insulating ?lm 108 (the second 
insulating ?lm of the upper interlayer insulating ?lm in 
claims) composed of, e.g., a silicon dioxide With a thickness 
of about 1000 nm is deposited by plasma CVD using a 
plasma at a higher density than the plasma CVD used to 
form the second interlayer insulating ?lm 107, e.g., by 
high-density plasma CVD, Whereby the air gaps 109 are 
formed in the Wire-to-Wire spaces of the loWer-layer Wire 
102A. 

[0069] Since the second interlayer insulating ?lm 107 is 
high in directivity and loW in coverage rate, While the third 
interlayer insulating ?lm 108 is excellent in burying prop 
erty, the Wire-to-Wire capacitance can be reduced by increas 
ing the siZe of the air gap 109 formed in a narroWer one of 
the Wire-to-Wire spaces of the loWer-layer Wire 102A, as 
shoWn in FIG. 2A. Since the air gap 109 having a top 
portion positioned at a high level is not formed in a Wider 
one of the Wire-to-Wire spaces of the loWer-layer Wire 102A, 
the situation in Which the air gap 109 is formed With an 
opening in the subsequent polishing step or the like per 
formed With respect to the interlayer insulating ?lm (see 
FIG. 2B) can be circumvented. This prevents the reduced 
reliability of the multilayer Wires. 

[0070] Next, as shoWn in FIG. 2B, polishing is performed 
With respect to the second interlayer insulating ?lm 107 and 
the third interlayer insulating ?lm 108 by CMP, thereby 
planariZing the respective upper surfaces of the second and 
third interlayer insulating ?lms 107 and 108. At this time, the 
upper surface of the third interlayer insulating ?lm 108 may 
also be planariZed to be ?ush With the upper surface of the 
second interlayer insulating ?lm 107 by polishing the third 
interlayer insulating ?lm 108 till the second interlayer 
insulating ?lm 107 is exposed. Alternatively, the respective 
upper surfaces of the second and third interlayer insulating 
?lms 107 and 108 may also be planariZed to be ?ush With the 
upper surface of the loWer plug 105 by polishing the second 
and third interlayer insulating ?lms 107 and 108 till the 
loWer plug 105 is exposed. 

[0071] Next, as shoWn in FIG. 2C, a fourth interlayer 
insulating ?lm 110 (the third insulating ?lm of the upper 
interlayer insulating ?lm in claims) composed of, e.g., a 
silicon dioxide With a thickness of about 400 to 800 nm is 
deposited entirely over the planariZed second and third 
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interlayer insulating ?lms 107 and 108. Then, the surface of 
the fourth interlayer insulating ?lm 110 is planariZed and a 
mask pattern 111 having an opening corresponding to a 
region to be formed With an upper plug is formed on the 
planariZed fourth interlayer insulating ?lm 110. 

[0072] Next, etching is performed With respect to at least 
the fourth interlayer insulating ?lm 110 by using the mask 
pattern 111, thereby forming a second connection hole 112 
reaching the loWer plug 105 and having a diameter of about 
400 nm, as shoWn in FIG. 3A. 

[0073] Next, a third conductive ?lm composed of, e.g., 
tungsten is deposited by, e.g., vapor deposition or the like 
over the entire surface of the fourth interlayer insulating ?lm 
110 including the second connection hole 112 such that the 
second connection hole 112 is ?lled fully With the third 
conductive ?lm. Then, the portion of the third conductive 
?lm located externally of the second connection hole 112 is 
polished aWay by CMP, Whereby an upper plug 113 con 
nected to the loWer plug 105 is formed, as shoWn in FIG. 
3B. Since the aspect ratio of the second connection hole 112 
is relatively loW (on the order of, e.g., 1 to 2), the second 
connection hole 112 is ?lled fully With the third conductive 
?lm so that no void is formed in the upper plug 113. The 
loWer plug 105 and the upper plug 113 are electrically 
connected to each other by a direct connection provided 
therebetWeen. 

[0074] Next, as shoWn in FIG. 3C, an upper-layer Wire 
114 is formed on the fourth interlayer insulating ?lm 110 to 
be connected to the upper plug 113, Whereby a tWo-layer 
Wire structure is completed. 

[0075] Thus, according to the ?rst embodiment, the loWer 
plug 105 is buried in the ?rst interlayer insulating ?lm 103 
formed on the ?rst conductive ?lm 102 on the semiconduc 
tor substrate 100 and then the loWer-layer Wire 102A is 
formed by patterning the ?rst conductive ?lm 102 by using 
the resist pattern 106 formed on the ?rst interlayer insulating 
?lm 103 and the loWer plug 105. Then, the second interlayer 
insulating ?lm 107 and the third interlayer insulating ?lm 
108 are deposited successively such that the air gaps 109 are 
formed in the Wire-to-Wire spaces of the loWer-layer Wire 
102A. Thereafter, the fourth interlayer insulating ?lm 110 is 
further deposited and the upper plug 113 connected to the 
loWer plug 105 is formed in at least the fourth interlayer 
insulating ?lm 110. This alloWs the top portion of each of the 
air gaps 109 to be positioned loWer in level than the upper 
surface of the fourth interlayer insulating ?lm 110, i.e., the 
upper surface of the upper plug 113. Accordingly, it is no 
more necessary to etch-back the ?rst interlayer insulating 
?lm 103 in Which the loWer plug 105 is buried such that the 
loWer plug 105 protrudes and thereby control the position of 
the top portion of each of the air gaps 109. Since the resist 
pattern 106 for forming the loWer-layer Wire can be formed 
on the ?rst interlayer insulating ?lm 103 free of ruggedness 
(see FIG. 1C), the resist pattern 106 can be reduced in siZe 
and therefore the loWer-layer Wire 102A, i.e., the multilayer 
Wires can be scaled doWn. 

[0076] According to the ?rst embodiment, the plug con 
necting the loWer-layer Wire 102A and the upper-layer Wire 
114 is divided into the loWer plug 105 and the upper-plug 
113, Which are formed by individually burying the conduc 
tive ?lms in the different connection holes, speci?cally the 
?rst and second connection holes 104 and 112. This loWers 
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the aspect ratio of each of the connection holes and alloWs 
the conductive ?lms to be buried satisfactorily in the indi 
vidual connection holes, thereby preventing the formation of 
a void in each of the loWer plug 105 and the upper plug 113. 
As a result, a plug having a suf?cient height can be imple 
mented easily, While an increase in the electric resistance of 
the plug composed of the loWer and upper plugs 105 and 113 
is prevented. Even if the surface portion of the plug is etched 
or polished during the fabrication steps, the void Within the 
plug is no more formed With an opening so that a formation 
defect such as a breakage in the upper-layer Wire 114 or the 
reduced electromigration resistance of the plug due to abra 
sive grains that have entered the plug is prevented. 

[0077] According to the ?rst embodiment, the upper sur 
face of the ?rst interlayer insulating ?lm 103 is planariZed to 
be ?ush With the upper surface of the loWer plug 105 When 
the loWer plug 105 is buried in the ?rst connection hole 104 
formed in the ?rst interlayer insulating ?lm 103. Accord 
ingly, the ?rst interlayer insulating ?lm 103 serving as the 
underlie for the resist pattern 106 for forming the loWer 
layer Wire is further planariZed so that the resist pattern 106 
is further reduced in siZe and therefore the loWer-layer Wire 
102A, i.e., the multilayer Wires are further scaled doWn. 

[0078] Although the ?rst embodiment has assumed the 
tWo-layer Wire structure composed of the loWer-layer Wire 
102A and the upper-layer Wire 114, the present invention is 
not limited thereto. Even in a Wire structure consisting of 
three or more layers, the same effects as achieved by the ?rst 
embodiment are achievable by repeatedly performing the 
step of dividing the plug connecting vertically adjacent 
Wires into loWer and upper parts and forming the loWer and 
upper plugs by individually burying conductive ?lms in 
different connection holes. 

[0079] Although the ?rst embodiment has formed the plug 
connecting the loWer-layer Wire 102A and the upper-layer 
Wire 114 by dividing the plug into tWo parts and forming the 
loWer plug 105 and the upper plug 113 by individually 
burying the conductive ?lms in the different connection 
holes, the present invention is not limited thereto. The same 
effects as achieved by the ?rst embodiment are achievable 
by dividing the plug connecting vertically adjacent Wires 
into three or more parts and forming each of the parts of the 
plug by individually burying conductive ?lms in different 
connection holes. 

[0080] Although the ?rst embodiment has used the resist 
pattern 106 as a mask even in the etching step performed 
With respect to the ?rst conductive ?lm 102 or the under 
lying insulating ?lm 101 When etching is performed sequen 
tially With respect to the ?rst interlayer insulating ?lm 103, 
the ?rst conductive ?lm 102, and the underlying insulating 
?lm 101 (see FIG. 1D), the patterned ?rst interlayer insu 
lating ?lm 103 may also be used instead as a mask in the 
etching step performed With respect to the ?rst conductive 
?lm 102 or the underlying insulating ?lm 101. In this case, 
the ?rst interlayer insulating ?lm 103 is preferably deposited 
relatively thick in the step shoWn in FIG. 1A. 

[0081] Although the ?rst embodiment has formed the 
second interlayer insulating ?lm 107, the third interlayer 
insulating ?lm 108, and the fourth interlayer insulating ?lm 
110 betWeen the formation of the loWer-layer Wire 102A and 
the formation of the upper-layer Wire 114, the number and 
types of interlayer insulating ?lms (upper interlayer insulat 
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ing ?lms) formed between the formation of the loWer-layer 
Wire 102A and the formation of the upper-layer Wire 114 or 
deposition methods therefor are not particularly limited. 

VARIATION OF EMBODIMENT 1 

[0082] A semiconductor device according to a variation of 
the ?rst embodiment and a method for fabricating the same 
Will be described With reference to the draWings. 

[0083] FIG. 4 is a cross-sectional vieW shoWing one of the 
process step of the method for fabricating a semiconductor 
device according to the variation. It is to be noted that FIG. 
4 corresponds to FIG. 3B shoWing one of the process steps 
of the method for fabricating a semiconductor device 
according to the ?rst embodiment. 

[0084] The variation of the ?rst embodiment is different 
from the ?rst embodiment in that a loWer adjacent plug 115 
is formed on the loWer-layer Wire 102A to be adjacent to the 
loWer plug 105 and an upper adjacent plug 116 is formed on 
the loWer adjacent plug 115 to be adjacent to the upper plug 
113, as shoWn in FIG. 4. The loWer adjacent plug 115 is 
formed by the same method as used to form the loWer plug 
105 (see FIGS. 1A and 1B), While the upper adjacent plug 
116 is formed by the same method as used to form the upper 
plug 113 (see FIG. 2C and FIGS. 3A and 3B). 

[0085] The variation of the ?rst embodiment achieves the 
folloWing effects in addition to the effects achieved by the 
?rst embodiment. 

[0086] Even if one plug composed of the loWer plug 105 
and the upper plug 113 and another plug composed of the 
loWer adjacent plug 115 and the upper adjacent plug 116 are 
disposed in close proximity, each of the upper plug 113 and 
the upper adjacent plug 116 is buried in at least the fourth 
interlayer insulating ?lm 110 so that the air gap 109 is not 
formed in the region betWeen the upper plug 113 and the 
upper adjacent plug 116. As a result, the top portion of each 
of the air gaps 109 can be positioned loWer than the upper 
surface of the upper plug 113 or of the upper adjacent plug 
116. This prevents the air gap 109 from having an opening 
formed in the upper surface of the fourth interlayer insulat 
ing ?lm 110 and thereby prevents a formation defect in the 
upper-layer Wire 114. 

EMBODIMENT 2 

[0087] A semiconductor device and a method for fabri 
cating the same according to a second embodiment of the 
present invention Will be described With reference to the 
draWings. 
[0088] FIGS. 5A to 5D, FIGS. 6A to 6C, and FIGS. 7A 
to 7C are cross-sectional vieWs illustrating the individual 
process steps of the method for fabricating a semiconductor 
device according to the second embodiment. 

[0089] First, as shoWn in FIG. 5A, an underlying insulat 
ing ?lm 201 composed of, e.g., a silicon dioxide and a ?rst 
conductive ?lm 202 composed of, e.g., an aluminum alloy 
With a thickness of about 600 nm are deposited successively 
on a semiconductor substrate 200 composed of, e.g., silicon. 
Thereafter, a ?rst interlayer insulating ?lm 203 (the loWer 
interlayer insulating ?lm in claims) composed of, e.g., a 
silicon dioxide With a thickness of about 300 to 600 nm is 
deposited on the ?rst conductive ?lm 202. Then, a mask 
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pattern (not shoWn) having an opening corresponding to a 
region to be formed With a loWer plug is formed on the ?rst 
interlayer insulating ?lm 203. Subsequently, etching is per 
formed With respect to the ?rst interlayer insulating ?lm 203 
by using the mask pattern, thereby forming a ?rst connection 
hole 204 reaching the ?rst conductive ?lm 202 and having 
a diameter of about 500 nm. 

[0090] Next, a second conductive ?lm composed of, e.g., 
tungsten is deposited by, e.g., vapor deposition or the like 
over the entire surface of the ?rst interlayer insulating ?lm 
203 including the ?rst connection hole 204 such that the ?rst 
connection hole 204 is ?lled fully With the second conduc 
tive ?lm. Then, the portion of the second conductive ?lm 
located externally of the ?rst connection hole 204 is polished 
aWay by CMP, Whereby a loWer plug 205 connected to the 
?rst conductive ?lm 202 is formed, as shoWn in FIG. 5B. 
Since the aspect ratio of the ?rst connection hole 204 is 
relatively loW (on the order of 0.6 to 1.2), the ?rst connection 
hole 204 can be ?lled fully With the second conductive ?lm 
so that no void is formed in the loWer plug 205. During the 
formation of the loWer plug 205, the area of the upper 
surface of the loWer plug 205 is adjusted to be larger than the 
area of the loWer surface of an upper plug 213, Which Will 
be formed in the subsequent step (see FIG. 7B). In addition, 
the upper surface of the ?rst interlayer insulating ?lm 203 is 
also planariZed to be ?ush With the upper surface of the 
loWer plug 205. 

[0091] Next, as shoWn in FIG. 5C, a resist pattern 206 
covering a region to be formed With the loWer-layer Wire is 
formed on the ?rst interlayer insulating ?lm 203. Since the 
resist pattern 206 is formed on the underlie free of rugged 
ness (?rst interlayer insulating ?lm 203), the resist pattern 
206 can be reduced in siZe. 

[0092] Next, as shoWn in FIG. 5D, etching is performed 
successively With respect to the ?rst interlayer insulating 
?lm 203 and the ?rst conductive ?lm 202 by using the resist 
pattern 206 and the loWer plug 205 as a mask, thereby 
forming a loWer-layer Wire 202A composed of the ?rst 
conductive ?lm 202 and connected to the loWer plug 205. 

[0093] In the step shoWn in FIG. 5D, etching is also 
performed With respect to the underlying insulating ?lm 201 
by using the resist pattern 206 and the loWer plug 205 as a 
mask after the formation of the loWer-layer Wire 202A, 
thereby removing the surface portions of the underlying 
insulating ?lm 201 located under the Wire-to-Wire spaces of 
the loWer-layer Wire 202A to a depth of, e.g., 300 nm. This 
alloWs air gaps 209, Which Will be formed in the subsequent 
step (see FIG. 6A), to be formed at loWer positions and in 
opposing relation to the entire side surfaces of the loWer 
layer Wire 202A, so that the Wire-to-Wire capacitance of the 
loWer-layer Wire 202A is further reduced. 

[0094] Next, the resist pattern 206 is removed. Then, as 
shoWn in FIG. 6A, a second interlayer insulating ?lm 207 
(the ?rst insulating ?lm of the upper interlayer insulating 
?lm in claims) composed of, e.g., a silicon dioxide With a 
thickness of about 200 to 500 nm is deposited over the entire 
surface of the semiconductor substrate 200 by plasma CVD 
using, e.g., silane gas and dinitrogen oxide gas. Subse 
quently, a third interlayer insulating ?lm 208 (the second 
insulating ?lm of the upper interlayer insulating ?lm in 
claims) composed of, e.g., a silicon dioxide With a thickness 
of about 1000 nm is deposited by plasma CVD using a 
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plasma at a higher density than the plasma CVD used to 
form the second interlayer insulating ?lm 207, e.g., by 
high-density plasma CVD, Whereby the air gaps 209 are 
formed in the Wire-to-Wire spaces of the loWer-layer Wire 
202A. 

[0095] Since the second interlayer insulating ?lm 207 is 
high in directivity and loW in coverage rate, While the third 
interlayer insulating ?lm 208 is excellent in burying prop 
erty, the Wire-to-Wire capacitance can be reduced by increas 
ing the siZe of the air gap 209 formed in a narroWer one of 
the Wire-to-Wire spaces of the loWer-layer Wire 202A, as 
shoWn in FIG. 6A. Since the air gap 209 having a top 
portion positioned at a high level is not formed in a Wider 
one of the Wire-to-Wire spaces of the loWer-layer Wire 202A, 
the situation in Which the air gap 209 is formed With an 
opening in the subsequent polishing step or the like per 
formed With respect to the interlayer insulating ?lm (see 
FIG. 6B) can be circumvented. This prevents the reduced 
reliability of the multilayer Wires. 

[0096] Next, as shoWn in FIG. 6B, polishing is performed 
With respect to the second interlayer insulating ?lm 207 and 
the third interlayer insulating ?lm 208 by CMP, thereby 
planariZing the respective upper surfaces of the second and 
third interlayer insulating ?lms 207 and 208. At this time, the 
upper surface of the third interlayer insulating ?lm 208 may 
also be planariZed to be ?ush With the upper surface of the 
second interlayer insulating ?lm 207 by polishing the third 
interlayer insulating ?lm 208 till the second interlayer 
insulating ?lm 207 is exposed. Alternatively, the respective 
upper surfaces of the second and third interlayer insulating 
?lms 207 and 208 may also be planariZed to be ?ush With the 
upper surface of the loWer plug 205 by polishing the second 
and third interlayer insulating ?lms 207 and 208 till the 
loWer plug 205 is exposed. 

[0097] Next, as shoWn in FIG. 6C, a fourth interlayer 
insulating ?lm 210 (the third insulating ?lm of the upper 
interlayer insulating ?lm in claims) composed of, e.g., a 
silicon dioxide With a thickness of about 400 to 800 nm is 
deposited entirely over the planariZed second and third 
interlayer insulating ?lms 207 and 208. Then, the surface of 
a fourth interlayer insulating ?lm 210 is planariZed and a 
mask pattern 211 having an opening corresponding to a 
region to be formed With an upper plug is formed on the 
planariZed fourth interlayer insulating ?lm 210. 

[0098] Next, etching is performed With respect to at least 
the fourth interlayer insulating ?lm 210 by using the mask 
pattern 211, thereby forming a second connection hole 212 
reaching the loWer plug 205 and having a diameter of about 
350 nm, as shoWn in FIG. 7A. 

[0099] Next, a third conductive ?lm composed of, e.g., 
tungsten is deposited by, e.g., vapor deposition or the like on 
the entire surface of the fourth interlayer insulating ?lm 210 
including the second connection hole 212 such that the 
second connection hole 212 is ?lled fully With the third 
conductive ?lm. Then, the portion of the third conductive 
?lm located externally of the second connection hole 212 is 
polished aWay by CMP, Whereby an upper plug 213 con 
nected to the loWer plug 205 is formed, as shoWn in FIG. 
7B. Since the aspect ratio of the second connection hole 212 
is relatively loW (on the order of 1.0 to 2.5), the second 
connection hole 212 can be ?lled fully With the third 
conductive ?lm so that no void is not formed in the upper 

Jun. 12, 2003 

plug 213. The loWer plug 205 and the upper plug 213 are 
electrically connected to each other by a direct connection 
provided therebetWeen. The area of the loWer surface of the 
upper plug 213 is smaller than the upper surface of the loWer 
plug 205. 

[0100] Next, as shoWn in FIG. 7C, an upper-layer Wire 
214 is formed on the fourth interlayer insulating ?lm 210 to 
be connected to the upper plug 213, Whereby a tWo-layer 
Wire structure is completed. 

[0101] Thus, according to the second embodiment, the 
loWer plug 205 is buried in the ?rst interlayer insulating ?lm 
203 formed on the ?rst conductive ?lm 202 on the semi 
conductor substrate 200 and then the loWer-layer Wire 202A 
is formed by patterning the ?rst conductive ?lm 202 by 
using the resist pattern 206 formed on the ?rst interlayer 
insulating ?lm 203 and the loWer plug 205. Then, the second 
interlayer insulating ?lm 207 and the third interlayer insu 
lating ?lm 208 are deposited successively such that the air 
gaps 209 are formed in the Wire-to-Wire spaces of the 
loWer-layer Wire 202A. Thereafter, the fourth interlayer 
insulating ?lm 210 is further deposited and the upper plug 
213 connected to the loWer plug 205 is formed in at least the 
fourth interlayer insulating ?lm 210. This alloWs the top 
portion of each of the air gaps 209 to be positioned loWer in 
level than the upper surface of the fourth interlayer insulat 
ing ?lm 210, i.e., the upper surface of the upper plug 213. 
Accordingly, it is no more necessary to etch-back the ?rst 
interlayer insulating ?lm 203 in Which the loWer plug 205 is 
buried such that the loWer plug 205 protrudes and thereby 
control the position of the top portion of each of the air gaps 
209. Since the resist pattern 206 for forming the loWer-layer 
Wire can be formed on the ?rst interlayer insulating ?lm 203 
free of ruggedness (see FIG. 5C), the resist pattern 206 can 
be reduced in siZe and therefore the loWer-layer Wire 202A, 
i.e., the multilayer Wires can be scaled doWn. 

[0102] According to the second embodiment, the plug 
connecting the loWer-layer Wire 202A and the upper-layer 
Wire 214 is divided into the loWer plug 205 and the upper 
plug 213, Which are formed by individually burying the 
conductive ?lms in the different connection holes, speci? 
cally the ?rst and second connection holes 204 and 212. This 
loWers the aspect ratio of each of the connection holes and 
alloWs the conductive ?lms to be buried satisfactorily in the 
individual connection holes, thereby preventing the forma 
tion of a void in each of the loWer plug 205 and the upper 
plug 213. As a result, a plug having a suf?cient height can 
be implemented easily, While an increase in the electric 
resistance of the plug composed of the loWer and upper 
plugs 205 and 213 is prevented. Even if the surface portion 
of the plug is etched or polished during the fabrication steps, 
the void Within the plug is not more formed With an opening 
so that a formation defect such as a breakage in the upper 

layer Wire 214 or the reduced electromigration resistance of 
the plug due to abrasive grains that have entered the plug is 
prevented. 

[0103] According to the second embodiment, the upper 
surface of the ?rst interlayer insulating ?lm 203 is pla 
nariZed to be ?ush With the upper surface of the loWer plug 
205 When the loWer plug 205 is buried in the ?rst connection 
hole 204 formed in the ?rst interlayer insulating ?lm 203. 






