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SEMICONDUCTOR DEVICE HAVING VIA
CONNECTING BETWEEN INTERCONNECTS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a Divisional of U.S. application Ser. No.
11/000,904, filed Dec. 2, 2004, now U.S. Pat. No. 7,439,623
claiming priority of Japanese Patent Application No. 2003-
404437 filed on Dec. 2, 2003, the entire contents of each of
which are incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

The present invention relates to interconnection structures
and methods for forming the structures.

To meet recent increase in the speed and integration density
of electronic devices such as semiconductor devices, copper
(Cu) having low resistance has been more frequently used as
an interconnect material.

FIG. 19B is a cross-sectional view showing an example of
a conventional multilevel interconnection structure formed
by using Cu. As shown in FIG. 19B, a first interconnect 2 is
buried in an insulating film 1 formed on a semiconductor
substrate (not shown), and a SiN film 3, a SiO, film 4 and a
FSG (fluorine-doped silicate glass, i.e., fluorine-doped sili-
con oxide) film 5 are formed in this order over the insulating
film 1 and the first interconnect 2. A via hole 6 is formed
through the SiO, film 4 and the SiN film 3 to reach the first
interconnect 2. An interconnect trench 7 is formed in the FSG
film 5 to reach the via hole 6. A barrier film 8 and a Cu film 9
are buried in this order in the via hole 6 and the interconnect
trench 7, thereby forming a via 10 and a second interconnect
11 inthe via hole 6 and the interconnect trench 7, respectively.

A SiN film 12 is formed on the FSG film 5 and the second °

interconnect 11.

As shown in FIG. 19B, the first interconnect 2 and the
second interconnect 11 are electrically connected to each
other by way of the via 10. Each of the first interconnect 2 and
the second interconnect 11 is electrically connected to
another element (now shown) or an external electrode (not
shown.) In this manner, the first interconnect 2, the via 10 and
the second interconnect 11 constitute part of a closed circuit
in actual use.

FIG. 19C is a plan view showing the multilevel intercon-
nection structure shown in FIG. 19B when viewed above. As
shown in FIG. 19C, the first interconnect 2 has a width
smaller than that of the second interconnect 11. Specifically,
the width of the first interconnect 2 is 0.2 pm, the diameter of
the via 10 (the via hole 6) is 0.20 uM, and the width of the
second interconnect 11 is 10 pum.

FIGS. 18A through 18C and 19 A are cross-sectional views
showing respective process steps of a conventional method
for forming the multilevel interconnection structure shown in
FIG. 19B (see Japanese Unexamined Patent Publication (Ko-
kai) No. 2000-331991.)

First, as shown in FIG. 18A, an insulating film 1 is formed
on the surface of a semiconductor substrate (not shown), and
then a first interconnect 2 is formed in the insulating film 1.

Next, as shown in FIG. 18B, a SiN film 3, a SiO, film 4 and
a FSG film 5 are formed in this order over the insulating film
1 and the first interconnect 2 by a plasma chemical vapor
deposition (plasma CVD) process. Thereafter, lithography
and dry etching are alternately performed twice (i.e., lithog-
raphy and dry etching are each performed twice), thereby
forming a via hole 6 through the SiO, film 4 and the SiN film

—
o

20

45

60

2

3 to reach the first interconnect 2 and also forming an inter-
connect trench 7 in the FSG film 5 to reach the via hole 6.

Then, as shown in FIG. 18C, abarrier film 8 is deposited by
a physical vapor deposition (PVD) process to fill the via hole
6 and the interconnect trench 7. Then, a Cu film 9 is formed by
aplating process on the barrier film 8 to completely fill the via
hole 6 and the interconnect trench 7.

Thereafter, as shown in FIG. 19A, parts of the barrier film
8 and the Cu film 9 extending off the interconnect trench 7 are
removed by a chemical/mechanical polishing (CMP) process.
In this manner, a second interconnect 11 is formed in the
interconnect trench 7, and a via 10 connecting the first inter-
connect 2 and the second interconnect 11 to each other is
formed in the via hole 6.

Lastly, a SiN film 12 is deposited over the FSG film 5 and
the second interconnect 11 (the Cu film 9), thus completing
the multilevel interconnection structure shown in FIG. 19B.

SUMMARY OF THE INVENTION

However, this conventional multilevel interconnection
structure has the following drawbacks. A large number of
vacancies are present in the Cu film 9 deposited by plating.
When the multilevel interconnection structure is held at high
temperature, these vacancies move along the gradient of
stress. Specifically, if compressive stress inside the via 10 is
higher than compressive stress inside the second interconnect
11, i.e., if tensile stress inside the via 10 is lower than tensile
stress inside the second interconnect 11, vacancies flow from
the second interconnect 11 into the via 10. In particular, in a
multilevel interconnection structure as shown in FIGS. 19B
and 19C, the volume of the second interconnect 11 is much
greater than that of the via 10, so that a large number of
vacancies flow from the second interconnect 11 into the via
10. As a result, as shown in FIG. 20A, plastic deformation
occurs in a part of the Cu film 9 constituting the via 10, so that
avoid 13 is created in the via hole 6. If the electrical connec-
tion between the first interconnect 2 and the second intercon-
nect 11 is broken by this void 13, the device malfunctions.

It is therefore an object of the present invention to achieve
a highly-reliable multilevel interconnection structure which
does not cause malfunction even when the structure is held at
high temperature.

To achieve the object, a first interconnection structure
according to the present invention includes: a lower intercon-
nect; an upper interconnect; a first insulating film provided
between the lower interconnect and the upper interconnect;
and a second insulating film provided under the first insulat-
ing film, wherein the lower interconnect and the upper inter-
connect are connected to each other by way of a via formed in
the first insulating film, at least one dummy via is connected
to the upper interconnect, the lower interconnect is formed in
the second insulating film, and the bottom of the dummy via
is located in the second insulating film.

In the first interconnection structure, the dummy via is
provided on the upper interconnect near the via, so that vacan-
cies in a part of a conductive film constituting the upper
interconnect are divided and respectively flow into the viaand
the dummy via. That is, the dummy via reduces the stress
gradient from the upper interconnect to the via. Accordingly,
even when the interconnection structure is held at high tem-
perature, flowing of vacancies from the upper interconnect to
the via is suppressed. As a result, plastic deformation of a part
of the conductive film constituting the via, i.e., occurrence of
a void inside the via hole, is suppressed, so that a highly-
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3
reliable multilevel interconnection structure which does not
cause malfunction even when held at high temperature is
implemented.
In addition, in the first interconnection structure, the bot-

4

longer than the distance between the via and the other end of
the upper interconnect, i.e., the end of the upper interconnect
toward the via.

Then, the distance between the via and the end of the upper

tom of the dummy via is located in the second insulating film 5 interconnect toward the dummy viais longer than the distance
below the first insulating film. Therefore, a hole for forming between the via and the other end of the upper interconnect. In
the dummy via is deeper than a hole for forming the via (i.e., other words, a first region in the upper interconnect between
aviahole.) Accordingly, the stress gradient between theupper ~ the end thereof toward the dummy via and the via is larger
interconnect and the dummy via is steeper than that between ~ than a second region in the upper interconnect between the
the upper interconnect and the via. As a result, flowing of 10 other end thereof and the via. Therefore, the first region
vacancies from the part of the conductive film constituting the contains a larger number of vacancies than the second region.
upper interconnect into the dummy via precedes that into the ~ In addition, the dummy via is provided in this first region, so
via. This more effectively suppresses plastic deformation of ~ that vacancies more effectively flow into the dummy via. This
the part of the conductive film constituting the via, i.e., occur- more effectively suppresses plastic deformation of a part of
rence of a void in the via hole. As a result, the reliability of the 15 the conductive film constituting the via, i.e., occurrence of a
multilevel interconnection structure is further enhanced. void in the via hole. As a result, the reliability of the multilevel
A dummy via and a dummy interconnect herein means a interconnection structure is further enhanced.
pseudo via or a pseudo interconnect which do not constitute a In the first interconnection structure, the via and the
closed circuit in actual use of a device with an interconnection dummy via are preferably spaced ata distance of 1 pmor less.
structure including these via and interconnect (i.e., no current 20 Then, the effect of making part of vacancies which are to
flows therein during actual use of the device.) flow into the via ﬁow ir}to the dummy via is gnsmed. The
In the first interconnection structure, the bottom of the ~ SPace betweena via (a via hole) and a dummy via (a dummy
dummy via may be connected to a dummy interconnect hole) herein means .the space between the edge qf the via
formed in the second insulating film. Then, a hole for forming ~ toward the dummy via and the edge of the dummy via toward
a dummy via is easily formed by etching the first insulating 25 the via. The minimum space is set in accordance with the
film with the dummy interconnect used as an etching stopper. minimum 1solat10p width between interconnects or vias
In the first interconnection structure, a third insulating film defined by the Vde51gn rule, _for example. .
may be formed on the upper interconnect, and the dummy via A se(:ond Interconnection structure accor ding to the
may be formed in the third insulating film such that the present invention 1nclu(.ies: a !ower Interconnect; an upper
30 interconnect; and a first insulating film provided between the

bottom of the dummy via is connected to the upper intercon-
nect.

In the first interconnection structure, the dummy via pref-
erably has a diameter smaller than that of the via.

Then, the diameter of the hole for the dummy via is smaller

than that of the hole for the via (i.e., the via hole). In other
words, the volume of the dummy via is smaller than that of the
via. Accordingly, the stress gradient between the upper inter-
connect and the dummy via is steeper than that between the
upper interconnect and the via. As a result, flowing of vacan-

Dy

lower interconnect and the upper interconnect, wherein the
lower interconnect and the upper interconnect are connected
to each other by way of a via formed in the first insulating
film, and at least one insulating slit is formed in the upper
interconnect.

In the second interconnection structure, the insulating slit
is provided in the upper interconnect near the via, so that the
tensile stress on a part of the upper interconnect near the via
is lower than that on the other part of the upper interconnect.

! . o 40 That is, the insulating slit reduces the stress gradient from the
ces froma part of the conductl\./e film constituting the upper upper interconnect to the via. Accordingly, even when the
Interconnect mnto the dummy via pre;edes that 1nto the via. interconnection structure is held at high temperature, flowing
This more eﬁ"ef: tively SUPPIesses plastic d efprmanon ofapart of vacancies from the upper interconnect toward the via is
ofth_e Ltonductwe film constituting the v1a, 1.6., occurrence C?f suppressed. In addition, the insulating slit is made of a mate-
a qu in the via hgle. Asa resu}t, the reliability of the multi- s 1.1 gifferent from that for a conductive film constituting the
level 1ntercom§ct10n struct.ure is further enhanced. o upper interconnect and the via, so that the insulating slit acts

In the first interconnection structure, the dummy via is as a barrier against movement of atoms or vacancies in the
preferably substantially rectangular in a plan view, and the conductive film. This prevents convection of atoms inside the
length of the fiummy via and the quth Qf th.e upper intercon- upper interconnect and the via or accumulation of vacancies
nect are provided along the same direction in the plan view. s, on the bottom of the via. As a result, plastic deformation of a

Then, vacancies which are present in a part of the conduc- part of the conductive film constituting the via, i.e., occur-
tive film constituting the upper interconnect opposite the via  rence of a void inside the via hole, is suppressed, so that a
with respect to the dummy via flow into the dummy via, S0 highly-reliable multilevel interconnection structure which
that it is possible to prevent these vacancies from reaching the does not cause malfunction even when held at high tempera-
via. This more effectively suppresses plastic deformationofa ss tyre is implemented.
part of the conductive film constituting the via, i.e., occur- In the second interconnection structure, the insulating slit
rence of a void in the via hole. As a result, the reliability of the may be a part of the first insulating film provided between the
multilevel interconnection structure is further enhanced. lower interconnect and the upper interconnect, for example.

In the first interconnection structure, the via may be sub- In the second interconnection structure, the insulating slit
stantially circular in a plan view, and the dummy via may have 60 may be in contact with a portion of the upper interconnect
a shape different from that of the via in the plan view. connected to the via. In such a case, if the insulating slit is

In the first interconnection structure, the dummy via is substantially rectangular in a plan view, the length of the
preferably closer to a center of the upper interconnect than the insulating slit is greater than or equal to twice and less than or
viais. In other words, the distance between the via and the end equal to four times as large as the diameter of the via in the
of the upper interconnect opposite the via with respect to the 65 plan view, and a longer side of the insulating slit in the plan

dummy via (which will be also referred to as the end of the
upper interconnect toward the dummy via) is preferably

view is in contact with the portion of the upper interconnect
connected to the via, the foregoing advantages are obtained.
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In the second interconnection structure, it is preferable that
the insulating slit is substantially rectangular in a plan view,
the length of the insulating slit is greater than or equal to twice
and less than or equal to ten times as large as the diameter of

6

but also the following advantage is obtained. Vacancies which
are to enter a second interconnect portion (a narrow intercon-
nect portion) from a first interconnect portion (a wide inter-
connect portion) and flow into the via are effectively captured

the via in the plan view, and the length of the insulating slit 5 in the dummy portion. As a result, the number of devices
and the width of the upper interconnect are provided along the malfunctioning when being held at high temperature is fur-
same direction in the plan view. ther reduced.
Then, even in a case where the insulating slit is apart from In the third interconnection structure, the dummy portion
a portion of the upper interconnect connected to the via, the may be connected to the first interconnect portion or the
following advantage is obtained. Flowing of vacancies which 10 second interconnect portion, and a distance between the
are present in a part of a conductive film constituting the upper dummy portion and the branch point may be smaller than a
interconnect opposite the via with respect to the insulating slit distance between the dummy portion and an edge of the
is blocked by the insulating slit, so that these vacancies do not second interconnect portion opposite to the branch point. The
reach the via. In addition, the insulating slit is closer to the distance between the dummy portion and the branch point
center of the upper interconnect than the via is. In other 15 may be 1 um or less. The dummy portion may have a shape
words, the distance between the via and the end of the upper similar to that of the via or be substantially rectangular in a
interconnect opposite the via with respect to the insulating slit plan view.
(which will be also referred to as the end of the upper inter- In the third interconnection structure, if the second inter-
connect toward the insulating slit) is longer than the distance connect portion has an interconnect width 0of 0.20 pm or less,
between the via and the other end of the upper interconnect, 20 the foregoing advantages are more remarkable than those in a
i.e., the end of the upper interconnect toward the via, so that a conventional interconnection structure.
first region in the upper interconnect between the end thereof A first method for forming an interconnection structure
toward the insulating slit and the via is larger than a second according to the present invention includes the steps of:
region in the upper interconnect between the other end thereof depositing a first insulating film on a lower interconnect;
and the via. Therefore, the first region contains a larger num- 25 forming, in the first insulating film, a via hole reaching the
ber of vacancies than the second region. In addition, the lower interconnect, at least one dummy hole located near the
insulating slit is provided in this first region, so that move- via hole, and an upper interconnect trench connected to the
ment of vacancies is more effectively prevented by the insu- via hole and the dummy hole; and depositing a conductive
lating slit. This more effectively suppresses plastic deforma- material in the upper interconnect trench, the via hole and the
tion of a part of the conductive film constituting the via, i.e., 30 dummy hole, thereby forming an upper interconnect, a via for
occurrence of a void in the via hole. As a result, the reliability connecting the lower interconnect and the upper interconnect
of the multilevel interconnection structure is further to each other, and a dummy via connected to the upper inter-
enhanced. connect and insulated from the lower interconnect, wherein
In the second interconnection structure, the insulating slit the lower interconnect is formed in a second insulating film
is preferably closer to a center of the upper interconnect than 35 under the first insulating film, and the dummy hole is formed
the via is. such that the bottom of the dummy hole is located in the
In the second interconnection structure, the via and the second insulating film.
insulating slit are preferably spaced at a distance of 1 um or With the first method, the first interconnection structure
less. according to the present invention is formed, so that advan-
Then, the effect of preventing movement of vacancies 40 tages similar to those obtained by the first interconnection
which are to flow into the via by using the insulating slit is structure are obtained. To form a via or an upper interconnect,
obtained. The space between a via (a via hole) and an insu- a damascene process such as a dual damascene process or
lating slit herein means the space between the edge of the via other processes may be used.
toward the insulating slit and the edge of the insulating slit A second method for forming an interconnection structure
toward the via. As described above, the insulating slit may be 45 according to the present invention includes the steps of:
in contact with the portion of the upper interconnect con- depositing a first insulating film on a lower interconnect;
nected to the via. In this case, the space between the via and forming, in the first insulating film, a via hole reaching the
the insulating slit is zero. lower interconnect and an upper interconnect trench con-
A third interconnection structure according to the present nected to the via hole; depositing a conductive material in the
invention includes: a lower interconnect; an upper intercon- 50 upper interconnect trench and the via hole, thereby forming
nect; and a first insulating film provided between the lower an upper interconnect and a via for connecting the lower
interconnect and the upper interconnect, wherein the lower interconnect and the upper interconnect to each other; depos-
interconnect and the upper interconnect are connected to each iting a second insulating film on the upper interconnect; form-
other by way of a via formed in the first insulating film, the ing, in the second insulating film, a dummy hole reaching the
upper interconnect is divided into a first interconnect portion 55 upper interconnect and located near the via; and depositing a
having a relatively large interconnect width and a second conductive material in the dummy hole, thereby forming at
interconnect portion having a relatively small interconnect least one dummy via.
width, the via is connected to the second interconnect portion, With the second method, the first interconnection structure
at least one dummy portion connected to the upper intercon- according to the present invention is formed, so that advan-
nect is provided on the first insulating film, and a distance 60 tages similar to those obtained by the first interconnection
between the dummy portion and a branch point between the structure are obtained. To form a via or an upper interconnect,
first interconnect portion and the second interconnect portion a damascene process such as a dual damascene process or
is smaller than a distance between the dummy portion and an other processes may be used.
edge of the second interconnect portion opposite to the In the first or second method, the via hole and the dummy
branch point. 65 hole are preferably spaced at a distance of 1 um or less.

In the third interconnection structure, not only advantages
similar to those obtained by the first interconnection structure

Then, part of vacancies which are to flow into the via flow
into the dummy via.
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A third method for forming an interconnection structure
according to the present invention includes the steps of:
depositing a first insulating film on a lower interconnect;
forming, in the first insulating film, a via hole reaching the

8

FIG. 3 is a graph showing how an effect achieved by the
first embodiment (i.e., the effect of suppressing malfunction
after a device has been held at high temperature) depends on
a via-to-dummy via space.

lower interconnect and an upper interconnect trench con- 5 FIG. 4 is a plan view showing an interconnection structure
nected to the via hole; and depositing a conductive material in according to a modified example of the first embodiment.
ﬂle upper intc?r connect trench and.the via hole, thereby form- FIG. 5 is a graph showing how an effect achieved by the
Ing an upper interconnect and avia for connecting the lower modified example of the first embodiment (i.e., the effect of
interconnect and the upper interconnect to each other, suppressing malfunction after a device has been held at high
wherein the step of forming the via hole and the upper inter- 10 temperature) depends on an interconnect width (i.e., the
connect trench includes the step of leaving part of the first width of a narrow interconnect on which a via is formed.)
Lnimat}]lng Em; in the upper 1rite:con111fsct trench near the via FIGS. 6A through 6C are cross-sectional views showing
ole, thereby lorming an insulating slit. respective process steps of a method for forming an intercon-
turWlth thz_thlr (3 n:ﬁthOd’ thet s.econci. 1nte}'ct}nnect(1ion Su:ff; nection structure according to a second embodiment of the

e according to the present invention is formed, so that 15 preent invention.
advqntages similar to thl())se. ob(;m%edfby the se.cond intercon- FIGS. 7A and 7B are cross-sectional views showing
?emon structufiea are obtawned. 1o O;Im a \(;la 103 an upper respective process steps of the method for forming the inter-
1nterconnectt,ha mascene proce;ss sue q as a dual damascene connection structure of the second embodiment, and FIG. 7C
process or other processes may be used. is a plan view showing the interconnection structure of the

A fourth method for forming an interconnection structure 20 P . &

. . L second embodiment.

according to the present invention includes the steps of: . . . . .

- - . . FIG. 8A is a cross-sectional view showing an interconnec-
depositing a first insulating film on a lower interconnect; . . . .

Lo . ; . . tion structure according to a third embodiment of the present

forming, in the first insulating film, a via hole reaching the . . . . . .

. . invention, and FIG. 5B is a plan view showing the intercon-
lower interconnect, an upper interconnect trench connected to . . .

. . . . . nection structure of the third embodiment.

the via hole and divided into a first trench with a relatively 25 FIG.9A i ional view showi .
large width and a second trench with a relatively small width, . -2 1s acro Ss,' sectlonfa Vlﬁw S bOV(\i/}ng an 1;1t}elr connec-
and a recess provided near a branch point between the first Flon StI"Ll cture;chIOGr 19%3 FO a olurt cm Oh 1m§nt Oht © present
trench and the second trench; and depositing a conductive Invention, an f h }s a phan Vée\g, showing the intercon-
material in the upper interconnect trench, the via hole and the nection str}lcture o t e fourt 1 embo ment. .
recess, thereby forming an upper interconnect, a via for con- 30~ F10-10isa planx{]ew showing an interconnection structure
necting the lower interconnect and the upper interconnect to ~ according to a modified example of the fourth embodiment.
each other and a dummy portion connected to the upper FIGS. 11A through 11C are cross-sectlonal. Vlews.showmg
interconnect and insulated from the lower interconnect, respective process steps of a method for forming an intercon-
wherein a first interconnect portion constituting the upper nection .stmct}lre according to a fifth embodiment of the
interconnect is formed in the first trench and a second inter- 35 Present invention.
connect portion constituting the upper interconnect is formed FIGS. 12A through 12C are cross-sectional views showing
in the second trench. respective process steps of the method for forming the inter-

With the fourth method, the third interconnection structure connection structure of the fifth embodiment.
according to the present invention is formed, so that advan- FIGS. 13A and 13B are cross-sectional views showing
tages similar to those obtained by the third interconnection 40 respective process steps of the method for fonnjng the inter-
structure are obtained. To form a via or an upper interconnect, connection structure of the fifth embodiment, and FIG. 13C is
a damascene process such as a dual damascene process or a plan view showing the interconnection structure of the fifth
other processes may be used. embodiment.

As described above, according to the present invention, a FIGS. 14A through 14C are cross-sectional views showing
dummy via or an insulating slit is provided on/in the upper 45 respective process steps of a method for forming an intercon-
interconnect near via, so that it is possible to prevent flowing nection structure according to a sixth embodiment of the
of vacancies from an upper interconnect toward a via consti- present invention.
tuting a closed circuit together Wlth the upper interconnect in FIGS. 15A and 15B are cross-sectional views showing
actual use. Accordlngly,. plastic fief.ormatlon of a part of.a respective process steps of the method for forming the inter-
gondugtle ?lm‘ constltutmg;he Vlal’tl_'e" 'occur}rfngle ofz;‘vglld 50 connection structure of the sixth embodiment, and FIG. 15C
n-a via hole, 1s suppressed, resulling in a hughly-reiiable is a plan view showing the interconnection structure of the
multilevel interconnection structure. The present invention ap . g

. . . sixth embodiment.
relates to interconnection structures and methods for forming . . . .
: . . FIG. 16 is a graph showing an effect achieved by the sixth
the structures, and is useful especially when applied to elec- . . : .
. . . . embodiment (i.e., the effect of suppressing malfunction after
tronic devices such as semiconductor devices. 55 . .
a device has been held at high temperature).
BRIEF DESCRIPTION OF THE DRAWINGS FI‘G. 17A is a cross—s.ectional view showing an intercon-
nection structure according to a seventh embodiment of the

FIGS. 1A through 1C are cross-sectional views showing present invention, and FIG. 17B is a plan view showing the
respective process steps of a method for forming an intercon- 0 1nferconnection structure of the seventh embodiment.
nection structure according to a first embodiment of the FIGS. 18A through 18C are cross-sectional views showing
present invention. respective process steps of'a conventional method for forming

FIGS. 2A and 2B are cross-sectional views showing an interconnection structure.
respective process steps of the method for forming the inter- FIGS. 19A and 19B are cross-sectional views showing
connection structure of the first embodiment, and FIG. 2Cis 65 respective process steps of the conventional method for form-

a plan view showing the interconnection structure of the first
embodiment.

ing an interconnection structure, and FIG. 19C is a plan view
showing the conventional interconnection structure.
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FIG. 20A is a view for explaining problems in the conven-
tional interconnection structure, and FIG. 20B is an illustra-
tion for explaining a result of an examination carried out by
the present inventor on problems in the conventional inter-

10
movement of vacancies in the conductive film and thereby to
avoid occurrence of a void in the interconnect after formation
thereof

connection structure. 5 Embodiment 1
DESCRIPTION OF THE PREFERRED A Case yvhtire Sa Via ind a D];lmmySWa are Provided
EMBODIMENTS in the Same Layer (Basic Structure)
10

Principle of the Present Invention

First, for a phenomenon in which a void occurs in a via hole
in a conventional multilevel interconnection structure, a
result of an examination carried out by the present inventor
(i.e., a mechanism of this phenomenon) will be described.

A metal film is affected by its surrounding films depending
on an interconnection structure including the metal film. For
example, as shown in FIG. 20B, a metal film (e.g., a Cu film)
formed in part of an interconnect trench with a narrow inter-
connect width provided in an insulating film is slightly
stretched by its surrounding insulating films. That is, this Cu
film is under relatively low tensile stress. On the other hand,
a Cu film formed in part of the interconnect trench with a wide
interconnect width in the insulating film is strongly stretched
by its surrounding insulating films. That is, this Cu film is
under relatively high tensile stress. Such tensile stress occurs
mainly because of the difference in a thermal expansion coef-
ficient between a metal film and an insulating film or because
of shrinkage of the metal film resulting from thermal load in
a subsequent step. The tensile stress greatly changes depend-
ing on the shapes of the interconnect trench and the via hole,
the placement density and others.

A metal film made of Cu or another metal generally has a
crystal structure in which atoms are relatively regularly
arranged immediately after formation of the film. To form a
Cu film, which is mainly used as an interconnect material, is
generally formed by electroplating. The Cu film formed by
electroplating contains a large number of vacancies. In addi-
tion, in the interconnection structure shown in FIG. 20B,
vacancies contained in the Cu film are more likely to gather in
a portion of the Cu film where tensile stress is low than in a
portion thereof where tensile stress is high. This is because
stress applied from the neighboring insulating films to the
crystal structure of the Cu film is relaxed by entering of
vacancies into the portion of the Cu film with low tensile
stress, i.e., entering of Cu atoms into the portion of the Cu film
with high tensile stress.

Accordingly, when the flexibility of Cu atoms and vacan-
cies is enhanced by, for example, application of heat to the
interconnection structure, vacancies move along the stress
gradient in the Cu film, i.e., move from the portion of the Cu
film with high tensile stress to the portion of the Cu film with
low tensile stress (where the direction of movement of Cu
atoms is opposite to that of vacancies.) As a result, vacancies
readily gather in part of the interconnection structure with a
narrow interconnect width or the bottom or corners of the
interconnect, and thus voids readily occur.

Based on the foregoing finding, the following embodi-
ments of the present invention are made to implement a tech-
nical idea in which the stress gradient in a conductive film
serving as an interconnect is reduced so as to suppress the
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Hereinafter, an interconnection structure and a method for
forming the structure according to a first embodiment of the
present invention will be described with reference to the
drawings.

FIG. 2B is a cross-sectional view showing the interconnec-
tion structure of the first embodiment. As shown in FIG. 2B,
afirst interconnect 102A and a dummy interconnect 102B are
buried in an insulating film 101 formed on the semiconductor
substrate (not shown). A SiN film 103, a SiO, film 104 and an
FSG film 105 are stacked over the insulating film 101, the first
interconnect 102A and the dummy interconnect 102B. A via
hole 106A and a dummy via hole (dummy hole) 106B are
formed in the SiO, film 104 and the SiN film 103 to reach the
first interconnect 102A and the dummy interconnect 102B,
respectively. An interconnect trench 107 is formed in the FSG
film 105 to be connected to the via hole 106 A and the dummy
hole 106B. A barrier film 108 and a Cu film 109 are buried in
this order in the via hole 106A, the dummy hole 106B and the
interconnect trench 107, thereby forming a via 110A, a
dummy via 110B, and a second interconnect 111 in the via
hole 106A, the dummy hole 106B and the interconnect trench
107, respectively. The dummy via 110B is connected to the
second interconnect 111 near the via 110A. A SiN film 112 is
formed on the FSG film 105 and the second interconnect 111.

As shown in FIG. 2B, the first interconnect 102A and the
second interconnect 111 are electrically connected to each
other by way of the via 110A. Each of the first interconnect
102A and the second interconnect 111 is electrically con-
nected to another element (now shown) or an external elec-
trode (not shown.) In this manner, the first interconnect 102 A,
the via 110A and the second interconnect 111 constitute part
of aclosed circuit in actual use. On the other hand, neither the
dummy interconnect 102B nor the dummy via 110B consti-
tutes a closed circuit in actual use. That is, even if the dummy
interconnect 102B and the dummy via 110B are omitted in the
interconnection structure shown in FIG. 2B, a device with this
interconnection structure is operable at least immediately
after fabrication.

FIG. 2C is a plan view showing the multilevel interconnec-
tion structure shown in FIG. 2B when viewed above. As
shown in FIG. 2C, in this embodiment, each of the first
interconnect 102A and the dummy interconnect 102B has a
width smaller than that of the second interconnect 111. Spe-
cifically, the width of each of the first interconnect 102A and
the dummy interconnect 102B is, for example, 0.2 um, the
diameter of each of the via 110A (the via hole 106 A) and the
dummy via 110B (the dummy hole 106B) is, for example,
0.20 um, and the width of the second interconnect 111 is, for
example, 10 um. The space between the via 110A and the
dummy via 110B, more specifically, the space between the
edge of the via 110A toward the dummy via 110B and the
edge of the dummy via 110B toward the via 110A is 0.2 um,
for example. In the present invention, if the planar shape (the
shape in plan view) of a via (via hole) is a circle, the diameter
ofthe via (via hole) is the diameter of this circle whereas if the
planar shape of the via (via hole) is a square, the diameter of
the via (via hole) is the length of a side of this square.
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FIGS. 1A through 1C and FIG. 2A are cross-sectional
views showing respective process steps of a method for form-
ing the multilevel interconnection structure shown in FIG. 2B
according to the first embodiment.

First, as shown in FIG. 1A, an insulating film 101 is formed
on the surface of a semiconductor substrate (not shown), and
then a first interconnect 102A and a dummy interconnect
102B are formed in the insulating film 101.

Next, as shown in FIG. 1B, a SiN film 103, a SiO, film 104
and a FSG film 105 are formed in this order over the insulating
film 101, the first interconnect 102A and the dummy inter-
connect 102B by a plasma CVD process, for example. There-
after, lithography and dry etching are alternately performed
twice (i.e., lithography and dry etching are each performed
twice), thereby forming a via hole 106A and a dummy hole
106B in the SiO, film 104 and the SiN film 103 to reach the
first interconnect 102A and the dummy interconnect 102B,
respectively, and also forming an interconnect trench 107 in
the FSG film 105 to reach the via hole 106 A and the dummy
hole 106B.

Then, as shown in FIG. 1C, a barrier film 108 is deposited
by a PVD process, for example, to partly fill the via hole
106A, the dummy hole 106B and the interconnect trench 107.
Then, a Cu film 109 is formed by a plating process, for
example, on the barrier film 108 to completely fill the via hole
106A, the dummy hole 106B and the interconnect trench 107.

Thereafter, as shown in FIG. 2A, parts of the barrier film
108 and the Cu film 109 extending off the interconnect trench
107 are removed by a CMP process, for example. In this
manner, a second interconnect 111 is formed in the intercon-
nect trench 107. In addition, a via 110A is formed in the via
hole 106A to connect the first interconnect 102A and the
second interconnect 111 to each other, and a dummy via110B
is formed in the dummy hole 106B to connect the dummy
interconnect 102B and the second interconnect 111 to each
other. The dummy via 110B is not connected to the first
interconnect 102A.

Lastly, a SiN film 112 is deposited over the FSG film 105
and the second interconnect 111 (the Cu film 109), thus
completing the multilevel interconnection structure shown in
FIG. 2B.

With the foregoing interconnection structure and the
method for forming the structure according to the first
embodiment, a highly-reliable multilevel interconnection
structure which does not cause malfunction even when held at
high temperature is implemented. This is because of the fol-
lowing reasons. The dummy via 110B is provided on the
second interconnect 111 near the via 110A, so that vacancies
in a part of the conductive film (the Cu film 109) constituting
the second interconnect 111 are divided and respectively flow
into the via 110A and the dummy via 10B. That is, the dummy
via 110B reduces the number of vacancies flowing into each
via so that the stress gradient from the second interconnect
111 to the via 110A is reduced. Accordingly, even when the
interconnection structure is held at high temperature, flowing
of vacancies from the second interconnect 111 into the via
110A is suppressed. As a result, plastic deformation of a part
of the conductive film (the Cu film 109) constituting the via
110A, i.e., occurrence of a void inside the via hole 106A, is
suppressed, so that a highly-reliable multilevel interconnec-
tion structure which does not cause malfunction even when
held at high temperature is implemented.

In the first embodiment, the dummy interconnect 102B is
provided under the dummy via 110B (the dummy hole 106B).
Accordingly, the dummy hole 106B is easily formed by etch-
ing the SiO, film 104 and the SiN film 103 with the dummy
interconnect 102B used as an etching stopper.
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In the first embodiment, the space between the via 110A
and the dummy via 110B (i.e., the space between the via hole
106A and the dummy hole 106B: hereinafter referred to as a
via-to-dummy via space) is preferably as small as possible. To
obtain the effect of reducing the number of vacancies flowing
into the via 110A by using the dummy via 110B, the via-to-
dummy via space is preferably 25 pm or less and is more
preferably 1 um or less. The minimum via-to-dummy via
space can be set in accordance with the minimum isolation
width (e.g., 0.2 um) between interconnects or vias defined by
the design rule, for example. If the minimum isolation width
between interconnects is set substantially equal to the mini-
mum interconnect width, the minimum via-to-dummy via
space may be set in accordance with the minimum intercon-
nect width.

FIG. 3 shows how an effect achieved by the present inven-
tion (i.e., the effect of suppressing malfunction after a device
has been held at high temperature) depends on a via-to-
dummy via space. In FIG. 3, the ordinate indicates “the num-
ber of devices malfunctioning after being held at high tem-
perature” and the abscissa indicates “via-to-dummy via space
(um)”. The “without dummy via” in the abscissa corresponds
to a case where the via-to-dummy via space is unlimited. As
shown in FIG. 3, as the via-to-dummy via space decreases, the
number of malfunctioning devices decreases. In other words,
the effect of the present invention becomes remarkable. This
is because as the via-to-dummy via space decreases, vacan-
cies which are to gather in the via are more likely to be
absorbed in the dummy via.

However, as shown in FIG. 3, when the via-to-dummy via
space is 30 wm or more, it is difficult to effectively suppress
occurrence of a void in the via by using the dummy via. This
is because of the following reason. Vacancies moves within a
limited range and therefore it is difficult for the dummy via to
absorb vacancies which are to enter the via when the via-to-
dummy via space is large. Accordingly, when the via-to-
dummy via space is large, especially when the via-to-dummy
via space greatly exceeds 30 um the incidence of voids is
substantially equal to that in the case of “without dummy
via”. As a result, the number of devices malfunctioning after
being held at high temperature is not sufficiently reduced.

In the first embodiment, the number of dummy vias 110B
provided for one via 110A is preferably as large as possible.
Specifically, it is preferable to provide dummy vias 110B as
many as possible on a part of the second interconnect 111
where the dummy vias 110B do not affect circuit operation.

Modified Example of Embodiment 1

Hereinafter, an interconnection structure and a method for
forming the structure according to a modified example of the
first embodiment will be described with reference to the
drawings.

FIG. 4is a plan view showing the interconnection structure
of the modified example of the first embodiment.

As shown in FIG. 4, this modified example is different from
the first embodiment (see FIG. 2C) in the following ways.
First, the second interconnect 111 includes: a wide intercon-
nect portion 111a having a width of 10 um, for example; and
a narrow interconnect portion 1115 having a width of
0.20 pm, for example, and branching off from the wide inter-
connect portion 111a. Second, the via 110A (the via hole
106A) is connected to the narrow interconnect portion 1115.
Third, a plurality of dummy vias 110B (the dummy holes
106B) are connected to the branch point between the wide
interconnect
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portion 1114 and the narrow interconnect portion 1115 and to
portions of the wide interconnect portion 111a near the
branch point.

That is, the method for forming the interconnection struc-
ture according to this modified example is different from that
of the first embodiment in that in the process step shown in
FIG. 1B, the interconnect trench 107 divided into a first trench
with a relatively large width is formed and a second trench
with a relatively small width and the dummy holes 106B are
also formed near the branch point between the first trench and
the second trench.

In this modified example, not only the advantages obtained
by the first embodiment but also the following advantage is
obtained. Vacancies which are to enter the narrow intercon-
nect portion 1115 from the wide interconnect portion 111a
and flow into the via 110A are effectively captured in the
dummy vias 110B. As a result, the number of devices mal-
functioning when being held at high temperature is further
reduced.

In this modified example, one or more dummy vias 110B
(dummy holes 106B) may be connected to the branch point
between the wide interconnect portion 111a and the narrow
interconnect portion 1115 or portions of the wide intercon-
nect portion 1114 near the branch point. However, the dummy
vias 110B are not necessarily provided only at the branch
point or its neighboring portions. For example, if a dummy
via 110B is located in part of the narrow interconnect portion
11154 relatively near the wide interconnect portion 111a, most
of vacancies which are to enter the via 110A are captured in

—
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relatively large depending on the amount of metal contained
in the interconnect portion 1115.

On the other hand, as the width of the interconnect portion
1115 on which the via 110A is formed decreases, the amount
of metal contained in the interconnect portion 1115
decreases. Accordingly, the number of defects occurring in
the interconnect portion 1115 due to the presence of metal
slightly decreases. However, as the interconnect portion 11156
becomes narrower, the diameter of the via 110A provided on
the interconnect portion 1115 decreases, so that defects such
as voids are more likely to concentrate in the via 110A. In
view of this, as shown in FIG. 4, the dummy via (dummy
portion) 110B is formed near the branch point between the
narrow interconnect portion 1115 on which the via 110A is
formed and the wide interconnect portion 111a. In this man-
ner, the incidence of malfunction is reduced in accordance
with reduction of the interconnect width of the narrow inter-
connect portion 1115, as shown in FIG. 5. This is because the
number of defects occurring in the metal film decreases with
reduction of the interconnect width and, in addition, defects
which are to concentrate in the via are absorbed in the dummy
vias in advance. Specifically, as the width of the interconnect
portion 1115 on which the via 110A is formed decreases, i.e.,
the diameter of the via 110A decreases, a larger number of
defects are absorbed in the dummy vias 110B. This absorbing
effect is remarkable especially when the width of the narrow
interconnect portion 1115 is about 0.20 pm or less, as shown
in FIG. 5.

the dummy via 110B before reaching the via 110A. Accord- 30 Embodiment 2
ingly, it is possible to prevent occurrence of a void in the via
110A. A Case where a Via and a Dummy Via are Provided
In this modified example, the distance between the branch in the Same Layer (Without a Dummy Interconnect)
point and each of the dummy vias 110B is preferably smaller
than the distance between an edge of the wide interconnect 35  Hereinafter, an interconnection structure and a method for

portion 111a opposite to the branch point and each of the
dummy vias 110B.

In this modified example, dummy vias 110B each having
substantially the same shape as that of the via 110A in plan
view are provided. Alternatively, dummy portions each hav-
ing a shape (e.g., a rectangle) different from that of the via
110A in plan view may be provided.

FIG. 5 shows how an effect achieved by the dummy via
110B of this modified example (i.e., adummy portion formed
in part of the wide interconnect portion 111a near the branch
point, for example) depends on a via-formed interconnect
width (i.e., the width of the narrow interconnect portion 1115
where the via 110A is formed.) In FIG. 5, the ordinate indi-
cates “the number of devices malfunctioning after being held
at high temperature” and the abscissa indicates “via-formed
interconnect width (um)”. The “without dummy via” in the
abscissa corresponds to a case where no dummy via 110B is
provided on the wide interconnect portion 111a near the
branch point. As shown in FIG. 5, in a case where the width of
the interconnect portion 1115 on which the via 110A is
formed is about 10 pm, i.e., the width of the interconnect
portion 1115 is substantially equal to that of the interconnect
portion 111a to which the interconnect portion 1115 is con-
nected, even if a dummy via (dummy portion) is formed near
the branch point between these interconnect portions, the
number of malfunctioning devices does not change greatly.
That is, if the width of the interconnect portion 1115 on which
the via 110A is formed is relatively large, the interconnect
portion 1115 contains a large amount of metal. Accordingly,
this interconnect portion 1115 is likely to contain a large
number of defects such as voids caused by the presence of
metal. As a result, the number of malfunctioning devices is

40

45

60

65

forming the structure according to a second embodiment of
the present invention will be described with reference to the
drawings.

FIG. 7B is a cross-sectional view showing the interconnec-
tion structure of the second embodiment. FIG. 7C is a plan
view showing the multilevel interconnection structure shown
in FIG. 7B when viewed from above. In FIGS. 7B and 7C,
components already described in the first embodiment with
reference to FIGS. 1A through 1C and 2A through 2C are
denoted by the same reference numerals, and detailed
description thereof will be omitted.

As shown in FIGS. 7B and 7C, the second embodiment is
different from the first embodiment in the following ways.
The dummy interconnect 102B is not provided, a dummy
hole 106C deeper than the dummy hole 106B is provided
instead of the dummy hole 106B, and a dummy via 110C is
formed in the dummy hole 106C instead of the dummy via
110B. That is, the bottom of the dummy via 110C (the dummy
hole 106C) is located in an insulating film 101, and the
dummy hole 106C is deeper than a via hole 106A.

In this embodiment, the dummy via 110C is also connected
to a second interconnect 111 near the via 110A.

As shown in FIG. 7B, the dummy via 110C does not
constitute a closed circuit in actual use. In other words, even
if the dummy hole 106C is omitted in the interconnection
structure shown in FIG. 7B, a device with this interconnection
structure is operable at least immediately after fabrication.

In addition, in this embodiment, a first interconnect 102A
has a width smaller than that of the second interconnect 111,
as shown in FIG. 7C. Specifically, the width of the first inter-
connect 102A is, for example, 0.2 pm, the diameter of each of
the via 110A (the via hole 106A) and the dummy via 110C
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(the dummy hole 106C) is, for example, 0.20 um, and the
width of the second interconnect 111 is, for example, 10 pm.
The space between the via 110A and the dummy via 110C,
more specifically, the space between the edge of the via 110A
toward the dummy via 110C and the edge of the dummy via
110C toward the via 110A is 0.2 pm, for example.

FIGS. 6A through 6C and 7A are cross-sectional views
showing respective process steps of a method for forming the
multilevel interconnection structure shown in FIG. 7B
according to the second embodiment.

First, as shown in FIG. 6 A, an insulating film 101 is formed
on the surface of a semiconductor substrate (not shown), and
then a first interconnect 102A is formed in the insulating film
101.

Next, as shown in FIG. 6B, a SiN film 103, a SiO, film 104
and a FSG film 105 are formed in this order over the insulating
film 101 and the first interconnect 102A by a plasma CVD
process, for example. Thereafter, lithography and dry etching
are alternately performed twice (i.e., lithography and dry
etching are each performed twice), thereby forming a via hole
106A in the SiO, film 104 and the SiN film 103 to reach the
first interconnect 102 A and also forming a dummy hole 106C
in the SiO, film 104, the SiN film 103 and the insulating film
101. In addition, an interconnect trench 107 is formed in the
FSG film 105 to reach the viahole 106 A and the dummy hole
106C.

Then, as shown in FIG. 6C, a barrier film 108 is deposited
by a PVD process, for example, to partly fill the via hole
106A, the dummy hole 106C and the interconnect trench 107.
Then, a Cu film 109 is formed by a plating process, for
example, on the barrier film 108 to completely fill the via hole
106A, the dummy hole 106C and the interconnect trench 107.

Thereafter, as shown in FIG. 7A, parts of the barrier film
108 and the Cu film 109 extending off the interconnect trench
107 are removed by a CMP process, for example. In this
manner, a second interconnect 111 is formed in the intercon-
nect trench 107. In addition, a via 110A is formed in the via
hole 106A to connect the first interconnect 102A and the
second interconnect 111 to each other. A dummy via 110C
connected only to the second interconnect 111 is formed in
the dummy hole 106C. In other words, the dummy via 110C
is not connected to the first interconnect 102A.

Lastly, a SiN film 112 is deposited over the FSG film 105
and the second interconnect 111 (the Cu film 109), thus
completing the multilevel interconnection structure shown in
FIG. 7B.

With the foregoing interconnection structure and the
method for forming the structure according to the second
embodiment, a highly-reliable multilevel interconnection
structure which does not cause malfunction even when held at
high temperature is implemented. This is because of the fol-
lowing reasons. The dummy via 110C is provided on the
second interconnect 111 near the via 110A, so that vacancies
in a part of the conductive film (the Cu film 109) constituting
the second interconnect 111 are divided and respectively flow
into the via 110A and the dummy via 110C. That is, the
dummy via 110C reduces the number of vacancies flowing
into each via so that the stress gradient from the second
interconnect 111 to the via 110A is reduced. Accordingly,
even when the interconnection structure is held at high tem-
perature, flowing of vacancies from the second interconnect
111 into the via 110A is suppressed. As a result, plastic
deformation of a part of the conductive film (the Cu film 109)
constituting the via 110A, i.e., occurrence of a void inside the
via hole 106 A, is suppressed, so that a highly-reliable multi-
level interconnection structure which does not cause mal-
function even when held at high temperature is implemented.
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In the second embodiment, the resultant multilevel inter-
connection structure is more reliable than that obtained in the
first embodiment. This is because of the following reasons. In
this embodiment, the dummy hole 106C is deeper than the via
hole 106 A. Accordingly, the stress gradient between the sec-
ond interconnect 111 and the dummy via 110C is steeper than
that between the second interconnect 111 and the via 110A,
so that flowing of vacancies from the part of the conductive
film (the Cu film 109) constituting the second interconnect
111 into the dummy via 110C precedes that into the via 110A.
This more effectively suppresses plastic deformation of the
part of the conductive film (the Cu film 109) constituting the
via 110A, i.e., occurrence of a void in the via hole 106 A. As
a result, the resultant multilevel interconnection structure is
more reliable than that obtained in the first embodiment.

In the second embodiment, the space between the via 110A
and the dummy via 110C (i.e., the space between the via hole
106A and the dummy hole 106C: hereinafter referred to as a
via-to-dummy via space) is preferably as small as possible. To
obtain the effect of reducing the number of vacancies flowing
into the via 110A by using the dummy via 110C, the via-to-
dummy via space is preferably 25 pm or less and is more
preferably 1 um or less. Then, the effect of making part of
vacancies which are to flow into the via 110A flow into the
dummy via 110C is ensured. The minimum via-to-dummy
via space can be set in accordance with the minimum isolation
width (e.g., 0.2 um) between interconnects or vias defined by
the design rule, for example. If the minimum isolation width
between interconnects is set substantially equal to the mini-
mum interconnect width, the minimum via-to-dummy via
space may be set in accordance with the minimum intercon-
nect width.

In the second embodiment, the number of dummy vias
110C provided for one via 110A is preferably as large as
possible. Specifically, it is preferable to provide dummy vias
110C as many as possible on a part of the second interconnect
111 where the dummy vias 110C do not affect circuit opera-
tion.

In addition, in the second embodiment, if the second inter-
connect 111 includes a wide interconnect portion having a
width of, for example, about 10 um and a narrow interconnect
portion having a width of, for example, about 0.20 um or less
and branching off from the wide interconnect portion and if
the via 110A (the via hole 106A) is connected to the narrow
interconnect portion, one or more dummy vias 110C (dummy
holes 106C) are preferably connected to the branch point
between the wide interconnect portion and the narrow inter-
connect portion or to part of the wide interconnect portion
near the branch point. Then, vacancies which are to enter the
narrow interconnect portion from the wide interconnect por-
tion and flow into the via 110A are effectively captured in the
dummy vias 110C. The dummy vias 110C are not necessarily
provided only at the branch point or its neighboring portions.
For example, if a dummy via 110C is located in part of the
narrow interconnect portion relatively near the wide intercon-
nect portion, most of vacancies which are to enter the via
110A are captured in the dummy via 110C before reaching
the via 110A. Accordingly, it is possible to prevent occur-
rence of a void in the via 110A. As a result, the number of
devices malfunctioning when held at high temperature is
further reduced.
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Embodiment 3

A Case where a Via and a Dummy Via are Provided
in the Same Layer (with a Smaller Dummy Via)

Hereinafter, an interconnection structure and a method for
forming the structure according to a third embodiment of the
present invention will be described with reference to the
drawings.

FIG. 8A is a cross-sectional view showing the interconnec-
tion structure of the third embodiment. FIG. 8B is a plan view
showing the multilevel interconnection structure shown in
FIG. 8A when viewed from above. In FIGS. 8A and 8B,
components already described in the first embodiment with
reference to FIGS. 1A through 1C and 2A through 2C are
denoted by the same reference numerals, and detailed
description thereof will be omitted.

As shown in FIGS. 8A and 8B, the third embodiment is
different from the first embodiment in the following ways.
Instead of the dummy hole 106B, a dummy hole 106D with a
diameter smaller than that of the dummy hole 106B is pro-
vided and a dummy via 110D is provided in the dummy hole
106D instead of the dummy via 110B. That is, in this embodi-
ment, the diameter of the dummy hole 106D (the dummy via
110D) is smaller that of a via hole 106A (a via 110A).

In this embodiment, the dummy via 110D is connected to a
second interconnect 111 near the via 110A.

As shown in FIG. 8A, neither a dummy interconnect 102B
nor the dummy via 110D constitutes a closed circuit in actual
use. In other words, even if the dummy via 110D is omitted in
the interconnection structure shown in FIG. 8A, a device with
this interconnection structure is operable at least immediately
after fabrication.

In addition, in this embodiment, the width of each of a first
interconnect 102A and the dummy interconnect 102B is
smaller than that of the second interconnect 111, as shown in
FIG. 8B. Specifically, the width of each of the first intercon-
nect 102A and the dummy interconnect 102B is, for example,
0.2 um, the diameter of the via 110A (the via hole 106A) is,
for example, 0.20 pm, the diameter of the dummy via 110D
(the dummy hole 106D) is, for example, 0.16 pum, and the
width of the second interconnect 111 is, for example, 10 um.
The space between the via 110A and the dummy via 110D,
more specifically, the space between the edge of the via 110A
toward the dummy via 110D and the edge of the dummy via
110D toward the via 110A is 0.24 pum, for example.

A method for forming the multilevel interconnection struc-
ture shown in FIG. 8A according to the third embodiment is
different from that of the first embodiment (shown in FIGS.
1A through 1C, 2A and 2B) only in that the dummy hole 106D
reaching the dummy interconnect 102B and having a diam-
eter smaller than that of the dummy hole 106B is formed
instead of the dummy hole 106B in the process step shown in
FIG. 1B. That is, the layout of a mask pattern for forming the
dummy hole only needs to be changed.

With the foregoing interconnection structure and the
method for forming the structure according to the third
embodiment, a highly-reliable multilevel interconnection
structure which hardly causes malfunction even when held at
high temperature is implemented. This is because of the fol-
lowing reasons. The dummy via 110D is provided on the
second interconnect 111 near the via 110A, so that vacancies
in a part of the conductive film (the Cu film 109) constituting
the second interconnect 111 are divided and respectively flow
into the via 110A and the dummy via 110D. That is, the
dummy via 110D reduces the number of vacancies flowing
into each via so that the stress gradient from the second
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interconnect 111 to the via 110A is reduced. Accordingly,
even when the interconnection structure is held at high tem-
perature, flowing of vacancies from the second interconnect
111 into the via 110A is suppressed. As a result, plastic
deformation of a part of the conductive film (the Cu film 109)
constituting the via 110A, i.e., occurrence of a void inside the
via hole 106A, is suppressed, so that a highly-reliable multi-
level interconnection structure which hardly causes malfunc-
tion even when held at high temperature is implemented.

In the third embodiment, the resultant multilevel intercon-
nection structure is more reliable than that obtained in the first
embodiment. This is because of the following reasons. In this
embodiment, the diameter of the dummy hole 106D (the
dummy via 110D) is smaller than that of the via hole 106 A
(the via 110A). In other words, the volume of the dummy via
110D is smaller than that of the via 110A. Accordingly, the
stress gradient between the second interconnect 111 and the
dummy via 110D is steeper than that between the second
interconnect 111 and the via 110A, so that flowing of vacan-
cies from the part of the conductive film (the Cu film 109)
constituting the second interconnect 111 into the dummy via
110D precedes that into the via 110A. This more effectively
suppresses plastic deformation of the part of the conductive
film (the Cu film 109) constituting the via 110A, i.e., occur-
rence of a void in the via hole 106 A. As a result, the resultant
multilevel interconnection structure is more reliable than that
obtained in the first embodiment.

In addition, in the third embodiment, the dummy intercon-
nect 102B is provided under the dummy via 110D (the
dummy hole 106D). Accordingly, the dummy hole 106D is
easily formed by etching the SiO, film 104 and the SiN film
103 with the dummy interconnect 102B used as an etching
stopper.

In the third embodiment, the space between the via 110A
and the dummy via 110D (i.e., the space between the via hole
106A and the dummy hole 106D: hereinafter referred to as a
via-to-dummy via space) is preferably as small as possible. To
obtain the effect of reducing the number of vacancies flowing
into the via 110A by using the dummy via 110D, the via-to-
dummy via space is preferably 25 pum or less and is more
preferably 1 um or less. Then, part of vacancies which are to
flow into the via 110A flow into the dummy via 110D. The
minimum via-to-dummy via space can be set in accordance
with the minimum isolation width (e.g., 0.2 pm) between
interconnects or vias defined by the design rule, for example.
If the minimum isolation width between interconnects is set
substantially equal to the minimum interconnect width, the
minimum via-to-dummy via space may be set in accordance
with the minimum interconnect width.

In the third embodiment, the number of dummy vias 110D
provided for one via 110A is preferably as large as possible.
Specifically, it is preferable to provide dummy vias 110D as
many as possible on a part of the second interconnect 111
where the dummy vias 110D do not affect circuit operation.

In addition, in the third embodiment, if the second inter-
connect 111 includes a wide interconnect portion having a
width of, for example, about 10 um and a narrow interconnect
portion having a width of, for example, about 0.20 um or less
and branching off from the wide interconnect portion and if
the via 110A (the via hole 106A) is connected to the narrow
interconnect portion, one or more dummy vias 110D (dummy
holes 106D) are preferably connected to the branch point
between the wide interconnect portion and the narrow inter-
connect portion or to part of the wide interconnect portion
near the branch point. Then, vacancies which are to enter the
narrow interconnect portion from the wide interconnect por-
tion and flow into the via 110A are effectively captured in the
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dummy via 110D. The dummy vias 110D are not necessarily
provided only at the branch point or its neighboring portions.
For example, if a dummy via 110D is located on the narrow
interconnect portion relatively near the wide interconnect
portion, most of vacancies which are to enter the via 110A are
captured in the dummy via 110D before reaching the via
110A. Accordingly, it is possible to prevent occurrence of a
void in the via 110A. As a result, the number of devices
malfunctioning when held at high temperature is further
reduced.

Moreover, in the third embodiment, instead of the dummy
interconnect 102B, the dummy via 110D (the dummy hole
106D) may be formed such that the bottom of the dummy via
110D is located in the insulating film 101. Then, the dummy
hole 106D is deeper than the via hole 106A. This makes the
stress gradient between the second interconnect 111 and the
dummy via 110D much steeper than that between the second
interconnect 111 and the via 110A as compared to the first
embodiment. Accordingly, flowing of vacancies from the part
of the conductive film (the Cu film 109) constituting the
second interconnect 111 into the dummy via 110D precedes
that into the via 110A. This more effectively suppresses plas-
tic deformation of the part of the conductive film (the Cu film
109) constituting the via 110A, i.e., occurrence of a void in
the via hole 106A. As a result, the reliability of the resultant
multilevel interconnection structure is further enhanced.

Embodiment 4

A Case where a Via and a Dummy Via are Provided
in the Same Layer (Where the Shape of a Dummy
Via is Changed)

Hereinafter, an interconnection structure and a method for
forming the structure according to a fourth embodiment of the
present invention will be described with reference to the
drawings.

FIG. 9A is a cross-sectional view showing the interconnec-
tion structure of the fourth embodiment. FIG. 9B is a plan
view showing the multilevel interconnection structure shown
in FIG. 9A when viewed from above. In FIGS. 9A and 9B,
components already described in the first embodiment with
reference to FIGS. 1A through 1C and 2A through 2C are
denoted by the same reference numerals, and detailed
description thereof will be omitted.

As shown in FIGS. 9A and 9B, the fourth embodiment is
different from the first embodiment in the following ways.
Instead of the dummy hole 106B, a dummy trench 106E
which has a shape different from that of the dummy hole
106B (i.e., the via hole 106A), more specifically, which is
longer than the via hole 106A in a plan view, is provided. In
addition, instead of the dummy via 110B, a dummy portion
110E is provided in the dummy trench 106E. The dummy
trench 106E (the dummy portion 110E) is rectangular, for
example, in the plan view. The length (i.e., the longer sides) of
the dummy portion 110E and the width (i.e., the shorter sides)
of a second interconnect 111 are provided along the same
direction in the plan view. The dummy portion 110E is con-
nected to the second interconnect 111 near a via 110A (the via
hole 106A). The dummy portion 110E is closer to the center
of the second interconnect 111 than the via 110A is. In other
words, the distance between the via 110A and the end of the
second interconnect 111 opposite the via 110A with respect
to the dummy portion 110E is longer than the distance
between the via 110A and the other end of the second inter-
connect 111, i.e., the end of the second interconnect 111
toward the via 110A.
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As shown in FIG. 9A, neither the dummy interconnect
102B nor the dummy portion 110E constitutes a closed circuit
in actual use. In other words, even if the dummy portion 110E
is omitted in the interconnection structure shown in FIG. 9A,
adevice with this interconnection structure is operable at least
immediately after fabrication.

In addition, in this embodiment, the width of each of a first
interconnect 102A and a dummy interconnect 102B is
smaller than that of the second interconnect 111, as shown in
FIG. 9B. Specifically, the width of each of the first intercon-
nect 102A and the dummy interconnect 102B is, for example,
0.2 pm, the diameter of the via 110A (the via hole 106A) is,
for example, 0.20 um, the length and width of the rectangular
dummy portion 110E (the dummy trench 106E) are, for
example, 0.8 pm and 0.20 um, respectively, and the width of
the second interconnect 111 is, for example, 10 um. The space
between the via 110A and the dummy portion 110E, more
specifically, the space between the edge of the via 110A
toward the dummy portion 110E and the edge of the dummy
portion 110E toward the via 110A is 0.2 um, for example.

A method for forming the multilevel interconnection struc-
ture shown in FIG. 9A according to the fourth embodiment is
different from that of the first embodiment (shown in FIGS.
1A through 1C, 2A and 2B) only in that the dummy trench
106E reaching the dummy interconnect 102B and having a
rectangular shape in a plan view is formed instead of the
dummy hole 106B in the process step shown in FIG. 1B. That
is, the layout of a mask pattern for forming the dummy hole
only needs to be changed.

With the foregoing interconnection structure and the
method for forming the structure according to the fourth
embodiment, a highly-reliable multilevel interconnection
structure which does not cause malfunction even when held at
high temperature is implemented. This is because of the fol-
lowing reasons. The dummy portion 110E is provided on the
second interconnect 111 near the via 110A, so that vacancies
in a part of a conductive film (a Cu film 109) constituting the
second interconnect 111 are divided and respectively flow
into the via 110A and the dummy portion 110E. That is, the
dummy portion 110E reduces the number of vacancies flow-
ing into each via so that the stress gradient from the second
interconnect 111 to the via 110A is reduced. Accordingly,
even when the interconnection structure is held at high tem-
perature, flowing of vacancies from the second interconnect
111 into the via 110A is suppressed. As a result, plastic
deformation of a part of the conductive film (the Cu film 109)
constituting the via 110A, i.e., occurrence of a void inside the
via hole 106A, is suppressed, so that a highly-reliable multi-
level interconnection structure which hardly causes malfunc-
tion even when held at high temperature is implemented.

In the fourth embodiment, the resultant multilevel inter-
connection structure is more reliable than that obtained in the
first embodiment. This is because of the following reasons. In
this embodiment, the dummy trench 106E (the dummy por-
tion 110E) is longer than the via hole 106A (the via 110A) in
aplan view and the length of the dummy portion 110E and the
width of the second interconnect 111 are provided along the
same direction in the plan view. Accordingly, vacancies
which are present in a part of the conductive film (the Cu film
109) constituting the second interconnect 111 opposite the
via 110A with respect to the dummy portion 110E flow into
the dummy portion 110E, so that it is possible to prevent these
vacancies from reaching the via 110A. This more effectively
suppresses plastic deformation of the part of the conductive
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film (the Cu film 109) constituting the via 110A, i.e., occur-
rence of a void in the via hole 106 A. As a result, the resultant
multilevel interconnection structure is more reliable than that
obtained in the first embodiment.

In addition, in the fourth embodiment, the dummy portion
110E is closer to the center of the second interconnect 111
than the via 110A is. In other words, the distance between the
via 110A and the end of the second interconnect 111 opposite
the via 110A with respect to the dummy portion 110E is
longer than the distance between the via 110A and the other
end of the second interconnect 111, i.e., the end of the second
interconnect 111 toward the via 110A. Accordingly, the fol-
lowing advantage is obtained. A first region in the second
interconnect 111 between the via 110A and the end of the
second interconnect 111 toward the dummy portion 110E is
larger than a second region in the second interconnect 111
between the other end thereof and the via 110A, so that the
first region contains a larger number of vacancies than the
second region. The dummy portion 110E is provided on this
first region in the second interconnect 111, and thus vacancies
more effectively flow into the dummy portion 110E. This
more effectively suppresses plastic deformation of the part of
the conductive film (the Cu film 109) constituting the via
110A, i.e., occurrence of a void in the via hole 106A. As a
result, the reliability of the resultant multilevel interconnec-
tion structure is further enhanced.

In addition, in the fourth embodiment, the dummy inter-
connect 102B is provided under the dummy portion 110E (the
dummy trench 106E). Accordingly, the dummy trench 106E
is easily formed by etching the SiO, film 104 and the SiN film
103 with the dummy interconnect 102B used as an etching
stopper.

In the fourth embodiment, the space between the via 110A
and the dummy portion 110E (i.e., the space between the via
hole 106A and the dummy trench 106E: hereinafter referred
to as a via-to-dummy via space) is preferably as small as
possible. To obtain the effect of reducing the number of
vacancies flowing into the via 110A by using the dummy
portion 110E, the via-to-dummy via space is preferably 25
UM or less and is more preferably 1 pm or less. Then, the
effect of making part of vacancies which are to flow into the
via 110A flow into the dummy portion 110E is ensured. The
minimum via-to-dummy via space can be set in accordance
with the minimum isolation width (e.g., 0.2 uM) between
interconnects or vias defined by the design rule, for example.
If the minimum isolation width between interconnects is set
substantially equal to the minimum interconnect width, the
minimum via-to-dummy via space may be set in accordance
with the minimum interconnect width.

In the fourth embodiment, the number of dummy portions
110E provided for one via 110A is preferably as large as
possible. Specifically, it is preferable to provide dummy por-
tions 110E as many as possible on a part of the second inter-
connect 111 where the dummy portions 110E do not affect
circuit operation.

In the fourth embodiment, the dummy interconnect 102B is
not necessarily provided, and the dummy portion 110E (the
dummy trench 106E) may be formed instead such that the
bottom thereof is located in the insulating film 101.

In the fourth embodiment, the planar shape of the via hole
106A (the via 110A) different from that of the dummy trench
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106E (the dummy portion 110F) is not limited specifically,
and may be a circle or a square, for example.

Modified Example of Embodiment 4

Hereinafter, an interconnection structure and a method for
forming the structure according to a modified example of the
fourth embodiment will be described with reference to the
drawings.

FIG. 10 is a plan view showing the interconnection struc-
ture according to the modified example of the fourth embodi-
ment.

As shown in FIG. 10, this modified example is different
from the fourth embodiment (see FIG. 9B) in the following
ways. First, the second interconnect 111 includes: a wide
interconnect portion 111a having a width of 10 um, for
example; and a narrow interconnect portion 1115 having a
width of 0.20 um, for example, and branching off from the
wide interconnect portion 111a. Second, the via 110A (the
via hole 106A) is connected to the narrow interconnect por-
tion 11154. Third, the dummy portion 110E (the dummy trench
106E) is connected to the wide interconnect portion 111a
near the branch point between the wide interconnect portion
111a and the narrow interconnect portion 11154. In a case
where the narrow interconnect portion 1115 extends from a
longer side of the wide interconnect portion 111« as in this
modified example, the length of the dummy portion 110E and
the length of the wide interconnect portion 111a are provided
along the same direction in the plan view, as shown in FIG. 10.

That is, the method for forming the interconnection struc-
ture according to this modified example is different from that
of the fourth embodiment in that in the process step shown in
FIG. 1B, the interconnect trench 107 divided into a first trench
with a relatively large width and a second trench with a
relatively small width is formed and the dummy trench 106E
is also formed near the branch point between the first trench
and the second trench.

In this modified example, not only the advantages obtained
by the fourth embodiment but also the following advantage is
obtained. Vacancies which are to enter the narrow intercon-
nect portion 1115 from the wide interconnect portion 111a
and flow into the via 110A are effectively captured in the
dummy portion 110E. As a result, the number of devices
malfunctioning when being held at high temperature is fur-
ther reduced.

In addition, the advantage of this modified example
obtained by using the dummy portion 110E (i.e., suppression
of malfunction after a device has been held at high tempera-
ture) is remarkable especially when the width of the narrow
interconnect portion 1115 is about 0.20 um or less, as in the
modified example of the first embodiment.

Embodiment 5

A Case where a Via and a Dummy Via are Provided
in Different Layers

Hereinafter, an interconnection structure and a method for
forming the structure according to a fitth embodiment of the
present invention will be described with reference to the
drawings.

FIG. 13B is a cross-sectional view showing the intercon-
nection structure of the fifth embodiment. FIG. 13C is a plan
view showing the multilevel interconnection structure shown
in FIG. 13B when viewed from above. In FIGS. 13B and 13C,
components already described in the first embodiment with
reference to FIGS. 1A through 1C and 2A through 2C or the
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second embodiment with reference to FIGS. 6 A through 6C
and 7A through 7C, for example, are denoted by the same
reference numerals, and detailed description thereof will be
omitted.

As shown in FIGS. 13B and 13C, a first interconnect 102A
is buried in an insulating film 101 formed on a semiconductor
substrate (not shown), and a SiN film 103, a SiO, film 104 and
an FSG film 105 are formed in this order over the insulating
film 101 and the first interconnect 102A. A via hole 106A is
formed through the SiO, film 104 and the SiN film 103 to
reach the first interconnect 102A. An interconnect trench 107
is formed through the FSG film 105 to reach the via hole
106A. A barrier film 108 and a Cu film 109 are buried in this
order in the via hole 106A and the interconnect trench 107,
thereby forming a via 100A and a second interconnect 111 in
the via hole 106A and the interconnect trench 107, respec-
tively.

A SiN film 112, a SiO, film 113 and an FSG film 114 are
formed over the FSG film 105 and the second interconnect
111. A dummy via hole (dummy hole) 115 is formed through
the FSG film 114, the SiO, film 113 and the SiN film 112 to
reach the second interconnect 111. A barrier film 116 anda Cu
film 117 are buried in this order in the dummy hole 115,
thereby forming a dummy via 118 in the dummy hole 115.
The dummy via 118 is connected to the second interconnect
111 near the via110A. A SiN film 119 is formed over the FSG
film 114 and the dummy via 118.

As described above, this embodiment is greatly different
from the first through fourth embodiments in that the dummy
hole 115 (the dummy via 118) is not provided under the
second interconnect 111 but is provided above the second
interconnect 111.

As shown in FIG. 13B, the dummy via 118 does not con-
stitute any closed circuit in actual use. In other words, even if
the dummy via 118 is omitted in the interconnection structure
shown in FIG. 13B, a device with this interconnection struc-
ture is operable at least immediately after fabrication.

In addition, as shown in FIG. 13C, in this embodiment, the
first interconnect 102A has a width smaller than that of the
second interconnect 111. Specifically, the width of the first
interconnect 102A is, for example, 0.2 um, the diameter of
each of the via 110A (the via hole 106 A) and the dummy via
118 (the dummy hole 115) is, for example, 0.20 um, and the
width of the second interconnect 111 is, for example, 10 pm.
The space between the via 110A and the dummy via 118,
more specifically, the space between the edge of the via110A
toward the dummy via 118 and the edge of the dummy via118
toward the via 110A is 0.2 pm, for example.

FIGS. 11A through 11C, 12A through 12C and 13A are
cross-sectional views showing respective process steps of a
method for forming the multilevel interconnection structure
shown in FIG. 13B according to the fifth embodiment.

First, as shown in FIG. 11A, an insulating film 101 is
formed on the surface of a semiconductor substrate (not
shown), and then a first interconnect 102A is formed in the
insulating film 101.

Next, as shown in FIG. 11B, a SiN film 103, a SiO, film 104
and a FSG film 105 are formed in this order over the insulating
film 101 and the first interconnect 102A by a plasma CVD
process, for example. Thereafter, lithography and dry etching
are alternately performed twice (i.e., lithography and dry
etching are each performed twice), thereby forming a via hole
106A in the SiO, film 104 and the SiN film 103 to reach the
first interconnect 102A and also forming an interconnect
trench 107 in the FSG film 105 to reach the via hole 106A.

Then, as shown in FIG. 11C, a barrier film 108 is deposited
by a PVD process, for example, to partly fill the via hole 106 A
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and the interconnect trench 107. Then, a Cu film 109 is
formed by a plating process, for example, on the barrier film
108 to completely fill the via hole 106 A and the interconnect
trench 107.

Thereafter, as shown in FIG. 12A, parts of the barrier film
108 and the Cu film 109 extending off the interconnect trench
107 are removed by a CMP process, for example. In this
manner, a second interconnect 111 is formed in the intercon-
nect trench 107. In addition, a via 110A is formed in the via
hole 106A to connect the first interconnect 102A and the
second interconnect 111 to each other.

Subsequently, as shown in FIG. 12B, a SiNfilm 112, a SiO,
film 113 and an FSG film 114 are formed in this order by, for
example, a plasma CVD process over the FSG film 105 and
the second interconnect 111. Thereafter, lithography and dry
etching are performed, and thereby a dummy hole 115 is
formed through the FSG film 114, the SiO, film 113 and the
SiN film 112 to reach the second interconnect 111.

Then, as shown in FIG. 12C, a barrier film 116 is formed
by, for example, a PVD process to partly fill the dummy hole
115. Thereafter, a Cu film 117 is formed by, for example, a
plating process on the barrier film 116 to completely fill the
dummy hole 115.

Subsequently, as shown in FIG. 13A, parts of the barrier
film 116 and the Cu film 117 extending off the dummy hole
115 are removed by, for example, a CMP process. In this
manner, a dummy via 118 connected to the second intercon-
nect 111 is formed in the dummy hole 115.

Lastly, a SiN film 119 is deposited over the FSG film 114
and the dummy via 118 (the Cu film 117), thus completing the
multilevel interconnection structure shown in FIG. 13B.

With the foregoing interconnection structure and the
method for forming the structure according to the fifth
embodiment, a highly-reliable multilevel interconnection
structure which does not cause malfunction even when held at
high temperature is implemented. This is because of the fol-
lowing reasons. The dummy via 118 is provided on the sec-
ond interconnect 111 near the via 110A, so that vacancies in
apart of the conductive film (the Cu film 109) constituting the
second interconnect 111 are divided and respectively
attracted to the via 110 A and the dummy via 118. Specifically,
in a portion of the second interconnect 111 connected to the
dummy via 118, tensile stress on a part of the Cu film 109
constituting the second interconnect 111 is lower than that on
its surrounding portions. Accordingly, vacancies inside the
Cu film 109 are attracted to the dummy via 118, so that even
when the interconnection structure is held at high tempera-
ture, flowing of vacancies from the second interconnect 111
into the via 110A is suppressed. As a result, plastic deforma-
tion of a part of the conductive film (the Cu film 109) consti-
tuting the via 110A, i.e., occurrence of a void inside the via
hole 106A, is suppressed, so that a highly-reliable multilevel
interconnection structure which does not cause malfunction
even when held at high temperature is implemented.

In the fifth embodiment, the space between the via 110A
and the dummy via 118 (i.e., the space between the via hole
106 A and the dummy hole 115: hereinafter referred to as a
via-to-dummy via space) is preferably as small as possible. To
obtain the effect of reducing the number of vacancies flowing
into the via 110A by using the dummy via 118, the via-to-
dummy via space is preferably 25 pm or less and is more
preferably 1 pm or less. The minimum via-to-dummy via
space can be set in accordance with the minimum isolation
width (e.g., 0.2 um) between interconnects or vias defined by
the design rule, for example. If the minimum isolation width
between interconnects is set substantially equal to the mini-
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mum interconnect width, the minimum via-to-dummy via
space may be set in accordance with the minimum intercon-
nect width.

In the fifth embodiment, the number of dummy vias 118
provided for one via 110A is preferably as large as possible.
Specifically, it is preferable to provide dummy vias 118 as
many as possible on a part of the second interconnect 111
where the dummy vias 118 do not affect circuit operation.

In the fifth embodiment, the top of the dummy via 118 is
located in the insulating films. Alternatively, the top of the
dummy via 118 may be connected to a dummy interconnect.
In such a structure, after a hole for forming the dummy via
118 has been formed by etching, etching for forming a
dummy interconnect trench is performed, thus ensuring
removal of residues of the insulating film remaining on the
bottom of the hole. Accordingly, connection of the dummy
via 118 to the second interconnect 111 is ensured, resulting in
that advantages of this embodiment are also obtained in this
case.

In the fifth embodiment, if the diameter of the dummy via
118 (the dummy hole 115) is smaller than that of the via 110A
(the via hole 106A), advantages similar to those of the third
embodiment are obtained.

In addition, in the fifth embodiment, if the dummy via 118
is rectangular in a plan view and the length of this dummy via
118 and the width of the second interconnect 111 are provided
along the same direction in the plan view, advantages similar
to those of the fourth embodiment are obtained. In such a
case, the dummy via 118 is preferably closer to the center of
the second interconnect 111 than the via 110A is. In other
words, if the distance between the via 110A and the end ofthe
second interconnect 111 opposite the via 110A with respect
to the dummy via 118 is longer than the distance between the
via 110A and the other end of the second interconnect 111,
i.e., the end of the second interconnect 111 toward the via
110A, the foregoing advantages become more remarkable. In
such a case, the planar shape of the via hole 106 A (the via
110A) is not specifically limited, and may be a circle or a
square, for example.

Embodiment 6
Insulating Slit 1

Hereinafter, an interconnection structure and a method for
forming the structure according to a sixth embodiment of the
present invention will be described with reference to the
drawings.

FIG. 15B is a cross-sectional view showing the intercon-
nection structure of the sixth embodiment. FIG. 15C is a plan
view showing the multilevel interconnection structure shown
in FIG. 15B when viewed from above. In FIGS. 15B and 15C,
components already described in the first embodiment with
reference to FIGS. 1A through 1C and 2A through 2C or the
second embodiment with reference to FIGS. 6A through 6C
and 7A through 7C, for example, are denoted by the same
reference numerals, and detailed description thereof will be
omitted.

As shown in FIGS. 15B and 15C, a first interconnect 102A
is buried in an insulating film 101 formed on a semiconductor
substrate (not shown), and a SiN film 103, a SiO, film 104 and
an FSG film 105 are formed in this order over the insulating
film 101 and the first interconnect 102A. A via hole 106A is
formed through the SiO, film 104 and the SiN film 103 to
reach the first interconnect 102A. An interconnect trench 107
is formed through the FSG film 105 to reach the via hole
106A. A barrier film 108 and a Cu film 109 are buried in this
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order in the via hole 106A and the interconnect trench 107,
thereby forming a via 110A and a second interconnect 111 in
the via hole 106 A and the interconnect trench 107, respec-
tively.

A characteristic of this embodiment is that a pair of insu-
lating slits 120 is provided in the second interconnect 111 to
sandwich a portion of the second interconnect 111 connected
to the via 110A (a portion of the second interconnect 111 on
the via 110A.) In this embodiment, the insulating slits 120 are
made of part of the FSG film 105 as an interlayer dielectric
film. A SiN film 112 is formed over the FSG film 105 includ-
ing the insulating slits 120 and the second interconnect 111.

As shown in FIG. 15C, in this embodiment, the first inter-
connect 102A has a width smaller than that of the second
interconnect 111. Specifically, the width of the first intercon-
nect 102A is, for example, 0.2 um, the diameter of the via
110A (the via hole 106A) is, for example, 0.20 um, and the
width of the second interconnect 111 is, for example, 10 um.
The shape of each of the insulating slits 120 is rectangular in
a plan view, and the length of each of the insulating slits 120
is greater than or equal to twice and less than or equal to four
times as large as the diameter of the via 110A in the plan view.
For example, the length and width of each of the insulating
slits 120 in the plan view is 0.4 um and 0.2 pum, respectively.
In this embodiment, a longer side of each of the insulating
slits 120 is in contact with the portion of the second intercon-
nect 111 connected to the via 110A.

FIGS. 14A through 14C and FIG. 15A are cross-sectional
views showing respective process steps of a method for form-
ing the multilevel interconnection structure shown in FIG.
15B according to the sixth embodiment.

First, as shown in FIG. 14A, an insulating film 101 is
formed on the surface of a semiconductor substrate (not
shown), and then a first interconnect 102A is formed in the
insulating film 101.

Next, as shown in FIG. 14B, a SiN film 103, a SiO, film 104
and a FSG film 105 are formed in this order over the insulating
film 101 and the first interconnect 102A by a plasma CVD
process, for example. Thereafter, lithography and dry etching
are alternately performed twice (i.e., lithography and dry
etching are each performed twice), thereby forming a via hole
106A in the SiO, film 104 and the SiN film 103 to reach the
first interconnect 102A and also forming an interconnect
trench 107 in contact with the via hole 106A in the FSG film
105. In this embodiment, in forming the interconnect trench
107, part of the FSG film 105 is left in the interconnect trench
107 to surround the viahole 106A, thereby forming insulating
slits 120. Specifically, in a lithography process for forming
the interconnect trench 107, a resist pattern covering not only
the part of the FSG film 105 except for a region where the
interconnect trench 107 is to be formed but also a part of the
FSG film 105 to be the insulating slits 120 is used. Then, the
FSG film 105 is etched using the resist pattern as a mask.

Then, as shown in FIG. 14C, a barrier film 108 is deposited
by aPVD process, for example, to partly fill the via hole 106 A
and the interconnect trench 107. Then, a Cu film 109 is
formed by a plating process, for example, on the barrier film
108 to completely fill the via hole 106 A and the interconnect
trench 107.

Thereafter, as shown in FIG. 15A, parts of the barrier film
108 and the Cu film 109 extending off the interconnect trench
107 are removed by a CMP process, for example. In this
manner, a second interconnect 111 is formed in the intercon-
nect trench 107. In addition, a via 110A is formed in the via
hole 106A to connect the first interconnect 102A and the
second interconnect 111 to each other.
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Lastly, a SiN film 112 is deposited over the FSG film 105
including the insulating slits 120 and the second interconnect
111 (the Cu film 109), thus completing the multilevel inter-
connection structure shown in FIG. 15B.

With the foregoing interconnection structure and the
method for forming the structure according to the sixth
embodiment, a highly-reliable multilevel interconnection
structure which hardly causes malfunction even when held at
high temperature is implemented. This is because of the fol-
lowing reasons. The insulating slits 120 are provided near a
portion of the second interconnect 111 connected to the via
110A. This portion of the second interconnect 111 will be
also referred to as a via-connected portion. Specifically, the
insulating slits 120 are provided in the second interconnect
111 to be in contact with the via-connected portion of the
second interconnect 111. Accordingly, tensile stress on a part
of'the second interconnect 111 near the via-connected portion
is lower than that on the other part of the second interconnect
111. The insulating slits 120 reduce the number of vacancies
flowing into each via, so that the stress gradient from the
second interconnect 111 to the via 110A is reduced, so that
even when the interconnection structure is held at high tem-
perature, flowing of vacancies from the second interconnect
111 into the via 110A is suppressed. In addition, the insulat-
ing slits 120 are made of a material different from that for the
conductive film (the Cu film 109) constituting the second
interconnect 111 and the via 110A, so that the insulating slits
120 act as barriers against movement of atoms or vacancies in
the conductive film. This prevents convection of atoms inside
the second interconnect 111 and the via 110A or accumula-
tion of vacancies on the bottom of the via 110A. As a result,
plastic deformation of a part of the conductive film (the Cu
film 109) constituting the via 110A, i.e., occurrence of a void
inside the via hole 106A, is suppressed, so that a highly-
reliable multilevel interconnection structure which hardly
causes malfunction even when held at high temperature is
implemented.

FIG. 16 is a graph for explaining effects of this embodi-
ment. In FIG. 16, the ordinate indicates “the number of
devices malfunctioning after being held at high temperature”
and the abscissa indicates “the presence of an insulating slit”.
The case of “with slit” corresponds to this embodiment and
the case of “without slit” corresponds to a conventional
example. As shown in FIG. 16, in the case of “with insulating
slit” in this embodiment, “the number of devices malfunc-
tioning when being held at high temperature” is reduced to
about one-eighth of that in the case of “without slit”. This is
because a slit made of an insulating film prevents a phenom-
enon in which atoms in a conductive film for interconnection
move and vacancies in the conductive film gather in a via.
Specifically, if a slit made of an insulating material different
from a material for an interconnect is present in an conductive
film for interconnection, this slit acts as a barrier against
movement of atoms in the conductive film and also sup-
presses formation of a void resulting from gathering of vacan-
cies from the conductive film in a via. Accordingly, in the case
of “with insulating slit” in this embodiment, the number of
devices malfunctioning when being held at high temperature”
is reduced.

In addition, in the sixth embodiment, each of the insulating
slits 120 is rectangular in a plan view. The length of each of
the insulating slits 120 is greater than or equal to twice and
less than or equal to four times as large as the diameter of the
via 110A in the plan view. A longer side of each of the
respective insulating slits 120 in the plan view is in contact
with a portion of the second interconnect 111 connected to the
via 110A. Accordingly, the foregoing advantages are ensured.
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In the sixth embodiment, the shape and the number of the
insulating slits 120 (the number of the insulating slits 120
provided for one via 110A) are not specifically limited.

In the sixth embodiment, part of the FSG film 105 is used
as the insulating slits 120. Alternatively, other insulating
materials may be used instead. The insulating slits 120 may
be replaced with slits made of another conductive material
different from a conductive material constituting the second
interconnect 111 and the via 110A.

Further, in the sixth embodiment, the insulating slits 120
are not necessarily in contact with the portion of the second
interconnect 111 connected to the via 110A. However, in a
case where the insulating slits 120 and the via-connected
portion of the second interconnect 111 are apart from each
other, the space between each of the insulating slits 120 and
the via-connected portion of the second interconnect 111, i.e.,
the space between each of the insulating slits 120 and the via
110A, is preferably 1 um or less in order to ensure the fore-
going advantages.

Furthermore, in the sixth embodiment, in a case where the
second interconnect 111 includes: a wide interconnect por-
tion having a width of about 10 um, for example; and a narrow
interconnect portion having a width of about 0.20 uM or less,
for example, and branching off from the wide interconnect
portion and if the via 110A (the via hole 106A) is connected
to the narrow interconnect portion, one or more insulating
slits 120 are preferably connected to the branch point between
the wide interconnect portion and the narrow interconnect
portion or a part of the wide interconnect portion near the
branch point. Then, vacancies which are to enter the narrow
interconnect portion from the wide interconnect portion and
flow into the via 110A are effectively captured in the insulat-
ing slits 120. As a result, the number of devices malfunction-
ing when being held at high temperature is further reduced.

Embodiment 7
Insulating Slit 2

Hereinafter, an interconnection structure and a method for
forming the structure according to a seventh embodiment of
the present invention will be described with reference to the
drawings.

FIG. 17A is a cross-sectional view showing the intercon-
nection structure of the seventh embodiment. FIG. 17B is a
plan view showing the multilevel interconnection structure
shown in FIG. 17A when viewed from above. In FIGS. 17A
and 17B, components already described in the first embodi-
ment with reference to FIGS. 1A through 1C and 2A through
2C or the sixth embodiment with reference to FIGS. 14A
through 14C and 15A through 15C, for example, are denoted
by the same reference numerals, and detailed description
thereof will be omitted.

As shown in FIGS. 17A and 17B, the seventh embodiment
is different from the sixth embodiment in the following ways.
Instead of the insulating slits 120 in contact with a portion of
the second interconnect 111 connected to the via 110A, an
insulating slit 121 longer than the insulating slits 120 is pro-
vided in the second interconnect 111 near the via-connected
portion of the second interconnect 111. In other words, the
insulating slit 121 of this embodiment is not in contact with
the via-connected portion of the second interconnect 111.
Specifically, the insulating slit 121 is rectangular, for
example, in a plan view and the length of the insulating slit
121 and the width of the second interconnect 111 are provided
along the same direction in the plan view. The insulating slit
121 is provided in the second interconnect 111 near a portion
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of'the second interconnect 111 connected to the via 110A (the
via hole 106A) and is closer to the center of the second
interconnect 111 than the via 110A is. In other words, the
distance between the via 110A and the end of the second
interconnect 111 opposite the via 110A with respect to the
insulating slit 121 is longer than the distance between the via
110A and the other end of the second interconnect 111, i.e.,
the end of the second interconnect 111 toward the via 110A.

As shown in FIG. 17B, in this embodiment, the first inter-
connect 102A has a width smaller than that of the second
interconnect 111. Specifically, the width of the first intercon-
nect 102A is, for example, 0.2 um, the diameter of the via
110A (the via hole 106A) is, for example, 0.20 um, and the
width of the second interconnect 111 is, for example, 10 pm.
The length of the insulating slit 121 is greater than or equal to
twice and less than or equal to ten times as large as the
diameter of the via 110A in a plan view. For example, the
length and width of the insulating slit 121 in the plan view is
0.8 um and 0.2 pum, respectively. The space between the via
110A and the insulating slit 121, more specifically, the space
between the edge of the via 110A toward the insulating slit
121 and the edge of the insulating slit 121 toward the via 110A
is 0.2 um, for example.

A method for forming the multilevel interconnection struc-
ture shown in FIG. 17A according to the seventh embodiment
is different from that of the sixth embodiment (see FIGS. 14A
through 14C, 15A and 15B) in the following ways. In the
process step shown in FIG. 14B, more specifically, in forming
the interconnect trench 107, part of the FSG film 105 is left in
the interconnect trench 107 to be slightly apart from the via
hole 106 A, thereby forming the insulating slit 121 longer than
the insulating slit 120, instead of the insulating slit 120. Spe-
cifically, in a lithography process for forming the interconnect
trench 107, the layout of a mask pattern for forming the
insulating silt only needs to be changed.

With the foregoing interconnection structure and the
method for forming the structure according to the seventh
embodiment, a highly-reliable multilevel interconnection
structure which does not cause malfunction even when held at
high temperature is implemented. This is because of the fol-
lowing reasons. The insulating slit 121 is provided near a
portion of the second interconnect 111 connected to the via
110A, so that tensile stress on a portion near the via-con-
nected portion of the second interconnect 111 is lower than
that on the other part of the second interconnect 111. The
insulating slit 121 reduces the number of vacancies flowing
into each via, so that the stress gradient from the second
interconnect 111 to the via 110A is reduced. Accordingly,
even when the interconnection structure is held at high tem-
perature, flowing of vacancies from the second interconnect
111 into the via 110A is suppressed. In addition, the insulat-
ing slit 121 is made of a material different from that for the
conductive film (the Cu film 109) constituting the second
interconnect 111 and the via 110A, so that the insulating slit
121 acts as a barrier against movement of atoms or vacancies
in the conductive film. This prevents convection of atoms
inside the second interconnect 111 and the via 110A or accu-
mulation of vacancies on the bottom of the via 110A. As a
result, plastic deformation of a part of the conductive film (the
Cu film 109) constituting the via 110A, i.e., occurrence of a
void inside the via hole 106 A, is suppressed, so that a highly-
reliable multilevel interconnection structure which hardly
causes malfunction even when held at high temperature is
implemented.

In the seventh embodiment, the reliability of the multilevel
interconnection structure is further enhanced because of the
following reasons. In this embodiment, the insulating slit 121
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is rectangular in a plan view and the length of the insulating
slit 121 and the width of the second interconnect 111 are
provided along the same direction in the plan view. The
insulating slit 121 is located near the portion of the second
interconnect 111 connected to the via 110A. Accordingly,
flowing of vacancies which are present in a part of the con-
ductive film (the Cu film 109) constituting the second inter-
connect 111 opposite the via 110A with respect to the insu-
lating slit 121 is blocked by the insulating slit 121, so that
these vacancies do not reach the via 110A. In addition, in this
embodiment, the insulating slit 121 is closer to the center of
the second interconnect 111 than the via 110A is. In other
words, a first region in the second interconnect 111 between
the via 110A and the end of the second interconnect 111
opposite the via 110A with respect to the insulating slit 121 is
larger than a second region in the second interconnect 111
between the via 110A and the other end of the second inter-
connect 111, i.e., the end of the second interconnect 111
toward the via 110A. Therefore, the first region contains a
larger number of vacancies than the second region. In addi-
tion, the insulating slit 121 is provided in this first region, so
that movement of vacancies is more effectively prevented.
This more effectively suppresses plastic deformation of the
part of the conductive film (the Cu film 109) constituting the
via 110A, i.e., occurrence of a void in the via hole 106 A. As
aresult, the reliability of the resultant multilevel interconnec-
tion structure is further enhanced.

In the seventh embodiment, the space between the via
110A (the via hole 106A) and the insulating slit 121 is pref-
erably as small as possible. To obtain the effect of reducing
the number of vacancies flowing into the via 110A by using
the insulating slit 121, this space is preferably 1 um or less.
The insulating slit 121 may be in contact with a portion of the
second interconnect 111 connected to the via 110A.

In the seventh embodiment, the shape and the number of
the insulating slit 121 (the number of insulating slits 121
provided for one via 110A) are not specifically limited.

In the seventh embodiment, part of the FSG film 105 is
used as the insulating slit 121. Alternatively, other insulating
materials may be used. The insulating slit 121 may be
replaced with a slit made of another conductive material
different from a conductive material constituting the second
interconnect 111 and the via 110A.

Moreover, in the seventh embodiment, if the second inter-
connect 111 includes a wide interconnect portion having a
width of, for example, about 10 pm and a narrow interconnect
portion having a width of, for example, about 0.20 um or less
and branching off from the wide interconnect portion and if
the via 110A (the via hole 106A) is connected to the narrow
interconnect portion, the insulating slit 121 is preferably con-
nected to the wide interconnect portion near the branch point
between the wide interconnect portion and the narrow inter-
connect portion. In such a case, if the narrow interconnect
portion extends from a longer side of the wide interconnect
portion, the length of the insulating slit 121 and the length of
the wide interconnect portion are provided along the same
direction in the plan view. Then, vacancies which are to enter
the narrow interconnect portion from the wide interconnect
portion and flow into the via 110A are effectively captured in
the insulating slit 121. As a result, the number of devices
malfunctioning when held at high temperature is further
reduced.

In the first through seventh embodiments, a SiO, film (e.g.,
the SiO, film 104) and an FSG film (e.g., the FSG film 105)
are used as interlayer dielectric films between interconnects.
However, the types of the interlayer dielectric films are not
specifically limited.
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In the first through seventh embodiments, a Cu film (e.g.,
the Cu film 109) is used as an interconnect material. However,
the type of the interconnect material is not specifically lim-
ited. A material for a barrier film (e.g., the barrier film 108) is

32
6. The method of claim 1, wherein each of the first and
second interconnects is connected to another element or an
external electrode.
7. The method of claim 1, wherein the first interconnect has

not specifically limited, either. 5 awidth smaller than that of the second interconnect.

In the first through seventh embodiments, a SiN film (e.g., 8. The method of claim 2, wherein the first dummy inter-
the SiN film 112) is formed as a protective film over a dama- connect has a width smaller than that of the second intercon-
scene interconnect (e.g., the first interconnect 102A or the nect.
second interconnect 111). However, this SiN film may not be 9. The method of claim 1, wherein the via and the dummy
formed. 10 via are substantially circular in a plan view.

The dummy vias and the insulating slits of the first through 10. The method of claim 1, wherein a planar shape of each
seventh embodiments may be, of course, combined in various of the via and the dummy via is substantially a square.
manners in order to achieve a technical idea of the present 11. The method of claim 1, wherein the first interconnect
Invention, “mpvement of vacancies ina conductive ﬁlm for an and the second interconnect extend in a same direction.
interconnect is suppressefi so that occurrence of a,}/o1d inthe 15 12 The method of claim 1, wherein the dummy via is
mts{&o?}“t} after dfgr mation thereof is prevented. provided on an extended line along which the first intercon-

at is claimed is:
nect extends.

.12 A rtrlllethtod forffabncatlng a semiconductor device com- 13. The method of claim 1, wherein the via and the dummy
pnsing the steps ol via are spaced at a distance of 25 um or less.

(a) forming a first interconnect on a semiconductor sub- 20 14. The method of claim 1, wherein a bottom of the du

trat Y
strate, via is located deeper than a bottom of the via.

(b) forming a first insulating film on the first interconnect; P . . .

Lo . . X 15. The method of claim 1, wherein the second intercon-

(c) forming in the first insulating film, a via hole connected - - - -

. O nect is comprised of a first interconnect portion and a second
to the first interconnect, a dummy hole which is arranged : - . P
. ; interconnect portion whose interconnect width is smaller than
so as to be incapable of having current flow there- 25 . . .
. . that of the first interconnect portion and which branches from
through, and an interconnect trench connected to the via . .
the first interconnect portion, and
hole and the dummy hole; and L . .
e . L . the via is connected to the second interconnect portion.

(d) depositing a conductive material in the via hole, the . . .

- 16. The method of claim 15, wherein the dummy via is
dummy hole and the interconnect trench, thereby form- f 4 at the branch point between the first and
ing a via, a dummy via and a second interconnect. 30 Szzrgf 1 i?lte?;orrl]flirct sz)a:llsc point between the nirst an

2. The method of claim 1, wherein in the step (a) a first 17. Th thod }; lai 1 5. wherein the d ..
dummy interconnect is simultaneously formed on the semi- b ) .eHme od o ]c aun 1’ wherein de ummy via 15
conductor substrate, and substantially rectangular in a plan view, and

in the step (c) the dummy hole is connected to the first a lgnger side of the dpmmy via ar}da longer side of the'ﬁrst

dummy interconnect. 15 interconnect portion are provided along a same direc-

3. The method of claim 1, wherein in the step (c) the tion. . . .
interconnect trench is comprised of a first interconnect trench 18. The method of claim 1, wherein the dummy via and the
portion and a second interconnect trench portion whose width second interconnect are mafie of the same conductive ﬁlm..
is smaller than that of the first interconnect trench portion and ) 19. The method of claim 1, wherein the dummy via
which branches from the first interconnect trench portion, and 40 mcludes' a first and second end, the first end connected to the

the via hole and the dummy hole are connected to the second interconnect and the second end surrounded by a

interconnect trench. second insulating film.

4. The method of claim 3, wherein in the step (c) the 20. The method of claim 1, wherein the dummy via
dummy hole is connected to the branch point between the first ~ includes a first and second end, the first end connected to the
and second interconnect trench portions or to the interconnect 45 second interconnect and the second end connected to a first

trench near the branch point.

5. The method of claim 1, wherein the first insulating film
has a multilayer structure including a SiN film and a SiO,
film.

dummy interconnect, the first dummy interconnect being sur-
rounded by a second insulating film.
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