
DESCRIPTION METHOD OF FABRICATING SEMICONDUCTOR DEVICE AND SEMICONDUCTOR
DEVICE  *G00002* Technical Field The present invention relates to a method
of  fabricating a semiconductor device, and particularly to a  method of
fabricating a semiconductor device, including a  step of forming a
connection hole. Background Art In recent years, to realize a higher degree
of  integration of a semiconductor device, there has been  used a
semiconductor device structure with no tolerance  in interconnection
between a connection hole and a  diffusion layer of a transistor connected
in the  connection hole and interconnection between the  connection hole
and an interconnection layer. To realize the above device structure, there
is  generally used a method of stacking insulating films to  each other as
an insulating film in which a connection  hole is to be formed, and forming
a connection hole by  



selectively etching one of the insulating films against 1 the other,
thereby preventing occurrence of an erroneous  short-circuit and a
withstand voltage failure between a  metal buried in the connection hole
and a conductive portion such as a gate electrode or a bit line.  As the
method of selectively etching one of  insulating films stacked to each
other, there has been  known a method of stacking a silicon oxide film and
a  silicon nitride film to each other, and forming a  connection hole under
an etching condition that the  silicon oxide film is selectively etched
against the  silicon nitride film. The above-described method of stacking
the silicon  oxide film and the silicon nitride film to each other and
forming a connection hole by selectively etching the silicon oxide film
against the silicon nitride film has a  problem that since the silicon
oxide film cannot be  etched with a high selection ratio against the
silicon  nitride film, the silicon nitride film is liable to be  etched
upon etching of the silicon oxide film, to cause  an erroneous
short-circuit and a withstand voltage  failure in a connection hole. As one
example, a method of forming a connection  



hole to a depth reaching a diffusion layer of a  transistor, will be
described below. 2 FIG. 5 is a schematic sectional view of a  semiconductor
device. The semiconductor device shown in FIG. 5 includes a  stacked
structure formed on a silicon substrate 11. The  stacked structure includes
a device-isolation film 12 for  preventing an electric parasitic effect
between devices,  a gate insulating film 13 for a transistor, a gate
electrode 14 for the transistor, a silicon nitride film  15a as an etching
resist for the gate electrode 14, a  silicon nitride film 15b as a side
wall of the gate  electrode 14, a diffusion layer 17 for the transistor, a
cobalt silicide 18 formed on the diffusion layer 17, a  silicon oxide film
19 formed on the upper side transistor,  a pattern resist 110 for a
connection hole, and a  connection hole 111 formed to a depth reaching the
cobalt  silicide 18. The connection hole 111 is formed by selectively,
anisotropically etching the silicon oxide film 19 against  the side wall
composed of the silicon nitride film 15b  with the use of the pattern
resist 110. However, in this  case, since the silicon oxide film 19 cannot
be etched  



with a high selection ratio against the silicon nitride  film 15b, the
silicon nitride film 15b is etched. As a  result, the film thickness of the
silicon nitride film 3 15b as an insulating film between the connection
hole 111  and the gate electrode 14 becomes thin, to cause an  erroneous
short-circuit and a withstand voltage failure. As another example, a method
of fabricating multi- layer interconnections using a Damascene process,
will be  described below. FIG. 6 is a schematic sectional view showing an
interconnection portion of a Damascene structure. The semiconductor device
shown in FIG. 6 includes a  silicon oxide film 31, a silicon oxide film 32
for  isolating copper interconnections from each other, a  copper
interconnection 33 formed by a Damascene process,  a silicon nitride film
39 functioning as both a copper  diffusion preventing layer and an etching
stopper layer,  an upper side silicon oxide film 35, a pattern resist 36
for a connection hole pattern, and a connection hole 37. The connection
hole 37 shown in FIG. 6 is formed by  selectively, anisotropically etching
the silicon oxide  film 35 against the silicon nitride film 39 with the use
of the pattern resist 36 and then etching the silicon  



nitride film 39. However, in this case, since the silicon  nitride film 35
cannot be etched with a high selection  ratio against the silicon nitride
film 39, the silicon  oxide film 32 in which the copper interconnection 33
has 4 been formed is etched, to form a cavity 38 adjacently to  the copper
interconnection 33, thereby causing a failure  that the connection hole 37
is sufficiently buried with a  metal, that is, the cavity 38 adjacent to
the copper interconnection 33 is not buried with a metal. In this way, in
the method of stacking the silicon  oxide film and the silicon nitride film
to each other,  and forming a connection hole by selectively etching the
silicon oxide film, it fails to sufficiently ensure the  selection ratio of
the silicon oxide film against the  silicon nitride film. Therefore, there
is a possibility  that the silicon nitride film be etched upon etching of
the silicon oxide film. As a result, there arise problems  associated with
occurrence of an erroneous short-circuit  and a withstand voltage failure
in a connection hole, and  also occurrence of a failure in burying a
connection hole  with a metal upon formation of an interconnection. In view
of the foregoing, the present invention has  been made, and an object of
the present invention is to  



provide a method of fabricating a semiconductor device,  which is capable
of preventing occurrence of an erroneous  short-circuit and a withstand
voltage failure in a  connection hole. Another object of the present
invention is to 5 provide a method of fabricating a semiconductor device,
which is capable of preventing occurrence of a failure in  burying a
connection hole with a metal upon formation of  an interconnection.
Disclosure of Invention According to the present invention, there is
provided a method of fabricating a semiconductor device,  including a step
of forming a connection hole by etching  a silicon oxide film, the method
including the steps of:  forming a conductor on a silicon substrate;
forming a  silicon carbo-nitride film on the silicon substrate and  the
conductor; forming a side wall by etching the silicon  carbo-nitride film;
forming a silicon oxide film; and  forming a connection hole by etching the
silicon oxide  film with the silicon carbo-nitride film used as an  etching
stopper layer. With this configuration, a silicon carbo-nitride  film is
formed as a side wall on a conductor such as a  



gate electrode or a bit line and is used as an etching  stopper layer.
Accordingly, at the time of forming a  silicon oxide film on the silicon
carbo-nitride film and  forming a connection hole by etching the silicon
oxide  film, the silicon carbo-nitride film is sufficiently 6 remains. As a
result, it is possible to prevent  occurrence of an erroneous short-circuit
and a withstand  voltage failure due to the lack of film thickness of the
side wall. According to the present invention, there is also  provided a
method of fabricating a semiconductor device,  including a step of forming
a connection hole by etching  a silicon oxide film, the method including
the steps of:  forming a groove in an insulating film and forming a copper
interconnection in the groove; forming a silicon  carbo-nitride film on the
insulating film and the copper  interconnection; forming a silicon oxide
film on the silicon carbo-nitride film; and forming a connection hole  by
etching the silicon oxide film with the silicon carbo- nitride film used as
an etching stopper layer. With this configuration, a groove is formed in an
insulating film and a copper interconnection is formed in  the groove, and
then a silicon carbo-nitride film is  



formed as an etching stopper film on the insulating film  and the copper
interconnection. Accordingly, at the time  of forming a silicon oxide film
on the silicon carbo- nitride film and forming a connection hole by etching
the  silicon oxide film, the silicon carbo-nitride film  sufficiently
remains. As a result, the etching does not 7 proceed up to the insulating
film in which the copper  interconnection has been formed, to thereby
prevent  occurrence of a failure at the time of burying the  connection
hole with a metal. Brief Description of Drawings FIG. 1 is a flow chart
schematically showing a  process of forming a connection hole according to
the  mode for carrying out the invention; FIGS. 2A to 2D are schematic
sectional views of a  semiconductor according to one embodiment to which
the  mode for carrying out the invention is applied; FIG. 3 is a schematic
view of a semiconductor  device in a process of fabricating a DRAM
according to  another embodiment to which the mode for carrying out the
invention is applied; FIGS. 4A to 4C are schematic sectional views  showing
an interconnection portion of a Damascene  



structure according to a further embodiment to which the  mode for carrying
out the invention is applied: FIG. 5 is a schematic sectional view of a
semiconductor device; and FIG. 6 is a schematic sectional view showing an
interconnection portion of a Damascene structure. 8 Best Mode For Carrying
Out the Invention  Hereinafter, the mode for carrying out the invention
will be described with reference to the  drawings. FIG. 1 is a flow chart
schematically showing a  process of forming a connection hole according to
the  mode for carrying out the invention. A silicon carbo-nitride film is
formed on a  conductor or an interconnection of a Damascene structure
formed on a silicon substrate (Si), the silicon carbo- nitride film is
taken as a side wall or an interlayer  insulating film (S2), a silicon
oxide film is formed on  the upper side silicon carbo-nitride film (S3),
the upper  side silicon oxide film is etched using the lower side  silicon
carbo-nitride film as an etching stopper layer  (S4), and a connection hole
is formed (S5). One embodiment, to which the mode for carrying out  



the invention is applied to a method of connecting a  connection hole to a
depth reaching a diffusion layer of  a transistor, will be described below.
FIGS. 2A to 2D are schematic sectional views of a  semiconductor device,
wherein FIG. 2A shows a step of  forming a silicon carbo-nitride film, FIG.
2B shows a 9 step of etching the silicon carbo-nitride film, FIG. 2C  shows
a step of forming a silicon oxide film and then  forming a connection hole
pattern, and FIG. 2D shows a  step of forming a connection hole. The
semiconductor device shown in FIGS. 2A to 2D  includes a stacked structure
formed on a silicon  substrate 11. The stacked structure includes a device-
isolation film 12 for preventing an electric parasitic  effect between
devices, a gate insulating film 13 for a  transistor, a gate electrode 14
for the transistor, a  silicon nitride film 15 as an etching resist of the
gate  electrode 14, a silicon carbo-nitride film 16 as a side  wall of the
gate electrode 14, a diffusion layer 17 for  the upper side transistor, a
cobalt silicide 18 formed on  the diffusion layer 17, a silicon oxide film
19 formed on  the transistor, a pattern resist 110 for a connection  hole,
and a connection hole ill formed to a depth  



reaching the cobalt silicide 18. In the step shown in FIG. 2A, a device
isolation  film 12 is formed on a silicon substrate 11; a gate for a
transistor, composed of a gate insulating film 13, a gate  electrode 14,
and a silicon nitride film 15, is formed;  and a silicon carbo-nitride film
16 is formed. The formation of the silicon carbo-nitride film 16 10 is
performed by forming a silicon nitride film using N2,  NH3, and SiC12H2 by
a low pressure CVD (LP-CVD) process,  and implanting carbon in the silicon
nitride film by an  ion-implantation process, to thereby form the silicon
carbo-nitride film 16. Alternatively, the silicon carbo- nitride film 16
may be directly formed by a CVD process. In the step shown in FIG. 2B, the
silicon carbo- nitride film 16 is anisotropically etched in such a  manner
as to form a side wall structure in which the  silicon carbo-nitride film
16 remains only on a side wall of the gate electrode 14. The silicon
carbo-nitride film  16 may be anisotropically etched in such a manner as to
form a structure in which the silicon carbo-nitride film  16 remains on a
side wall of the gate electrode 14 and on  the device-isolation film 12.
Even with this structure,  the same effect can be obtained. 



In the step shown in FIG. 2C, a diffusion layer 17  and a cobalt silicide
18 are formed, and a silicon oxide  film 19 is formed thereon. The silicon
oxide film 19 is  then planarized by a CMP (Chemical-Mechanical Polishing)
process, and a pattern of a connection hole ill is formed  on the silicon
oxide film 19 using a pattern resist 110  by photolithography. In the step
shown in FIG. 2D, the silicon oxide 11 film 19 is anisotropically etched
using the pattern  resist 110 as a mask to a depth reaching the cobalt
silicide 18, to form a connection hole 111. In the formation of the
connection hole 111, the  etching of the silicon oxide film 19 using the
pattern  resist 110 as a mask may be performed by a magnetron  reactive ion
etching using C5F8, 02, and Ar gases. In this case, over-etching is
required to  compensate for a variation in film thickness of the  silicon
oxide film 19 and a variation in etching. However,  since the silicon oxide
film 19 is etched at a high  selection ratio against the silicon
carbo-nitride film 16,  the silicon carbo-nitride film 16 is little etched.
As a  result, the silicon carbo-nitride film 16 forming the side wall
sufficiently remains upon etching of the  



silicon oxide film 19. Therefore, the silicon oxide film  19 can be
over-etched without occurrence of the lack of  film thickness of the
silicon carbo-nitride film 16 as  the insulating film between the
connection hole 111 and  the gate electrode 14, thereby preventing
occurrence of  an erroneous short-circuit and a withstand voltage  failure
due to the lack of the film thickness of the  silicon carbo-nitride film
16. In the above description, the silicon nitride film 12 15 can be
replaced with the silicon carbo-nitride film 16,  and in this case, if the
connection hole 111 is present  over the gate electrode 14, since the
silicon oxide film  19 can be etched without occurrence of the lack of film
thickness of the silicon carbo-nitride film 16, it is  possible to prevent
occurrence of an erroneous short- circuit and a withstand voltage failure
between the  connection hole 111 and the gate electrode 14. Another
embodiment, in which the mode for carrying  out the invention is applied to
a fabrication of a DRAM  (Dynamic Random Access Memory), will be described
below.  FIG. 3 is a schematic sectional view of a semiconductor device in a
process of fabricating a DRAM.  The semiconductor device shown in FIG. 3
includes a  



stacked structure formed on a silicon substrate 21. The  stacked structure
includes a diffusion layer 22, a  silicon oxide film 23 as an insulating
film between the  diffusion layer 22 and a bit line, a bit line 24, a
silicon nitride film 25 as an etching resist for the bit  line 24, a
silicon carbo-nitride film 26 as a side wall  of the bit line 24, a silicon
oxide film 27 formed on the  bit line 24, a pattern resist 28 for a
connection hole,  and a connection hole 29 and a connection hole 210 for
connecting the diffusion layer 22 to a capacitor to be 13 formed on the bit
line 24. In the formation of the connection holes 29 and 210  for
connecting the diffusion layer 22 on the silicon  substrate 21 to the
capacitor required for a structure  provided with the capacitor on the bit
line 24, since the  side wall composed of the silicon carbo-nitride film 26
is formed around the bit line 24, it is possible to  prevent occurrence of
an erroneous short-circuit and a  withstand voltage failure between the
connection holes 29  and 210 and the bit line 24. As described above, since
the side walls of the  gate electrode 14 and the bit line 24 are formed by
the  silicon carbo-nitride films 16 and 26 respectively, the  



silicon oxide films 19, 23, and 27 for forming the  connection holes 111,
29, and 210 respectively can be  etched without occurrence of the lack of
film thickness  of the silicon carbo-nitride films 16 and 26 as the side
walls, thereby preventing occurrence of erroneous short- circuits and
withstand voltage failures due to the lack  of the film thickness of the
silicon carbo-nitride films  16 and 26. A further embodiment, in which the
mode for  carrying out the invention is applied to a method of  fabrication
of multi-layer interconnections using a 14 Damascene process, will be
described below. FIGS. 4A to 4C are schematic sectional views of an
interconnection portion of a Damascene structure, wherein  FIG. 4A shows a
step of forming a silicon carbo-nitride  film on a copper interconnection,
FIG. 4B shows a step of  forming a silicon oxide film and then forming a
connection hole pattern, and FIG. 4C shows a step of  forming a connection
hole. The semiconductor device shown in FIGS. 4A to 4C  includes a silicon
oxide film 31, a silicon oxide film 32  for isolating copper
interconnections from each other, a  copper interconnection 33 having a
Damascene structure, a  



silicon carbo-nitride film 34 as both a copper diffusion  preventing layer
and an etching stopper layer, a silicon  oxide film 35 on the upper side
silicon carbo-nitride  film 34, a pattern resist 36 for a connection hole
pattern, and a connection hole 37. In the step shown in FIG. 4A, a silicon
oxide film  32 is formed on an underlying silicon oxide film 31 and a
copper interconnection 33 is formed by the Damascene  process, and then a
silicon carbo-nitride film 34 is  formed. The formation of the silicon
carbo-nitride film  34 is performed by using N2, NH3, and SiH(CH3)3 gases
by a  plasma CVD process. The silicon carbo-nitride film 34 may 15 be
formed by forming a silicon nitride film using N2, NH3,  and SiC12H2 by a
low pressure CVD (LP-CVD) process, and  carbon is implanted in the silicon
nitride film by an  ion- implantation process. Alternatively, the silicon
carbo-nitride film 34 may be directly formed by a CVD  process. The silicon
carbo-nitride film 34 functions not  only as an etching stopper layer but
also as a diffusion  preventing layer for preventing a withstand voltage
failure due to diffusion of copper from the copper  interconnection 33 into
a silicon oxide film 35. 



In the step shown in FIG. 4B, a silicon oxide film  35 is formed on the
upper side silicon carbo-nitride film  34, and a pattern of a connection
hole 37 is formed using  a pattern resist 36 by photolithography. In the
step shown in FIG. 4C, the silicon oxide  film 35 is anisotropically etched
using the pattern  resist 36 to a depth reaching the silicon carbo-nitride
film 34. Over-etching is required to compensate for a  variation in film
thickness of the silicon oxide film 35  and a variation in etching of the
silicon oxide film 35.  However, since the silicon carbo-nitride film 34 is
less  etched, the etching does not proceed up to the silicon  oxide film
32, thereby preventing occurrence of a failure 16 at the time of burying a
connection hole 37 with a metal.  The silicon carbo-nitride film 34 is then
etched, to form a connection hole 37. The etching of the silicon
carbo-nitride film 34 is typically performed by using CHF3,  02, and Ar
gases by a magnetron reactive ion etching  process. As described above, in
fabrication of multi-layer  interconnections by the Damascene process,
after the  copper interconnection 33 of the Damascene structure is  formed,
the silicon carbo-nitride film 34 is formed. The  



silicon carbo-nitride film 34 functions as the etching  stopper layer upon
formation of the connection hole 37.  Consequently, upon etching of the
silicon oxide film 35,  the etching does not proceed up to the silicon
oxide film  32. This is advantageous in preventing occurrence of a  failure
at the time of burying the connection hole 37  with a metal. The silicon
carbo-nitride film 34 also  functions as a diffusion preventing layer for
preventing  occurrence of a withstand voltage failure due to  diffusion of
copper in the silicon oxide film 35. The silicon carbo-nitride film 34 may
be used as an  interlayer insulating film. Additionally, in formation of a
multi-layer  interconnection structure using the Damascene process, 17 all
of interconnection layers may be formed by the silicon carbo-nitride films
34. In this case, a  connection hole can be accurately formed in each
interconnection layer. As described above, according to the present
invention, since a side wall is formed by a silicon  carbo-nitride film and
a connection hole is formed using the silicon carbo-nitride film as an
etching stopper  layer, it is possible to form the connection hole without



the lack of film thickness of the side wall, and hence to  prevent
occurrence of an erroneous short-circuit and a  withstand voltage failure
between the connection hole and  a gate electrode or an interconnection.
Also, since an insulating film in which an  interconnection of a Damascene
structure has been formed  is formed and a silicon carbo-nitride film is
formed  thereon and then a connection hole is formed using the  silicon
carbo-nitride film as an etching stopper layer,  it is possible to prevent
occurrence of a failure at the  time of burying the connection hole with a
metal. The  silicon carbo-nitride film can be used as a diffusion
preventing layer for preventing diffusion of copper from  the copper
interconnection. As a result, according to the present invention, it 18 is
possible to enhance the degree of integration of a  semiconductor device
and hence to fabricate a  semiconductor device with a high quality and a
high  reliability. 19 CLAIMS: 1. A method of fabricating a semiconductor
device,  including a step of forming a connection hole by etching  



a silicon oxide film, said method comprising the steps of : forming a
conductor on a silicon substrate;  forming a silicon carbo-nitride film on
said silicon substrate and said conductor; forming a side wall by etching
said silicon carbo- nitride film; forming a silicon oxide film; and forming
a connection hole by etching said silicon  oxide film with said silicon
carbo-nitride film used as  an etching stopper layer. 2. A method of
fabricating a semiconductor device  according to claim 1, wherein said
conductor is a gate  electrode. 3. A method of fabricating a semiconductor
device  according to claim 1, wherein said conductor is a bit  line. 4. A
semiconductor device fabricated by said  method of fabricating a
semiconductor device according to  claim 1. 5. A method of fabricating a
semiconductor device, 20 including a step of forming a connection hole by
etching  a silicon oxide film, said method comprising the steps  



of: forming a groove in an insulating film and forming  a copper
interconnection in said groove; forming a silicon carbo-nitride film on
said  insulating film and said copper interconnection; forming a silicon
oxide film on said silicon carbo- nitride film; and forming a connection
hole by etching said silicon  oxide film with said silicon carbo-nitride
film used as  an etching stopper layer. 6. A method of fabricating a
semiconductor device  according to claim 5, wherein said silicon
carbo-nitride  film functions as a diffusion preventing layer for
preventing diffusion of copper from said copper  interconnection. 7. A
method of fabricating a semiconductor device  according to claim 5, wherein
said silicon carbo-nitride  film functions as an interlayer insulating
layer. 8. A semiconductor device fabricated by said  method of fabricating
a semiconductor device according to  claim 5. 21 


