DESCRI PTI ON. METHOD OF FABRI CATI NG SEM CONDUCTOR DEVI CE AND SEM CONDUCTOR
DEVI CE *@00002* Technical Field The present invention r met hod
of fabricating a sem conductor device, and particularlﬂﬂﬂﬂ“ﬁﬂ d of
fabricating a sem conductor device, including a step o

" connection hole. Background Art In recent years, to realize*#M gher degree
of integration of a sem conductor device, there has been wused a

.sem conductor device structure with no tolerance in interconnection

bet ween a connection hole and a diffusion |layer of a tqmmmmﬁﬂmMW®NWnected
in the 'connection hole and interconnection between the hol e
and an interconnection |ayer. To DESGRIPRIN ghove devi ce skewmwioure, there
is generally used a nmethod of stacking insulating filnms to each other as
an insulating filmin which a connection hole is to be fornmed, and form ng
a connection hole by

METHOD OF FABRICATING SEMICONDUCTOR DEVICE

AND SEMICONDUCTOR DEVICE

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




sel ectively etching one of the insulating filns against 1 the other,

t hereby preventing occurrence of an erroneous short-circuit and a

wi t hstand voltage failure between a netal buried in the connection hole
and a conductive portion such as a gate electrode or a bit line. As the
met hod of selectively etching one of insulating filns stacked to each

ot her, there has been known a nethod of stacking a silicon oxide film and
.a -silicon nitride filmto each other, and form ng a connection hol e under
an etching condition that the silicon oxide filmis selectively etched
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oxide filmcannot be, etched with a high selection ratio agELnst t he
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upon etching of the silicon oxide fiIgL tQ cause _an erroneous

short - ci r cuPPrhAENaSWFRh3BaRdIRbEt 84BCLFRAPUPE RnPAtcomRECti on hole. As one

exanpl e, a nmethod of form ng a connection )
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.



hole to a depth reaching a diffusion layer of a transistor, wll be
described below. 2 FIG 5 is a schematic sectional view of a semni conductor
devi ce. The sem conductor device shown in FIG 5 includes a stacked
Structure fornmed on a silicon substrate 11. The stacked structure includes
a device-isolation film12 for preventing an electric parasitic effect

bet ween devices, a gate insulating film213 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

wal | of the gate ﬁgctggldseal s LUSLON LAYl Jiofose e transistor, a
rne )

cobalt silicide 1 ot th u3|on ayer i con oxide film
19 formed on the uage ge transistor, a pattern reS|st 110 for a
connecti on FGM&SCR R¥&EEion hole 111 formed to a depth reaching the
cobalt silicide 18. The connection
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conposed of the silicon n|tr|de film 15b th the use of the ttern
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be etched
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. 2As a

result, the film thickness of the silicon nitride film



wi.th a high selection ratio against the silicon nitride film 15b, the
silicon nitride film15b is etched. As a result, the fil mthickness of the
silicon nitride film3 15b as an insulating filmbetween the connection
hole 111 and the gate el ectrode 14 becones thin, to cause an erroneous
“short-circuit and a wthstand voltage failure. As another exanple, a nethod
of fabricating nulti- layer interconnections using a Damascene process,
-wil1 be described below. FIG 6 is a schematic sectional view showi ng an

i nterconnection portion of a Damascene structure. The sem conductor device

shown in Fl GepS Lnahudas,dacthtl E90n0Kbdfebh! thileofnsbtibANGYEdghi I M 32
for™ isolating copper “i'nterconrections fromeach other, a copper

i nterconnectiagn, 33 forned,by, a cene _process silicaon_pnitride film
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of the pattern resist 36 and then etching the silicon _
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
gilicon 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



nitride film39. However, in this case, since the silicon nitride film35
cannot be etched with a high selection ratio against the silicon nitride
film39, the silicon oxide film32 in which the copper interconnection 33
has 4 been forned is etched, to forma cavity 38 adjacently to the copper

- interconnection 33, thereby causing a failure that the connection hole 37
is sufficiently buried with a netal, that is, the cavity 38 adjacent to
.the copper interconnection 33 is not buried with a nmetal. In this way, in
the nethod of stacking the silicon oxide filmand the silicon nitride film

to each other, nd formn t] hole b ti,vel hj th
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the silicon oxide film As a result, there arise, probl ens gasociated W th
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in a connection hole, and also occurrence of a failure in burying a
connect i on hefel, wrhataiget Bheupaityr Alt pdnasenbntPntBec6ARREEIi on. I n vi ew
of the foregoing, the present invention has been made, and an object of

t he presentinheeatnpactiono33 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 connéction 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




provi de a nethod of fabricating a sem conductor 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
ifnvention is to 5 provide a nethod of fabricating a sem conductor device,
“which is capabl e of preventing occurrence of a failure in burying a
connection hole with a netal upon formation of an interconnection.

-Di scl osure of Invention According to the present invention, there is

provi ded a nmethod of fabricating a sem conductor device, including a step
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stopper layer. Wth this configuration, a silicon carbo-nitride filmis
forned as a2Bi get@urPnBACKIEBnduct or such as a

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 f£ilm and
forming a connection hole by etching the silicon oxide

film, the silicon carbo-nitride film is sufficiently



gate electrode or a bit line and is used as an etching stopper |ayer.
Accordingly, at the time of forming a silicon oxide filmon the silicon
carbo-nitride filmand form ng a connection hole by etching the silicon
‘oxide film the silicon carbo-nitride filmis 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 filmthickness of the

.side wall. According to the present invention, there is also provided a
met hod of fabricating a sem conductor device, including a step of form ng
a connection hole by etchin sidJco ' fll hod i ncl udi ng
thé steps of ™+BPmi gy & g’f%so‘{/lgt i nlﬂanléiqrpggl%%[eﬂ)lnég "IFI% Iﬁnﬁnﬁf] ormng a copper
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et chi ng t heveitergeniakinger dne Pt Rhensack P oﬁglﬁrB€3c PEPPARTf Fih used as

an etching stopper |ayer. Wth this configuration, a groove is fornmed in an
i nsul ating #iflemn walila copper interconnection is formed in the groove, and

then a silicon carbo-nitride filmis , ,
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



formed as an etching stopper filmon the insulating film and the copper

i nt érconnection. Accordingly, at the tinme of forming a silicon oxide film
on the silicon carbo- nitride filmand form ng 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
filmin which the copper interconnection has been forned, to thereby
.prevent occurrence of a failure at the time of burying the connection
hole with a netal. Brief Description of Drawings FIG 1 is a flow chart

schematically showi ng a E ocess of torn%ng a,con ec%igg hal e gccording to
the node fBECESFAYPRGEBUFPENEPRVBREPENELEIGE” VAT “ar8P8chiemati ¢
sectional views of a semi conductor accorgin t o. one _enbodi mept to which
the node fontexFPypnAgtagn hRE PRGBnfPEMEHs ngFP@H?bEIEFegeP a schematic
view of a sem conductor device in a process of fapricating a DRAM
accor di ng t occunsehee efbadfpdhureoafhtbn Fh@enﬁﬁebPBVleargp?ng out the
invention is applied; FIGS. 4A to 4C are schematic sectional views show ng
an int er connenheohipor hpde with Bamataéne

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.



structdre according to a further enbodi ment to which the

node for carrying

out the invention is applied: FIG 5 is a schematic sectional view of a

sem conductor device; and FIG 6 is a schematic sectional

vi ew showi ng an

‘interconnection portion of a Danascene structure. 8 Best Mdde For Carrying

" Qut the Invention Hereinafter, the node for carrying out
w Il be described with reference to the drawings. FIG 1

the i nvention
is a flow chart

.schematically showing a process of form ng a connection hole according to

t-he node for carrying out the invention. A silicon carbo-

nitride filmis

formed on a conductor or an interconnection of a Danascene structure

formed on a silicon substrate (Si), the silicon carbo- nit

ride filmis

taken as a §é&$ Medd ©5, a?%fe%ﬁ{ et tﬁé‘?ﬂ@éﬁ@ﬂoﬁi Im(S2), a silicon

oxide filmis fornmed on pper side silicon carbo-nitr
t he upper side sijican ide filmis, etched usin
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drawings.

ide film(S3),

| wer side silicon

a connection hole
i ng out
He "9

FIG. 1 is a flow chart schematically showing a

process of forming a connection hole according

mode for carrying out the invention.

to the

A gilicon carbo-nitride film is formed on a

conductor or an interconnection of a Damascene

structure

formed on a silicon substrate (S1), the silicon carbo-

nitride film is taken as a side wall or an interlayer

insulating film (S2), a silicon oxide film is £

the upper side silicon carbo-nitride film (S3),

ormed on

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 connect

ing 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



the invention is applied to a nethod of connecting a connection hole to a
dept’h reaching a diffusion layer of a transistor, will be described bel ow
FIGS. 2A to 2D are schematic sectional views of a sem conductor devi ce,
‘wherein FIG 2A shows a step of formng a silicon carbo-nitride film FIG
" 2B shows a 9 step of etching the silicon carbo-nitride film FIG 2C shows
a step of formng a silicon oxide filmand then formng a connection hole
.pattern, and FIG 2D shows a step of form ng a connection hole. The

sem conduct or device shown in FIGS. 2A to 2D includes a stacked structure

formed on gySidigon.: SUAYY rate didi i dhe SiAckad: Stidctii an] Netgidesca device-

i sol ation filn112 for preventing an electrlc parasitic effect between

devices, a gl DS 100 {4 d As Picdd A &L %31 %@] eglect rode 14

for the tranS|stor icon ni n115 as an et g resi st of the

gate el ecty ﬁﬁhﬁ,a%ﬂ@&%ﬁw& rgé,{;@fnf'%@alﬁ@s S Sdflsys gl | of the

gate el ect rot usion Iayer e upper Si ansi stor, a

balt siligcid di f f | 17, 1 de fil
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and a connection hole ill forned to a d%Pth .
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 111 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 f£ilm 16

10



reaching the cobalt silicide 18. In the step showm in FIG 2A, a device
isoltation film1l2 is forned on a silicon substrate 11; a gate for a
transistor, conposed of a gate insulating film 13, a gate electrode 14,
and a silicon nitride film15, is fornmed; and a silicon carbo-nitride film
16 is forned. The formation of the silicon carbo-nitride film116 10 is
performed by forming a silicon nitride filmusing N2, NH3, and Si Cl12H2 by
.a low pressure CVD (LP-CVD) process, and inplanting carbon in the silicon
nitride filmby an ion-inplantation process, to thereby formthe silicon

carbo-ni trife fd1flfaq Ay SEDARING! ¥ s siDEcSh | h£OPI 48T POIM n(a@mgeNé,i I m 16
may be directly fornmed by a CVD process. In the step shown in Fl 2B, the

silicon carfa9- nityi f il 6, i i i Cay C i
8, U IR T s e ppAaSR cobby s e prsuclen e

as to forma ¥i ilTcon carbo-nitride film

16 remai ns only. | f. t : 14. T i1 Lcon
carbo-nitri%é?f}ﬁgggh%iﬁiy é$%%i%%P?%%?%g}fég%téﬁggl%% Ehgﬁ %&n%%ner as to
forma structure i the silicon_ carbo- %ggmf££g1 1 iéggains on a

s .
side wall of°?HE™ ?%@%gﬁ%?r%ﬂ%ciﬁsanﬁoo%he¥%%§&eV|ce-lso AtToR film 12.

Even with thi r h i )
ca:?bgznygéyéee’ fi{melg?neAleggr%caFti%aé yb,e tciibet asli eidcon 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 gilicide 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 111 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




In the step shown in FIG 2C, a diffusion layer 17 and a cobalt silicide
18 are fornmed, and a silicon oxide film19 is fornmed thereon. The silicon
oxide film19 is then planarized by a CWP (Chem cal - Mechani cal Pol i shing)
‘process, and a pattern of a connection hole ill is fornmed on the silicon
“oxide film19 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 forma connection hole 111. In the formation of the

connection fAp) e 1d1; s the; s &t £ 06k Py tBESEA | GOMMEXEHE patrly using the

pattern resist 110 as a nask may be perforned by  a nagnhetron reactive ion

etehing us!fde {of 811 0% Adnily 08598 adfch NS CRPEy ONEToSBEILNY 1S

required to “conpensate for a varratio ckness o he silicon
oxide film19, and,a y%rl in_etchin wever, . since the silicon oxide
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film19 is %&%ﬁﬁ&ﬁ%ﬂ h%%hggggl%c??%%e 57D AT nst it he silicon
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sufficiently remains_upon etching of the_, ,
étching of the silicon oxide film 19 using the pattern
resist 110 as a mask may be performed by a magnetron
reactive ion etching using CsFg, 0., 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 £f£ilm

12



silicon oxide film219. Therefore, the silicon oxide film 19 can be
over*-etched wi t hout occurrence of the lack of filmthickness of the
silicon carbo-nitride film16 as the insulating filmbetween 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 filmthickness 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 film16, and in this case, if the

connection 1wl gy lllei sepigseat wilkehnehg idalerelRetNds thidesSifichn the,
silicon oxide film 19 can be etched w thout occurrence of the lack of film
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occurrence of an erroneous short- circurt and a wthstand tage failure
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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
gsilicon 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 f£ilm 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
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stacked structure forned on a silicon substrate 21. The stacked structure
inctudes a diffusion layer 22, a silicon oxide film23 as an insulating
filmbetween the diffusion |layer 22 and a bit line, a bit line 24, a
-silicon nitride film25 as an etching resist for the bit I|ine 24, a
“silicon carbo-nitride film26 as a side wall of the bit line 24, a silicon
oxide film27 fornmed 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 |ayer 22 to a capacitor to be 13 fornmed on the bit

line 24. |Inedhged etnonnof {hg connection holes 29 and 210 for
connecting the diffusion [ayer 22 on the silicon substrate 21 to the

FapaciLor 1eaul o] Ungh SEUUILE o I Al SSRGS iy ide D1

line 24, since the  si conpose con ca o-nitri film 26

IS forned afound tﬁ@b? ?ﬁiéggdg ffué g ngé %?a%% ¥Qéeg§fi%8§currence of

an erroneous. short-gi ailure ween t he
connecti on hq%es 29 the descE|be§ above, since

a and P g d r C e
the side waf12®of g%? ?e%??%%b k] 5%% fﬁ% bEP* 1 Fn2-24°EPef or med by

h il
the s "ngrggigé dghéléggaégtggdog6tﬂesg i¥§éy24 s1nce 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 gilicon 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
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silicon oxide filnms 19, 23, and 27 for form ng the connection holes 111,
29, "and 210 respectively can be etched w thout occurrence of the |ack of
filmthickness of the silicon carbo-nitride filnms 16 and 26 as the side
-wal | s, thereby preventing occurrence of erroneous short- circuits and
"withstand voltage failures due to the lack of the filmthickness of the
silicon carbo-nitride filns 16 and 26. A further enbodinent, in which the
-node for carrying out the invention is applied to a nethod of fabrication
of multi-layer interconnections using a 14 Danascene process, wll be

described BelpwcdlEHrdhedd, A Bl bsdes@tiKesasdimpnal views of an

i nterconnection portion of a Danascene structure, wherein FIG 4A shows a

step of formmng 2 gsidd can, 43/ her nixd Idderddim QR scopACk {dierOnRECt | O

FIG 4B shows a ste ormng a silicon oxide filmand then formng a
connect | on 110l & AHIELL o8 W6l 2n 40r SI WA SLEL Sl rydQLEL NGaferonpect | On
hol e. The sem conductor  devi Ce Shown in : to 4 i ncludes asilicon
IR I KNI E R OE T RN R
Damascene Sé{fﬁtégeg g%pper 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 N, NH;, and SiH(CH,); gases by a

plasma CVD process. The silicon carbo-nitride film 34 may
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silicon carbo-nitride film34 as both a copper diffusion preventing |ayer
and ‘an etching stopper layer, a silicon oxide film35 on the upper side
Silicon carbo-nitride film34, a pattern resist 36 for a connection hole
“pattern, and a connection hole 37. In the step showm in FIG 4A a silicon
“oxide film 32 is fornmed on an underlying silicon oxide film31 and a
copper interconnection 33 is forned by the Damascene process, and then a
-si-licon carbo-nitride film34 is forned. The formation of the silicon
carbo-nitride film 34 is perfornmed by using N2, NH3, and Si H CH3)3 gases

by a plasng %ﬁ@ﬁ@f%ﬁtﬁfiaim&&z %&ia&dﬁirﬁlﬁg%ﬁ%r%xcﬁﬁgeby R

formed by formng a silicon nitride filmusing N2, NHS3,

Fow prieseur im0 1R, YD) aPiggessesdide E3609RRLEvbIPEaBES] Nabhe si 11 con

nitride film n“1ron= 1rnplantation proces ternative e silicon

Car bo- i tri TR S Tt T Shel oS o 500 At S P PP B m er out

ae . ons no Ny as"an etching s | ayer but
Failure ducvh M IARTBrier ROt rr AR RaysaY Ao RO 28t i on 331 nto
a silicon qgér%ofﬂiégfg% 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
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In the step shown in FIG 4B, a silicon oxide film 35 is forned 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 film35 is anisotropically etched
"using the pattern resist 36 to a depth reaching the silicon carbo-nitride
film34. Over-etching is required to conpensate for a variation in film
-thickness of the silicon oxide film35 and a variation in etching of the
silicon oxide film35. However, since the silicon carbo-nitride film34 is

less etchegy, ¢l ©ikdidO wKloBsiMPta EOGEEE: thh tioidies Bikicena medge. film

32, thereby preventing occurrence of a failure 16 at the tine of burying a

connect on” ol e 3340 113 IRt Weriol i e @ HAHAOYY il JidiBd 15 then

etched, to forma connection ho he etching of the silicon

carbo-nitride film 34, i Lypigally perdormpd by 4sing (e 03 and Ar
I n AS “described A

gases by a maghetron feacti ve 1 on efching pProcess. ove, in
fabrication of nmulti-]Jayer,.interconpections by the Dagascene.progess,
after the %ﬁﬁ&%ﬁn*$¥ﬁﬁ%o%h t%gnl%B %?1?ﬂgf¥n§%§£8ﬁ%e§?$ﬁcPﬁF§9iéﬁﬁ?brned,
the sili Conozc,aratx)‘lcc)i_ r]klrt Iéia%%sf ikalyma?’ltlt\a.igsz‘lgt%rorlrleqfea-lc-:rt]:%.ve 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
gsilicon 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 gilicon 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,
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silicon carbo-nitride film34 functions as the etching stopper |ayer upon
formati on of the connection hole 37. Consequently, upon etching of the
Silicon oxide film35, the etching does not proceed up to the silicon
-oxide film 32. This is advantageous in preventing occurrence of a failure
“at the tine of burying the connection hole 37 with a nmetal. The silicon
carbo-nitride film34 also functions as a diffusion preventing |ayer for

- preventing occurrence of a withstand voltage failure due to diffusion of
copper in the silicon oxide film35. The silicon carbo-nitride film 34 may

be used as gm bt okt AYEsnh Ol & | Ty Eib Tha sl t £ GARLA Yy | EnEOr Mation of a
multi-layer interconnection structure using the Danascene process, 17 al

Of interconnpriign Laysss @y fe £p1ABdby the idd cagarpo-nitride films

£ ,
34. In this case, connection hole can accurately fornmed in each

a
_ _ connect 1 on at el
R e P R e i R i e S Y AT

a connection hole is fgrned using the silicon carbo-nitride filmas an
et ching st opPEFFPIEFS1PE 13YPbssible to formthe connection hol e without

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
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the lack of filmthickness of the side wall, and hence to prevent
occurrence of an erroneous short-circuit and a w thstand voltage failure
between the connection hole and a gate electrode or an interconnection.
-Al'so, since an insulating filmin which an interconnection of a Damascene

" structure has been formed is forned and a silicon carbo-nitride filmis

formed thereon and then a connection hole is fornmed using the silicon
.carbo-nitride filmas an etching stopper layer, it is possible to prevent
occurrence of a failure at the tine of burying the connection hole with a
metal . The ; silicon, rarbo-ainshse fhd r‘a@@ﬂe@%ﬂsﬁﬁtéﬁré’tﬁbﬁfé‘@&m
preventing |layer for preventing diffusion of copper Trom the copper

rnterconnecééﬁiéﬁéﬁyt 6fs&é$icéc§£ﬁdﬁéﬂcé°t5hPa ggggé dnvention, it 18 is

possi ble to en e degree of Integration o sem conduct or device

ign reri et rgrS il GRS VAU R InER ARl LY Bod AR Notctor

devi ce, |n§éf9égghft§yep of form ng a connection hole by etching
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a silicon oxide film said nmethod conprising the steps of : formng a
conductor on a silicon substrate; formng a silicon carbo-nitride filmon
said silicon substrate and said conductor; formng a side wall by etching
“said silicon carbo- nitride film formng a silicon oxide film and form ng
" a connection hole by etching said silicon oxide filmwth said silicon
carbo-nitride filmused as an etching stopper layer. 2. A nethod of
-fabricating a sem conductor device according to claiml, wherein said
conductor is a gate electrode. 3. A nethod of fabricating a sem conduct or
device acc, J@g,to claim1l, wherein said conductor is a bit Iline. 4. A
sem conduct or device fabricated by said nethod of fabricating a

sem conduct o device ACRELAbAdokCERRERLILGS, ANRLBRd St LaRLLgaLing 2

sem conduct or deV|ce 'ng a rmng-a connecti on

ecching a piljcon oxide 110} saidrethog corpr sl oié'%;teetoghing

a silicon oxide film, said method comprising the steps
of:

forming a conductor on a gilicon 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,
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of: formng a groove in an insulating filmand formng a copper
interconnection in said groove; formng a silicon carbo-nitride filmon
said insulating filmand said copper interconnection; formng a silicon
“oxide filmon said silicon carbo- nitride film and formng a connection
" hole by etching said silicon oxide filmwth said silicon carbo-nitride
filmused as an etching stopper layer. 6. A nethod of fabricating a

- sem conductor device according to claimb5, wherein said silicon
carbo-nitride filmfunctions as a diffusion preventing |ayer for

ti di f | on of coppe romsaid copper  interconnection. 7. A
ﬂéf\ﬁgg l;p%h%‘#‘%ﬁ?%f £ P%% BRI RVFURNE G R dPPHE tiY cRBFBY  wherei n

said silicon carbo-nitride filmfunctions as an interlayer insulating
| ayer. 8. A LMY UTE e devi®e Fa ietkerd psomRy e ingt Harl 9teBabricating

a seniconduggor device according to claim5. 21
Oor:

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.
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