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(57) ABSTRACT 
The dielectric constants of SiC and SiCN that are currently 
the subjects of much investigation are both 4.5 to 5 or so and 
that of SiOC, 2.8 to 3.0 or so. With further miniaturization 
of the interconnection size and the Spacing of interconnec 
tions brought about by the reduction in device size, there 
have arisen Strong demands that dielectric constants should 
be further reduced. 

Furthermore, because the etching selection ratio of SiOC to 
SiCN as well as that of SiOC to SiC are Small, if SiCN or 
SiC is used as the etching Stopper film, the Surface of the 
metal interconnection layer may be oxidized at the time of 
photoresist removal, which gives rise to a problem of high 
contact resistance. 

The present invention relates to an organic film made of one 
of SiOCH, SiCHN and SiCH that is formed using, as a 
Source, a polyorganosilane whose C/Si ratio is at least 5 or 
greater and molecular weight is 100 or greater, and a 
Semiconductor device wherein Such an organic insulating 
film is used, and more particularly to a Semiconductor device 
having a trench Structure. 



Patent Application Publication Aug. 5, 2004 Sheet 1 of 21 US 2004/0152334 A1 

Fig. 1 

- OO1 O 

OO12 

OOO7 
OOO2 

OOO3 

OOO1 

Fig. 2 
224 

N 
III 

2282 

i 
2 2 

  

    

  

    

    

  

  

    

    

  

  

  

  

  

  

  

  

  



Patent Application Publication Aug. 5, 2004 Sheet 2 of 21 US 2004/0152334 A1 

X8. s XXXX 
840s 
88.888 (YYYY a sex E. X 
88.888 8088 

s 

% a spur XX as a Fig. 3(b) 

lilill 

f R 

303 Fig. 3(c) 

2%8%88 302 Fig. 3(d) 

  

  

  

  

  

    

  

  

      

  

    

  

  

  



Patent Application Publication Aug. 5, 2004 Sheet 3 of 21 

313 

312 
311 

310 

24 

III 
2 

iii. 

31 O 
1888 8. 

313 
312. 
311 

310 
ill iii. 

327 

326. 

312 
311 

li 

3. 
i. iii. 

US 2004/0152334 A1 

Fig. 4(a) 

Fig. 4(b) 

Fig. 4(c) 

Fig. 4(d) 

    

  

  

  

  

  

    

  

  
  

    

  

    

  

  

    

  

  

  

  

  

      

  

  

    

  

  

  

  



Patent Application Publication Aug. 5, 2004 Sheet 4 of 21 US 2004/0152334 A1 

328 
- 313 

2 8. 2 8 2. 312 É É 311 ji y FiO. 
: 310 9 5(a) 

3. I 

NY 
328 

314. ' 
I 

22232 313 
8:383 312 

311 Fig. 5(b) 
310 

i 
a. 

- M - C - O 

t 319 
& 822 7 

317 

Fig. 5(c) 

are: 
OOD OO 

Fig. 5(d) 
it 

M M. 

i 
3. 22:3 3. assass in inii 

N 

    

  

  

    

  

  

  

  

  

  

  

  

  



Patent Application Publication Aug. 5, 2004 Sheet 5 of 21 US 2004/0152334 A1 

Fig. 6(a) 

310 
YA-Y444 AYAYAMA 
Sere t - is since as 

N 

324 

3. 
EEE Rii 
É 8% Fig. 6(b) sets was a O or au maw Crs who uri P. ce 

so Outers P O Gille OCC can O Ceres 
as a ral era 

Ot 
CCC 

On OC us it is stees Cra as a i 
42.8 3. 310 

is as is is re R 

U UU 

323 

4 8. 4. 8 4 É8É8 i 
É8É8É ji 585 

8 4. 27W/417. ES: 8. 
Fig. 6(c) 

an as se s r. 
is us is as seas 
s: 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



US 2004/0152334 A1 Patent Application Publication Aug. 5, 2004 Sheet 6 of 21 

422 

%2. 

i 

  



Patent Application Publication Aug. 5, 2004 Sheet 7 of 21 US 2004/0152334 A1 

(. 57 
8. e 516 

515 
514 
513 
512 Fig. 8(a) 
511 

510 

515 

514 

513 

512 Fig. 8(b) 
511 . 

510 

521 

8 8. 519 
515 - 

A11111 - 54 

ul-1 53 Fig. 8(c) 
52. 

BCCCC i 511 

23. 510 
Ü888 NNN 85 

515 

514 
Career as 513. 

512 Fig. 8(d) 
511 

iii. 
510 

Rii 

    

  

    

  

  

  

  

  

  

    

    

  

    

  

  

  

    

  

  

  

  

    

  



US 2004/0152334 A1 

524 

O - Y - O C a 
h Me O C C as C. 
Caus C 
P. One P C vs 

a O at 

is 

A71717 

lure. 

524 

26 
fit 

i. 

S 
NNN 

1. 

Patent Application Publication Aug. 5, 2004 Sheet 8 of 21 

YYYYY. 

    

  

  

  

  

  



Patent Application Publication Aug. 5, 2004 Sheet 9 of 21 US 2004/0152334 A1 

613 
612 
611 

. . . . ." Fig. 10(a) N 

yet at Casa O. 18S add Oased OOX, ed 048.8 s. 6 
00000 

ffffm gif Fig. 10(b) 

610 

67 
616 
813 

812 
611 . 

%22 

% 4. 2. É Fig. 10(c) 

619 - 

618 

8 8 617 
616 

CCCs are 83 O 

612 Fig. 10(d) 
% 811 
9.9.! 9. t E. É88. 610. 

  

  

    

  

  

  

    

    

  

  

  

  

  

  



Patent Application Publication Aug. 5, 2004 Sheet 10 of 21 US 2004/0152334 A1 

ir to WE 

%. 2 % 
it is 

A. 

Fig.11(a) 
V £8:8: 

Étois Fig.11(b) 
8 W 

YM YA A1/A 
... ars a 

i 
Y 

M 
My 

617 

Ž8 % 38% Fig.11(c) 
. . ." 

623 
622 
617' yy:E3- 616 

:8 É 813. 
82% E. Fig.11(d) 7 

a 

4. 22 YA 
SS S. 610 

  
  

  

  

  

  

  

      

  



Patent Application Publication Aug. 5, 2004 Sheet 11 of 21 US 2004/0152334 A1 

719 

713 Fig. 12(a) 

(EE 

im i Fig. 12(b) 

77 

71.6 

3. 3. 3: 13 
ODO-O-O. 712 Fig. 12(c) 

711 

710 

se l 
i Riii 

715 

SSSSSS 
& 

Fig. 12(d) 

  

    

  

  

  

  

  

  

    

  

  



Patent Application Publication Aug. 5, 2004 Sheet 12 of 21 US 2004/0152334 A1 

i i. Fig. 13(a) 
Gee 
t S. 

el. 

i. * Fig. 13(b) 

Fig. 13(c) 
711 . 

710 

23 

717 
716 
713 

3: Fig. 13(d) 
70 

    

    

  

  

    

  

  

  

  

  

  

  

  

  

  



Patent Application Publication Aug. 5, 2004 Sheet 13 of 21 

Fig. 14 

723 

P 24.8% 

. . . . . 
part 

. . . . . 
- 

a a rural 
a a 

a O in a C 

is 

US 2004/0152334 A1 

722 
717 
716 
713 

712 
711 

710 

  

  

  

    

  

  

  



Patent Application Publication Aug. 5, 2004 Sheet 14 of 21 US 2004/0152334 A1 

Fig. 15(a) 

s 

831 

BO7 Fig. 15(b) 
iii. 

is , . 

88 
d s 82 8 8 8 s 

EO d 

iO. 15 808 Fig. 15(c) 
BO7 
806 

805 

A. 

81 O 

i i 3. Fig. 15(d) 
EE 806 

805 ÉÉ:É 

  

    

  

    

    

  

  

  



Patent Application Publication Aug. 5, 2004 Sheet 15 of 21 US 2004/0152334 A1 

... , 81 O 
art to a a 

8 O O w O 
s O 

e 8O8 

G GG 807 
OOC a as E. O. O. O. 
CCC Ca ver 

: : :/' Fig.16(a) 

" 
820 

88: 8. BO 
7 

8O8 Fig. 16(b) 
BO7 
8O6 : 

8O5 
l 

832 
822 
8 O 

st as a seases es. O t 

8E-1 808 
8. O 8 . 8O7. 38:1. Fig.16(c) 

SR 

E. E. 805 

  

  

  

  

  

  

  



Patent Application Publication Aug. 5, 2004 Sheet 16 of 21 US 2004/0152334 A1 

Fig. 17 
  



US 2004/0152334 A1 Patent Application Publication Aug. 5, 2004 Sheet 17 of 21 

(/) > C) > C) , (/) > > H (/) > <+ 

%? No. 
22 

ielectric constants of the SiOCH 

S M 

Fig.18 The d 
films formed with various gases. 

ic constants of the SiCH 

4MS TMVS DMDVS 

lectr 

3MS 

films formed with various gases. 
Fig.19 The d 

  

  

  



Patent Application Publication Aug. 5, 2004 Sheet 18 of 21 US 2004/0152334 A1 

1.5 

1.4 

1.3 

1.2 
1.1 

1.O 

O.9 

O.8 

O.7 

O.6 

O.5 
7O 8O 90 1 OO 1 O12O3O 14050 

MO lecular Weight 

Fig. 20 The density and the composition of the SiCH 
film as a function of the molecular weight of the source 
gaS. 

  



US 2004/0152334 A1 Aug. 5, 2004 Sheet 19 of 21 Patent Application Publication 

The SiCNH film SiCN film grown 
With 3MS grown with TMVS 

Fig. 21 

  



Patent Application Publication Aug. 5, 2004 Sheet 20 of 21 US 2004/0152334 A1 

100 

90 

80 

70 

60 

50 

40 

30 

1 O 

SiCN film grown The SiCNH film 
with 3MS grown with TMVS 

Fig. 22 

  



Patent Application Publication Aug. 5, 2004 Sheet 21 of 21 US 2004/0152334 A1 

100 

1N 0 The SiCN film grown with 3MS 

& The SiCNH film grown with TMVS 
S 

- C 
Co 

90 
s 

o 

C 
Cd 

Co 

80 
Cd 
gld 

h 
--P 

OX 
- C 
H 

70 

Fig. 23 

  



US 2004/0152334 A1 

ORGANIC INSULATING FILM, 
MANUFACTURING METHOD THEREOF, 
SEMCONDUCTOR DEVICE USING SUCH 

ORGANIC INSULATING FILM AND 
MANUFACTURING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an organic insu 
lating film and a Semiconductor device there with and, more 
particularly, to a low-dielectric-constant organic insulating 
film and a manufacturing method thereof as well as a 
Semiconductor device with a multi-layered interconnection 
Structure wherein Such a low-dielectric-constant organic 
insulating film is used for an interlayer insulating film and a 
manufacturing method thereof. 
0003 2. Description of the Related Art 
0004. In fabrication of the ICs (Integrated Circuits), 
accompanying advance in the Speed of operation and the 
degree of integration in the device, further reduction in the 
device design rule has been in progreSS. The miniaturization 
of the interconnection size and the Spacing of the intercon 
nections made through Such reduction in device size tend to 
increase the interconnection resistance and the capacitance 
between interconnections in inverse proportion thereto. 
Since these increases in interconnection resistance and 
capacitance between interconnections raise the RC time 
constant, the Signal Velocity is lowered, giving rise to a 
Serious problem with respect to attaining higher speeds of 
operations in the device. 
0005 Accordingly, the reduction of the interconnection 
resistance and the capacitance between interconnections has 
become a matter of utmost importance to Speed up opera 
tions in the device. With the object of reducing the inter 
connection resistance, the technique wherein copper having 
a lower electrical resistivity than aluminium hitherto widely 
used is employed as the interconnection material and the 
products manufactured therewith have become spreading. 
0006 Further, because the capacitance between intercon 
nections increases in proportion to the area of interconnec 
tion and the dielectric constant of the insulating film Sepa 
rating interconnections and in inverse proportion to the 
distance between interconnections, for the Sake of reducing 
the capacitance between interconnections without making 
any change in the device design, for instance, the use of an 
insulating film having a lower dielectric constant than the 
conventional oxide film (SiO) and nitride film (SiN) has 
been, for example, being much investigated. 

0007 When Cu is used for the interconnection material, 
owing to the difficulty Cu has in microfabrication with dry 
etching, a damascene interconnection Structure Such as 
shown in FIG. 1 is, in general, widely employed. 

0008. In the method of forming a damascene intercon 
nection, an etching stopper film SiN insulating film 003 
having an excellent etching Selectivity to an interconnection 
trench SiO interlayer insulating film 0002 that is to be 
formed Subsequently, is first grown, on an underlying SiO2 
interlayer insulating film 0001, to a thickness of 50 nm to 
150 nm by the parallel plate type plasma CVD (Chemical 
Vapor Deposition) method with SiH, NH and N, and an 

Aug. 5, 2004 

interconnection trench SiO2 interlayer insulating film 0002 
is then grown to a thickness of 400 nm to 1000 nm or so. 
Next, a trench pattern is formed by means of photolithog 
raphy and dry etching, and thereafter the resist pattern is 
removed by means of O. dry ashing and wet peeling-off. 
Using the Sputtering technique and plating technique, the 
trench pattern is then filled up with Cu as well as a barrier 
metal such as Ta or TaN which is used to prevent the Cu 
diffusion and Superfluous portions of the Cu and the barrier 
metal laid on the interconnection trench SiO2 interlayer 
insulating film 0002 are removed by the CMP (Chemical 
Mechanical Polishing) to form a Cu interconnection 0007. 
0009. In the case that an interlayer insulating film is 
formed after the damascene interconnection formation, 
because Cu is liable to react with SiO, to diffuse out, a via 
plug SiO interlayer insulating film 0010 is normally grown 
after a SiN film 0012 is grown on the Cu as a diffusion 
prevention insulating film (barrier insulating film) to a 
thickness of 50 nm to 100 nm or so by the parallel plate type 
plasma CVD method using SiH, NH and N. 
0010 Hereat, SiN not only prevents the Cu diffusion but 
also acts as am etching Stopper layer for the SiO2 film So that 
the Cu Surface may be prevented from being exposed to the 
atmosphere of SiO2 etching at the time of the trench etching 
for the Cu and the atmosphere of O2 resistashing at the time 
of forming a via hole above a damascene interconnection of 
Cu. SiN is, in effect, required to work for prevention of the 
diffusion and, at the Same time, function as an etching 
Stopper layer. 
0011. In recent years, for the purpose of reducing the 
parasitic capacitance between interconnections further, there 
have been widely investigated the use of an organic insu 
lating film of SiOF, SiOC or such, which has a lower 
dielectric constant than that of a conventional SiO film of 
4.1, together with the use of an organic insulating film of SiC 
or SICN with a dielectric constant of 4.5 to 5 or So, formed 
by the parallel plate type plasma CVD method using, as a 
source, 4MS (tetramethylsilane) or 3MS (triethylsilane) 
which has a lower dielectric constant than that of SiN of 7. 

0012 FIGS. 15(a) to 16(c) illustrate a conventional 
method in which SiC films or SiCN films grown conven 
tionally using 3MS as a Source gas are employed. 
0013. After forming a first Cu interconnection 805, a 
second SiCN film 806 is grown, using the afore-mentioned 
gas. Next, a second SiOC film 807 and a third SiCN film 808 
are formed, in the Same way, using the afore-mentioned gas 
and, thereon, a third SiOC film 809 and a second SiO film 
810 are grown. 
0014) As shown in FIG. 15(a), using, as a mask, a 
photoresist where a resist pattern for via hole is formed, 
etching is applied onto the second SiO film 810, the third 
SiOC film 809, the third SiCN film 808 and the second SiOC 
film 807 to be terminated above the Second SiCN film 806. 

0015. However, there are occasions in which the etching 
Selection ratio between SiOC and SiCN is Small so that the 
etching proceeds to the interconnection lying in the lower 
layer as shown in FIG. 15(b). In that case, when ashing by 
O gas is thereafter carried out to peel off the photoresist, an 
oxide layer 831 of Cu is formed in a region where the Cu 
interconnection has been Subjected to the etching. The same 
also happens when a film of either of SiOC and SiC is 
utilized. 
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0016) Next, as shown in FIG. 15(c), after applying a 
coating of an anti-reflection coating film thereto, a Second 
resist pattern for trench interconnection 819 is formed 
through a photoresist 818. 
0017. As shown in FIG. 15(d), using the photoresist 818 
as a mask, etching is applied to the second SiO film 810 and 
the third SiC film 808. After that, the photoresist 818 is 
peeled off by oxygen ashing, which may result in further 
oxidation of the afore-mentioned oxide layer 831 of Cu, and 
thereafter the organic peeling-off is carried out. 
0018 With the entire surface etch-back, the second SiCN 
film 806 is then etched away, as shown in FIG.16(a). Next, 
as shown in FIG. 16(b), after a second Ti/TiN film 820 is 
formed, a second Cu film 821 is formed. Subsequently, the 
metal other than the trench interconnection is removed to 
form a second Cu interconnection 832. Thereon, a fourth 
SiCN film 822 is formed, as shown in FIG. 16(c). 
0019. The SiC film, the SiCN film and the SiOC film 
formed by the parallel plate type plasma CVD method using, 
as a source material, 4MS (tetramethylsilane) or 3MS (tri 
methylsilane) are currently under wide investigation. The 
dielectric constants for SiC and SiCN are 4.5 to 5 or So, and 
the dielectric constant for SiOC is 2.8 to 3.0 or so. 

0020. With further miniaturization of the interconnection 
Size and the Spacing of interconnections brought about by 
the reduction in device size, there have arisen Strong 
demands that dielectric constants should be further reduced. 

0021 Furthermore, because the etching selection ratio of 
SiOC to SiCN as well as that of SiOC to SiC are Small, if 
SiCN or SiC is used as the etching stopper film, the surface 
of the metal interconnection layer may be oxidized at the 
time of photoresist removal, which gives rise to a problem 
of high contact resistance. 

SUMMARY OF THE INVENTION 

0022. The present invention relates to an organic insu 
lating film with a low dielectric constant that can be advan 
tageously used in a Semiconductor device and a Semicon 
ductor device in which Such an organic insulating film is 
utilized. 

0023. An organic insulating film with a low dielectric 
constant of the present invention is an organic insulating film 
formed using, as a Source, a polyorganosilane whose C/Si 
ratio is, at least, equal to or greater than 5 and, at the same 
time, molecular weight is equal to or greater than 100. This 
organic insulating film is grown by the plasma CVD method 
using a polyorganosilane with a molecular weight of 100 or 
higher as a Source. 
0024. The polyorganosilane is preferably one or more 
types of polyorganosilanes Selected from the group consist 
ing of trimethylvinylsilane, triethlvinylsilane, dimethyldivi 
nylsilane, diethyldivinylsilane, methyltrivinylsilane, ethyl 
trivinylsilane, tetravinylsilane, tetraethylsilane and 
triethylsilane. 

0.025 Further, the organic insulating film preferably con 
tains a C=C bond, and moreover the presence of a vinyl 
group is known to improve the heat resistance thereof. 
0026. Hereat, the polyorganosilane that is to be used as a 
Source preferably contains a vinyl group, at least, in its part. 
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Such a poly organosilane containing a vinyl group, at least, 
in its part is preferably one or more types of polyorganosi 
lanes Selected from the group consisting of trimethylvinyl 
silane, triethlvinylsilane, dimethyldivinylsilane, diethyldivi 
nylsilane, methyltrivinylsilane, ethyltrivinylsilane and 
tetravinylsilane. 
0027. Especially in the case of the SiOH film, an oxidiz 
ing agent, an inert gas and a poly organosilane whose C/Si 
ratio is at least equal to or greater than 5 and, at the same 
time, molecular weight is equal to or greater than 100 are 
required as the Source gases. The inert gas can be any one of 
helium, argon and Xenon, and the oxidizing agent can be any 
one Selected from the group consisting of O, O, H2O, CO 
and CO. 
0028. The oxidizing agent can be an oxidizing gas con 
taining nitrogen, but this gas is not Suitable for the novolak 
based photoresist which is currently in wide use. 
0029. The polyorganosilane that is to be used as the 
Source may be one or more types of poly organosilanes 
Selected from the group consisting of trimethylvinylsilane, 
triethlvinylsilane, dimethyldivinylsilane, diethyldivinylsi 
lane, methyltrivinylsilane, ethyltrivinylsilane, tetravinylsi 
lane, tetraethylsilane and triethylsilane, but, from the View 
point of improving the heat resistance, the presence of a 
Vinyl group therein is preferable. 
0030. In the case of the SiCH film, the source gases are 
an inert gas that is one of helium, argon and Xenon, and a 
polyorganosilane whose C/Si ratio is, at least, equal to or 
greater than 5 and, at the Same time, molecular weight is 
equal to or greater than 100. In this case, too, the polyor 
ganosilane may be one or more types of poly organosilanes 
Selected from the group consisting of trimethylvinylsilane, 
triethlvinylsilane, dimethyldivinylsilane, diethyldivinylsi 
lane, methyltrivinylsilane, ethyltrivinylsilane, tetravinylsi 
lane, tetraethylsilane and triethylsilane, and, especially if it 
contains a vinyl group, the heat resistance can be improved. 
0031. The source gases for the SiCHN film are a nitrogen 
containing gas, an inert gas that is one of helium, argon and 
Xenon, and a poly organosilane whose C/Si ratio is, at least, 
equal to or greater than 5 and, at the same time, molecular 
weight is equal to or greater than 100. Examples of the 
nitrogen containing gas include ammonia, N and hydrazine. 
The poly organosilane may be one or more types of polyor 
ganosilanes Selected from the group consisting of trimeth 
ylvinylsilane, triethlvinylsilane, dimethyldivinylsilane, 
diethyldivinylsilane, methyltrivinylsilane, ethyltrivinylsi 
lane, tetravinylsilane, tetraethylsilane and triethylsilane, 
and, especially if it contains a vinyl group in its part, the heat 
resistance can be improved. 
0032. In the conventional semiconductor device, nor 
mally a SiOCH film can Substitute for a SiO film, and a 
SiCH film or a SiCHN film, for a SiN film. 
0033 For application of the organic insulating film of the 
present invention to Semiconductor devices, the Semicon 
ductor integrated circuit device with a multi-layered Struc 
ture is a good candidate for that. The Semiconductor device 
with a trench interconnection Structure that has, following 
the progreSS in miniaturization, Started gaining ground is, in 
particular, well Suited. 

BRIEF DESCRIPTION OF THE DRAWING 

0034 FIG. 1 is a schematic cross-sectional view in 
explaining a damascene Structure. 
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0.035 FIG. 2 is a schematic cross-sectional view showing 
a structure according to First Embodiment of the present 
invention. 

0.036 FIG. 3 is a series of schematic cross-sectional 
ViewS illustrating the first process flow in a single dama 
Scene method according to the present invention. 

0037 FIG. 4 is a series of schematic cross-sectional 
ViewS illustrating the Second proceSS flow in the Single 
damascene method according to the present invention. 

0.038 FIG. 5 is a series of schematic cross-sectional 
ViewS illustrating the third proceSS flow in the Single dama 
Scene method according to the present invention. 

0.039 FIG. 6 is a series of schematic cross-sectional 
ViewS illustrating the fourth process flow in the Single 
damascene method according to the present invention. 

0040 FIG. 7 is a schematic cross-sectional view showing 
a structure according to Second Embodiment of the present 
invention. 

0041 FIG. 8 is a series of schematic cross-sectional 
views illustrating the first via hole first process flow in a dual 
damascene method according to the present invention. 

0.042 FIG. 9 is a series of schematic cross-sectional 
ViewS illustrating the Second via hole first process flow in the 
dual damascene method according to the present invention. 

0.043 FIG. 10 is a series of schematic cross-sectional 
views illustrating the first middle first process flow in a dual 
damascene method according to the present invention. 

0044 FIG. 11 is a series of schematic cross-sectional 
ViewS illustrating the Second middle first process flow in the 
dual damascene method according to the present invention. 

004.5 FIG. 12 is a series of schematic cross-sectional 
ViewS illustrating the first trench first process flow in a dual 
damascene method according to the present invention. 

0.046 FIG. 13 is a series of schematic cross-sectional 
ViewS illustrating the Second trench first process flow in the 
dual damascene method according to the present invention. 

0047 FIG. 14 is a series of schematic cross-sectional 
views illustrating the third trench first process flow in the 
dual damascene method according to the present invention. 

0.048 FIG. 15 is a series of schematic cross-sectional 
views illustrating the first via hole first process flow in a 
conventional dual damascene method. 

0049 FIG. 16 is a series of schematic cross-sectional 
ViewS illustrating the Second via hole first process flow in the 
conventional dual damascene method. 

0050 FIG. 17 is a schematic cross-sectional view in 
explaining the Structure of the parallel plate type plasma 
CVD system used in the present invention. 
0051 FIG. 18 is a graphical representation showing the 
dielectric constants of the SiOCH films formed with various 
gaSeS. 

0.052 FIG. 19 is a graphical representation showing the 
dielectric constants of the SiCH films formed with various 
gaSeS. 
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0053 FIG. 20 is a graphical representation depicting the 
density and the composition of the SiCH film as a function 
of the molecular weight of the Source gas. 
0054 FIG. 21 is a graphical representation showing the 
etching selection ratios of the SiOCH film with respect to the 
SiCHN film. 

0055 FIG. 22 is a graphical representation showing the 
comparison of the via hole chain yields between the present 
invention and the prior art. 
0056 FIG. 23 is a graphical representation showing the 
comparison of the variations of the interconnection resis 
tances between the present invention and the prior art. 

DETAILED DESCRIPTION OF THE 
INVENTION AND PREFERRED 

EMBODIMENTS 

0057. A structure and a manufacturing method of an 
organic insulating film that is a preferred embodiment of the 
present invention are described below. 

0058. In order to reduce the dielectric constant of the 
organic insulating film, the C/Si composition ratio in the film 
must be set higher than that of a conventional film of SiC, 
SiCN or SiOC, and this leads to the use of a source gas 
which has a larger C/Si composition ratio than 4MS or 3MS. 

0059) On the other hand, when the C/Si ratio in the film 
is Set high, the C-C bonds tend to appear in the film, and, 
the bond energy of the C-C bonds being smaller than the 
bond energy of the Si-O, Si-C or Si-N bonds, the C-C 
bonds may be easily broken down and, thus, the film of this 
Sort may have a low heat resistance. To increase the heat 
resistance, it is effective to make a film contain the C=C 
bonds whose bond energy is higher than that of C-C bonds. 

0060. The organic insulating film with C=C bonds can 
be certainly formed by keeping the electric power or Such for 
the plasma CVD under control but the use of a Source gas 
which contains bonds of the vinyl group therein is more 
effective. 

0061 AS for a method of lowering the dielectric constant 
of a film of SiCH, SiCHN or SiOCH, a reduction of the film 
density is effective. To reduce the film density, a material 
having a larger molecular weight than 4MS (tetramethylsi 
lane) or 3MS (trimethylsilane) must be utilized, and besides 
the deposition must be made with a reduced plasma density 
So that the decomposition of the Source gas in gas phase may 
be well Suppressed. 

0062 Accordingly, the present invention provides films 
of SiCH, SiCHN and SiOCH each having a lower dielectric 
constant than conventional films of SiCH, SiCHN and 
SOCH. 

0063. Further, the present invention relates to a semicon 
ductor device in which a film of SiCH, SiCHN or SiOCH 
having a low dielectric constant is utilized and, more par 
ticularly, to a Semiconductor layer of this Sort with a trench 
Structure. 

0064. Further, referring to FIG. 17, a parallel plate type 
plasma CVD apparatus utilized in this invention is described 
below. 
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0065. The apparatus is provided with an upper electrode 
1 and a lower electrode 2 within a vacuum tank, and, with 
a Silicon Substrate 3 being Set on the lower electrode, the 
electric power with a high frequency produced by a high 
frequency electric power Source 4 is applied onto the upper 
electrode. Further, it is possible to heat up the lower elec 
trode with a heater. The apparatus is connected with a gas 
feeding Section 5 for Supplying the Source gas for the 
apparatus, and a gas discharging Section 6. The Source 
Supplying Section is connected, through an encapsulating 
Valve and a mass low controller, to a cylinder of the Source 
gas, and the Structure of the piping in the Supplying Section 
allows its heating up to 300° C. If a liquid source is 
employed as its Source, the Source Supply may be made 
through a vaporized Solution feeding apparatus in place of 
the mass flow controller. 

0.066 Further, it has been confirmed that, in addition to 
the parallel plate type plasma CVD, the ECR (Electron 
Cyclotron Resonance) excited plasma CVD, the helicon 
wave excited plasma CVD and the induction coupled plasma 
CVD can be used to obtain a film of the same excellent 
quality. 

0067. In the first embodiment of the present invention, a 
SiOCH film is described in detail below. 

0068 For a SiOCH film in the first embodiment of the 
present invention, a Si wafer is disposed in an parallel plate 
type plasma CVD (referred to as PECVD hereinafter) appa 
ratus and heated to 150 to 400° C., and trimethylvinylsilane 
(TMVS), O and H E are fed into the PECVD apparatus at 
a flow rate of 200 to 2000 sccm (standard cubic centimeters 
minute), 50 to 1000 sccm and 50 to 500 sccm, respectively. 
The pressure in the chamber is set to be 133 to 1330 Pa and 
a RF (Radio Frequency) power of 200 to 1000 W is applied 
thereto. 

0069. A SiOCH film grown under the above conditions 
has a C/Si composition ratio of 0.8 to 1.3 and a film density 
of 1.1 g/cm to 1.2 g/cm. This value for the C/Si compo 
Sition ratio is higher and this value for the film density, 
lower, compared with respective values of those of a SiOCH 
film (with a C/Si composition ratio of 0.7 and a film density 
of 1.3 g/cm) that is grown using trimethylsilane (3MS) as 
a Source gas and widely utilized as a conventional interlayer 
insulating film. Accordingly, being 2.2 to 2.7, its dielectric 
constant provides a lower value than the dielectric constant 
(2.8 to 3.0) of a SiOC film grown using trimethylsilane 
(3MS) as a source gas. Further, the refractive index of the 
films grown under the above conditions were found to be in 
a range of 1.3 to 1.45. 
0070. When the deposition of a SiOCH film is carried out 
with a RF power of 400 W or higher, the C/Si composition 
ratio becomes not leSS than 0.8 but not greater than 1.0, and 
because the C-C bonds are, in this instance, formed within 
the film, the film becomes thermally unstable and a heat 
treatment conducted at 400° C. for 30 minutes causes a 
decrease in film thickness by 5% or so. In contrast with this, 
when the deposition is performed with a RF power in a range 
of 200 to 400 W, the C=C bonds are formed in the film so 
that the heat resistance is increased and a decrease in film 
thickneSS brought about by a heat treatment conducted at 
400° C. for 30 minutes becomes 1% or less. 

0.071) While in the first embodiment trimethylvinylsilane 
is used for the Source gas, one type or a combination of two 
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or more types Selected from the group consisting, for 
example, dimethyldivinylsilane, diethyldivinylsilane, meth 
yltrivinylsilane, ethyltrivinylsilane, tetravinylsilane, tetra 
ethylsilane and triethylsilane may be employed. 
0072. In particular, trimethylvinylsilane, dimethyldivi 
nylsilane, diethyldivinylsilane, methyltrivinylsilane, ethyl 
trivinylsilane, tetravinylsilane, any of which contains the 
Vinyl group, are preferable. 

0073. If a gas such as NO or NO is used as an oxidizing 
gas, a very small amount of N elements left in the SiOCH 
film may make up amine groups. Once amine groups are 
formed in the film, the use of a novolak-based photoresist 
leads to faulty exposure, Since the amine group react with 
the photoresist, and therefore Such an oxidizing gas as 
containing nitrogen cannot be used. 
0074 Next, in the second embodiment of the present 
invention, a SiCH film is described below. 
0075. In the present embodiment, a parallel plate type 
plasma CVD apparatus is utilized. 
0076. With a mass flow controller regulating the flow 
rates, trimethylvinylsilane is fed thereto at a rate of 300 sccm 
and H E is concurrently, at a rate of 1000 sccm. At the time 
of the film deposition, the pressure is set to be 133 Pa to 
1330 Pa, the high frequency electric power, 100 to 400 W 
and the substrate temperature, 350° C. 
0077. The measurements of the dielectric constants for 
the films fabricated under the above conditions revealed that 
their values change continuously with the deposition pres 
Sure, from a dielectric constant of 3.3 for the film grown at 
133 Pa to a dielectric constant of 4.2 for the film grown at 
1330 Pa. 

0078. It was vindicated that the dielectric constants for 
these films can be made lower than those for the films grown 
using 3MS or 4MS (the dielectric constants for them are 
4.5). 
007.9 Further, when the films were grown under the 
above conditions, the C/Si composition ratioS therein varied 
in a range of 0.9 to 1.4 and the film densities, in a range of 
0.9 to 1.4 g/cm. These results indicate that the films are 
made to have lower densities than the SiCH films (with a 
C/Si composition ratio of 0.8 and a density of 1.5 g/cm) 
grown using 3MS, which are considered to bring about 
reductions of the dielectric constants. 

0080 Further, the refractive indices of the films grown 
under the above conditions vary in a range of 1.70 to 1.85. 
The results of the measurements of the FT-IR (Fourier 
Transform-InfraRed) absorption spectroscopy indicated the 
presence of Si-C, Si-CH and Si-H bonds. On the other 
hand, the Si-OH bands resulting from the moisture in the 
film were not detected. 

0081. The films were found to have the excellent capa 
bility as a barrier against Cu, and in the accelerated Cu 
diffusion test conducted applying a bias Voltage while heat 
ing to 450° C., no Cu diffusion was observed. This indicates 
that these films have the capability equivalent to the con 
ventional SiCH films grown with 3MS. 
0082) While, in the examples described so far, trimeth 
ylvinylsilane is used as a Source, it was established that, in 
addition to this, triethylvinylsilane, dimethyldivinylsilane, 
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diethyldivinylsilane, methyltrivinylsilane, ethyltrivinylsi 
lane, tetravinylsilane, tetraethylsilane and triethylsilane, 
every one of which is a polyorganosilane possible to be used 
as a Source having a molecular weight of 100 or greater and 
a C/Si ratio of 5 or greater, may form a film of a similar 
quality. The relationships between the molecular weight of 
the Source compound and the density as well as the C/Si 
composition ratio of the deposited film for the cases that one 
of the above Sources is used are shown in FIG. 20. It was 
clearly shown that the use of Such a Source with a molecular 
weight of 100 or greater and a C/Si ratio of 5 or greater 
enables to grow a film having a film density of not less than 
1.0 g/cm but not greater than 1.4 g/cm and a C/Si com 
position ratio of not less than 0.9 but not greater than 1.3. 
0.083. Further, it has been confirmed that, in addition to 
the parallel plate type plasma CVD, the ECR excited plasma 
CVD, the helicon wave excited plasma CVD and the induc 
tion coupled plasma CVD can be used to obtain a film of the 
Same excellent quality. 
0084. Next, as a modified example of the second embodi 
ment, a SiCH film containing vinyl groups therein is 
described below. 

0085 To make vinyl groups contained in the film, it is 
necessary to prevent the dissociation of the Source by the 
plasma as much as possible. For that purpose, the film 
deposition was made under the conditions that the flow rate 
of trimethylvinylsilane was as much as 300 sccm or higher 
and the plasma electric power was as low as 50 to 100 W. 
0.086 To examine the presence of vinyl groups in the 
film, measurements of the infrared absorption spectroscopy 
were conducted and the absorption attributable to vinyl 
groups was clearly observed in the Sample film grown under 
the conditions of a high flow rate and a low high-frequency 
electric power of 50 to 100 W. This occurs because, in 
plasma with a weak energy, the Source may be taken into a 
film without being broken down structurally. 
0087 Now, it was demonstrated that a SiCH film con 
taining vinyl groups can be fabricated by using a Source gas 
linking with Vinyl groups and, at the Same time, giving good 
attention to SuppreSS the decomposition of the Source gas. 
Further, the amount of Vinyl groups taken into the film can 
be regulated through a change in plasma electric power, and, 
if the electric power is increased to 100 W or higher, vinyl 
groups become absent in the film. 
0088. The heat resistance tests conducted for the films 
comprising vinyl groups in Structure showed that even after 
the films were heated at 450° C. for 1 hour in the nitrogen 
atmosphere, the film Shrinkages were not exceeding 0.1% 
and the film characteristics hardly changed. In effect, the 
Vinyl groups taken into the film obviously improve the heat 
resistance a great deal. 
0089. With respect to the dielectric constants, as in the 
case of containing no vinyl groups, it was found that their 
values change continuously with the deposition preSSure 
from a dielectric constant of 3.2 for the film grown at 133 Pa 
to a dielectric constant of 4.2 for the film grown at 1330 Pa. 
In other words, the dielectric constants hardly change with 
the presence of vinyl groups in the film. Further, the C/Si 
composition ratios therein varied in a range of 0.9 to 1.4, 
while the film densities and the refractive indices of the films 
varied in ranges of 0.9/cm to 1.4 g/cm and 1.70 to 1.85, 
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respectively. In other words, there are hardly any change 
caused by the presence of Vinyl groups in the film. 

0090 The films were found to have the excellent capa 
bility as a barrier against Cu, and in the accelerated Cu 
diffusion test conducted applying a bias Voltage while heat 
ing to 450° C., no Cu diffusion was observed. This indicates 
that these films have the capability equivalent to the con 
ventional SiCH films grown with 3MS. 
0091 While, in the examples described so far, trimeth 
ylvinylsilane is used as a Source, it was established that, in 
addition to this, triethylvinylsilane, dimethyldivinylsilane, 
diethyldivinylsilane, methyltrivinylsilane, ethyltrivinylsi 
lane, tetravinylsilane, tetraethylsilane and triethylsilane, 
every one of which is a polyorganosilane possible to be used 
as a Source having a molecular weight of 100 or greater and 
a C/Si ratio of 5 or greater, may form a film of a similar 
quality. 

0092. Further, it has been confirmed that, in addition to 
the parallel plate type plasma CVD, the ECR excited plasma 
CVD, the helicon wave excited plasma CVD and the induc 
tion coupled plasma CVD can be used to obtain a film of the 
Same excellent quality. 
0093. Next, in the third embodiment of the present inven 
tion, a SiCHN film is described below. 

0094. In the present embodiment, with a mass flow 
controller regulating the flow rates, trimethylvinylsilane and 
ammonia are each fed thereto at a rate of 300 sccm and H 
E is, concurrently, fed at a rate of 1000 sccm. At the time of 
the film deposition, the pressure is set to be 133 to 1330 Pa, 
the high frequency electric power, 100 to 400 W and the 
substrate temperature, 350° C. 
0.095 With ammonia supplied at a rate of 300 sccm, 
nitrogen is fed into the film and thereby a SiCHN film is 
formed. 

0096. The values of the dielectric constants change con 
tinuously with the deposition preSSure, from a dielectric 
constant of 3.8 for the film grown at 133 Pa to a dielectric 
constant of 4.7 for the film grown at 1330 Pa. Further, when 
the films are grown under the above conditions, the C/Si 
composition ratioS therein vary in a range of 1.0 to 1.3, a 
range where the carbon content is greater than Silicon 
content, while the film densities vary in a range of 1.4 cm 
to 1.6 g/cm so that the films are made to have lower 
densities than the SiCHN films (with a density of 1.7 g/cm) 
grown using 3MS. 

0097. Further, the refractive indices thereof vary in a 
range of 1.77 to 1.90. The results of the measurements of the 
FT-IR absorption spectroScopy indicated the presence of 
Si-C, Si-CH and Si-H bonds. On the other hand, the 
Si-OH bands resulting from the moisture in the films were 
not detected. 

0098. The films were found to have the excellent capa 
bility as a barrier against Cu, and in the accelerated Cu 
diffusion test conducted applying a bias Voltage while heat 
ing to 450° C., no Cu diffusion was observed. This indicates 
that these films have the capability equivalent to the con 
ventional SiCHN films grown with 3MS. 
0099 While, in the examples described so far, trimeth 
ylvinylsilane is used as a Source, it was established that, in 
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addition to this, triethylvinylsilane, dimethyldivinylsilane, 
diethyldivinylsilane, methyltrivinylsilane, ethyltrivinylsi 
lane, tetravinylsilane, tetraethylsilane and triethylsilane, 
every one of which is a polyorganosilane possible to be used 
as a Source having a molecular weight of 100 or greater and 
a C/Si ratio of 5 or greater, may form a film of a similar 
quality, even if another nitridation Source Such as hydrazine 
is employed in place of ammonia. 

0100 Further, it has been confirmed that, in addition to 
the parallel plate type plasma CVD, the ECR excited plasma 
CVD, the helicon wave excited plasma CVD and the induc 
tion coupled plasma CVD can be used to obtain a film of the 
Same excellent quality. 
0101 Next, as a modified example of the third embodi 
ment, a SiCHN film containing vinyl groups therein is 
described below. AS in the second embodiment wherein 
Vinyl groups are contained in the film, the film deposition 
was made under the conditions that the flow rate of trim 
ethylvinylsilane was increased from 300 sccm to a higher 
one, and moreover the plasma electric power was made as 
low as 50 to 100 W. 

0102) To examine the presence of vinyl groups in the 
film, measurements of the infrared absorption spectroscopy 
were conducted and the absorption attributable to vinyl 
groups was clearly observed in the Sample film grown under 
the conditions of a high flow rate and a low high-frequency 
electric power of 50 to 100 W. This also occurs for the 
SiCHN film, because, in plasma with a weak energy, the 
Source may be taken into a film without being broken down 
Structurally. 

0103) It was also found that the Si-C, Si-CH and 
Si-H bonds are all present in the film. On the other hand, 
the Si-OH bands resulting from the moisture in the film 
were not detected. 

0104 Meanwhile, when the electric power was increased 
to 100 W or higher, the absorption attributable to the vinyl 
groups disappeared and only the Si-C, Si-CH and Si-H 
bonds were detected in the film. 

0105. It was demonstrated that a SiCHN film containing 
Vinyl groups can be fabricated by using a Source gas linking 
with vinyl groups and, at the same time, giving good 
attention to SuppreSS the decomposition of the Source gas. 
Further, it was found that the amount of vinyl groups taken 
into the film can be regulated through a change in plasma 
electric power. 

0106 Further, the heat resistance tests conducted for the 
films comprising vinyl groups in Structure showed that even 
after the films were heated at 450° C. for 1 hour in the 
nitrogen atmosphere, the film characteristics hardly 
changed. In effect, the vinyl groups taken into the film 
obviously improve the heat resistance a great deal. Further, 
the values of the dielectric constants change continuously 
with the deposition pressure, from a dielectric constant of 
3.8 for the film grown at 133 Pa to a dielectric constant of 
4.7 for the film grown at 1330 Pa. 
0107 Further, the C/Si composition ratios in the film vary 
in a range of 1.0 to 1.3, a range where the carbon content is 
greater than Silicon content, while the film densities and the 
refractive indices thereof vary in a range of 1.4 g/cm to 1.6 
g/cm and 1.77 to 1.90, respectively. In other words, all of 
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them hardly change with the presence of vinyl groups in the 
film. In Short, the vinyl groups contained in the film have the 
effect of raising the heat resistance of the barrier film without 
increasing the dielectric constant significantly. The films 
were found to have an excellent capability as a barrier 
against Cu, and, in the accelerated Cu diffusion test con 
ducted applying a bias Voltage while heating to 450 C., no 
Cu diffusion was observed. This indicates that these films 
have the capability equivalent to the conventional SiCHN 
films grown with 3MS. 
0108. In the present embodiment, trimethylvinylsilane is 
used as a Source, it was established that, in addition to this, 
triethylvinylsilane, dimethyldivinylsilane, diethyldivinylsi 
lane, methyltrivinylsilane, ethyltrivinylsilane, tetravinylsi 
lane, tetraethylsilane and triethylsilane, any one of which is 
a poly organosilane possible to be used as a Source having a 
molecular weight of 100 or greater and a Source having a 
C/Siratio of 5 or greater, can form a film of a similar quality. 
0109 Further, it has been confirmed that, in addition to 
the parallel plate type plasma CVD, the ECR excited plasma 
CVD, the helicon wave excited plasma CVD and the induc 
tion coupled plasma CVD can be used to obtain a film of the 
Same excellent quality. 
0110 FIGS. 18 and 19 show the dielectric constants of 
the SiOC films and SiC films grown using either of 3MS and 
4MS, together with the dielectric constants of the SiOCH 
films and SiCH films grown using, as a Source, either of 
TMVS and DMVS whose respective molecular weights are 
both 100 or greater and C/Siratios, both 5 or greater. Both 
of the SiOC films grown using either of 3MS and 4MS have 
a dielectric constant of 2.9, while the SiOC films grown with 
TMVS and DMVS have dielectric constants of 2.6 and 2.4, 
respectively. It is thereby demonstrated that the use of a 
Source with a large molecular weight allows the film with a 
low electric constant to be formed. 

0111 Referring to the drawings, Examples in which an 
organic insulating film according to a preferred embodiment 
of the present invention is applied to a Semiconductor device 
are described below. 

EXAMPLE 1. 

0112 FIG. 2 is a schematic partial cross-sectional view 
of a Semiconductor device with a single damascene Structure 
of Example 1. 

0113. In a semiconductor device shown in FIG. 2, upon 
an underlying insulating film 201 that covers elements Such 
as MOS (Metal-Oxide-Semiconductor) transistors formed 
on a Si Substrate, layers of a first etching Stopper film 202, 
a first SiOCH film 203, a first hard mask film 204, a first 
barrier insulating film 211, a second SiOCH film 212, a 
Second hard mask film 213, a Second etching Stopper film 
214, a third SiOCH film 217, a third hard mask film 218 and 
a Second barrier insulating film 223 are laid in Succession. 
0114. In layers of insulating films, first copper intercon 
nections 210, Second copper interconnections 224 and cop 
per plugs 228 each of which connects a first copper inter 
connection with a Second copper interconnection are 
formed. 

0115 The first copper interconnections 210 are formed in 
layers of insulating films made of the first etching Stopper 



US 2004/0152334 A1 

film 202, the first SiOCH film 203 and the first hard mask 
film 204 which are laid in succession on the underlying 
insulating film 201. 

0116. The second copper interconnections 224 are 
formed in layers of insulating films made of the Second 
etching stopper film 214, the third SiOCH film 217 and the 
third hard mask film 218. 

0117 The copper plugs 228 that connect the first copper 
interconnections which constitute lower layer interconnec 
tions with the Second copper interconnections 224 which 
constitute upper layer interconnections are formed in a 
layered film made of the first barrier insulating film 211, the 
Second SiOCH film 212 and the second hard mask film 213, 
which functions as an interlayer insulating film Separating 
the upper layer interconnections and the lower layer inter 
connections. 

0118. A part of the first copper interconnection 210 may 
cut into the underlying insulating film 201. 

0119) Among the interlayer insulating films constituting 
the above Structure, every one of the first and the Second 
barrier insulating films and the first and the Second etching 
stopper films can be a SiCH film, a SiCHN film or a layered 
film of a SiCH film and a SiCHN film. 

0120 Next, a method of manufacturing the afore-men 
tioned semiconductor device is described below, with ref 
erence to a Series of Schematic cross-sectional views illus 
trating the steps thereof and shown in FIGS. 3(a) to 6(d). 
0121 Firstly, as shown in FIG. 3(a), on an underlying 
insulating film 301, a first etching stopper film 302, a first 
SiOCH film 303 and a first hard mask film 304 are grown in 
Succession. 

0122) The first etching stopper film 302 can be either a 
SiCH film or a SiCHN film and grown to a thickness of 30 
to 150 nm by the parallel plate type plasma CVD method. 
The first SiOCH film 303 is grown to a thickness of 200 to 
1000 nm or so. The first hard mask film 304 is one of SiO, 
SiN and SiON films and grown to a thickness of 50 to 200 

O SO. 

0123. Over them, a first photoresist 305 is formed on the 
first hard mask film 304 and a trench pattern 306 is formed 
by means of photolithography. 

0124 Subsequently, as shown in FIG. 3(b), using, as a 
mask, the first photoresist film 305 onto which the trench 
pattern 306 has been patterned, the first hard mask film 304 
and the first SiOCH film 303 are etched by means of dry 
etching, and after the photoresist 305 is peeled off, the first 
etching stopper film 302 is removed by the etch back applied 
onto the entire Surface thereof, whereby a first interconnec 
tion trench pattern 307 is formed. 

0.125 Herein, when the first etching stopper film 302 is 
removed by etching, a part of the underlying insulating film 
may be removed by etching but this does not cause any 
Serious problem. 

0.126 The first etching stopper film 302 can be omitted. 
In this instance, only the first hard mask film 304 and the first 
SiOCH film 303 are removed by etching, with the first 
photoresist 305 being used as a mask. 
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0127 Next, as shown in FIG. 3(c), a first barrier metal 
film 308 and a first conductive film 309 are formed. 

0128. The first barrier metal film 308 is a film made of Ta, 
TaN, TiN or such and formed either by the Sputtering 
method of the CVD method. The first conductive film 309 is 
either a Cu film or a Cu alloy film and formed by the 
sputtering method, the CVD method or the plating method. 
0129. After that, as shown in FIG. 3(d), the first barrier 
metal film 308 and the first conductive film 309 lying on the 
hard mask film 304 are removed by the CMP and thereby 
first interconnections 310 are formed. 

0130 Next, as shown in FIG. 4(a), a first barrier insu 
lating film 311, a second SiOCH film 312 and a second hard 
mask film 313 are grown in Succession. 
0131 Next, as shown in FIG. 4(b), using a photoresist 
315, a resist pattern for via hole 316 is formed thereon by 
photolithography in the Same way as described above. 

0132) Next, the second hard mask film 313 and the 
second SiOCH film 312 are etched by means of dry etching 
and the second photoresist 315 is peeled off (FIG. 4(c)). 
0.133 After that, the entire surface is subjected to the etch 
back to make the first barrier insulating film 311 open, and 
thereby a via pattern is formed. 

0134) Next, as shown in FIG. 4(a), a second barrier metal 
film 326 and a second conductive film 327 are formed. 

0135) The second barrier metal film 326 is a film made of 
Ta, TaN, TiN or such and formed either by the Sputtering 
method of the CVD method. The second conductive film 
327 is either a Cu film or a Cu alloy film and formed by the 
sputtering method, the CVD method or the plating method. 
0136. After that, as shown in FIG. 5(a), the barrier metal 
film 326 and the second conductive film 327 lying on the 
hard mask film 313 are removed by the CMP and thereby 
first conductive plugs 328 are formed. 
0137 After that, as shown in FIG. 5(b), a second etching 
film 314 is formed thereon. 

0138 Further, as shown in FIG. 5(c), a third SiOCH film 
317 is formed and thereon a third hard mask film 318 is 
formed. An anti-reflection coating film 325 is thereon 
formed and, using a third photoresist 319. a Second resist 
pattern for interconnection trench 320 is further formed 
thereon. 

0139 As shown in FIG. 5(d), using the third photoresist 
mask 319, etching for fabrication is applied onto the third 
hard mask film 318 and the third SiOCH film 317, and after 
peeling off the third photoresist 319, the entire surface 
thereof is Subjected to the etch back to make the Second 
etching stopper film 314 open in the form of the intercon 
nection pattern. 
0140. The second etching stopper film 314 can be also 
omitted. On this occasion, using the third photoresist 319 as 
a mask, etching can be simply carried out. However, in this 
case, because the use of oxygen ashing to remove the 
photoresist may cause oxidation of the copper Surface, the 
use of an organic Solvent is required. 
0141 Following that, as shown in FIG. 6(a), a third 
barrier metal film 321 is formed and then a third conductive 
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film 322 is formed. As shown in FIG. 6(b), the third barrier 
metal film 321 and the third conductive film 322 lying on the 
hard mask film 318 are removed by the CMP and thereby 
Second interconnections 324 are formed. 

0142. As shown in FIG. 6(c), a second barrier insulating 
film 323 is formed. 

0143 By repeating successively the above steps shown 
from FIG. 4(a) to FIG. 6(c), formation of a multi-layered 
interconnection may be accomplished. 
0144) While, in the present example, the upper layer 
interconnections, the lower layer interconnections and the 
via plugs to connect the upper layer interconnections with 
the lower layer interconnections are all formed of Cu films 
or Cu alloy films, it is not necessarily required to use Cu or 
Cu alloy, and Silver or a Silver containing alloy can be used. 
Further, a Cu film or a Cu alloy film can be used to form at 
least one but not all of the upper layer interconnections, the 
lower layer interconnections and the via plugs to connect the 
upper layer interconnections with the lower layer intercon 
nections. 

0.145) Further, a Cu containing alloy may further contain 
one or more metals Selected from the group consisting of Si, 
Al, Ag, W, Mg, Be, Zn, Pd, Cd, Au, Hg, Pt, Zr, Ti, Sn, Ni 
and Fe. 

0146 The barrier metal may be made of one or more 
barrier metals Selected from the group consisting of Ti, TN, 
TiSiN, Ta, TaN and TaSiN. 
0147 The same as described above applies to a dual 
damascene Structure described below. 

EXAMPLE 2 

0148 Next, as Example 2, a dual damascene structure is 
described below, referring to a Schematic partial croSS 
Sectional view of a dual damascene structure shown in FIG. 
7. 

0149. In this semiconductor device, upon an underlying 
insulating film 401 that covers elements such as MOS 
transistors formed on a Si Substrate, a first etching Stopper 
film 402 is formed to a thickness of 30 to 150 nm and 
thereon a first SiOCH film 403 is formed to a thickness of 
200 to 500 nm, and thereon a first hard mask film 404 is 
further formed thereon to a thickness of 50 to 200 nm, and, 
in this layered insulating layer, first copper interconnections 
410 are formed, and a second barrier insulating film 411 is 
formed to a thickness of 30 to 150 nm so as to cover top 
Sections of the copper interconnections. A Second SiOCH 
film 412 is thereon formed to a thickness of 200 to 500 nm. 
as an interlayer insulating film. Further, as an overlying layer 
thereof, a Second etching Stopper film 413 with a thickneSS 
of 30 to 150 nm, and a third SiOCH film 414 with a 
thickness of 200 to 500 nm and a second hard mask film 417 
with a thickness of 50 to 200 nm are formed. In this layered 
insulating film, Second copper interconnections 422 are 
formed, and a second barrier insulating film 423 is further 
formed thereon to a thickness of 30 to 150 nm. 

0150. For the overlying layers, this step is performed 
repeatedly, and formation of multi-layered interconnections 
in the dual damascene Structure is accomplished. 
0151. The etching stopper film(s) can be omitted in the 
dual damascene Structure as in the Single damascene Struc 
ture. 
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0152 Next, referring to the drawings, a method of manu 
facturing a damascene structure shown in FIG. 7 is 
described below. 

0153 FIGS. 8(a) to 9(c) is a series of schematic cross 
Sectional ViewS illustrating the Steps of a manufacturing 
method of a damascene Structure according to the via hole 
first method. 

0154 FIGS. 10(a) to 11(d) is a series of schematic 
croSS-Sectional ViewS illustrating the Steps of a manufactur 
ing method of a damascene Structure according to the middle 
first method. 

O155 FIGS. 12(a) to 14(a) is a series of schematic 
croSS-Sectional ViewS illustrating the Steps of a manufactur 
ing method of a damascene Structure according to the trench 
first method. 

0156 A manufacturing method of a dual damascene 
Structure according to the via hole first method is described, 
referring to FIGS. 8(a) to 9(c). 
O157. In the same way as shown in FIGS. 3(a) to 3(d), 
first Cu interconnections 510 are formed. Next, as shown in 
FIG. 8(a), a second SiCHN film 511 is formed and, thereon, 
a second SiOCH film 512, a third SiCHN film 513, a third 
SiOCH film 514 and a second SiO film 515 are formed, and, 
overlying them, an anti-reflection coating film 516 is 
formed. A photoresist 517 is formed thereon and the expo 
Sure and development are made therethrough to form a resist 
pattern for via hole 518. 
0158 Next, using the photoresist 517 as a mask, etching 
is applied onto the second SiO film 515, the third SiOCH 
film 514, the third SiCHN film 513 and the second SiOCH 
film 512, and this etching is stopped by the second SiCHN 
film 511. After that, the photoresist 517 is peeled off (FIG. 
8(b)). 
0159. As shown in FIG. 8(c), a coating of an anti 
reflection coating film 519 is made and, then, a photoresist 
520 is made on the anti-reflection coating film 519, and then, 
exposure and development are applied thereto, whereby a 
Second resist pattern for trench interconnection 521 is 
formed. 

0160. As shown in FIG. 8(d), using the photoresist 520 
as a mask, etching is applied onto the second SiO film 515 
and the third SiOCH film 514. This etching is stopped by the 
third SiCHN film 513. After that, the photoresist 520 is 
removed, and another etch back is carried out to etch the 
Second SiCHN film 511 and the third SiCHN film 513. Since 
the etching is hereat made to become slightly overetching, a 
part of the second SiOCH film 512 may be also removed by 
etching. 

0161) As shown in FIG. 9(a), a second Ta/TaN film 522 
is then grown and thereafter a second Cu film 523 is grown. 
As shown in FIG. 9(b), by performing the CMP, metals 
other than the trench interconnections are removed to form 
Second Cu interconnections 524. 

0162 Subsequently, as shown in FIG. 9(c), a fourth 
SiCHN film 525 is grown. 
0163 Next, a manufacturing method of a dual damascene 
Structure according to the middle first method is described, 
referring to FIGS. 10(a) to 11(d). 
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0164. In the same way as shown in FIGS. 3(a) to 3(d), 
first Cu interconnections 610 are formed. Next, a second 
SiCH film 611 is formed thereon, and a second SiOCH film 
612 is further formed thereon. Overlying them, a third SiCH 
film 613 is formed (FIG. 10(a)). 
0165. As shown in FIG. 10(b), on the third SiCH film 
613, a photoresist 614 patterned with a resist pattern for via 
hole 615 is formed. 

0166 As shown in FIG. 10(c), using the photoresist 614 
as a mask, the third SiCH film 613 is etched and, thereafter, 
an ashing and an organic peeling-off are conducted. 
Thereon, a third SiOCH film 616 and a third SiO film 617 
are formed. 

0167 Next, as shown in FIG. 10(d), a photoresist 618 is 
formed So as to leave a Second resist pattern for trench 
interconnection 619 therein. 

0168 As shown in FIG. 11(a), while using, as a mask, 
the photoresist 618 first and then the third SiO film 617, the 
third SiOCH film 616 and the third SiCH film 613 one after 
another as the etching proceeds, the second SiOCH film 612 
is worked into form. After that, by making the etch back, the 
Second SiCH film 611 is etched. 

0169. As shown in FIG.11(b), a second Ta/TaN film 620 
is grown. Further, a second Cu film 621 is grown. Following 
that, as shown in FIG.11(c), the metal other than the trench 
interconnections is removed by the CMP to form second Cu 
interconnections 623 and, thereafter, as shown in FIG. 
11(d), a fourth SiCH film 622 is formed. 
0170 Next, a manufacturing method of a dual damascene 
Structure according to the trench first method is described, 
referring to FIGS. 12(a) to 14(a). 
0171 In the same way as shown in FIGS.3(a) to 3(d), Cu 
interconnections 710 in a first layer are formed. 
0172 Next, as shown in FIG. 12(a), a second SiCH film 
711, a second SiOCH film 712, a third SiCH film 713, a third 
SiOCH film 716 and a first SiO film 717 are formed. 
Overlying them, an anti-reflection coating film 725 is 
formed and thereon a photoresist 718 is formed to leave a 
second resist pattern for trench interconnection 719. As 
shown in FIG. 12(b), with the photoresist mask, the first 
SiO, film 717 and the third SiOCH film 716 are etched and 
the third SiCH film 713 stops this etching, and, Subse 
quently, the photoresist is Subjected to ashing and then 
removed by the organic peeling-off. 

0173 As shown in FIG. 12(c), the etch back is applied 
onto the entire Surface thereof to etch the third SiCH film 
713. 

0174) Next, as shown in FIG. 12(d), a photoresist 714 is 
formed to leave a resist pattern for via hole 715 therein. 
0175. As shown in FIG. 13(a), using the photoresist 714 
as a mask, the second SiOCH film 712 is etched, and, after 
the second SiCH film 711 stops the etching, the photoresist 
714 is Subjected to ashing and removed by the organic 
peeling-off. After that, as shown in FIG. 13(b), the etch back 
is applied onto the entire Surface thereof to make the Second 
SiCH film 711 open. 
0176). As shown in FIG. 13(c), a second Ta/TaN film 720 
is grown and thereafter a Second Cu film 721 is grown. 
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Subsequently, after the metal other than the Second copper 
interconnections is removed by the CMP as shown in FIG. 
13(d), a fourth SiCH film 722 is grown thereon as shown in 
FIG. 14. 

0177. In the afore-mentioned Examples 1 and 2, SiCH 
and SiCHN are hereat equivalent and the Substitution does 
not cause any Serious problems. 

EXAMPLE 3 

0178 Example 3 wherein either of SiCH films and 
SiCHN films were used for the barrier insulating films in a 
semiconductor device is described below. 

0179. In a semiconductor device shown in FIG. 2, SiCH 
films were utilized for the insulating films 202,211,214 and 
223. 

0180 For these SiCH films, SiCH films containing vinyl 
groups therein and having a dielectric constant of 3.8 were 
hereat employed. The examination of the heat resistance 
conducted for the obtained layered Structure at temperatures 
up to 450° C. showed its excellent characteristics without 
any hint of deterioration in the via hole yield even when 
heated to 450° C. Further, it was found that the effective 
dielectric constant was reduced by 10%, compared with a 
semiconductor device wherein SiCH films with a dielectric 
constant of 4.5 which were grown using 3MS were 
employed. 

0181. In a semiconductor device shown in FIG. 2, 
SiCHN films that are Third Embodiment were utilized for 
the insulating films 202, 211, 214 and 223. 
0182 For these SiCHN films, SiCHN films containing 
Vinyl groups therein and having a dielectric constant of 4.2 
were hereat employed. The examination of the heat resis 
tance conducted for the obtained layered Structure at tem 
peratures up to 450° C. showed its excellent characteristics 
without any hint of deterioration in the via hole yield even 
when heated to 450° C. Further, it was found that the 
effective dielectric constant was reduced by 10%, compared 
with a semiconductor device wherein SiCH films with a 
dielectric constant of 5 which were grown using 3MS were 
employed. 
0183 The present invention provides a method of manu 
facturing a SiOCH film of high quality with a low dielectric 
constant. Further, the present invention can provide a Semi 
conductor device Structure which can reduce an effective 
dielectric constant, while maintaining the interconnection 
reliability by applying, as a low-dielectric-constant insulat 
ing film, the above SiOCH film to a multi-layered intercon 
nection in a Semiconductor device. 

0.184 The present invention can provide respective 
manufacturing methods of a SiCH and a SiCHN barrier 
insulating film of high quality with a low dielectric constant. 
Further, the present invention can provide a Semiconductor 
device Structure which can reduce an effective dielectric 
constant, while maintaining the interconnection reliability 
by applying, as a barrier insulating film, either of the above 
SiOCH film and SiCHN film to a multi-layered intercon 
nection in a Semiconductor device. 

0185. Further, the obtained films have excellent film 
quality, and carbon contents in the films are greater than 
those in conventional SiC films and SiCN films, and, as a 
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result, the present invention with the SiCHN films can 
provide higher etching Selection ratioS than the prior art with 
the conventional SiOC films or SiOCH films. 

0186 Respective data for the etching selection ratio of 
the SiOCH film to the SiCHN film according to the prior art 
and the present invention are shown in FIG. 21. For the 
etching gas, a CF-based gas was employed. The SiCN film 
grown with 3MS and NH and H E has a low carbon content 
in the film so that the etching selection ratio of the SiOC film 
to the SiCN film was as low as 8 and not sufficiently high. 
In contrast with this, with respect to the SiCHN film that was 
grown with TMVS, the etching selection ratio of the SiOCH 
film obtained was approximately 15 and Satisfactorily high. 
The yield for a chain of 500,000 via holes with a diameter 
of 0.2 um thereat is shown in FIG. 22. 
0187 FIG. 22 is a graphical representation of the yields 
for the via holes in the dual damascene interconnections 
formed by the via hole first method. When the conventional 
SiCN films formed with 3MS were used, the via hole yield 
was approximately 80%. As against this, when the SiCHN 
film formed with TMVS was used, the yield obtained was 
approximately 98%. 

0188 While what is shown herein is the data for the 
yields of the via holes in the dual damascene interconnec 
tions formed by the via hole first method, also in the dual 
damascene interconnections formed by the middle first 
method, the SiCH film of the present invention, which was 
formed with TMVS, provided a higher yield. 
0189 Further, FIG. 23 is a graphical representation for 
the interconnection resistances in the dual damascene inter 
connections fabricated by the trench first method. 
0190. Another effect of the present invention was 
observed on the variation of the layer resistance in the film 
structure wherein the SiCHN film of the present invention, 
which was formed with TMVS, was utilized. The decrease 
in variation of the layer resistance was also brought about by 
the improvement of the etching Selection ratio with respect 
to the etching stopper film. As shown in FIG. 23, for the 
conventional etching stopper films of the SiCHN films 
grown with 3MS. the resistances varied from 75 to 90 S2, 
while the variation of the resistances for the SiCHN films 
grown with TMVS in accordance with the present invention 
was almost halved. 

What is claimed is: 
1. An organic insulating film formed using, as a Source, a 

poly organosilane whose C/Si ratio is at least equal to or 
greater than 5 and, at the Same time, molecular weight is 
equal to or greater than 100. 

2. An organic insulating film according to claim 1, 
wherein Said poly organosilane is one or more types of 
poly organosilanes Selected from the group consisting of 
trimethylvinylsilane, triethlvinylsilane, dimethyldivinylsi 
lane, diethyldivinylsilane, methyltrivinylsilane, ethyltrivi 
nylsilane, tetravinylsilane, tetraethylsilane and triethylsi 
lane. 

3. An organic insulating film according to claim 1, 
wherein Said polyorganosilane contains a vinyl group, at 
least, in a part thereof. 

4. An organic insulating film according to claim 3, 
wherein Said poly organosilane containing a vinyl group, at 
least, in a part thereof is one or more types of polyorga 
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nosilanes Selected from the group consisting of trimethylvii 
nylsilane, triethlvinylsilane, dimethyldivinylsilane, dieth 
yldivinylsilane, methyltrivinylsilane, ethyltrivinylsilane and 
tetravinylsilane. 

5. An organic insulating film according to claim 1, 
wherein a C=C bond is contained. 

6. An organic insulating film according to claim 5, 
wherein a vinyl group is contained. 

7. An organic insulating film according to one of claims 
1, wherein Said organic insulating film is one Selected from 
the group consisting of a SiCH film, a SiCHN film and a 
SiOCH film. 

8. An organic insulating film according to claim 7, 
wherein said SiCH film is composed of Si, C and H elements 
and a C/Si composition ratio thereof is not less than 0.9. 

9. An organic insulating film according to claim 8, 
wherein said SiCH film has a density of less than 1.4 g/cm. 

10. An organic insulating film according to claim 7, 
wherein said SiCHN film is composed of Si, C, H and N 
elements and a C/Si composition ratio thereof is not less than 
1.O. 

11. An organic insulating film according to claim 10, 
wherein said SiCHN film has a density of less than 1.6 
g/cm. 

12. An organic insulating film according to claim 7, 
wherein said SiOCH film is composed of, at least, Si, C, O 
and H elements and a C/Si composition ratio thereof is not 
less than 0.8. 

13. An organic insulating film according to claim 12, 
wherein said SiOCH film has a density of less than 1.2 
g/cm. 

14. A method of manufacturing an organic insulating film, 
wherein a film is grown by the plasma CVD (Chemical 
Vapor Deposition) method, and Source gases are an oxidiz 
ing agent, an inert gas and a poly organosilane whose C/Si 
ratio is, at least, equal to or greater than 5 and, at the same 
time, molecular weight is equal to or greater than 100. 

15. A method of manufacturing an organic insulating film 
according to claim 14, wherein Said inert gas is one Selected 
from the group consisting of helium, argon and Xenon. 

16. A method of manufacturing an organic insulating film 
according to claim 14, wherein Said oxidizing agent is one 
Selected from the group consisting of O, O, HO, CO and 
CO. 

17. A method of manufacturing an organic insulating film 
according to claim 14, wherein Said poly organosilane is one 
or more types of poly organosilanes Selected from the group 
consisting of trimethylvinylsilane, triethlvinylsilane, dim 
ethyldivinylsilane, diethyldivinylsilane, methyltrivinylsi 
lane, ethyltrivinylsilane, tetravinylsilane, tetraethylsilane 
and triethylsilane. 

18. A method of manufacturing an organic insulating film 
according to claim 14, wherein Said poly organosilane con 
tains a vinyl group, at least, in a part thereof. 

19. A method of manufacturing an organic insulating film 
according to claim 18, wherein Said poly organosilane con 
taining a vinyl group, at least, in a part thereof is one or more 
types of polyorganosilanes Selected from the group consist 
ing of trimethylvinylsilane, triethlvinylsilane, dimethyldivi 
nylsilane, diethyldivinylsilane, methyltrivinylsilane, ethyl 
trivinylsilane and tetravinylsilane. 
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20. A method of manufacturing an organic insulating film 
according to claim 14, wherein Said organic insulating film 
is a SiOCH film composed of, at least, Si, C, H and O 
elements. 

21. A method of manufacturing an organic insulating film, 
wherein a film is grown by the plasma CVD method, and 
Source gases are an inert gas that is one of helium, argon and 
Xenon, and an poly organosilane whose C/Siratio is, at least, 
equal to or greater than 5 and, at the same time, molecular 
weight is equal to or greater than 100. 

22. A method of manufacturing an organic insulating film 
according to claim 21, wherein Said poly organosilane is one 
or more types of poly organosilanes Selected from the group 
consisting of trimethylvinylsilane, triethlvinylsilane, dim 
ethyldivinylsilane, diethyldivinylsilane, methyltrivinylsi 
lane, ethyltrivinylsilane, tetravinylsilane, tetraethylsilane 
and triethylsilane. 

23. A method of manufacturing an organic insulating film 
according to claim 21, wherein Said poly organosilane con 
tains a vinyl group, at least, in a part thereof. 

24. A method of manufacturing an organic insulating film 
according to claim 23, wherein Said poly organosilane con 
taining a vinyl group, at least, in a part thereof is one or more 
types of polyorganosilanes Selected from the group consist 
ing of trimethylvinylsilane, triethlvinylsilane, dimethyldivi 
nylsilane, diethyldivinylsilane, methyltrivinylsilane, ethyl 
trivinylsilane and tetravinylsilane. 

25. A method of manufacturing an organic insulating film 
according to claim 21, wherein said organic insulating film 
is a SiCH film composed of Si, C and H elements. 

26. A method of manufacturing an organic insulating film, 
wherein a film is grown by the plasma CVD method, and 
Source gases are a nitrogen containing gas, an inert gas that 
is one of helium, argon and Xenon, and an poly organosilane 
whose C/Si ratio is, at least, equal to or greater than 5 and, 
at the Same time, molecular weight is equal to or greater than 
100. 

27. A method of manufacturing an organic insulating film, 
wherein Said nitrogen containing gas is one of ammonia, N. 
and hydrazine. 

28. A method of manufacturing an organic insulating film 
according to claim 26, wherein Said poly organosilane is one 
or more types of poly organosilanes Selected from the group 
consisting of trimethylvinylsilane, triethlvinylsilane, dim 
ethyldivinylsilane, diethyldivinylsilane, methyltrivinylsi 
lane, ethyltrivinylsilane, tetravinylsilane, tetraethylsilane 
and triethylsilane. 

29. A method of manufacturing an organic insulating film 
according to claim 26, wherein Said poly organosilane con 
tains a vinyl group, at least, in a part thereof. 

30. A method of manufacturing an organic insulating film 
according to claim 29, wherein Said poly organosilane con 
taining a vinyl group, at least, in a part thereof is one or more 
types of polyorganosilanes Selected from the group consist 
ing of trimethylvinylsilane, triethlvinylsilane, dimethyldivi 
nylsilane, diethyldivinylsilane, methyltrivinylsilane, ethyl 
trivinylsilane and tetravinylsilane. 

31. A method of manufacturing an organic insulating film 
according to claim 26, wherein Said organic insulating film 
is a SiCHN film composed of Si, C, H and N elements. 

32. A Semiconductor device comprising, at least, one 
insulating film Selected from the group consisting of an 
interlayer insulating film, an etching Stopper film and a 
barrier insulating film against a metal; wherein 
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Said interlayer insulating film, etching Stopper film or 
barrier insulating film against a metal is an organic 
insulating film; wherein 

Said organic insulating film formed using, as a Source, a 
polyorganosilane whose C/Si ratio is at least equal to or 
greater than 5 and, at the Same time, molecular weight 
is equal to or greater than 100. 

33. A Semiconductor device according to claim 32, which 
comprises a trench interconnection Structure. 

34. A Semiconductor device having a trench interconnec 
tion Structure, which comprises a first insulating film formed 
on a Semiconductor Substrate, a first trench interconnection 
formed in Said first insulating film, a Second insulating film, 
a third insulating film, a Second trench interconnection 
formed in Said third insulating film, a via plug that is formed 
in Said Second insulating film and connects Said first trench 
interconnection with Said Second trench interconnection; 
wherein 

at least Said first insulating film, Said Second insulating 
film and Said third insulating film are each made of a 
SiOCH film as set forth in claim 7. 

35. A Semiconductor device according to claim 34, 
wherein Said first insulating film is a layered film made of 
said SiOCH film and a hard mask film. 

36. A Semiconductor device according to claim 34, 
wherein 

Said first insulating film is a layered film made of an 
etching stopper film, said SiOCH film and a hard mask 
film; and 

said etching stopper film is either of a SiCH film and a 
SiCHN film as set forth in claim 7. 

37. A Semiconductor device according to claim 34, 
wherein 

Said Second insulating film is a layered film made of a 
barrier insulating film, a SiOCH film as set forth in 
claim 7 and a hard mask film; and 

said barrier insulating film is either of a SiCH film and a 
SiCHN film as set forth in claim 7. 

38. A Semiconductor device according to claim 34, 
wherein 

Said Second insulating film is a layered film made of a 
barrier insulating film and said SiOCH film; and 

said barrier insulating film is either of a SiCH film and a 
SiCHN film as set forth in claim 7. 

39. A semiconductor device according to claim 34; 
wherein 

Said Second insulating film is a layered film made of a 
barrier insulating film, said SiOCH film and an etching 
Stopper film; and 

each of Said barrier insulating film and Said etching 
stopper film is either of a SiCH film and a SiCHN film 
as set forth in claim 7. 

40. A Semiconductor device according to claim 34, 
wherein Said third insulating film is a layered film made of 
said SiOCH film and a hard mask film. 

41. A Semiconductor device according to claim 34, 
wherein 
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Said third insulating film is a layered film made of an 
etching stopper film, said SiOCH film and a hard mask 
film; and 

said etching stopper film is either of a SiCH film and a 
SiCHN film as set forth in claim 7. 

42. A Semiconductor device according to claim 34, 
wherein 

a top Section of Said Second trench interconnection is 
covered with a barrier insulating film; and 

said barrier insulating film is either of a SiCH film and a 
SiCHN film as set forth in claim 7. 

43. A Semiconductor device according to one of claims 
36, 39 and 41, wherein said etching stopper film is a layered 
film made of a SiCH film and a SiCHN film as set forth in 
claim 7. 

44. A Semiconductor device according to one of claims 
37, 38, 39 and 42, wherein said barrier insulating film is a 
layered film made of a SiCH film and a SiCHN film as set 
forth in claim 7. 

45. A Semiconductor device according to claim 34, 
wherein, at least, one of Said trench interconnection and Said 
via plug is formed of a copper containing metal. 

46. A Semiconductor device according to claim 45, 
wherein Said copper containing metal further contains one or 
more metals Selected from the group consisting of Si,Al, Ag, 
W, Mg, Be, Zn, Pd, Cd, Au, Hg, Pt, Zr, Ti, Sn, Ni and Fe. 

47. A Semiconductor device according to claim 34, 
wherein said trench interconnection and said via plug each 
comprise one or more barrier metal layerS Selected from the 
group consisting of layers of Ti, TiN, TiSiN, Ta, TaN and 
TaSiN. 

48. A method of manufacturing a Semiconductor device 
which comprises, at least, one insulating film Selected from 
the group consisting of an interlayer insulating film, an 
etching Stopper film and a barrier insulating film against a 
metal; wherein 

Said interlayer insulating film, etching Stopper film or 
barrier insulating film against a metal is an organic 
insulating film; wherein 

Said organic insulating film formed using, as a Source, a 
polyorganosilane whose C/Si ratio is at least equal to or 
greater than 5 and, at the same time, molecular weight 
is equal to or greater than 100, wherein 

Said organic insulating film is one Selected from the group 
consisting of a SiCH film, a SiCHN film and a SiOCH 
film. 

49. A method of manufacturing a Semiconductor device 
according to claim 48, wherein Said Semiconductor device 
comprises a trench interconnection Structure. 

50. A method of manufacturing a semiconductor device 
having a trench interconnection Structure, which comprises 
the Steps of: 

forming a first insulating film on a Semiconductor Sub 
Strate, 

etching Said first insulating film Selectively and thereby 
forming a first interconnection trench pattern; 

filling up Said first interconnection trench pattern with a 
metal to form a first trench interconnection; 

forming a Second insulating film; 
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etching Said Second insulating film Selectively and thereby 
forming a via hole to reach the top face of Said first 
trench interconnection; 

filling up said via hole with a metal to form a via plug, 
forming a third insulating film; 

etching Said third insulating film Selectively and thereby 
forming a Second interconnection trench pattern So that 
at least a part thereof may reach the top face of Said via 
plug, 

filling up said Second interconnection trench pattern with 
a metal to form a Second trench interconnection; and 

forming a barrier insulating film; wherein 

at least one insulating film Selected from the group 
consisting of Said first, Second and third insulating films 
is made of a SiOCH film; wherein 

Said SiOCH film formed using, as a Source, a poly orga 
nosilane whose C/Si ratio is at least equal to or greater 
than 5 and, at the Same time, molecular weight is equal 
to or greater than 100. 

51. A method of manufacturing a Semiconductor device 
according to claim 50, wherein 

Said first insulating film is a layered film made of Said 
SiOCH film and a hard mask film. 

52. A method of manufacturing a semiconductor device 
according to claim 50, wherein 

Said first insulating film is a layered film made of an 
etching stopper film, said SiOCH film and a hard mask 
film; and 

said etching stopper film is either of said SiCH film and 
said SiCHN film; wherein 

said SiCH and said SiCHN film formed using, as a source, 
a polyorganosilane whose C/Si ratio is at least equal to 
or greater than 5 and, at the same time, molecular 
weight is equal to or greater than 100. 

53. A method of manufacturing a Semiconductor device 
according to claim 50, wherein 

Said Second insulating film is a layered film made of a 
barrier insulating film, said SiOCH film and a hard 
mask film; and 

said barrier insulating film is either of a SiCH film and a 
SiCHN film; wherein 

said SiCH film and said SiCHN film formed using, as a 
Source, a polyorganosilane whose C/Si ratio is at least 
equal to or greater than 5 and, at the same time, 
molecular weight is equal to or greater than 100. 

54. A method of manufacturing a Semiconductor device 
according to claim 50, wherein Said third insulating film is 
a layered film made of said SiOCH film and a hard mask 
film. 

55. A method of manufacturing a semiconductor device 
according to claim 50, wherein 

Said third insulating film is a layered film made of an 
etching stopper film, said SiOCH film and a hard mask 
film; and 
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said etching stopper film is either of a SiCH film and a 
SiCHN film; wherein 

said SiCH film and said SiCHN film formed using, as a 
Source, a polyorganosilane whose C/Si ratio is at least 
equal to or greater than 5 and, at the same time, 
molecular weight is equal to or greater than 100. 

56. A method of manufacturing a Semiconductor device 
having a trench interconnection Structure, which comprises 
the Steps of: 

forming a first insulating film on a Semiconductor Sub 
Strate, 

etching Said first insulating film Selectively and thereby 
forming a first interconnection trench pattern; 

filling up Said first interconnection trench pattern with a 
metal to form a first trench interconnection; 

forming a Second insulating film and a third insulating 
film; 

etching Said Second insulating film and Said third insu 
lating film Selectively and thereby forming a via hole to 
reach the top face of Said first insulating film; 

etching Said third insulating film Selectively and thereby 
forming a Second interconnection trench to reach the 
top face of Said Second insulating film; 

filling up Said via hole and Said Second interconnection 
trench with a metal to form a via plug and a second 
trench interconnection; and 

forming a fourth insulating film; wherein 
at least one insulating film Selected from the group 

consisting of Said first, Second and third insulating films 
is made of a SiOCH film; wherein 

Said SiOCH film formed using, as a Source, a poly orga 
nosilane whose C/Si ratio is at least equal to or greater 
than 5 and, at the same time, molecular weight is equal 
to or greater than 100. 

57. A method of manufacturing a semiconductor device 
having a trench interconnection Structure, which comprises 
the Steps of: 

forming a first insulating film on a Semiconductor Sub 
Strate, 

etching Said first insulating film Selectively and thereby 
forming a first interconnection trench pattern; 

filling up Said first interconnection trench pattern with a 
metal to form a first trench interconnection; 

forming a Second insulating film and a third insulating 
film; 

etching Said third insulating film Selectively and thereby 
forming a Second interconnection trench to reach the 
top face of Said Second insulating film; 

etching a part of a bottom Section of Said Second inter 
connection trench Selectively and thereby forming a via 
hole to reach the top face of Said first insulating film; 

filling up Said via hole and Said Second interconnection 
trench with a metal to form a via plug and a Second 
trench interconnection; and 
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forming a fourth insulating film; wherein 
at least one insulating film Selected from the group 

consisting of Said first, Second and third insulating films 
is made of a SiOCH film; wherein 

Said SiOCH film formed using, as a Source, a poly orga 
nosilane whose C/Si ratio is at least equal to or greater 
than 5 and, at the Same time, molecular weight is equal 
to or greater than 100. 

58. A method of manufacturing a semiconductor device 
according to claim 56, wherein Said first insulating film is a 
layered film made of said SiOCH film and a hard mask film. 

59. A method of manufacturing a semiconductor device 
according to claim 57, wherein Said first insulating film is a 
layered film made of said SiOCH film and a hard mask film. 

60. A method of manufacturing a Semiconductor device 
according to claim 56; wherein 

Said first insulating film is a layered film made of an 
etching stopper film, said SiOCH film and a hard mask 
film; and 

said etching stopper film is either of a SiCH film and a 
SiCHN film: wherein 

said SiCH film and said SiCHN film formed using, as a 
Source, a polyorganosilane whose C/Si ratio is at least 
equal to or greater than 5 and, at the same time, 
molecular weight is equal to or greater than 100. 

61. A method of manufacturing a Semiconductor device 
according to claim 57; wherein 

Said first insulating film is a layered film made of an 
etching stopper film, said SiOCH film and a hard mask 
film; and 

said etching stopper film is either of a SiCH film and a 
SiCHN film: wherein 

said SiCH film and said SiCHN film formed using, as a 
Source, a polyorganosilane whose C/Si ratio is at least 
equal to or greater than 5 and, at the same time, 
molecular weight is equal to or greater than 100. 

62. A method of manufacturing a Semiconductor device 
according to claim 56; wherein 

Said Second insulating film is a layered film made of a 
barrier insulating film and said SiOCH film; and 

said barrier insulating film is either of a SiCH film and a 
SiCHN film; wherein 

said SiCH film and said SiCHN film formed using, as a 
Source, a polyorganosilane whose C/Si ratio is at least 
equal to or greater than 5 and, at the same time, 
molecular weight is equal to or greater than 100. 

63. A method of manufacturing a Semiconductor device 
according to claim 57; wherein 

Said Second insulating film is a layered film made of a 
barrier insulating film and said SiOCH film; and 

said barrier insulating film is either of a SiCH film and a 
SiCHN film; wherein 

said SiCH film and said SiCHN film formed using, as a 
Source, a polyorganosilane whose C/Si ratio is at least 
equal to or greater than 5 and, at the same time, 
molecular weight is equal to or greater than 100. 
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64. A method of manufacturing a Semiconductor device 
according to claim 56; wherein 

Said Second insulating film is a layered film made of a 
barrier insulating film, said SiOCH film and an etching 
Stopper film; and 

each of Said barrier insulating film and Said etching 
stopper film is either of a SiCH film and a SiCHN film; 
wherein 

said SiCH film and said SiCHN film formed using, as a 
Source, a polyorganosilane whose C/Si ratio is at least 
equal to or greater than 5 and, at the same time, 
molecular weight is equal to or greater than 100. 

65. A method of manufacturing a Semiconductor device 
according to claim 57; wherein 

Said Second insulating film is a layered film made of a 
barrier insulating film, said SiOCH film and an etching 
Stopper film; and 

each of Said barrier insulating film and Said etching 
stopper film is either of a SiCH film and a SiCHN film; 
wherein 

said SiCH film and said SiCHN film formed using, as a 
Source, a polyorganosilane whose C/Si ratio is at least 
equal to or greater than 5 and, at the same time, 
molecular weight is equal to or greater than 100. 

66. A method of manufacturing a Semiconductor device 
according to claim 56, wherein Said third insulating film is 
a layered film made of said SiOCH film and a hard mask 
film. 

67. A method of manufacturing a Semiconductor device 
according to claim 57, wherein Said third insulating film is 
a layered film made of said SiOCH film and a hard mask 
film. 

68. A method of manufacturing a Semiconductor device 
according to claim 56; wherein 

Said third insulating film is a layered film made of an 
etching stopper film, said SiOCH film and a hard mask 
film; and 

said etching stopper film is either of a SiCH film and a 
SiCHN film; wherein 

said SiCH film and said SiCHN film formed using, as a 
Source, a polyorganosilane whose C/Si ratio is at least 
equal to or greater than 5 and, at the same time, 
molecular weight is equal to or greater than 100. 

69. A method of manufacturing a Semiconductor device 
according to claim 57; wherein 

Said third insulating film is a layered film made of an 
etching stopper film, said SiOCH film and a hard mask 
film; and 

said etching stopper film is either of a SiCH film and a 
SiCHN film; wherein 

said SiCH film and said SiCHN film formed using, as a 
Source, a polyorganosilane whose C/Si ratio is at least 
equal to or greater than 5 and, at the same time, 
molecular weight is equal to or greater than 100. 

70. A method of manufacturing a semiconductor device 
having a trench interconnection Structure, which comprises 
the Steps of: 

forming a first insulating film on a Semiconductor Sub 
Strate, 
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etching Said first insulating film Selectively and thereby 
forming a first interconnection trench pattern; 

filling up Said first interconnection trench pattern with a 
metal to form a first trench interconnection; 

forming a Second insulating film; 
forming an etching Stopper film; 
making an opening Selectively in Said etching Stopper 

film; 

forming a third insulating film; 

etching Said third insulating film Selectively So that a 
Second interconnection trench to reach the top face of 
Said Second insulating film may be formed and, 
together therewith, forming a via hole to reach a top 
Section of Said first interconnection through Said open 
ing; 

filling up Said via hole and Said Second interconnection 
trench with a metal to form a via plug and a Second 
trench interconnection; and 

forming a fourth insulating film; wherein 

at least one insulating film Selected from the group 
consisting of Said first, Second and third insulating films 
is made of a SiOCH film, and said etching stopper film 
is made of either of a SiCH film and a SiCHN film; 
wherein 

said SiOCH film, said SiCH film and said SiCHN film 
formed using, as a Source, a polyorganosilane whose 
C/Si ratio is at least equal to or greater than 5 and, at 
the same time, molecular weight is equal to or greater 
than 100. 

71. A method of manufacturing a Semiconductor device 
according to claim 70, wherein Said first insulating film is a 
layered film made of said SiOCH film and a hard mask film. 

72. A method of manufacturing a Semiconductor device 
according to claim 70; wherein 

Said first insulating film is a layered film made of an 
etching stopper film, said SiOCH film and a hard mask 
film; and 

said etching stopper film is either of a SiCH film and a 
SiCHN film; wherein 

said SiCH film and said SiCHN film formed using, as a 
Source, a polyorganosilane whose C/Si ratio is at least 
equal to or greater than 5 and, at the same time, 
molecular weight is equal to or greater than 100. 

73. A method of manufacturing a Semiconductor device 
according to claim 70; wherein 

Said Second insulating film is a layered film made of a 
barrier insulating film and said SiOCH film; and 

said barrier insulating film is either of a SiCH film and a 
SiCHN film; wherein 

said SiCH film and said SiCHN film formed using, as a 
Source, a polyorganosilane whose C/Si ratio is at least 
equal to or greater than 5 and, at the same time, 
molecular weight is equal to or greater than 100. 
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74. A method of manufacturing a Semiconductor device 
according to claim 70, wherein Said third insulating film is 
a layered film made of said SiOCH film and a hard mask 
film. 

75. A method of manufacturing a semiconductor device 
according to claim 70; wherein 

Said third insulating film is a layered film made of an 
etching stopper film, said SiOCH film and a hard mask 
film; and 

said etching stopper film is either of a SiCH film and a 
SiCHN film; wherein 

said SiCH film and said SiCHN film formed using, as a 
Source, a polyorganosilane whose C/Si ratio is at least 
equal to or greater than 5 and, at the same time, 
molecular weight is equal to or greater than 100. 

76. A method of manufacturing a Semiconductor device 
according to claim 70; wherein Said barrier insulating film is 
either of a SiCH film and a SiCHN film; wherein 

said SiCH film and said SiCHN film formed using, as a 
Source, a polyorganosilane whose C/Si ratio is at least 
equal to or greater than 5 and, at the same time, 
molecular weight is equal to or greater than 100. 

77. A method of manufacturing a semiconductor device 
according to claim 50, wherein at least one of Said trench 
interconnection and Said via plug is formed of a copper 
containing metal. 

78. A method of manufacturing a semiconductor device 
according to one of claims 50, wherein Said copper contain 
ing metal further contains one or more metals Selected from 
the group consisting of Si, Al, Ag, W, Mg, Be, Zn, Pd, Cd, 
Au, Hg, Pt, Zr, Ti, Sn, Ni and Fe. 

79. A method of manufacturing a semiconductor device 
according to one of claims 50, wherein Said trench inter 
connection and Said via plug each comprise one or more 
barrier metal layerS Selected from the group consisting of 
layers of Ti, TiN, TiSiN, Ta, TaN and TaSiN. 

80. A method of manufacturing a semiconductor device 
according to claim 56, wherein at least one of Said trench 
interconnection and Said via plug is formed of a copper 
containing metal. 
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81. A method of manufacturing a Semiconductor device 
according to one of claims 56, wherein Said copper contain 
ing metal further contains one or more metals Selected from 
the group consisting of Si, Al, Ag, W, Mg, Be, Zn, Pd, Cd, 
Au, Hg, Pt, Zr, Ti, Sn, Ni and Fe. 

82. A method of manufacturing a Semiconductor device 
according to one of claims 57, wherein Said trench inter 
connection and Said via plug each comprise one or more 
barrier metal layerS Selected from the group consisting of 
layers of Ti, TiN, TiSiN, Ta, TaN and TaSiN. 

83. A method of manufacturing a Semiconductor device 
according to claim 57, wherein at least one of Said trench 
interconnection and Said via plug is formed of a copper 
containing metal. 

84. A method of manufacturing a Semiconductor device 
according to one of claims 57, wherein Said copper contain 
ing metal further contains one or more metals Selected from 
the group consisting of Si, Al, Ag, W, Mg, Be, Zn, Pd, Cd, 
Au, Hg, Pt, Zr, Ti, Sn, Ni and Fe. 

85. A method of manufacturing a semiconductor device 
according to one of claims 57, wherein Said trench inter 
connection and Said via plug each comprise one or more 
barrier metal layerS Selected from the group consisting of 
layers of Ti, TiN, TiSiN, Ta, TaN and TaSiN. 

86. A method of manufacturing a Semiconductor device 
according to claim 64, wherein at least one of Said trench 
interconnection and Said via plug is formed of a copper 
containing metal. 

87. A method of manufacturing a semiconductor device 
according to one of claims 64, wherein Said copper contain 
ing metal further contains one or more metals Selected from 
the group consisting of Si, Al, Ag, W, Mg, Be, Zn, Pd, Cd, 
Au, Hg, Pt, Zr, Ti, Sn, Ni and Fe. 

88. A method of manufacturing a semiconductor device 
according to one of claims 64, wherein Said trench inter 
connection and Said via plug each comprise one or more 
barrier metal layerS Selected from the group consisting of 
layers of Ti, TiN, TiSiN, Ta, TaN and TaSiN. 


