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Mechanical properties of SiNxCy 
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ceramic films 
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The mechanical properties of Si3N4-SiC, SiNx and SiC V films prepared at a low temperature of 
400~ by plasma chemical vapour deposition are reported. Microhardness, internal stress of 
the film and adhesive strength between the film and glass or stainless steel substrate were 
evaluated as principal mechanical properties. Microhardness was measured to be about 10 to 
20 GPa dependent on the film composition in each system. Internal stress of the films on 
borosilicate glass substrates extensively varied from tensile to compressive with the film com- 
position change from Si3N4 to SiC. Adhesive strength, as ascertained by the scratch test, was 
about 580 to 800 MPa for crown glass substrates, and about 210 to 310 MPa for 316 stain- 
less steel substrates. It is pointed out that tensile stress in these films brought about more ab- 
rupt decreases of the adhesive strength than did compressive stress. 

1. Introduction 
Both silicon nitride (Si3N4) and silicon carbide (SIC) 
show excellent properties of strength, thermal stabil- 
ity, wear and corrosion resistance. They are very 
promising as structural ceramics because of their 
abundant existence on Earth. Generally, these mater- 
ials are used as sintered compacts prepared by reac- 
tion sintering [1], pressureless sintering [2], and hot- 
pressing [3] methods. 

However, an attractive method is to coat metals, 
glasses or other materials with ceramic films. The 
ceramic film coatings can provide the substrate mater- 
ials with new and superior properties. The chemical 
vapour deposition (CVD) method, generally synthes- 
izes various ceramic films with high density and 
strength at high deposition rates using chemical reac- 
tion [4, 5]. However, one of the major problems in 
utilizing this method over a wider industrial region is 
the thermal damage of the substrate materials at the 
reaction temperatures used. Recently, amorphous 
SiNxC r (Si3N4-SiC, SiNx and SiC r systems) films were 
prepared using the plasma CVD method [6, 7]. By 
this method it is possible to prepare ceramic films on 
metals, glasses and even plastics at low temperatures 
(below 400~ with the aid of active ions and radicals 
in r.f. plasma. 

In addition to some mechanical properties, we have 
already reported the characteristics concerning in- 
frared absorption spectra, optical band gap, refractive 
index and textures or microstructures for the prepared 
films [6-10]. It was concluded that silicon, nitrogen 
and carbon atoms in the film were uniformly distribu- 
ted on an atomic scale (at least less than 1 nm dia- 
meter) [6, 7]. This paper investigates all the mechan- 
ical properties, including microhardness, internal 

stress and adhesive strength as determined by the 
scratch test. 

2. Experimental procedure 
2.1. Prepara t ion  
The preparation of the films was performed using the 
charge-coupled plasma CVD apparatus under the 
conditions given in Table I [6, 7]. 10% Sill 4 (diluted 
with argon), NH 3, C: H 4 and H 2 were used as reaction 
gases. Table II shows the flow rates (F), flow-rate 
ratios (R) and compositions analysed by electron 
probe X-ray microanalysis (EPMA). 

2.2. Measurement of mechanical properties 
2.2. 1. Microhardness and total stress 
The microhardness o f  the films deposited on crown 
glass substrates was measured using a Vickers micro- 
hardness tester and evaluated as previously reported 
[8, 9]. The load of the indenter was fixed at 0.49 N, 
and the film thickness was kept above 5 gm in order to 
remove the influence of the substrate. 

Internal stress in the film deposited on a thin circu- 
lar borosilicate glass substrate o f  15 mm diameter 
x 0.153 mm thick was evaluated by measurement of 

the radius of curvature in elastic bending with a 
microstylus profilometer [8, 9]. 

Total stress is frequently used in order to express 
internal stress. Total stress, S, is given as a product of 
internal stress, ~i, and film thickness, tf 

S ~--- (Yitf (Nm)  (1) 

This total stress was used in this paper. 
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T A B L E  I Experimental conditions for plasma CVD apparatus 

Deposit ion temperature 400 ~ 
Total gas pressure 66.7 Pa 
r.f. frequency 13.56 M Hz  
r.f. power 100 W 
Electrode spacing 30 m m  
Electrode diameter 206 m m  
Substrate Crown glass 

Borosilicate glass, SUS-316 

2.2.2. Adhesive strength 
The adhesive strength between the film and substrate 
was measured by the scratch method [11]. As shown 
in Fig. 1, a Rockwell diamond indentor with the 
radius of 0.2 mm was used, and slid over the film with 
increasing indentor load. The film began to exfoliate 
from the substrate when the load reached a critical 
value. This critical load was detected by the rapid 
increase of acoustic emission (AE) signals from an AE 
sensor attached to the indentor holder. While adhesive 
force is frequently expressed by the critical load itself, 
it can be converted to adhesive strength (shearing 
stress between the film and the substrate) by the 
following equation [-11] 

Lo ),j2 
cY,a = )tr 2 /~ZL~/  P (Pa) (2) 

where L~ is the indentor load (N), r the radius of the 
indentor tip (0.0002 m), P the reaction force per unit 
area acting from the substrate to the indentor, i.e. 
Brinell hardness (HHR) of the substrate material. 
Crown glass (Ha, = 3.90 GPa) and 316 stainless steel 
( S U S - 3 1 6 ;  HBI ~ = 1.96 GPa) were used as substrate 
materials. Loading speed and sliding or scratching 
speed were 25 N ram- t and 10 mm rain- ~, respect- 
ively. 

3. R e s u l t s  and  d i s c u s s i o n  
3.1. Microhardness  
Fig. 2 shows the relationships between the resulting 
Vickers microhardness and flow rate ratio of C2H 4 
(Rx) in Si3N4-SiC films prepared by plasma CVD. 
The hardnesses of Si3N 4 (R~ = 0, SiN1.42 in Table II) 
and SiC (R~ = 1.0, SiCl.o4 in Table II) were about 20 
and 12 GPa, respectively. The hardness of Si3N 4 was 
considerably higher than that of SiC. The hardness of 
the mixed composition between Si3N 4 and SiC was 
approximately equal to or somewhat lower than the 
above SiC value. It was revealed that the hardness of 
Si3N 4 rapidly decreased with increasing SiC composi- 
tion. 

Fig. 3 shows the relationships between Vickers 
microhardness and atomic ratio of N/Si or C/Si in the 
binary systems of SiNx and SiCy. In both the systems, 
approximately stoichiometric composition of Si3N 4 
or SiC showed a maximum value in hardness. The 
microhardness of these films has already been re- 
ported in connection with other effects related to 
substrate materials and film thickness [9]. 

Table III shows the Vickers hardness values of both 
Si3N 4 and SiC prepared by various methods. The 
hardness of Si3N ~ prepared in this work is lower than 
that of amorphous and crystalline Si3N 4 prepared by 
pyrolytic CVD, but comparable to, or somewhat 
higher than, that by reaction sintering or hot pressing 
at high temperatures (>t 1400~ The Si3N 4 film 
prepared shows a fairly high hardness in spite of the 
preparation at a low temperature of 400 ~ The hard- 
ness of SiC prepared by plasma CVD shows a rela- 
tively low value, being lower than half the values 
obtained by pyrolytic CVD and sputtering methods. 
This suggests a low binding strength of the bond 
between carbon and silicon. Therefore, the hardness of 
the SiC film obtained by plasma CVD might be 

T A B L E  II Gas  flow rates, F, gas flow rate ratios, R, and film compositions for plasma CVD SiN~Cr films 

System F(10%SiH4-Ar) a F(NH3) F(CEH4) F(H2) Rx b R,~ c Composit ion 
(ml min - 1 ) (ml min - 1 ) (ml min - 1 ) (ml min - 1 ) 

Si3N4-SiC 91 20 0 30 0 - SiN 1.42 
91 16 4 30 0.20 -- S i N l . 2 3  C0.29 

91 12 6 30 0.33 - SiNo.9oCo,41 
91 8 8 30 0.50 SiNe.6 s Co.62 
91 4 9 30 0.69 - SiNo.4o Co.72 
91 0 10 30 1.0 - SiCl.o4 

SiNx 95 12 0 30 0 1.26 SiNe.s4 
91 16 0 30 0 1.76 SIN1,I3 
90 17 0 30 0 1.89 SiN1.2o 
89 18 0 30 0 2.02 SIN1.26 
87 20 0 30 0 2.30 SiN a. 37 
82 25 0 30 0 3.05 SIN1.62 

SiCr 104 0 3 30 1.0 0.29 SiCo a5 
103 0 4 30 1.0 0.39 SiCo.s6 
101 0 6 3 0  1.0 0.59 SiCo.72 
95 0 12 30 1.0 1.26 SiCi.o7 
91 0 16 30 1.0 1.76 SiC1.2s 
87 0 20 30 1.0 2.30 SIC1.38 

Si 107 0 0 30 - Si 

aF(SiH4) = 0.1 F(10% SiH4-Ar). 
bGas flow rate ratio of C2H,,:R ~ = F(C2H4)/[F(C2H4) + F(NH3) ]. 
eg ,  c = [F(C2H4) + F(NHa)]/F(SiH4).  
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Figure l Measurement  of adhesive strength by a scratch tester. 
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Figure 3 Vickers microhardness-atomic ratio plots of N/Si or C/Si 
for plasma CVD SiN~ and SiC~ films. Details as in Fig. 2. 
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Figure 2 Vickers microhardness-flow rate ratio plots of C2H 4 (R:,) 
for plasma CVD Si3N4-SiC films. Indentor load 0.49 N, crown 
glass substrate, 5 gm film thickness. 

improved by preparation under more progressive 
conditions. 

3.2. Internal  s t ress  
Fig. 4 shows the relationships between the total stress 
and flow rate ratio of C2H4 (R~) in the Si3N4-SiC 
films prepared by plasma CVD. Total stress is given as 
a product of internal stress and film thickness as 

mentioned above. The film thickness deposited on 
thin circular borosilicate glass substrates was kept 
constant at 1 or 5 gin. As shown in the figure, total 
stress (i.e. internal stress) varied monotonically from 
tensile to compressive as the film composition changed 
from Si3N 4 to SiC. In the case of 1 gm thick, the total 
stress at Si3N 4 (R x = 0) composition was about 634 
N m-1 (tensile) and that at SiC (Rx = 1.0) composi- 
tion was - 3 8 . 4  N m -1 (compressive). The internal 
stresses derived from the total stress were about 
547 MPa (tensile) at Si3N 4 and - 3 7 . 3  MPa (com- 
pressive) at SiC, respectively. For the 5 gm film thick- 
ness, the cracks due to the strong internal stress in the 
film occurred ( 0 ). The tensile stress a t  8 i N 0 . 6 5 C 0 . 6 2  

(R, = 0.5) film (5 gm thick), at which cracks were 
beginning to occur, was about 159 MPa. This value is 
comparable to bending strength (103 to 255 MPa) or 
tensile strength (79 to 141 MPa) for the reaction- 
sintered Si3N 4 [12]. Thus the tensile stress in the film 
is so high that cracks occur to relax the stress in the 
film. According to Goto  et al. [13], the phenomenon 
of stress relaxation in Si3N, with increasing carbon 
was reported in the SisN4-C system prepared by 
pyrolytic CVD. Generally, the compressive stress in 
the film is preferable so that cracks may not occur. In 

T A B L E  I I I  Vickers microhardness data for Si3N 4 and SiC prepared by various methods 

Materials Preparation Preparation Phase Density Hardness,  Reference 
method temp. (~ (kg m -  3) H v (GPa) 

Si3N 4 CVD 1300~1500 ~ 3180 30.4-37.2 [18] 
CVD 1100-1400 Amorphous  2600-2900 21.6-31.4 [18] 
Hot press 1850 ~ + 13 3120-3180 15.7-17.6 [19] 
PLS" - - 3100-3200 13.7-15.2 [20] 
RS b a 2100 21.6 [18] 
RS b - [3 2100 16.7 [18] 
Plasma CVD 400 Amorphous  - 20.2 This work 

SiC CVD 1500 [3 33.0 [21] 
Sputter 370 Amorphous  - 35.3 [22] 
PLS" - - 3140-3180 27.4 [20] 
RS b - - 3100 24.5-34.3 [20] 
Plasma CVD 300 Amorphous  10.8 15.7 [23] 
Plasma CVD 400 Amorphous  12.2 This work 

a Pressureless sintering. 
b Reaction sintering. 
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Figure 4 Total stress-flow rate ratio plots of C 2 H 4 (R~) for plasma 
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Figure 5 Total stress-atomic ratio plots of N/Si or C/Si for plasma 
CVD (@) SiN~ and (C)) SiCy films, for 5 iam film thickness; (-I~-) 
cracks on the films. 

addition to this, when compressive stress acts in the 
film, the stress has been observed to increase greatly 
the flexural strength of the coated substrate. We suc- 
ceeded in strengthening (by about twice) the flexural 
strength of the substrate when the SiCy films (--, 5 gm 
thick) obtained by plasma CVD were coated on crown 
glass substrate (~  1.2 mm thick) [10]. 

Fig. 5 shows the variation in the total stress with the 
atomic ratio of N/Si or C/Si in SiNx and SiCy films. In 
the case of the SiN x film, the to ta l  stress varied 
discontinuously. The compressive stress was observed 
in ratios below ~ 1.2 and the tensile stress in those 
above ~ 1.2. The colour of the films also changed 
from reddish brown (below ~ 1.2) to transparent 
(above ~ 1.2). Therefore, some structural change or 
transition might be caused in the vicinity of this 
atomic ratio. For  the SiN~ film used as the passivation 
layer of IC circuits, the atomic ratio of N/Si of the 
layer is in the range 1.0 to 1.2 [14]. It is presumed that 
this atomic range is used in order to prevent the 
occurrence of cracks by inducing compressive stress in 
the films. 

On the other hand, the compressive stress generally 
operated in the SiCy films and increased with decreas- 
ing atomic ratio of C/Si. In addition, we have already 
reported that the internal stress in the films changes 
the crack length caused by the Vickers indentor and a 
certain relation exists between them [8]. 

It is reported that the internal stress is predomin- 
antly caused by the differences in the thermal shrink- 
age between the film and substrate through cooling 
from reaction temperatures [15]. Thermal stress, cy t, is 
given by 

Et I r~ 
-- ---  (% -- ~f)dT 

% 1 - -  Vf JT ,  

Ef 
-- (0t s -- 0tf)(T 2 -- T1) (Pa) (3) 

1 - vf 

where Ef, Vf, 0if, 0ts, T 1 and T2 are Young's modulus 
(Pa), Poisson's ratio, thermal expansion coefficient of 
the film, thermal expansion coefficient of the substrate 
(borosilicate glass), the reaction temperature and the 
temperature at which the stress is measured (i.e. room 
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temperature), respectively. The stress in the films is 
tensile when cr t > 0, and compressive when cyt < 0. 
The condition for acquiring tensile stress in the film is 
% < ~f and that for acquiring compressive stress is 
% > % because 0 < vf < 1. The thermal expansion 
coefficient (%) of the borosilicate glass substrate is 
about 7.7 x 10-6 ~ (20 to 400 ~ It is estimated 
by measurement of the total stress that the thermal 
expansion coefficient for the Si3N 4 composition pre- 
pared by plasma CVD is above 7.7 x 10 -6 ~ -1 and 
that of SiC is lower than that value. According to 
Kern and Rosler [16], the thermal expansion coeffi- 
cient of SixNyH . (y/x = 1.0 to 1.2) film prepared by 
plasma CVD at 300~ is the range 4 to 7 
• 10-60C -1. The compressive stress in the SiNx 

(X < 1.2) films in this work is consistent with the 
above results of thermal expansion coefficient, because 
% is greater than %. 

Table IV shows the comparison of internal stresses 
in the SiN x and SiCr films obtained by pyrolytic CVD 
and plasma CVD methods. The internal stress in this 
experiment agrees roughly with the referred stresses 
prepared by plasma CVD, though these values of 
internal stress cannot be correctly compared with each 
other because of the difference in the detailed experi- 
mental conditions. It can be seen from Table IV that 
the stress induced by plasma CVD is considerably 
lower than that by pyrolytic CVD. 

3.3. A d h e s i v e  s t r e n g t h  
Fig. 6 illustrates a typical relationship between the 
exfoliation states of the films, AE count rate from the 
AE sensor, and the indentor load during scratching 
with the Rockwell diamond indentor. The indentor 
slid without exfoliation on the film under lower loads. 
However, exfoliafion of the film started at a critical 
load with an abrupt and simultaneous increase in AE 
count rate. This increase in the AE count rate is 
understood to result from many AE signals origin- 
ating from the exfoliations when the shearing stress 
induced by the diamond indentor exceeds the adhesive 
strength between the film and the substrate. 



TABLE IV Internal stress data for SIN:, and SiCy prepared by CVD and plasma CVD methods 

Materials Preparation Film/subs. Reaction temp. Stress a Phase Reference 
(~ (MPa) 

SiN~ CVD SiN/Si 900 1200-1800 - [ 16] 
Plasma CVD SiN/Si 300 - 100- - 800 Amorphous [16] 
Plasma CVD SiN/glass 300 - 500 Amorphous [16] 
Plasma CVD SiN/Si 200-300 400 700 Amorphous [14] 
Plasma CVD SiN/glass 400 186 547 Amorphous This work 

SiCy CVD SiC/W 1300-1500 690 [3 [24] 
Plasma CVD SiC/quartz 300 -20-  - 200 Amorphous [23] 
Plasma CVD SiC/glass 400 -37-  - 73 Amorphous This work 

a Positive or negative values show tensile or compressive stresses, respectively. 

Figure 6 Variation of AE count rate with increasing indentor load, 
L, on scratch testing. View of the film exfoliation by the scratch is 
also shown. Specimen SiC1.0v, crown glass substrate, 1.0 #m film 
thickness. 

Fig. 7 shows the variation of the critical load or 
adhesive strength with the film thickness in the Si3N 4 
films by plasma CVD. The adhesive strength lowered 
with increasing film thickness in the case of crown 
glass substrate. This lowering is considered to be 
responsible for the increase of tensile total stress in the 
Si3N 4 films. With the increase in total stress, cracks 
occurred in the films, and the films were exfoliated 
easily by the loaded indentor. On the other hand, 
the critical load had little dependence on the film 
thickness in the case of SUS-316 substrates. The adhe- 
sive strength deposited on glass was higher than that 
on SUS-316. This difference in the adhesive strengths 
is considered to be due to first, the film on the glass 
can possess a strong Si -O bond between the film and 
substrate while that on SUS-316 does not have such 
strong bond, and second, the exfoliation of the films is 
easily promoted by the sinkage of the SUS-316 sub- 
strate (relatively soft materials) due to the depression 
of the indentor. In the case of the SiC films, only a little 
lowering of adhesive strength was observed with in- 
creasing thickness. 

Fig. 8 shows the relationships between the critical 
load or adhesive strength and flow rate ratio of CzH 4 
(R~) for the plasma CVD Si3N4-SiC films deposited 
on crown glass and SUS-316 substrates. The adhesive 
strength for the glass was about 740 M P a  independent 
of the flow rate ratio (i.e. composition) at 1 gm thick- 
ness and that for the SUS-316 was about  210 to 
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Figure 7 Variation of critical load, L+ and adhesive strength with 
film thickness for plasma CVD Si a N,, film. Films were deposited on 
crown glass and SUS-316 substrates. 

310 MPa  with change in flow rate ratio. In the case of 
5 lain thick films, a maximum adhesive strength 
(792 MPa) for the glass was observed at the Rx 
= ~ 0.5. But, there was no maximum for the SUS- 
316, and adhesive strength was constant at about  
240 MPa. The difference in the characteristics of adhe- 
sive strength between l and 5 gm film thickness for the 
glass substrate may be attributed mainly to the total 
stress in the film. In the case of 5 gm thick films, the 
adhesive strength varied with the change in total 
stress. The values of total stress for the borosilicate 
glass substrates are shown in Fig. 4 and the neutral 
point (i.e. the point at which total stress equals zero) is 
about  0.9 (Rx). For  the crown glass substrate used to 
measure adhesive strength, the neutral point shifts to 
about  0.5 (Rx) as interpreted from the relationships 
between internal stress and crack length around the 
Vickers indentation [8]. The shift of the neutral point 
can be explained as a result of the difference in thermal 
expansion coefficients between the borosilicate (7.7 
X 1 0 - 6  o C - 1 )  and crown (10 x 10-6 o C -  1) glass sub- 
strates [9]. The total stress varies extensively from 
tensile to compressive as the composition changes 
from Si3N 4 to SiC. The maximum adhesive strength is 
shown at the point where total stress is zero, i.e. 
Rx -- --~ 0.5. Therefore, the adhesive strength is low- 
ered as the total stress (regardless of whether it is 
tensile or compressive) increases. The lowering in the 
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Figure 8 Critical load and adhesive strength-flow rate ratio plots of C2H 4 (Rx) for plasma C V D  SiaN4-SiC films deposited on crown glass 
and SUS-316 substrates, for film thicknesses of (a) 1 #m,  (b) 5/~m. 

adhesive strength under tensile total stress (the Si3N 4 
composition) is larger than that under compressive 
stress (the SiC composition). This is probably because 
many cracks occur easily under tensile stress. In the 
case of 1 gm thick films, the total stress is relatively 
small because of its thinness. No variation of adhesive 
strength with film composition was observed. 

Fig. 9 shows the variation of critical load and 
adhesive strength with the atomic ratio of N/Si  for 
plasma CVD SiN~ films. The adhesive strength for the 
glass slowly decreased with the increasing atomic ratio 
of N/Si. This can be interpreted from the fact that 
compressive total stress acts in the low ratios of N/Si, 
and tensile total stress acts in the high ratios, as shown 
in Fig. 5. 

Fig. 10 shows the variation of critical load and 
adhesive strength with atomic ratio of C/Si in SiCr 
films. The adhesive strength for the glass decreased 
with increasing atomic ratio of C/Si in spite of the 
decrease in compressive total stress. This discrepancy 
between Figs 5 and 10 should be explained by another 
factor, besides the total stress. A great excess of silicon 
atoms without bonds exists in the film when the 
atomic ratio of C/Si is less than the stoichiometric 
composition (1.0). Adhesive strength increases by the 
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formation of strong Si-O bonds between excess silicon 
atoms in the film and oxygen atoms in the glass 
substrate. On the other hand, excess carbon atoms 
exist when C/Si is above 1.0. The excess carbon atoms 
might impair significantly the formation of strong 
Si O bonds between the film and substrate, and thus 
might lower the adhesive strength. For SUS-316, the 
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Figure 10 Critical load and adhesive strength-atomic ratio plots of 
C/Si for plasma C V D  SiC r films, for 5 g m  film thickness. 
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TAB LE V Critical load, L~, and adhesive strength, o.d, data for various ceramic films by scratch method 

Film/subs. Preparation Reaction Phase Hardness, Critical load, 
method temp. (~ Hv (GPa) L c (N) 

Adhesive 
strength 

%0 (MPa) 

Reference 

AlzO3/glass RS" 15-250 Amorphous 12-13 13-17 
SiC/glass RS" 250 Amorphous 22 12-19 
TiN/WC Ion plating 300-500 Crystal 22 39 
TiC/WC CVD 1000 Crystal - 26 
TiC/WC Plasma CVD 800-900 Crystal - 8 14 
SiN~/glass Plasma CVD 400 Amorphous 18 20 12-16 
SiCy/glass Plasma CVD 400 Amorphous 8-12 10-15 
SiN~Cr/glass Plasma CVD 400 Amorphous 11-20 10-20 

640-740 1-17] 
620-780 1-27] 
- [253 
- 1-26] 

- 1,26] 
620-720 This work 
580-700 This work 
580-800 This work 

a Reactive sputtering. 

adhesive strength was nearly independent of the ratio 
of C/Si. 

In order to elucidate the relationships between 
adhesive strength and total stress, we investigated the 
correlation between them for all the specimens pre- 
pared as shown in Fig. 11. In the figure, total stress is 
plotted using the measured values for the borosilicate 
glass substrate. Therefore, the essential neutral point 
inevitably shifts to the right-hand side of the zero 
point for the crown glass substrate. This figure 
suggests that the largest adhesive strength is obtained 
when total stress is around zero. Furthermore, tensile 
total stress brings about an abrupt decrease in the 
adhesive strength between the film and substrate. On 
the other hand, compressive stress brings about only a 
small decrease in the adhesive strength. 

Table V shows the critical load, Lc, and adhesive 
strength, CYae, data for various ceramic films as ascer- 
tained by the scratch method. The critical loads (or 
adhesive strengths) for SiNxCr, SiNx and SiCy films 
are comparable to those for A120 3 or SiC films pre- 
pared by reactive sputtering and to TiC films prepared 
by plasma CVD. 

about 1.2 with increasing x. The compressive stress in 
SiCy films increased monotonically with decreasing 
atomic ratio of C/Si. 

5. The adhesive strength between the fihns and 
crown glass substrates was generally higher than that 
between the films and SUS-316 substrates. The adhe- 
sive strength for SUS-316 was about 210 to 310 MPa 
with a small dependence on film composition. 

6. The adhesive strength of 1 gm thick films for 
glass substrates was constant at about 740 MPa re- 
gardless of the composition change of the films, while 
the maximum (792 MPa) was observed at about Rx 
= 0.5 (Si3N4:SiC = 1:1) for 5 rtm thick films in the 

Sia Na-SiC system. 
7. The adhesive strength in SiN~ and SiCy films on 

glasses generally fell with increasing atomic ratio of 
N/Si or C/Si. 

8. In these films, the maximum adhesive strength 
for glasses was observed when the compressive or 
tensile total stress was small or about zero. Moreover, 
it was concluded that the tensile stress brought about 
more abrupt decreases in the adhesive strength than 
the compressive stress. 

4. Conclusions 
The mechanical properties, such as microhardness, 
internal stress and adhesive strength, were investig- 
ated for the Si3N4-SiC , Si.N x and SiCy films prepared 
by plasma CVD. The properties may be summarized 
as follows. 

1. The Vickers microhardnesses of the Si3N 4 and 
SiC composition films were about 20 and 12 GPa, 
respectively. The hardness of the mixed compositions 
between Si3N4 and SiC was approximately equal to 
that of SiC. 

2. The stoichiometric compositions in SiNx and 
SiCy films showed maximum hardnesses. 

3. The total stress (product of internal stress and 
film thickness) at the Si3N 4 composition (1 gm thick) 
on borosilicate glass was about 634 N m-1 (tensile) 
and that at the SiC composition was about 
- 3 8 . 4 N m  -1 (compressive). The total stress in 
Si3N4-SiC films varied monotonically from tensile to 
compressive as the composition changed from Si 3N 4 
to SiC. 

4. The total stress in SiNx films varied discontin- 
uously from compressive to tensile at the N/Si ratio of 
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