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Defects in hydrogenated amorphous silicon-carbon alloy films prepared by 
glow discharge decomposition and sputtering 

A. Morimoto, T. Miura, M. Kumeda, and T. Shimizu 
Department of Electronics, Faculty of Technology, Kanazawa University, Kanazawa 920, Japan 

(Received 7 May 1982; accepted for publication 1 July 1982) 

Properties of hydrogenated amorphous silicon-carbon alloy (a-Sil _ x Cx :H) films prepared by 
radio frequency (rt) glow discharge decomposition and rf sputtering have been investigated by 
means of electron spin resonance (ESR), infrared absorption, optical absorption, and 
photoconductivity measurements. Although the number of C-H per C atom [C-H]I[C) is larger 
than that ofSi-H per Si atom [Si-H)/[Si), the ESR spin density increases greatly with the C 
content. The increase in the density of dangling bonds may be related to the fact that the number 
of H atoms in gathered phase increases with an increase in x. ESR measurements also give useful 
information about the preferential formation of C or Si dangling bonds and the atomic 
distribution ofSi and C through a compositional dependence oftheg value. A remarkable feature 
for a-Si l _ xCx:H film is that the presence ofC atoms in the amorphous network makes the Si-H 
bond in a-Si l _ x Cx:H more stable than that in a-Si:H. 

PACS numbers: 61.16.Hn, 72.40. + w, 78.20.Dj, 61.40. - a 

INTRODUCTION 

During the past one or two years hydrogenated amor­
phous silicon-carbon alloy (a-Sil _ x Cx :H) films have attract­
ed much attention because of the effectiveness of efficient 
solar cells l as well as the interesting alloy system for the 
study of amorphous materials.2-7 The nature of defects and 
their relation to H atoms appear to be the most important 
problems in the investigation of a-Si l _ x Cx :H. However, 
there has been so far no electron spin resonance (ESR) study 
correlated with infrared (IR) absorption results except for a 
preliminary result for a-Si l _ x Cx:H prepared by radio fre­
quency (rt) sputtering by the present authors. 8 

On the basis of the investigation of hydrogenated amor­
phous silicon-carbon alloy prepared by reactive rfsputtering 
(SP a-Si l _ x Cx :H)8 and hydrogenated amorphous silicon­
germanium alloy prepared by rf glow discharge decomposi­
tion (GD a-Si l _ xGex:H),9.1O we have found the following 
relation for the number of bonded hydrogen per atom: 

[C-H] [Si-H] [Ge-H] 
[C] > [Si] > [Ge]' 

(1) 

As pointed out by Paul et al.9 [Ge-H)/[Ge) < [Si-H)/[Si) is 
mainly responsible for the fact that a-Si l _ x Gex:H film is 
more defective than a-Si:H. Therefore, the question arises; 
"Is the same discussion applied to a-Si l _ x Cx :H?" We have 
prepared a-Si l _ x Cx:H films by using rf sputtering and rf 
glow discharge decomposition methods, and measured ESR 
due to defects, IR absorption due to Si-H and C-H vibra­
tions, photoconductivity, and optical absorption for these 
samples. In order to investigate an influence of the ordering 
of Si and C atoms and the bonding scheme of H, the SP films 
are prepared with various compositions and substrate tem­
peratures, and GD films are prepared with various composi­
tions, substrate temperatures, and flow rates of H2 intro­
duced into the deposition chamber. Furthermore, annealing 
of these films is carried out in order to investigate the change 
of the film properties by annealing. A preliminary result of 

the compositional dependence of the film properties for GD 
a-Si I _ x Cx :H was already reported. II 

EXPERIMENTAL 

The samples studied in this work were prepared both by 
rf glow discharge (GD) method and rf sputtering (SP) meth­
od. The GD samples were prepared by rf glow discharge 
decomposition of SiH4 and CH4 in a diode system with var­
ious rf powers, substrate temperatures, and flow rate ratios 
rQ = Q(CH4)/[Q(SiH4 ) + Q(CH4 )]. where Q represents 
the flow rate. The diode was composed of 90 mm<,h cathode 
electrode and 200 mm<,h anode electrode, and electrodes 
spacing was 27 mm. Various substrates for various measure­
ments were placed in the area of 100 mm<,h on the anode 
electrode. The various deposition parameters were summar­
ized in Table I. In order to investigate the dependence of film 
properties on flow rate ratio r Q' substrate temperature Ts 
and H2 flow rate Q, the other deposition parameters were 
fixed as shown in the column of standard condition. The film 
thickness was 1-11 ,urn. 

The SP samples were prepared by diode-type reactive rf 
sputtering. Composite target composed of crystalline Si (c­
Si) chips and a graphite plate were sputtered in Ar-H2 gas 
mixture of 3.9-4.9 Pa (3-3.5 X 10-2 Torr) with H2 partial 
pressure ratio rp = P(H2 )1[P(H2 ) + P(Ar)] fixed at 40%. 
Applied rf power Pi was 200 Wand substrate temperature 
Ts was varied from water-cooled temperature to 300 °C. 

The films were deposited on 150-,um thick glass sub­
strates for electrical and optical measurements, 500-,um­
thick c-Si substrates with high resistivity (0' = 800-1000 
{} - I cm - I) for IR absorption measurements, and aluminum 
foil substrates for ESR measurements. The aluminum foil 
substrates were dissolved in HCI solution before ESR mea­
surements. Influence of Al foil substrate and soak in HCl 
solution were negligibly small, because there was no differ­
ence between the ESR signal for a certain film deposited on 
fused quartz substrate and that for the film deposited on Al 
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TABLE I. Deposition condition for GD a-Si, _ x Cx:H film. 

substrate temperature T, ('C) 

rf power P, (W) 

SiH4-CH4 total flow rate Q (SCCM) 

flow rate ratio r = Q (CH4 ) 

Q Q (SiH4 ) + Q (CH4 ) 

H2 flow rate Q (SCCM) 

foil. ESR, IR absorption, photoconductivity, and optical ab­
sorption measurements were carried out. The film composi­
tion was determined by electron probe microanalysis 
(EPMA). 

Annealing of GO films was carried out in a vacuum of 
8 X 10-5 Pa (6x 10-7 Torr) for an hour. 

RESULTS AND DISCUSSION 

Figure 1 shows (aw)1/2 vs photon energy W, where a 
is the optical absorption coefficient. The absorption edge 
tends to shift to higher photon energies and to broaden with 
an increase in the C contentx. This result is roughly in agree­
ment with the result of Suss mann et al. 6 The optical gap Eg is 
obtained by fitting the absorption data to the expression 

(2) 

The results of the fitting are shown by solid line in the figure. 
For the films with x = 0, there is only a small difference both 

in Eg and [if between the 20-W film and 100-W film. How­

ever, the differences in [if and Eg tend to increase as x is 
increased; a decrease in rf power appears to lead to an in-

crease in [if and a slight increase in Eg • 

Figure 2 shows the spin density Ns derived from the 
ESR signal as a function of the C content x for films prepared 

400r------.------.-----~.-----_r----__, 

300 s: 
~ 

~E 
v zoo 

100 

FIG. I. (aw)'!2 vs w. a and w represent optical absorption coefficient 
and photon energy, respectively. 
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Used range Standard condition 

R.T.-400 350 

20-100 100 

24 24 

0-0.95 0.59 

0-200 0 

by GO and SP methods. The ESR signals are considered to 
originate from dangling bonds of Si or C atoms. The spin 
density Ns for GO films significantly increases by about 4 
orders of magnitude as x is increased from 0-0.77. Although 
Ns for SP films also shows a similar x dependence, N" for SP 
films is larger than that for GO films by more than one order 
of magnitude. 

Corresponding to the behavior of Ns for GO films, pho­
toconductivity (Jp and 1] f.-l7 also significantly decrease by 
about 4 orders of magnitude as x is increased from 0 to 0.3, 
regardless of the rfpower, where 1] is the quantum efficiency, 
f.-l is the drift mobility, and 7 is the carrier lifetime. The 1] f.-l7 
is measured at the photon energies of 1.96 eV (He-Ne laser 
A = 6328 A) and 2.41 eV (Ar laser A = 5145 A). The 1] f.-l7 
observed at 1.96 eV is larger than that at 2.41 eV by more 
than one order of magnitude for all the compositions. Since 
the quantum efficiency 1J at 1.96 eV is not considered to 
differ from that at 2.41 eV by more than one order, the more 

'i' 
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u 

o 

a-Sil-X Cx : H 

GD {e Pj=l00W 
o P,=20W 

SP & 

0.2 0.4 0.6 0.8 

C content X 

1.0 

FIG. 2. Spin density N, for GD and SP a-Si, _ x Cx:H films as a function of 
x. GD films are prepared at T, = 350 'C, and SP films are prepared at T, 

= 300 'C. 
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FIG. 3. 1] f.L1"N, for GO films as a function of C content x. 

defective surface layer that absorbs most of the photons with 
the energy of 2.41 eV may be responsible for the smaller 
value of 7J J..LT. Therefore, we discuss only the 7J J..LT observed 
at 1.96 eV. Since the thickness of the film used for the photo­
conductivity measurement ranges from 2 to 4 J..Lm, the sur­
face effect is expected not to be important for the photocon­
ductivity with photon energy of 1.96 eV. In order to 
investigate origins of the significant decrease of 7J J..LT de­
scribed above, 7J J..LTNs is plotted against x in Fig. 3. If it is 
assumed that the recombination center for photoexcited car­
riers is mainly the dangling bond and the carrier lifetime Tis 
proportional to the reciprocal dangling bond density 1/ N s ' 

then 7J J..LTNs is proportional to J..L, where 7J is assumed to be 
constant. In the figure 7J J..LTNs is decreased by 2 orders of 
magnitude as x is increased from 0 to about 0.3. Therefore, it 
is suggested that the decrease in J..L as well as the increase of 
Ns with an increase in x is responsible for the significant 
decrease in 7J J..LT. 

Although the spin density of the ESR signal due to Si 
dangling bonds and that due to Ge dangling bonds can be 
separated for GD a-Sil_xGex:H films,s.1O those due to Si 
and C dangling bonds cannot be separated for GD 
a-Si l _ x Cx:H films. The reason is as follows: though there is 
a large difference both in g value and linewidth between the 
ESR signal due to Si dangling bonds and that due to Ge 
dangling bonds, there is only a small difference in g value and 
linewidth between the ESR signal due to Si dangling bonds 
and that due to C dangling bonds. Since we cannot separate 
the observed ESR signal into those due to the two kinds of 
dangling bonds, we investigated the change in the g value 
related to the ease of the formation ofSi or C dangling bonds. 

Figure 4 shows theg value of the ESR signal as a func­
tion of the C content x. The g value for G D films deposited at 
rfpower of 100 W decreases gradually in the Si-rich compo­
sition range (x < 0.2), and reaches the g value of the C dan­
gling bond, 2.003, rather abruptly around x = 0.5. The g 
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FIG. 4. g value of ESR signal for GO and SP a-Si I xC x:H films as a func­
tion of x. GO films are prepared at T, = 350 °C, and SP films are prepared 
at T, = 3OO"C. Results of CVO films are also shown by dashed curve for 
comparison. Ootted-and-dashed curve represents result obtained by calcu­
lation by using simple molecular orbital methods. 

value for films prepared at 20 W appears to decrease more 
gradually than that for films deposited at 100 W. This behav­
ior is different from the results of SP and CVD films. The g 
value of SP films decreases more rapidly than that of GD 
films as x increases. In this figure, the results for a-Si l _ x Cx :­

H films prepared by CVD 12 are also shown by the dashed 
curve for comparison. The g value for CVD films decreases 
most abruptly from 2.0055 to 2.003 by the incorporation of a 
small amount of C in the g values of films prepared by var­
ious deposition methods. These various compositional de­
pendences of the g value suggest that the various deposition 
methods lead to various ratios of the number of C dangling 
bonds per C atom [Cr]/[C] to that ofSi dangling bonds per 
Si atom [Si 1 ]/[Si] and/or various atomic distributions. 

To discuss this in more detail, we consider three differ­
ent atomic distributions: random distribution, phase separa­
tion, and chemical ordering. The dotted-and-dashed curve 
included in Fig. 4 for comparison is obtained by a calculation 
based on a simple molecular orbital method. 13 The calcula­
tion is carried out by assuming that Si and C atoms are ran­
domly distributed and [Cr]/[C] = [Sir]/[Si]. The reason 
why the calculated result displays downward curvature is 
that thegvalue ofSi dangling bonds with nearest-neighbor C 
atoms is smaller than that without nearest-neighbor C 
atoms. 13 IfSi and C atoms are phase separated, there are few 
chances for Si dangling bonds to have nearest-neighbor C 
atoms and the dependence of g value on x should be linear 
when [Cr]/[C] = [Si r]/[Si]. In the case of chemical order­
ing, the g value of Si dangling bonds is expected to be much 
smaller than that in the case of random distribution because 
the Si dangling bonds are more likely to have nearest-neigh­
bor C atoms. 

The observed g value for G D films in the range of small 
x appears to be larger than the linear compositional depen­
dence expected in the case of phase separation. We can, 
therefore, conclude that in the Si-rich composition range 
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FIG. 5. Contents ofH atoms bonded to Si and C atoms for GD and SP films 
Nil as a function C content x. GD films and SP films are prepared at T, 
= 3500 and 300 OC, respectively. 

(x < 0.3), [Si i ]I[Si] is larger than [Ci ]/[C], regardless of the 
atomic distribution. The fact that the g value for CVD films 
is much smaller than those for GD and SP films indicates 
that ([Ci ]/[C])I([Si i ]I[Si]) for CVD films is larger than that 
for the others and/or Si and C atoms for CVD films tend to 
be more chemically ordered than those for the others. It is 
reasonable that CVD films have a tendency of the chemical 
ordering in comparison with GD and SP films because the 
substrate temperature Ts for CVD films is 630°C which is 
higher than 3S0° and 300 °c, for GD films and SP films, 
respectively. The higher Ts is considered to lead to more 
stable chemical ordering than phase separation. 

Figure S shows the content ofH atoms bonded to Si and 
C atoms N H for GD and SP films as a function of the C 
content x. N H is estimated from the intensity of the IR ab­
sorption due to the Si-H wagging mode (630 cm -I) and the 
C-H stretching mode (3000 cm - I) absorption. We used the 
C-H stretching mode absorption because the C-H wagging, 
rocking, bending mode, and the like are distributed over the 
wide wave number range of 900-1S00 cm - I depending on 
various vibrational modes and various environments of the 
C atoms and it is difficult to identify each mode. Although 
Wieder et al. 7 reported that the absorption at 780 cm - I is 
due to Si-CH, vibration, we suggest that the absorption at 
780 cm - I is not related to H but is due to the Si-C transverse 
optical mode because this absorption with a similar intensity 
is observed for a-Si l _ x Cx:H with and without H. 

In order to estimate the H content from the intensity of 
IR absorptions, we took A = 1.6x 10 19 cm- 214 and 
A = 1.7x 1021 cm- 2 for Si-H wagging mode and C-H 
stretching mode, respectively, where A is defined by the fol­
lowing equation: 
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N H = A X f (a/UJ) dUJ. (3) 

Here, a is the absorption coefficient and UJ is the wave num­
ber. The oscillator strength of the C-H stretching mode is 
determined by comparing the results of the IR absorption 
with those of nuclear magnetic resonance (NMR) ofH in G D 
a-Si l x Cx:H films. 15 NMR measurements were carried out 
for the present a-Sil_xCx:H films with O<x<O.77 and a­
C:H films prepared under a different deposition condition, 
and the oscillator strength was found to be roughly constant 
for these films. 

We can also estimate the content ofH atoms bonded to 
the Si atom [Si-H] from the Si-H stretching mode, and it is 
confirmed that the compositional dependence derived from 
Si-H stretching mode in GD and SP films qualitatively 
agrees with that derived from the Si-H wagging mode. In 
spite of the decrease in the Si content, [Si-H] for GD and SP 
film is found to increase with an increase in the C content x in 
Si-rich composition range. Detailed discussions on this point 
will be described later. Here, we define the preferential at­
tachment of H atom to C atom as follows9

: 

p = [C-H]![C]. 
[Si-H]![Si] 

(4) 

Evaluating this factor from the figure, we obtain P = 2.1-S.1 
for GD film and P = 1.1-3.6 for SP films. In both films, [C­
H]I[C] is larger than [Si-H]/[Si] and N, largely increases 
with an increase in x. It should be noted that the density of 
defects increases with an increase in x in spite of an increase 
in the H content. The result suggests that the density of de­
fects in a-Si l _ x Cx:H is governed not only by the content of 
H atoms bonded to Si and C atoms but also the incorporation 
scheme ofH and the matrix structure. Although the origin of 
the increase in N, is not so clear, the following may be re­
sponsible for it. (1) The bond length for C-C, 1.54 A, is far 
smaller than that for Si-Si, 2.3SA. (2) The coordination num­
ber of C atoms tends to be three. (3) Most of the H atoms are 
in the gathered phase as shown below. 

In order to get information on the incorporation 
scheme of H we investigate the shape of the Si-H stretching 
mode absorption. Figure 6 shows the compositional depen­
dence of the absorption line shape of Si-H stretching mode 
for GD and SP films. There appears to be no essential differ­
ence between the films prepared with the different rf powers. 
In both Figs. 6(a) and 6(b), it is very clear that the absorption 
bands for the film with x = 0 peak mainly at 2000 cm - I and 
those for films with x> 0.2 peak mainly at 2090 cm -I. An 
increase in x leads to a disappearance of the shoulder around 
2000 cm -- I and an appearance of the shoulder around 2090 
cm - I. In a-Si l _ x Cx:H films the absorption at 2000 cm - I 

could be the Si-H stretching mode of SiH without nearest­
neighbor C atoms and the absorption at 2090 cm - 1 could be 
attributed either to Si-H stretching mode of SiH2 or to the 
shift of the SiH stretching mode due to the presence of near­
est-neighbor C atoms. Wieder et a/.7 attributed the shift of 
the 2000 cm - I peak to a higher wave number with an in­
crease in x mainly to C atoms at the site neighboring the SiH 
in order to keep the number of parameters in their model 
under control, though the weak absorption around 900 
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cm -I due to SiH2 bending mode was observed. In the pre­
sent case we suggest the content ofSiH2 cannot be negligible 
because of two bits of evidence. First, there is a weak SiH2 
bending band at about 900 cm - I even for the film with 
x = 0, and the absorption intensity appears to be gradually 
increased with an increase in x, though it is difficult to be 
distinguished from the large absorptions near 1000 cm - I 

band and 780 cm -I band for the films with x > 0.3. Second, 
the compositional dependence of the absorption line shape 
for GD films [Figs. 6(a) and 6(b)] with x > 0.2 well resembles 
that for SP films [Fig. 6(c)] with x > 0 which is considered to 
have H atoms ofSiH2 type because of the significant bending 
mode absorption; that is, the peak ofSi-H stretching mode is 
approximately fixed at 2090 cm - I and only the center of 
gravity moves to a higher wave number. Thus, the formation 
ofSiH2 as well as the shift ofSiH stretching mode due to the 
presence of nearest-neighbor C atoms can be regarded as a 
main origin of the 2090 cm - I band. A rapid increase in 
[Sii]l[Si] for Si-rich GD films described above might partly 
be attributed to the formation ofSiH2 with the small C incor­
poration, as is often observed for a-Si:H films. In a similar 
way, the formation of dispersed CH2,CH3 and the like is 
considered to be responsible for the significant increase of Ns 
for GD films over all the composition. Such information can 
be obtained by I H NMR measurements. The results of NMR 
in GD a-Si'_xCx:H films l5 suggest that the number of H 
atoms in gathered phase increases greatly and the number of 
H atoms in dispersed phase hardly increases with an increase 
in the C content x. H atoms in dispersed phase is considered 
to playa role of reducing the density of dangling bonds, but 
those in gathered phase have nothing to do with decreasing 
dangling bonds. 16 

As seen from Fig. 6(c) the film with x = 0 has a sharp 
absorption line shape, though those with x > 0 have a broad 
absorption line shape. We confirmed by both x-ray diffrac­
tion and Raman scattering that the film with x = 0 is crystal­
lized while those with x> 0 are amorphous. Therefore, the 
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FIG. 6. Compositional dependence ofabsorp-
tion line shape of Si-H stretching mode for 
GO and SP films. Absorption intensities are 
normalized: (a) for 20-W GO films, (b) for 100-
W GO films, and (c) for SP films. Narrowing 
of line shape for SP films with x = 0 is attri-
buted to crystallization of film. 

0 

2000 1800 

sharpness of the line shape is considered to be due to the 
crystallization of the film. 17 This result suggests that the C 
atom in a-Si I _ x Cx :H film works as a glass former. 

In order to discuss the origin of the formation of the 
defects accompanied by the C incorporation into the film in 
detail, we investigate dependences of Ns on Ts' annealing 
temperature Ta and flow rate of H2 during the glow dis­
charge deposition. Figure 7 shows the spin density Ns for the 
G D and SP films as a function of Ts. The result of EPMA 
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FIG. 7. Spin density N, for GO and SP films as a function of substrate 
temperature T,. GO and SP films are prepared with a fixed flow rate ratio 
r Q = 0.59 and fixed area ratios of c-Si chips to graphite plate, respectively. 
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tion of substrate temperature T,. 

measurement shows that the C content x of G D and SP film 
are roughly constant for fixed flow rate ratio and area ratio, 
respectively. As seen in Fig. 7, the change in Ns with Ts for 
GD films differs from that for SP films. Ns for GD films 
depends upon Ts. On the other hand N, for SP films with 
x > 0 is roughly independent of Ts' though Ns for SP films 
with x = 0 depends on Ts. The increase in Ns for G D films 
around Ts = 100°C appears to be attributed to the increase 
in the Si dangling bonds, because the corresponding g value 
also has a small maximum at about Ts = 100 °C. The reason 
why there is such a dependence of Ns on Ts for GD 
a-Si, _ x Cx:H films is not clear, because there is no marked 
change in N H for these films. 

Figure 8 shows the dependence of the content of H, for 
SP films on substrate temperature Ts. [C-H] is almost inde­
pendent of Ts ' regardless of the film composition. [Si-H] for 
SP a-Si, _ x Cx :H does not largely decrease with an increase 
in Ts ' while [Si-H] for SP a-Si:H significantly decreases with 
an increase in Ts. These findings indicate that the C incor­
poration makes the film structure more heat resistant. 

Figure 9 shows the spin density Ns for GD films with 
various compositions as a function of annealing temperature 
To.Ns for the films with x = o rapidly increases from 10'6 to 
10'9 cm -3 as Ta increases up to 600 °C and decreases by one 
order of magnitude as To reaches 700 0c. This decrease of Ns 
may be mainly attributed to crystallization of a-Si:H film. 
On the contrary Ns's for the films with x = 0.32 and 0.42 
increase at most only by one order of magnitude as x in-
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FIG. 9. Spin density N, for GD films with various compositions as a func­
tion of annealing temperature Tu' 

creases from 400° to 700 °C, regardless of the rfpower. Theg 
value for the corresponding films decreases from 2.0050 to 
2.0042 as Ta increases from 400° to 700 .c. As it is unlikely 
that [C i]l[ C] increases more rapidly than [Si i ]/[Si] because 
C-H bonds are more heat resistant than Si-H bonds, the an­
nealing up to 700 °C probably leads to rearrangement of Si 
and C atoms after the evolution ofH atoms and to the chemi­
cal ordering ofSi and C atoms. Comparing the results of the 
films with x = 0 and x = 0.32-D.42, we find that GD 
a-Si, _ x Cx:H film is remarkably more heat resistant than a­
Si:H films as in the case of SP a-Si, _ x Cx:H films.8 N H for 
the film with x = 0.6 is measured at various Ta's. A promi­
nent evolution ofH atoms from Si and C atoms is observed at 
about To = 600 ·C, as observed for SP a-Si, _ x Cx:H films in 
our previous study.8 Comparing this result with the fact that 
H atoms in a-Si:H are markedly evolved at about To 
= 400 ·C, we find that the presence of C atoms in the amor-

phous network can prevent H atoms bonded to the Si atom 
from being effused out. In other words, a-Si'_xCx:H films 
are more heat resistant than a-Si:H films. 

The striking characteristic of a-Si, _ x Cx :H is the heat 
resistance, regardless of the preparation method. On the ba­
sis of the results of thermal property measurement, for ex­
ample, the dependence of N H for SP a-Si, _ x Cx :H films on 
T" the dependence of N H for GD a-Si, _ x Cx:H films on To, 
and so on, we find that the Si-H bonds in a-Si, _ x Cx:H films 
become more stable against heating than those in a-Si:H. 
Therefore, it is reasonable that as shown in Fig. 5 [Si-H] 
increases with an increase in the C content x in the Si-rich 
composition range. In short, the C atom in a-Si, _ x Cx:H can 
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act as a stabilizer of the Si-H bond. This property appears to 
result in the fact that the dependence of Ns on Ts and Ta for 
a-Si\ _ x Cx:H is weak. This function ofC atoms as well as the 
glass former may be very important in a device application of 
the film. 

Figure 10 shows the spin density Ns for GO films as a 
function of the flow rate of H 2, Q (H2). The other deposition 
parameters are standard as shown in Table I. The depen­
dence of Ns on Q (H2) has a maximum around Q (H2) = 50 
SCCM. The C content x determined by EPMA also has a 
maximum value around Q (H2) = 50 SCCM; x increases 
from 0.32 to 0.42 and then decreases to 0.26, as Q (H2) in­
creases from 0 to 200 SCCM. This content shift toward a C­
rich composition is consistent with the observed changes of 
the (aw)l/2 vs w relation, [C-H] and [Si-H], and g value. 
Therefore, we conclude that an incorporation ofH2 gas into 
glow discharge deposition chamber leads to only the content 
deviation toward a C-rich composition and has no direct 
influence on film property. 

CONCLUSION 

(1) Although the number of C-H per C atom [C-H]/[ C] 
is larger than that of Si-H per Si atom [Si-H)/[Si), the spin 
density Ns for the GO films significantly increases from 10 16 

to 1020 cm - 3 as the C content x increases from 0 to 0.77. 
(2) It is suggested that the increase in the C content leads 

not only to the reduction of the carrier lifetime T through the 
increase in Ns but also to the reduction of the drift mobility 11 
on the basis of assumption of T a: 11 Ns • 
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(3) The compositional dependence oftheg value of the 
ESR signal ,for a-Si\ _ x Cx:H films changes considerably 
with preparation methods. The compositional dependence 
gives us useful information about the ease of the formation of 
C dangling bonds compared with that of Si dangling bonds 
and the atomic distribution. 

(4) Possible origins of the significant increase in Ns for 
GO films with C incorporation are summarized as follows: 
(i) The change of the incorporation scheme of H atoms, i.e., 
from the H atoms in the dispersed phase to the H atoms in 
the gathered phase. (ii) The difference of the bond length 
between Si-Si and C-C. (iii) The tendency for the coordina­
tion number of C atoms to be three. 

(5) The presence ofC atoms in the amorphous network 
makes the Si-H bond more stable in a-Si l _ x Cx:H than that 
in a-Si:H. The fact makes a-Si J _ x Cx:H films more heat re­
sistant than a-Si:H films. 
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