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Hydrogenated silicon-carbon films prepared by glow discharge from silane-methane mixtures at
low power density are used as a model system for the analysis of optical properties and band struc-
ture of amorphous tetrahedral semiconductors. Between 0 and 20 at. % of carbon in the solid, the
optical gap and the static refractive index can be varied over a wide range without changing the
chemical structure of the solid and its good semiconducting properties. The optical constants are
well described by a simple two-band model of optical transitions, and the information on the band
structure in the solid is condensed into one parameter, the average gap EM, which corresponds to
the energy difference between the centers of gravity of the valence and conduction bands. This
value is very close to the energy spacing of the maxima in the distributions of the conduction and

valence band deduced from soft-x-ray spectra, and exhibits a similar increase with carbon content.
Beyond a carbon concentration of about 20 at. %, we observe a change in the nature of the material.
The average gap EM increases much more rapidly than the optical gap; x-ray photoelectron spec-
troscopy indicates an incorporation of carbon in the form of Si-C-Si units in a tetrahedral network,
whereas for concentrations smaller than 20 at. % the carbon is mainly incorporated as methyl

groups CH3 ~

I. INTRODUCTION

The optical properties and the band structure of amor-
phous hydrogenated silicon have been studied extensively
during the past ten years. Several correlations between
optical parameters that seem to apply to a great variety
of a-Si:H films have been found: the refractive index at
infinite wavelength shows a linear decrease with the opti-
cal gap,

' and the optical gap increases with the hydrogen
content of the film. ' A detailed analysis of optical ma-
trix elements suggests that the optical properties of a-
Si:H can be represented to first order by a two-band mod-
el with a resonant energy of 3.4—3.6 eV and a damping
factor of 4 eV. However, these results are diScult to in-
terpret in terms of general principles of tetrahedral semi-
conductors, since the range of optical properties that can
be obtained with a-Si:H prepared under different condi-
tions is rather limited. An ideal model system should be
able to account for a wide range of optical properties
without discontinuous changes of chemical and band
structure, while disorder and defect density remain at a
constant level.

Indeed, the optical band gap of amorphous silicon can
be modified if other elements like carbon, germanium, or
tin are added during preparation. Unfortunately, chemi-
cal bonding and band structure of these amorphous IV-
IV alloys depend not only on film composition but also
on preparation conditions. For systematic studies of
composition-dependent effects, this poses a problem since

the observed changes in the film properties cannot unam-
biguously be attributed to composition changes. In the
case of glow-discharge deposition, the admixture of ger-
mane or other gases with silane generally changes the
plasma chemistry drastically. For instance, important
variations of growth rate as a function of gas composition
at constant rf power have been reported in the literature
for mixtures of silane with methane, ethylene,
tetramethylsilane, and germane. In these cases, the
variation of one deposition parameter may have a
stronger inhuence on film properties than the
composition-dependent effect to be studied. The only ex-
ception known so far is amorphous silicon-carbon alloys
which can be prepared, under certain conditions, as well-
defined standard materials over a fairly wide range of
compositions. Two different deposition regimes have
been identified for glow-discharge decomposition of
silane-methane mixtures, depending on the power densi-

ty " at low power density, there is practically no pri-
mary decomposition of methane by electron impact and
methane decomposition occurs mainly via reactive
species formed by silane decomposition. The deposition
rates from pure methane are negligible under these condi-
tions. The maximum carbon content in the solid is about
40 at. %, obtained by extrapolation to the limit of 100
at. % methane concentration in the gas phase.

It has been shown that the low-power-density regime
provides a smooth incorporation of carbon into the sil-
icon network, mainly in the form of methyl groups CH3,
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giving an alloy with good semiconducting properties as
verified, for example, by a low density of states in the mo-
bility gap. ' The material obtained in this fashion has
well-defined optical properties which depend almost ex-
clusively on gas concentration and are highly insensitive
to the preparation conditions. These conditions are very
close to those used for device-quality a-Si:H. In contrast,
at high power density, both methane and silane are
decomposed by electron impact, and film properties de-
pend strongly on preparation conditions like substrate
temperature, total pressure, dilution, and Aow rate. '
Amorphous silicon-carbon films produced under low-
power-density conditions show a wide range of optical
gaps, from 1.7 to 2.8 eV." At the same time, structural
disorder increases only modestly and the electrical prop-
erties remain comparable to those of a-Si:H. They seem,
therefore, to be a good model system for fundamental
studies of band structure and its dependence on composi-
tion. In particular, the different models of optical band-
to-band transitions responsible for the dispersion of the
refractive index can be tested.

In the present paper, we investigate the effect of low-
power carbon incorporation into amorphous silicon by
means of x-ray photoemission spectroscopy (XPS) and
soft-x-ray spectroscopy (SXS). From optical spectra, we
deduce characteristic band-gap energies which indicate a
widening of the band gap upon carbon incorporation.
This effect is also studied by soft-x-ray emission and ab-
sorption spectroscopy which probe the valence- and
conduction-band states around silicon atoms having a p
symmetry. Core-level Si 2p and C 1s distributions which
contain information on chemical bonding have been ana-
lyzed by photoelectron spectroscopy. Some preliminary
results on this work have been presented in a previous
communication. ' After a brief description of the experi-
mental techniques (Sec. II), we show in Sec. III that for a
wide range of optical band-gap values, the experimentally
observed dispersion of the refractive index can be
represented by a simple one-oscillator model. This ap-
proach leads to the definition of an "average gap" similar
to the Penn gap,

' which turns out to be an important pa-
rameter that characterizes the band structure in a-Si:H
alloys. We find that this average gap roughly corre-
sponds to the energy difference between the maxima in
the density of states of the valence and conduction bands
as deduced from soft-x-ray spectra.

II. EXPERIMENTAL

Amorphous carbonated silicon films were deposited by
glow-discharge decomposition of methane-silane mix-
tures at low power densities using a capacitively coupled
rf reactor previously described. Methane concentrations
in the gas phase ranged from 0 to 95 at. %. The power
density was 0.1 W/cm . In the limit of the low-power-
density regime, the concentration of methane governs the
optical properties of the deposited films. The other depo-
sition parameters are of marginal importance; they have
been specified in Table I for the sake of completeness.

The substrates used for this work are glass for optical
transmission, aluminum for x-ray emission, beryllium foil

TABLE I. Deposition parameters. (sccm denotes cubic cen-
timeters per minute at STP.)

Substrate temperature
Pressure
Gas-How rate
[CH„]/([CH,]+[SiH,])
rf power density
rf frequency

250'C
40 mTorr
20 sccm
0—95 at. %%uo

0.1 W/cm
13.56 MHz

III. RESULTS

A. Determination of optical constants

Optical transmission spectra of homogeneous thin films
contain all the information necessary to calculate the film

for x-ray absorption, and molybdenum foil for photoelec-
tron spectroscopy. The film thickness was usually 0.8 pm
except for XPS where 0.1-pm-thick films were deposited.
The carbon content of the films has been determined by
means of Auger-electron spectroscopy and XPS; both
methods were calibrated using films of different composi-
tions for which independent chemical analysis using tech-
niques other than surface spectroscopy had been per-
formed in specialized laboratories. A comparison of
these results is given elsewhere. "

Optical-absorption coefFicients and refractive indices
were computed from transmission spectra recorded on a
commercial spectrophotometer in the 400—1100-nm
range. Soft-x-ray spectra were recorded using bent-
crystal spectrometers [second-order re(lection on gypsum
(020) crystal sheets] equipped with a photographic detec-
tor (emulsion Kodak SA3). Further experimental details
have been described elsewhere. ' The energy resolution
dE/E was 2 g 10 ", the instrumental broadening being of
the order of 0.3 eV. For SXS studies natural oxides on
the surface were not stripped prior to measurement. The
effective sample thickness involved in emission spectra
was about 0.3 pm in our experimental conditions. For
absorption spectra, the total thickness of the sample is
probed. Consequently, the contribution of surface con-
tamination to the x-ray spectra is negligible. Photoelec-
tron spectra were induced by monochromatic Al Ka, 2
radiation with hv= 1486.6 eV (spectral width 0.3 eV)
which gives a total instrumental broadening of about 0.5
eV. No charge effect was observed for our samples.
Binding energies were evaluated with reference to the Au
4f7~2 level at 83.8 eV. Spectra were decomposed numeri-
cally by a fit based on the addition of Gaussian distribu-
tions. In these experiments, the effective sample thick-
ness was only a few tens of angstroms. Samples for XPS
spectra were sputter cleaned with 900-eV Ar+ ions. In
order to minimize argon implantation, the sputter clean-
ing was not complete: although most of the surface con-
tamination was removed, some of the surface oxide sub-
sisted. One of the a-Si, C samples was protected by a
thin overlayer of a-Si:H which was eliminated in the
spectrometer by sputtering. During all measurements,
the pressure in the XPS spectrometer was below 10
Torr.
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thickness d, the refractive index n, and the absorption
coefficient a. We have developed a computer program
which calculates the thickness and refractive index at
different wavelengths from the envelope of the interfer-
ence fringes of the transmission spectrum corrected for
absorption in the substrate. Our method is similar to
that described in detail by Perrin' and by Swanepoel. '

It makes it possible to compute the optical constants at
any wavelength within the range of measurement. The
accuracy of the optical constants so obtained is better
than l%%uo. The values for the film thickness calculated
from the optical transmission spectra are within experi-
mental error equal to those obtained with commercially
available stylus instruments.

For the determination of the optical gap, we avoid the
use of the conventional Tauc plot which requires a rather
ill-defined extrapolation subject to relatively large statisti-
cal errors. Instead, we evaluate the energy EO4 at which
the absorption coefficient equals 10 cm '. This energy is
about 0.15 eV higher than the Tauc gap for carbonated
amorphous silicon' and is insignificant for the discussion
of our experimental results. In the transparent region
(E &E04}, the experimental variation of n with wave-

length can be represented by a simple quadratic variation
like

n (A, ) =no(1+ A, , /A, ),
where the refractive index at infinite wavelength no and
the characteristic energy A, , are obtained from a fit.

E2
e, (E)=n (E)=1+(no —1)

EM —E
(3)

The quantity n (E) is the value of the refractive index at
the photon energy E, no is the refractive index extrapo-
lated to infinite wavelength, and EM is the "average"
energy-gap parameter. The quantity EM, which does not
correspond to a real physical gap, is very similar to the
energy parameter ("Penn gap"} used by Penn' for the
determination of the static refractive index in semicon-
ductors: it is physically clear that EM is a measure of the
energy difFerence between the "centers of gravity" of the
valence and conduction bands (Fig. 1). The determina-
tion of no and EM from first principles, by the direct use
of Eq. (2), is far too ambitious in the case of amorphous
materials, where little is known on the transition proba-
bilities of localized as well as extended band states. How-
ever, they can be derived from easily measurable proper-
ties of the material. As mentioned in Sec. III A, a two-
parameter fit does indeed give an excellent fit to our ex-
perimental data. Furthermore, no can be obtained direct-
ly with a far-infrared spectrometer and we have verified
for several samples that the result is the same as the ex-
trapolated value from visible-light measurements.

The dispersion of the refractive index n (E) can be
measured with a high precision from the maxima and
minima of the Perot-Fabry oscillations, resulting in a pre-
cise measurement of the average gap EM. The advantage
of using the one-oscillator equation [Eq (3)] for the fit of

B. The dispersion of the refractive index:
The "average gap model"

CONDUCTION
BAND

Even though the dispersion of the refractive index of
our samples can be described by the simple equation
above, it is difficult to attribute a physical meaning to it.
We therefore consider another expression which can be
related to physical parameters in a more straightforward
way. The real part of the electronic dielectric constant in
most covalent and ionic solids can be written as

e f~j(k)
et(co)=1+ g J dk

m, , » . a),, (k) —co
(2) opt

where e and m are, respectively, the electronic charge
and mass. The sum extends over all bands i and j such
that i&j, and the integral extends over the Brillouin zone
(BZ). For each transition between two bands i and j, the
oscillator strength for a polarization of direction cz is
given by f~(k). In order to reduce Eq. (2) to macroscop-
ic parameters that can be determined experimentally, iso-
tropic two-band models, in spite of their simplicity, have
been found to be a very good approximation in many
nonmetallic crystals. ' ' Isotropic mode1s should be par-
ticularly well suited to amorphous solids due to the
absence of long-range order. W'ith %emple and
DiDomenico's extremely simplified model, ' it can be
shown that Eq. (2) can be reduced to a one-oscillator for-
mula describing the dielectric response for subgap transi-
tions:

VALENCE
BAND

FIG. 1. Schematic diagram of the two-band model of a semi-

conductor. The dielectric response in the transparent region,
i.e., for a light with energy E &E„„„is very well approximated
by a two-level system with an energy EM. The "average gap"
EM is the distance between the centers of gravity of the valence
and conduction bands with the appropriate weighting factors.
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the experimental data is that it provides an intuitive
physical interpretation of the measured quantities. In
particular, the average gap EM gives quantitative infor-
mation on the overall band structure of the material.
This is quite different from the information coming from
the value of the optical gap E, , which probes the optical
properties near the band edges of the material. In partic-
ular, localized states near the conduction or valence band
("tail states") might have a strong effect on the optical
absorption and thus decrease the optical gap, whereas if
they have a small polarizability, they will result in a small
effect on the refractive index: such tail states increase the
"Urbach tail, "' ' but have little effect on the average
gap EM.

We show in Fig. 2 the variation of the refractive index,
n(E) for a series of samples with different carbon con-
tents. As expected, the experimental variation of the re-
fractive index departs from that given by Eq. (3) when the
photon energy approaches the optical-gap value. Indeed,
the one-oscillator approximation is valid only in the
transparent region, in which the photon energy E is
smaller than the optical gap. When E reaches the optical
gap, there is some divergence due to the denominator
terms in Eq. (2) and one would expect a variation of n (E)
faster than that given by Eq. (3), which is indeed what is
observed (Fig. 2).

We have measured the average gap E~ for a series of
methylated amorphous silicon' '" samples. The results,
as a function of the concentration of carbon (or methyl
groups CH&) in the material, are given in Fig. 3. It is in-

teresting to note how the average gap varies with the op-
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FIG. 3. The average gap EM as a function of the carbon con-
tent in the solid for a series of silicon-carbon alloys. On the
same diagram we have plotted (squares) the values of the dis-
tance between the peaks in the density of states of the valence
and conduction bands as measured by soft-x-ray spectroscopy
(SXS).

tical gap. Physically, it is clear that EM should increase
with the optical gap E, or with the equivalent measured
parameter Eo4. This is shown in Fig. 4, where we obtain,
except for the highest concentrations of carbon, the
empirical relation

EM —= 1..77EO

indicating a scaling up of the overall band structure of
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tent.
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the material with carbon incorporation. Qualitatively,
this is compatible with a scaling of all the transition ener-

gies with the increase of the average cohesive energy due
to the progressive replacement of Si—Si bonds by the
more stable Si—C bonds. This is in contrast with the
simple tight-binding theory ' which predicts, for ele-
ments of column IV, a variation given by

CONDUCTION ~~~~~~BANO

VALENCE
SAND

EF 0 eV

EM =—Eo4+~ (5)

where b, is a constant energy of value between 1.5 and 2
eV. This equation is a direct result of the tight-binding
approximation: ' for sp bonds in crystals, the gap in-
creases with the strength of the bond, whereas the widths
of the valence and conduction bands remain constant.
The source of the discrepancy between Eqs. (4) and (5) is
not quite clear. The most likely explanation is that in our
samples carbon is not incorporated as a carbon atom
bounded to Si in a sp bond, but rather as a methyl group
CH3.

Si K

absorption

2p

2S

Si KP
emission

99 eV

i49 eV

C. Band structure studied

by soft-x-ray spectroscopy (SXS)
is 1839 eV

The density of states (DOS) in the valence and conduc-
tion bands as a function of energy can be deduced from
soft-x-ray spectra. A schematic energy diagram is

displayed in Fig. 5. In x-ray-emission experiments, the
sample is mounted on the anode of an x-ray tube, and the
energy of x rays emitted from the sample corresponds to
transitions from the valence band to the 1s level. Transi-
tions from the 1s level to the conduction band are excited
by absorption of x rays of corresponding energy. It is

thus possible, from a combination of x-ray-emission and
-absorption spectra, to reconstruct the band structure of
the solid.

The result is shown in Fig. 6 for four samples with

different carbon contents. The band structure of all sam-

ples is dominated by one major peak in each band. The
energy difference E between the maxima of the valence-

band and conduction-band peaks increases with carbon
content. Qualitatively, the variation of E with the car-
bon concentration is similar to that of EM (Fig. 3). This
result confirms that the two-band model (Fig. l) is a good
approximation of optical transitions in amorphous silicon
alloys. It justifies condensing the complicated theory of
optical transitions into just one parameter, the average

gap E~. Our work shows, furthermore, that for our ma-

terials this important parameter can be obtained from op-
tical transmission curves in a spectral range accessible
with standard commercial spectrophotometers.

A precise quantitative agreement between E and EM
cannot be expected since the peak of the density of states
in the valence or conduction band is not exactly the same
as the weighted average in the two-band model, which
takes into account both the density of states and the cor-
responding matrix elements of the transition probabili-
ties. It should be noted that due to its rather low energy
resolution (0.3 —0.4 eV), SXS does not give reliable infor-
mation on the optical gap, whereas this limited resolution
does not affect the positions of the peaks in the band

FIG. 5. Schematic diagram of the energy levels and transi-
tions involved in SXS for silicon. Since the x-ray-emission and
-absorption spectra concern the same core-level (Si 1s), the rnea-

sured spectral distributions of the states in the valence and con-
duction bands directly give the energy positions of the band
edges relative the the Fermi level. The position of the Fermi
level is deduced from the Si 1s binding energy obtained by com-
bining the Si 2p3/ binding energy measured by XPS and the Si
(2p3/2~1s) transition energy measured by SXS. The approxi-
mate energies between the silicon levels are indicated on the
right.

structure. Beyond a carbon concentration of about 20
at. %, as shown in Figs. 4 and 6, anomalous properties
are found: these could be related to the chemical struc-
ture and will be discussed in the following section.

D. Chemical bonding studied by SXS and XPS

We have seen in the previous section that the energy
gap between the maxima in the density of states of the
valence and conduction bands accounts for the optical
properties of our samples. The details of the shape of the
density of states do not enter into the two-band model of
optical transitions. However, the shape of the DOS con-
tains information on the chemical structure of the solid.
It is unfortunately very difficult to extract this informa-
tion in terms of local bonding.

The technique of x-ray-induced photoelectron spec-
troscopy probes the chemical environment of the atoms
in the solid and is better adapted to the understanding of
the band structure in terms of chemical interactions. We
have analyzed by XPS the Si 2p and C 1s level distribu-
tions of three typical samples: a pure a-Si:H sample as a
reference (sample A), a typical alloy with low carbon con-
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tent a-Sio s4Co, 6:H (sample B), and a high carbon content
film a-Sio 66CQ 34 H (sample C) which exhibits deviating
optical properties. Our results, gathered in Table II,
show that local order in films with low carbon content is

very similar to that in pure a-Si:H. This explains why the
DOS of the valence band for a-Si„C, films with low
carbon concentrations is practically the same as in a-
Si:H. Samples A and B have nearly the same Si 2p bind-
ing energies; the presence of a few Si—C bonds in sample

FIG. 6. Band structure obtained by a combination of x-ray-
absorption and -emission spectra. The y axis (in arbitrary units)
represents the intensity of Si KP emission (left) and the photoab-
sorption coefficient near the Si K absorption edge (right). Sam-

ples were prepared from SiH4/CH4 mixtures containing (a) 60
at. %; (b) 75 at. %; (c) 85 at. %; (d) 95 at. % of methane, corre-
sponding to carbon concentrations in the solid at 10 at. %%uo, 16
at. %, 23 at. %, and 37 at. %.

B can be inferred from a component in the Si 2p peak
centered at 100.2 eV and from the C 1s peak at 283.0 eV
(Table II).

In sample C, silicon bonding is completely different:
the line at 99.4 eV, indicating the presence of silicon
atoms bonded to four other silicons (Si-Si4 units), is ab-
sent, whereas it is predominant in samples A and B.
Also, the energy shift of the C 1s peak in sample C with
respect to the corresponding peak in sample 8 points to-
wards a modification of the chemical environment of car-
bon atoms, probably due to the simultaneous presence of
Si—C and C—C bonds.

For this alloy, the DOS of the valence band is strongly
modified (Fig. 6, curve d): the first peak is broadened by
about 55% compared to a-Si:H, its maximum is shifted
by 1.6 eV towards higher binding energies, and an addi-
tional peak is present at 13.7 eV from the Fermi energy
E~. This peak is also observed in crystalline SiC and its
presence in sample C suggests the incorporation of
tetrahedrally bonded carbon into the silicon network for
the material with high carbon concentrations. The con-
duction band is less affected by carbon incorporation.
The slope of the band edge decreases and the first max-
imum is shifted by 0.7 eV for a carbon concentration
varying from x =0 to x =0.34.

The results from XPS and SXS measurements suggest
a qualitative correlation between the average gap and the
chemistry of the carbon incorporation. The incorpora-
tion of small carbon concentrations only induces minor
modifications of the silicon network. A few Si—C bonds
are present, but there is no evidence for incorporation of
the Si-C-Si type. This is consistent with the incorpora-
tion of carbon as methyl groups as postulated else-
where. " The increase of the band gap is refiected in the
density-of-state measurements as a receding of the
valence-band edge.

Beyond a carbon content in the solid of about 20—25
at. %, stronger changes in chemical structure are ob-
served. The chemical environment of silicon is complete-
ly changed and both Si—C and C—C bonds are detected.
The strong changes in the p valence-band distribution can
be due to the coexistence or carbon atoms with sp and

TABLE II. Binding energy E~ of Si 2p and C ls states as obtained by numerical decomposition of
XPS spectra. I„]corresponds to the relative intensity of the peak components. For silicon, the XPS
line at 99.3+0. 1 eV (marked a-Si) corresponds to the amorphous-silicon environment and the value at
100.1+0.1 eV (marked Si—C bond) indicates a bond between silicon and carbon in a tetrahedral net-
work. The same bond gives rise to a carbon line at 283.2+0.3 eV, whereas an all-carbon tetrahedral en-
vironment (marked C—C bond) gives a carbon line at 284.4+0.2 eV (Ref. 25). The values in square
brackets for samples B and C correspond to oxides and are due to the remaining surface contamination.

Sample
Si 2p

E~ (eV) I Environment
C ls

E~ {eV) I„,] (%) Environment

A a-Si:H
B a-Sip 84Cp ]6.H

C a-Sip 6QCp 34 H

99.3
99.4

100.2

100.1

[101.4]
[102.4]

100
100

6

100
[28]
[15]

a-Si
a-Si
Si—C bond

Si—C bond

283.0
284.4

[284.9]
283 ~ 7

[285.0]

100
3

70
[100]

Si—C bond
C—C bond

Si—C bond
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sp hybridization. The existence of strong disorder is in-
dicated by the broadening of the valence and conduc-
tion-band edges. A displacement of the conduction-band
edge towards higher energies contributes to the strong in-
crease of the band gap.

IV. CONCLUSIONS

We have studied the optical properties and the band
structure of a series of amorphous silicon-carbon alloys.
In these films, produced by glow discharge in silane-
methane mixtures at low power density, the carbon is
mostly incorporated as methyl groups CH3, " and the op-
tical properties of the films depend almost exclusively on
the gas composition and are highly insensitive to the
deposition parameters. ' This material exhibits a wide
range of optical properties, while disorder and defect den-

sity remains roughly constant. It thus provides an almost
ideal model system for fundamental studies of band struc-
ture and optical properties of amorphous alloys.

We have not attempted to interpret from first princi-
ples the value of the static refractive index no that we
have taken as a measured experimental parameter. In
contrast, we have shown that the variation of the refrac-
tive index n(X) with the wavelength k (i.e., the dispersion
of the sub-band-gap refractive index) is very well ex-
plained by a simple two-band model of optical transi-
tions. The characteristic energy parameter in this model
is the average gap EM, the energy difference between the
centers of gravity of the valence and conduction bands.

The variation of EM with the carbon content gives a
quantitative information on the overall band structure of
the material. This information supplements the mea-
sured value of the optical gap E, , which probes the opti-
cal properties near the band edges. Both the average gap
EM and the optical gap E, , increase with increasing car-
bon content. This points towards a scaling of all transi-
tion energies with the increase of the average cohesive en-

ergy due to the progressive replacement of Si—Si bonds
by the more stable Si—C bonds. However, the relative

variations of E~ and E, , do not conform quantitatively
to the simple tight-binding theory: this might be due to
the fact that in our samples carbon is incorporated in the
random network as methyl groups CH3 rather than in the
form of Si—C bonds.

More detailed information on the band structure in
some of our samples has been obtained by SXS which
directly gives the density of states of the valence and con-
duction bands. The peak-to-peak energy difference be-
tween the two bands is close to the average gap obtained
from the optical dispersion curves, and it exhibits a simi-
lar increase with carbon content. We remark that both
techniques, SXS and optical dispersion, give the same
type of information on the band structure. Admittedly,
SXS is more powerful since it gives the complete DOS
curve, whereas the optical technique reduces the informa-
tion to a single average parameter EM. However, SXS
not only has a rather poor resolution (0.3 —0.4 eV), but is
also a complex technique requiring high vacuum and spe-
cial sample preparation. Our optical measurement of EM
is very simple and precise (resolution better than 50
meV), and combined with the optical gap E, „ it pro-
vides a useful method for the study of amorphous alloys.

Beyond a carbon concentration of about 20 at. %,
there is clear evidence of a change in the nature of the
material and anomalous optical properties are observed.
In particular, there is a very large enhancement of the
average gap EM which increases much faster than the op-
tical gap E, , (Fig. 4). X-ray photoelectron spectroscopy
also reveals a change in the chemistry of the carbon in-
corporation: for low carbon concentrations, the carbon is
mainly incorporated as methyl groups CH, , whereas
beyond a carbon concentration of about 20 at. % we ob-
serve a large incorporation of carbon in the form of Si-C-
Si units in a tetrahedral network, even in the low-power
regime.
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