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Depe.nding on the deposition conditions, amorphous Six Hy alloy films prepared by planar rf 
r~ctlv~ mag~etron sputtering exhibit one of three types of microstructure: (i) type A with no 
dlscerruble mIcrostructural features down to the 20-A level and with a smooth uniform 
density; (ii) type B consisting of high-density regions of 50-200-A lateral dimensions 
separated,?y ~ low~density network; and (iii) a two-level (type C) microstructure consisting of 
300-5OO-A dImensIOns columns separated by a pronounced low-density network. The 
columns, in turn, are composed of 50-2oo-A dimension high-density regions interspersed with 
low-density network. The Si-2p level in these alloy films, determined by x-ray photoelectron 
spectroscopy, is observed to be strongly influenced by the microstructure of the film. A shift in 
the Si-2? level, systematically varying with the hydrogen concentration, is observed in aHoy 
films WIth type B and type C microstructures. No shift is observed, irrespective of the 
hydroge~ con~entrat~on, in alloy fil.ms with type A microstructure. The photoelectron spectra 
are exammed m the lIght of the vibrational spectra of the films as measured by Fourier 
transform infrareq techniques. The dependence of the Si-2p level shift on the microstructure 
and the variation with hydrogen concentration are explained qualitatively in terms of the 
di~erences in the silicon-hydrogen bonding in amorphous Six Hy films with dissimilar 
mIcrostructures. 

INTRODUCTION 

It is well established empirically that alloying of amor
phous silicon with hydrogen lowers the density of gap states 
from about 1020 e Y - I cm - 3 for pure amorphous silicon (a
Si) to values as low as about lOIS ey-I cm- 3 for alloy (a

Six Hy) films leading to a material that is electronically, opti
cally, and optoelectronically superior. 1.2 Although the role 
played by hydrogen in improving the properties of a-Si is 
only partially understood, it is fairly evident from electron
spin resonance measurements that a fraction of the hydrogen 
atoms serve to saturate dangling bonds (unsatisfied Si 
bonds) in the amorphous network, thus quenching the spin 
centers associated with unpaired electrons in the dangling 
bonds. Since the amorphous network is composed ofSi tetra
hedra which retain essentially the bond length and bond an
gle of crystalline silicon, there exists a variety of Si-H bond
ing configurations involving between 1 and 4 hydrogen 
atoms attached to a silicon atom, viz., SiB, SiH2, SiR3, and 
(SiH2 ) n. Infrared spectroscopy, directed towards measur
ing the frequencies and intensities of the vibrational modes 
of the silicon-hydrogen bonds, has provided the bulk of the 
information on bonding configurations and their depen
dence on growth conditions. 3

-6 More recently, photoelec
tron spectroscopy investigations, aimed at studying the ef
fect of hydrogenation on the Si-2p core level spectra and 
valence band spectra in amorphous Six Hy films, have been 
reported. 7•8 Ley et al. 8,9 have investigated the effect of hydro-

a) Present address: General Optronics, 2 Olsen Avenue, Edison, NJ 08820. 

genation and fiuorination on the Si-2p core level spectra in 
amorphous hydrogenated silicon and amorphous fluorinat
ed silicon samples and have analyzed the spectra in terms of 
the differences in the relative contributions to the spectra 
from different bonding (Si-H or Si-F) configurations. 
However, the authors have not included any supporting in
frared data on the samples. Moreover, the effect of the mi
crostructure of the films on the Si-2p core level spectra has 
not been studied, although one would expect to observe 
changes in the Si-2p core level spectra due to differences in 
the microstructure of the films based on the association of 
different silicon-hydrogen bonding configurations with spe
cific microstructural features as noted by several 
workers.3-s. 10. I I 

In previous publications 12-16 we have reported on the 
preparation and properties of amorphous Six Hy alloy (a
Six Hy) films by planar, reactive, rf magnetron sputtering. 
Hydrogell profiling by a IsN bombardment technique shows 
that, independent of the microstructure, the hydrogen con
tent (Hlhost) can be varied up to 50% depending primarily 
on the hydrogen partial pressure during deposition. IS How
ever, the microstructure of the film in particular influences 
the low-temperature hydrogen evolution. IS The photocon
ductivity in the a-Six Hy films is observed to depend sensi
tively on the microstructure.16 In particular, the interrela
tionship between the dark conductivity (O"dark), the 
photoconductivity (O"ph)' the photoconducting gain(O"ph/ 
O'dark)' and the optical band gap (Eg) of a film is strongly 
influenced by the microstructure. Thus films with a particu
lar combination of (T dark' (T ph' (T ph /0" dark' and Eg can only be 
prepared with a specific microstructure. We suggest that the 
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observed microstructure effects mentioned above can be ex
plained qualitatively on the basis of the differences in the 
silicon-hydrogen bonding configuration in films with dis
similar microstructures but the same total hydrogen concen
tration. We have, therefore, investigated by x-ray photoelec
tron spectroscopy the effect of film microstructure on the Si-
2p level in a-Si" lIy alloy films prepared by rf magnetron 
sputtering. In this paper we discuss the results of our photo
electron spectroscopy investigations in the light of the in
frared data on the vibrational modes in these films. 

EXPERIMENT 

Amorphous Six Hy alloy films were prepared on Com
ing 7059 glass and single crystal silicon wafers (for Fourier
transform infrared measurements) by planar, reactive, rf 
magnetron sputtering in a cryo-pumped stainless steel 
chamber using a 10-cm-diam, polycrystalline, 99.999% pure 
silicon plate as the cathode. The base pressure was typically 
2 X 10-7 Torr. The flow rates and hence, the partial pres
sures, of the sputtering gas (Ar) and the reactive gas (H2) 
were controlled by electronic mass flow controllers to within 
0.1 sccm for Ar and 0.001 seem for H2. The rf power to the 
cathode was fed via a feedback circuit to maintain constant 
target bias. Details of the sputtering system have been pub
lished elsewhere. 12 The deposition ranges covered for this 
study were: rfpower 50-500 W, argon partial pressure 1.0-
lOmTorr, hydrogen partial pressure2X 1O-4 mTorr (resid
ual pressure in chamber for no added hydrogen) - 1.7 
mTorr, and substrate temperature 300-600 K. 

X-ray photoelectron spectroscopy (XPS) measure
ments were performed in a McPherson ESCA-36 spectrom
eter using Al Ka excitation at a base pressure of -1 X 10-8 

Torr. The spectrometer was calibrated with respect to the 
AU-4f7/2 line (i.e., 84.0 eV). Since the a-Si"Hy samples 
studied were nonconductive, the binding energies were refer
enced to the carbon Is line (i.e., 285.0 eV) from the samples. 

Electron diffraction and normal imaging of the micro
structure were checked for several samples in a Siemens 101 

transmIssIOn electron microscope. Details of the sample 
preparation and microscopy techniques have been reported 
previously. 14 

Specular transmittance and reflectance data in the fre
quency range 500-2500 cm - I were obtained on a-Six Hy 
samples prepared on single crystal silicon wafers using a 
BOMEM Fourier transform infrared (FTIR) spectrometer. 
The optical constants and hence, the absorption coefficient 
a, were determined from the reflectance and transmittance 
data by the method of inverse synthesis described by 
Dobrowolski et al.17 

The total hydrogen content in the films was measured 15 
from nuclear-reaction analysis by bombardment with 15N 
based on the nuclear reaction 15N + IH 
~12C + 4He + 4.43-MeV r ray. The temperature depen
dence of the hydrogen evolution rate was measured in the 
standard manner. 15 

RESULTS 

The hydrogen content of the a-Six Hy alloy films mea
sured by the 15N technique is given in Table I together with 
the dominant sample preparation conditions and the film 
microstructure, A, B, or C type. Irrespective of the other 
deposition parameters, samples prepared at low argon par
tial pressures (:S 3 X 10-3 Torr) exhibited a uniform 
smooth density with no structural features down to the 20 A 
level (A -type microstructure) . At higher argon partial pres
sures (~ lOX 10-3 Torr), low rfpower ( :S 200 W) and low 
(room-temperature) substrate temperatures, the deposited 
films exhibit a microstructure consisting of 50-200-A high
density islands separated by a low-density network (B-type 
microstructure). At still higher argon partial pressures and/ 
or higher rf power levels ( > 200 W) and/or higher substrate 
temperatures, the deposited films exhibit a two-level micro
structure consisting of 300-5oo-A-diam columns inter
spersed by a pronounced low-density network (C-type mi
crostructure). These columns, in turn, are composed of 50-
200 A dimension high-density regions interspersed with 

TABLE 1. Typical sample preparation conditions, film structure, hydrogen content, and Si-2p binding energy. 

Argon partial Hydrogen partial Substrate Si-2p 
Film rfpower pressure pressure temperature H/host binding energy 

Sample structure (w) ( X 10-3 Torr) ( X 10- 3 Torr) ("C) (%) (eV) 

132 A 400 1 1.7 RT" 40 99.2 ± 0.1 
133 A 200 1 1.7 237 46 99.2±0.1 
134 A 400 1 1.7 233 99.2 ± 0.1 
135 A 400 1 2x 10-" RT 1 99.2 ± 0.1 
150 A 425 1.0 0.1 RT 47 99.2±0.1 
151 A 425 1.0 9.2X 10-2 RT 55 99.2±0.1 

122 B 200 10 2X 10-" RT 2 99.1 ±0.1 
125 B 100 10 1.7 RT 33 99.5 ± 0.1 
141 B 200 10 1.7 241 26 99.3 ± 0.1 

123 C 200 10 2XIO- 4 225 2 99.0± 0.1 
126 C 400 10 2X 10-" RT I 99.1 ± 0.1 
142 C 200 JO 1.7 325 25 99.4 ± 0.1 
124 C 200 10 1.7 225 25 99.4±0.1 
98 C 400 10 1.7 RT 33 99.6 ± 0.1 

119 C 200 JO 1.7 RT 35 99.7 ± 0.1 

aRT-room temperature. 

2531 J. Appl. Phys .• Vol. 60, No.7, 1 October 1966 Das eta!. 2531 
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c 

FIG. 1. Transmission electron micrographs and corresponding electron dif
fraction patterns of three a-SixHy samples exhibiting A-, B-, and C-type 

microstructures. 

low-density network regions. Transmission electron micro
graphs of three samples with A-, B-, and C-type microstruc
tures and the corresponding electron diffraction patterns are 
shown in Fig. 1. All the samples examined are amorphous, as 
revealed by the halos in the diffraction patterns. It should be 
noted that all types of microstructures could be prepared 
independently of whether hydrogen was added or not. The 
addition of hydrogen appeared to give only second-order 

0-15 

C-i8 
51-2p 

WL 111133 (A-type) 

O-Auger 

111122 (B-type) 

#1204 (C-type) 

1000 o 

BINDING ENERGY (eV) 

FlG. 2. Photoelectron spectra of three a-Six Hy ssmples with dilferent mi
crostructures: no. 133-A type, no.122-B type, and no. 124-C type. 
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FIG. 3. Si-2p level spectra ofssmple no. 98 showing the effect of an HF etch 
on the oxide peak: (a) after etch and (b) before etch. The Si-2p binding 
energy remains unchanged. 

effects on the microstructure, such as in increasing the total 
sputter pressure. However, the hydrogen partial pressure 
during deposition predominantly affects the hydrogen con
tent in the films. Furthermore, the results from nuclear hy
drogen profiling indicate that a-Six Hy films containing up to 
50% hydrogen (Hlhost) can be prepared in all microstruc
ture types by magnetron sputtering. Typically the films 
show a greater hydrogen concentration at the substrate-film 
interface and at the film surface. IS 

Typical XPS spectra in the binding energy range of 0-
1000 eV for three different samples are shown in Fig. 2. All 
samples showed, other than carbon, the presence of oxygen, 
as evidenced from the 0-ls line in these spectra. That some 
of the oxygen present is bonded to silicon in the form of 
silicon oxide is concluded from the presence ofthe Si-2p peak 
at ~ 104 eV. However, the presence of this oxide does not 
seem to affect the 2p binding energy of elemental silicon 
(bonded to hydrogen) which appears at -98 eV. XPS anal
ysis of samples subjected to an etching in 5 % HF solution for 
15 S7 prior to mounting in the spectrometer showed that the 
Si-2p peak appearing at ~ 98 e V has the same binding energy 
before and after the etch even though the intensity of the 
oxide peak diminished as a result of etching (see Fig. 3). In 
both spectra shown in Fig. 3, the Si-2p peak. due to silicon 
that is not bonded to oxygen occurs at 99.6 ± 0.1 eV. 

A least-squares fitting of the Si-2p spectra from different 
samples to a Gaussian line shape showed a spread in Si-2p 
binding energy values between 99.1 and 99.7 e V (Table I). A 
cursory examination reveal.s that the binding energy does 
not seem to correlate with the hydrogen content in the sam
ples. However, if the samples are grouped according to their 
microstructure (type A, B, or C), the outcome is remark
able. All samples with an A-type microstructure have a com
mon Si-2p binding energy 01'99.2 eV regardless of the hydro
gen content in these samples. As an example, we show in Fig. 
4 the Si-2p spectra from two samples both with type A mi
crostructure but one with 1 % Rlbost (sample no. 135) and 
the other with 40% Hlhost (sample no. 132). For both 
these samples the corrected Si-2p binding energy is 
99.2 ± 0.1 eV. However, in samples with type B or type C 
microstructure, the Si-2p binding energy depends upon the 

Dasetal. 2532 
 [This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to ] IP:

143.106.108.136 On: Thu, 25 Jun 2015 16:16:34



32529 

29298 

26067 
e-S1.Hy 
(A-type) 

22835 

en 198004 t--

~ 
0 18373 tJ 

13142 

9910 
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FIG. 4. Si-2p spectra of two samples both with A-type microstructure but 
different hydrogen content-sample no. 135 with 1 % H/host and sample 
no. 132 with 40% H/host. Note that the binding energy is the same for the 
two samples. 

hydrogen content (see Table I). In Fig. 5, we show the Si-2p • spectra from three samples all with the same type of micro-
structure (type C) but with different hydrogen contents. As 
can be seen, the shift in the Si-2p line is largest for the sample 
with the highest hydrogen content. The Si-2p binding energy 
as a function of the hydrogen content for a a-Six Hy samples 
with B-type and C-type microstructures is plotted in Fig. 6. 

We note here that the oxide peak at -104 eV exhibits a 
shift from sample to sample as seen in Figs. 4 and 5. How
ever, the shift in the oxide peak position is not systematic and 
does not correlate with the shift in the Si-2p level. For exam
ple, in Fig. 4, whereas the Si-2p levels in samples nos. 135 and 
132 exhibit no relative shift, the oxide peaks are shifted rela
tive to each other. On the other hand, in Fig. 5, both the Si-2p 
levels and the oxide peaks in samples nos. 119 and 124 are 
shifted relative to the Si-2p level and the oxide peak position, 
respectively, in sample no. 123. Therefore, the oxide peak 
shift and the Si-2p level shift do not seem to share a common 
origin such as a Fermi-level shift in the sample. The oxide, it 
should be understood, is not wen characterized and the ox
ide peak is probabJy an envelope of several oxides of variable 
stoichiometry Sio.., with x varying from sample to sample. 

38595 

36082 

33589 '119 

310'58 
(351 H/hQstl 

en 211!5.:1 t--

~ 26031 u 

23518 

21005 

'8492 

104.2 102.9 

e-S1.Hy 
(e-type) 

101.6 100.3 

BINDING ENERGY (eV) 

99.0 98.7 

FIG. 5. Si-2p spectra of three samples with C-type microstructure. Sample 
no. 123 has 2% Hlhost, sample no. 124 has 25% Hlhost and sample no. 
119 has 35% Hlhost. Note the shift in the binding energy with hydrogen 
content. 
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FIG. 6. The Si-2p binding energy plotted vs hydrogen content for several 
a-Si~Hy samples with B- and C-type microstructures. 

We attribute the shift in the oxide peak to this variation in 
stoichiometry from sample to sample rather than to a shift in 
the Fermi level of the samples_ 

DISCUSSION 

Usami etaChaveobserved a shift of 0.15 eV in the Si-2p 
level due to hydrogenation in their sputtered a-Si:H films. 
However, they have not examined the microstructure of the 
hydrogenated films. Under similar preparation conditions 
as reported in their paper, we obtain films with A-type mi
crostructure. To the extent that the precision of our XPS 
measurements is ± 0.1 eV, the results of Us ami et aU are 
similar to our results for A-type films. Gruntz et al.9 have 
observed no chemical shift of the Si-2p level in amorphous 
hydrogenated silicon films prepared by sputtering. How
ever, neither the microstructure of the films nor the prepara
tion conditions are explicitly mentioned in their paper. The 
authors have, however, reported a chemical shift in the Si-2p 
line due to fluorination in dc sputtered amorphous fluorinat
ed silicon films. 9 The authors obtain a main line at 
99.6 ± O.l-eV binding energy which they find is characteris
tic for pure silicon and with increasing fluorine content, the 
development of a satellite peak shifted by - 3.5 eV to higher 
binding energy. The intensity of the satellite peak is observed 
to scale with the fluorine content. Gruntz et al.9 have fitted 
the Si-2p core level spectra of a-Si:F films under the follow
ing assumptions: (i) a total of five lines, corresponding to Si
Si4 , F-Si-Si3' F2-Si-Si2, F3-8i-Si, and SiF4 configurations, 
contribute to each spectrum; (ii) the line shape is the same 
for each component; and (iii) the components are equally 
spaced. :From analysis of several Si-2p spectra, the authors 
estimate an average chemical shift of 1.15 ± 0.02 eV per flu
orine atom attached to a central Si atom. According to this 
model, therefore, for the same fluorine content, one would 
expect the smallest shift in the Si-2p level binding energy 
when all the fluorine is incorporated in the F-Si-Fi3 configu-

Das etal. 2533 
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FrG. 7. Vibrational spectra of sample no. 132 (A-type microstructure) and 
sample no. 125 (B-type microstructure). Sample no. 132 has a hydrogen 
content of 40% H/host and sample no. 125 has a 33% H/host content. 

ration and the largest shift when the fluorine is incorporated 
in the SiF4 configuration. The intensity of the shifted satellite 
peak would, of course, scale with the fluorine content. Leyet 
al.s have analyzed high-resolution Si-2p core level spectra of 
hydrogenated amorphous silicon in a similar fashion and 
estimated a chemical shift of 0.335 ± 0.010 eV per hydrogen 
atom attached to the silicon atom. 

The model of Gruntz et al.9 provides a reasonable 
framework within which we can explain, qualitatively, our 
observation of the absence of any chemical shift in the Si-2p 
level binding energy in a-Si"Hy films with A-type micro
structure and a chemical shift scaling with hydrogen concen
tration in a-Six Hy films with type B and type C microstruc
tures. We now propose that for any hydrogen content, 
a-Six Hy films with type A microstructure contain a propor
tionately larger fraction of the total hydrogen in the 
H-Si-Si3 (monohydride) configuration compared to films 
with B-type or C-type microstructures which have propor
tionately a greater amount of the total hydrogen incorporat
ed in the H2-Si-Si2 (dihydride) or H3-Si-Si (trihidride) 
configurations. Since the expected chemical shift in the Si-2p 
binding energy is less for a single hydrogen atom attached to 
Si (i.e., for the H-Si-Si3 configuration) than for two hydro
gen atoms (Le., the H2-Si-Si2 configuration) or for three 
hydrogen atoms (i.e., the H 3-Si-Si configuration) attached 

to a central Si atom, one would expect a smaller chemical 
shift in the Si-2p binding energy in a-Six Hy films with A-type 
microstructure and a much larger shift in films with B-type 
or C-type microstructures, for the same total hydrogen con
tent. This explains why, within the precision limits of our 
XPS measurement and the accuracy of the Si-2p level curve 
fitting, we observe no shift in the Si-2p binding energy in 
films with A-type microstructure at any hydrogen content, 
whereas a shift is observed in films with B-type and C-type 
microstructures . 

In confirmation of our hypothesis of different silicon
hydrogen bonding configurations in a-Six Hy films with dis
similar microstructures, we present the vibrational. spectra 
in the frequency range 1900-2200 cm -1, obtained by FrIR 
spectroscopy, for two a-Six Hy films (nos. 132 and 125) with 
similar hyd.rogen content, one with A-type microstructure 
and the other with B-type microstructure (Fig. 7). The spec
tra have been fitted with a combination of three Gaussian 
lines centered at 2000 cm - 1 (corresponding to the SiH 
stretch mode), 2090 cm- I 'corresponding to the SiHz 
stretch mode), and 2150 cm - 1 (corresponding to an en vi
ronmentally different SiH stretch mode).4 The strengths of 
the SiR, SiH2, and the second SiH (denoted as Sill') stretch 
modes in the two films are given in Table II. As tabulated, 
sample no. 132 with A-type microstructure contains propor
tionately more of the total hydrogen in the SiR (monohy
dride) configuration compared to sample no. 1.25 which ex
hibits a B-type microstructure. 

Further confirmation of our hypothesis is provided by 
hydrogen evolution experiments reported previously. IS The 
hydrogen evolution experiments in the range 300-1000 K 
show considerable structure. The films which have a C-type 
microstructure show occasionally a sharp peak in the rate of 
hydrogen evolution at - 200·C and always show a large 
evolution broad maximum at -450 ·C, with perhaps a 
shoulder at - 630·C. Hydrogen is evolved at all tempera
tures, however, with the evolution starting at -100"C. 
Films with a B-type microstructure show a similar hydrogen 
evolution rate temperature dependence, though often the 
low-temperature peak is sharper and the shoulder more pro
nounced. A-type structure films have a different hydrogen 
evolution pattern, showing two distinct maxima at approxi
mately 370 and 410 ·C and a high-temperature maximum at 
61.O·C. The hydrogen evo1tved at low temperatures 
(- 375 ·C) has been tentatively assigned to the escape of 
hydrogen from SiH2 or SiH3 bonds in the low-density 
network in the films, 18 whereas hydrogen evolved at 600 ·C 
and above is associated with the breaking of isolated SiH 
bonds. To investigate the relative differences between the 

TABLE II. Relative strengths Cofthe SiH (w = 2000crn-'), SiH2 (w = 2090crn-'), and SiH' (w = 21SOcm-') stretch modes in a-Si. Hy samples no. 132 
and no. 125. 

CSiH CSiH1 

Film Hlhost 
Sample structure (%) CSiH + CSlH, + CSiH' CSiH + CSiH, + CSiH' 

132 A 40 0.26 0.41 0.33 
125 B 33 1.0 
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low-temperature behavior for different film microstruc
tures, known volumes of samples with predetermined hydro
gen content (measured by nuclear 15N technique) and mi
crostructure were cycled through a linear temperature ramp 
up to 600 °C with the evolved hydrogen being measured con
tinuously. The results of such evolution experiments show 
that for the same total hydrogen content, the C-type micro
structure always contains more weakly bonded hydrogen 
than B or A. This result implies that SiH2 and SiH) bonding 
configurations occur in both featureless and columnar struc
tures, but more of the SiH bonding occurs in the featureless 
microstructure, i.e., A-type microstructure. 

The scaling of the shift in the Si-2p binding energy with 
hydrogen content in films with B-type and C-type micro
structures may be explained by one or a combination of two 
effects: (i) shift in the Fermi level and (ii) increase in the 
proportion of SiH2 and/or SiH3 bonding configurations at 
higher hydrogen concentrations. We know from measure
ments of optical gap and electrical activation energy in these 
films that the Fermi level can vary by several tenths of an 
electron volt from one film to another depending on the 
preparation conditions, the hydrogen content, and the mi
crostructure. However, hydrogen evolution studies also in
dicate that at higher levels of hydrogen content, a-Six Hy 
films, for all types of microstructures, contain larger frac
tions of the total incorporated hydrogen in SiH2 and/or SiH3 

configurations. 15 To resolve quantitatively the relative con
tributions of the two effects in the scaling of the Si-2p level 
shift with hydrogen content would require a more sophisti
cated fit to our XPS data (in the manner of Gruntz et al. 9 ) by 
at least four lines, corresponding to Si-Si4' H-Si-Si3' H 2-Si
Si2, and H3Si-Si configurations using known strengths cal
culated from vibrational data, instead of the single Gaussian 
line shape employed in the present study. Such an effort is 
currently being undertaken and the results will be presented 
later. 

CONCLUSIONS 

Amorphous Six Hy alloy films prepared by planar, reac
tive, rf magnetron sputtering exhibit three distinct types of 
microstructures depending on the deposition conditions: (i) 
type A with no discernible microstructural features down to 
the 2a-A level and with a smooth uniform density; (ii) type 
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B consisting of high-density regions of 50-200-A. lateral di
mensions separated by a low-density network; and (iii) a 
two-level (type C) microstructure consisting of 300-500-A. 
dimension columns separated by a pronounced low-density 
network. The columns, in tum, are composed of 50-200-A. 
dimension high-density regions interspersed with low-den
sity network. 

The Si-2p level, measured by x-ray photoelectron spec
troscopy using Al Ka excitation, shows no chemical shift in 
a-Six Hy films with A -type microstructure, regardless of the 
hydrogen content. However, in a-S(" Hy films with B-type 
and C-type microstructures, a chemical shift is observed in 
the Si-2p level which scales with the hydrogen content of the 
film. 

The difference in the Si-2p level photoelectron spectra of 
A-type films and B- and C-type a-SixHy films are explained 
in terms of the differences in the silicon-hydrogen bonding 
configurations. Data from Fourier-transform infrared and 
hydrogen evolution experiments are presented in support of 
the model. 
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