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ABSTRACT: Detailed depth profiles of hydrogen and oxygen were measured, in
thin film samples of a-Si:H produced under varying conditions, using the
reaction 1H(19F,ay)160 in the vicinity of the resonance at E(I9F)=6.417 MeV to
profile hydrogen, and resonant elastic a scattering near the resonance at
Ea=3.0359 MeV to profile oxygen. Contrasting results reflecting the different
fabrication conditions were obtained and these were correlated with the
measured electrical properties.

INTRODUCTION The electrical and optical properties of a-Si:H films produced by
glow discharge decomposition of silane are related to the distribution of
hydrogen which terminates dangling bonds. However, hydrogen may also be
present in other forms, particularly as hydroxyls when moisture absorption
occurs, which could be detrimental to the electrical properties.

The presence of oxygen in the bulk of a semiconductor can also affect its
electrical properties, and on the surface it can affect contact properties,
which are important for device applications. Surface defects may in fact
dominate electrical properties by creating mobile carrier accumulation
layersfl]. Oxidation can be expected to be one source of oxygen, but a major
contribution could come from adsorption and absorption of moisture into
microvoids, typically found in films of semiconductor produced by vacuum
deposition techniques. The porosity of the films depends on the fabrication
conditions, and thus the hydrogen and oxygen contents may be used to diagnose
the effects of different conditions.

FILM PREPARATION Various parameters in the glow discharge deposition of a-Si:H
in the d.c. magnetron system have a considerable impact on the electrical,
optical and mechanical properties of the films[2]. In particular, significant
differences are observed between samples prepared with the substrate at anode
potential and at cathode potential (Table 1). Electrical measurements have
indicated that the surfaces play a more significant role under these
conditions, and one aim of this study was to see whether the hydrogen and
oxygen profiles could be used to distinguish between those surface effects due
to the production process and those due to subsequent adsorption.

Dark conductivity (cr̂ ) and photoconductivity (op̂ ) were measured in a gap
cell geometry. The magnitude of dark conductivity, with ô  < 10 (Q cm)
denoting minimal surface effects and ad > 10"̂  (Q cm)"1 denoting a dominance of
surface effects, influences the photoconductivity for reasons discussed by
Smith and McKenzie[3], and hence the gain in conductivity on illumination
ODh/°d' was URe^ to evaluate surface effects (table 1).

ION BEAM ANALYSIS The reaction 1H(19F,aY)160 at the 6.417 MeV fluorine
resonance (T=45keV) was used in the hydrogen profile measurements, yielding a
11 nm depth resolution in pure silicon at the surface, increasing to 27 nm at
1 urn depth[4]. The 6.13 MeV reaction y rays were detected in a pair of 7.5 cm
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Table 1 Film properties

Silane Deposition Dark Photo-
Sample Electrode pressure rate Thickness1-' conductivity conductivity

(Torr) (A) (urn) at 300 K at 300 K
ad (Q cm)"

1 aph (Q cm)"
1

A
B
C

Anode '
Anode^)

Cathode

0.0076
0.0078
0.040

1.0
5.8
26.7

0.25
0.82
1.6

~10~7

6.4xlO-10

1.2xlO~4

~5xlO~5

1.9xlO~6

5x1 0~4

500
3000

4

*• At electrical measurement points, measured with a Talystep.
' Reported in reference (3).

Fig. 1 Hydrogen profiles in

the three a-Si:H samples studied.
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Fig. 2 Oxygen profiles corresponding to the resonance yield measured on fused
quartz and the'a-Si:H samples.
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diameter x 20 cm long Nal detectors placed outside the vacuum chamber 3 cm from
the target. The close geometry helped to minimize the relative cosmic ray
background. Resonance yields were calibrated against polyethylene and mylar
targets [4).

The oxygen profile measurements employed resonant elastic a scattering at
an incident beam energy of 3.0359 MeV. The angular distribution at the
resonance is peaked towards the back angles, and consequently measurements were
carried out using a surface barrier detector at an angle of 165°. The
resonance yield was calibrated using a fused quartz target, which is assumed to
be pure Si02> confirmed by RBS. The width of the resonance (T=8.1 keV) is less
than the detector resolution of 18 keV, yielding a surface depth resolution of
39 nm, increasing to 63 nm at 1 \sm depth in pure silicon.

RESULTS AND DISCUSSION Results from samples a and B have been reported
previously[4,5]. The cathodic deposition (sample C) results in a higher bulk
hydrogen content, with some structure near the surface (fig. 1). The oxygen
profile of this sample indicates no oxygen related surface structure (fig. 2),
contrary to expectations based on the electrical properties. However, a
definite surface layer ~ 400A thick is seen in the hydrogen profile. The
excess hydrogen relative to oxygen observed for the surface region in samples B
and C (fig. 1) can not be accounted for in terms of moisture or hydrocarbon
adsorption, unlike sample A which shows evidence of water or hydroxyl
penetration[4]. The hydrogen rich surface layer may represent an incomplete
reaction zone with an excess of dangling bonds with molecular hydrogen or other
forms containing hydrogen in the microvoids. Such a zone could be expected to
extend deeper in ion bombarded samples, as in sample C. Sample B, in contrast
to both other samples, shows a surface region depleted in hydrogen.
Electrically this film is the best of those analysed here (high o"pll/ac;). The
correlation of hydrogen and oxygen is relatively constant in the vicinity of
the surface. This indicates the probable penetration of water into the film.
However the depth at which the oxygen becomes negligible is well above the
filra-substrate interface.

CONCLUSIONS Films produced anodically by the d.c. magnetron glow discharge
systems were shown previously[2,4] to have improved electrical properties at
higher deposition rates; the increased rate also improved the quality of solar
cells[6]. Analysis of anodic samples (A and B) shows that this improvement can
be associated with a decrease in porosity. Cathodic samples also have reduced
void content, however their electrical properties are dominated by surface
effects. Results of the present study suggest that these surface effects are
linked to a distinct surface layer which is hydrogen rich as a result of the
growth process under these conditions of strong ion bombardment.
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