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The doping of a-Si:H with Sn is known to modify the electrical and optical properties of the material. The optical band
gap decreases as the doping level is increased, however, there is no insulator—metal transition of the type observed, for
example, when transition metals are used as dopants. In order to increase the understanding of the conductivity processes
that occur in a-Si:metal: H alloys we have measured the atomic scale structure of a series of a-8i,_,Sn,:H thin-films using
EXAFS. Samples were prepared by RF reactive co-sputtering and both Si and Sn K-edge EXAFS examined. The results
indicate that the Sn atoms are substituted randomly into the a-Si tetrahedral random network. Both Si and Sn atoms retain
fourfold co-ordination over the composition range studied (0= x =<0.18). In contrast to results obtained using transition
metal dopants there is no local modification of the tetrahedral random network.

1. Introduction

Previous reports on the structure of a-Si:Ni:H
[1] and a-Ge:Mo [2] thin films have shown that
incorporation of a transition metal leads to mod-
ifications of the tetrahedral structure of the
amorphous semiconductor to yield local atomic
arrangemerts similar to those observed in inter-
metallic compounds. There appears to be no
substitution of metal atoms for semiconductor
atoms in the tetrahedral random network (TRN)
and the metal atoms do not occupy interstitial
sites, rather the metal-modified regions coexist
with the remaining semiconductor TRN. The
primary motivation for interest in this type of
system is the understanding the structural
changes that accompany the occurrence of an
insulator-metal transition (MIT) as the propor-
tion of metal in the material is increased.

Another semiconductor—metal system of great
interest may be formed by alloying tin with
hydrogenated amorphous silicon (a-Si;_,Sn,:
H). In contrast to the transition metal systems
discussed above this alloy does not exhibit an
MIT. As the proportion of Sn is increased the
optical band gap, E,, is known to decrease
monotonically [3,4]. However, the dark DC
conductivity has been found to increase less than
would be expected on the basis of a conduction

mechanism with an activation energy close to
one- half of the optical gap [3, 5, 6]. Indeed, the
dark conductivity has been found by some work-
ers to show a minimum at an optical gap corre-
sponding to a value of ~1.7 eV [7, 8] indicating a
change from n- to p-type conduction at the cor-
responding Sn concentration (<5 at%). This
change of carrier type has been interpreted as
indicating the inclusion of Sn atoms as interstitial
impurities rather than substitutionally and results
in a loss of photoconductivity and poor per-
formance in solar cells. The suppressed increase
of DC dark conductivity, along with its tempera-
ture dependence, lead all these authors [3-8] to
the conclusion that the conduction mechanism
changes from extended state to localized state
hopping. Despite these extensive optical and
electronic studies, less attention has been
focussed on the structural variation of a-
Si:Sn(:H) with increasing Sn content; although
some structural conclusions have been drawn
from infrared spectroscopy [3,5], and limited
electron [9] and X-ray [10, 11] diffraction; while
the Sn sites have been probed by 11980 Méss-
bauer spectroscopy [5,9]. However, many of
these studies have centred on unhydrogenated,
evaporated samples, which may not be repre-

.sentative of the device quality hydrogenated ma-

terial prepared by plasma deposition methods. In
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order to clarify the causes of the electronic and -

optical properties of this alloy system a detailed
understanding of the atomic scale structure is

necessary. Hence, we have investigated both the-

Si and Sn local environments in a series of
" sputtered alloys using the chemical specific
EXAFS technique.

2. Sample preparation and characterisation

RF reactive co-sputtering [12] was used to
deposit a series of thin film samples of a-
Si,_,Sn,:H onto the variety of uncooled sub-
strates necessary for complete sample characteri-

sation. The preparation conditions used for dif- -

fering compositions were held constant, the RF
power used was 200 W, the target substrate dis-
tance was 5.5cm and the total sputtering pres-
sure was 7.3 X107’ mbar. The sputtering gas
used was an argon/hydrogen mixture in the ratio
10:1; the hydrogen is used to saturate any dang-
ling bonds that may occur and is known to im-
prove substantially the electronic characteristics
of the material. The composition of the thin films
was controlled by varying the number of small
discs of tin placed on the crystalline silicon. sput-
tering target. These discs were arranged to pro-
duce a macroscopically homogeneous sample
and this was later checked using SEM. Neither
SAED-TEM nor SEM measurements indicated
clusters of metallic (B8-Sn or any other form of
crystallinity in any of the films. Sample composi-
tions were determined using energy dispersive
electron microprobe analysis and *He™ Ruther-
ford backscattering. Immediately after deposi-
tion all of the films were found to contain ap-
proximately 8at% Ar, although desorption of
Ar was found to occur with time.

IR spectra for a-Si:Sn:H are shown in fig. 1
for the wave number range 1500-2500cm ™"
There appears to be no systematic shift in wave
number nor variation in intensity with increasing
Sn. This latter fact suggests that the number of
Si-H bonds is not altered appreciably in this
concentration range. The most important aspect
of these spectra is the lack of any Sn—H features,
expected ~1700-2000cm™" [3,5,6,8]. How-
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Fig. 1. IR absorption spectra of some a-Si,_,Sn,:H samples
(spectra vertically offset for clarity).

ever, this may be due to a strong preference of
the hydrogen to bond to the Si rather than the
Sn in the absence of sufficient H, to saturate all
the dangling bonds in the system. A preference
ratio of up to 12:1 for Si-H bonds compared to
Sn—H bonds has been. reported by Von Roedern
et al. [8]. This technique was also used to verify
that the films were not contaminated with signifi-
cant amounts of eithér oxygen or nitrogen.
Initial DC dark conductivity measurements on
the films prepared for this study were performed
in a parallel study at the University of Leicester
[13]. These appeared to show T~'"* dependence
below room temperature, indicative of variable.
range hopping, and T™! dependent localized’
state conduction for the majority of samples
above room temperature. This is in qualitative
agreement with the results of Maloufi et al. [14].
The dependence of room temperature dark con-
ductivity on Sn concentration showed good qual-
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Fig. 2. Variation of activation energy with Sn content for
a-8i,_,Sn_:H.

itative agreement with that of Girginoudi et al.
[6], as did the variation of activation energy with
x (fig. 2 [13]). From this figure, the 0.9eV
activation energy (typical for undoped a-Si:H
alloys) indicates that for values of x up to ~0.03,
the conduction mechanism is of free carrier type.
A transition from extended to localized state
conduction, and a correspondingly large de-
crease in activation emergy to around 0.2eV
(typical for heavily doped a-Si:H alloys) appears
to occur above this metal concentration. In addi-
tion, relatively low crystallization temperatures
were discovered for all films; between ~140 and
170°C, decreasing with increasing Sn content.

3. Experimental

Extended X-ray absorption fine structure
(EXAFS) data at both the Si and Sn K-edges
were collected at the 2 GeV Synchrotron Radia-
tion Source (SRS) at the Daresbury Laboratory.

Si K-edge spectra were measured on the soft
X-ray beamline 3.4. Monochromation of the
incident X-ray beam was achieved using an InSb
double crystal monochromator, allowing rejec-
tion of higher order harmonics. The intensity of
the incident beam was monitored using an Al foil
and absorption at the thin film sample was meas-
ured using the electron drain current method, a
variation on the electron total yield technique
[15]. Samples used in this series of experiments

were deposited to a thickness of approximately
2 um on stainless steel substrates.

Sn K-edge experiments were performed on the
hard X-ray (wiggler) beamline using station 9.2.
At the time of use this instrument was fitted with
a Si (220) double crystal monochromator. Un-
fortunately, at the Sn K-edge this mono-
chromator is at the limit of its useful range,
producing only low intensity. The experiments
were performed in a standard transmission con-
figuration, the beam intensity being measured
with Kr/He gas ionisation detectors. Samples
used in these experiments were deposited on thin
(~0.02 mm) sheets of polypropylene and stacked
to provide, as near as possible, the optimum
increase (Aw = 1.5) in absorption at the K-edge.

More comprehensive descriptions of the beam-
lines used can be found elsewhere [16].

4. Data analysis

Background subtraction and normalisation of
the experimental data was performed in the nor-
mal way using the program EXBACK [17] avail-
able at the SRS. The edge position was chosen to
occur at the position of the principal maximum
in the first derivative of the raw data. Pre-
(mo(k)) and post-edge (u(k)) backgrounds were
calculated by fitting smooth, low-order polyno-
mials to the appropriate regions of the ex-
perimental spectra. Normalization was then per-
formed to yield the EXAFS function, x(k), as
shown in eq. (1):

p(k) — po(K)
k) = ————r . 1
X =2 (1)
As an illustration of the information contained in
EXAFS, eq. (2) shows a simplified expression
for y(k) in terms of the structural parameters of
the absorbing medium:

% N,AFAC
x(k) = Z R

X exp(—2R,/A) sin(2kR; +28 + 4,) . (2)

|F,(m, k)| exp(— Ak")

Here N, is the number of neighbouring atoms in

























