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EFFECT OF SUBSTRATE TEMPERATURE
ON STABILITY OF HOMOCVD A-Si:H
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Abstract. Having assumed that the amount of microvoids in a-Si:H plays the
key role in the stability of the material we demonstrate a technological control
of the Staebler-Wronski effect for the films grown by homogeneous CVD. The
degree of the light-induced degradation is governed by changing the substrate
temperature. The other deposition parameters are in the ranges, which provide a
device-grade material. The study of the electronic and structural properties points
out that the most characteristic feature of the samples, which do not show any
light-induced degradation, is their extremely low amount of microvoids.

1. Introduction
The light-induced degradation of hydrogenated amorphous silicon (a-Si:H), also known
as Staebler-Wronski effect (SWE), is a serious obstacle, which must be overcome, if an
extensive employment of a-Si:H solar cells is aimed. Based on the recently published
data [l-4] we have assumed that among the features of a-Si:H, which are correlated with
SWE, the amount of microvoids is the most important one. This assumption suggests
a guide for improving the stability of a-Si:H, since the amount of microvoids can
be controlled by chosing an appropriate film deposition technique and/or varying the
growth conditions [5]. It is known that the deposition of a- Si:H at higher substrate
temperatures leads to a better relaxation of the silicon network and to the decrease in
the hydrogen content [6], which should be associated with the lowering of the amount
of microvoids . On the other hand, the hydrogen content should be high enough to keep
the photosensitivity of the material. Therefore, the other deposition conditions must be
chosen in such a way that the photoelectronic properties of a-Si:H films should not
deteriorate.
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In this work we report on the preparation of a-Si:H films, which are stable against
the light soaking. The films have been grown by homogeneous chemical vapor deposition (HOMOCVD) and the presented results demonstrate the influence of the substrate
temperature on the light-induced degradation. We have investigated the substrate temperature range 220-340 °C, in which a-Si:H films deposited by HOMOCVD are of device
quality, with defect density lower than 10 16 cm- 3 and photosensitivity better than 10 4 .
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Three sets of a-Si:H films were prepared using a low pressure hot gas/cold substrate
CVD system. l 00 % electronic grade silane was employed with a flowrate between 60100 seem, gas temperature of about 660 °C and pressure of 130 Pa. The film thickness
was about 0.5 J.ll11. Quartz, Corning 7059 glass, and crystalline silicon substrates were
used for optical, photoclectrical and IR, respectively.
IR measurements were carried out by means of a Perkin-Elmer 1430 spectrometer and were used for detennination of the total amount of bonded hydrogen. Also
the parameter R

= [2080[f + ~]2000 ] '
08

called microstructure fraction (7), was estimated,

where the brackets denoted the absorption strengths of the IR modes at the respective
wave numbers. Recently we have shown that there is a direct correlation between the
microstructure fraction and the amount of micropores in a-Si:H films [8]. Therefore,
we suggest that R could be considered as a parameter characterizing ilie amount of
microvoids.
The absorption coefficient, refractive index, and homogeneity factor were evaluated
from the transmittance of the films with an accuracy better t11an 1 % [9]. The transmission spectra were measured by Perkin-Elmer 330 spectrophotometer with wavelenght
accuracy of ±0.2 nm for UV and VIS and ±0.1 nm for NIR region. The photometric
accuracy is ±0.3 % T.
The optical gap was detennined from the Tauc plot. The constant photocurrent
method (CPM) and the dark- and photoconductivity measurements were carried out
on the coplanar samples with Al strip electrodes. The absolute scaling of CPM data
was done by matching with optical transmission measurements. The Urbach tail was
detennined from the exponential part of the absorption spectra using the CPM data.
The density of defects was calculated by both the deconvolution of the spectra and
integration of the excess absorption at low photon energies [ 10]. The photosensitivity
expressed as the ratio of the photoconductivity to the dark conductivity in the studied
films was about 10 5 .
A tungsten halogen lamp with an intensity of 100 mW /cm2 was used as a light
soaking source. A water filter prevented the heating of the samples during the prolonged
illumination for 2 hours. The annealed state was attained by heating the sample at 180 °C
for 2 hours cooling it slowly to room temperature.
All the measurements were canied out at room temperature and in air.
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3. Results and Discussion
The data characterizing the structural properties of the studied HOMOCVD films are
collected in Table 1. The increase in substrate temperature leads to the decrease in
the total hydrogen content. Accordingly, the hydrogen clustering is also reduced. We
emphasize that the value of parameter R of 0.026 obtained for the set # 3 is extremely
low, whereas the values of hydrogen content are typical for the device-quality a-Si:H
films. The width of the optical band gap decreases monotonically with increasing the
substrate temperature, which apparently is related to the hydrogen content.
Table 1. Substrate temperature T 8 , Hydrogen content C11 , microstructure fraction R, optical gap
E 9 , refractive index n and homogeneity factor D.d
Set

Ts ( 0 C)

II I
#2

222

22.0

271

#3

340

8.0
4.8

a

R

Eg (eV)

n

.6.d (nm)

0.638
0.164
0.026
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1.71
1.66
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3.67
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Fig. 1. The dependence of the absorption coefficient on the photon energy for HOMOCVD
a-Si:H films deposited at 222 °C (a), 271 °C (b), and 340 °C (c) before (0) and after(•)
light soaking
The behaviour of the refractive index could be associated with the densification of
the material grown at the higher temperatures. Also the change in the homogeneity
factor points out that films become more homogeneous with increasing the substrate
temperature.
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after (indicated by closed circles) light soaking. The observed scattering of the data is
associated with the interference. The greatest increase from 10° to 10 1 cm- 1 in the lowenergy absorption due to SWE is observed in the film deposited at the lowest substrate
temperature used (Fig. la). The sample of the set # 3 deposited at the highest substrate
temperature shows a slight decrease in the low-energy absorption after light soaking
(Fig. le).
The values of the parameters, which characterize the electronic properties of the
films before and after the light soaking are given in Table 2. Before light soaking the
density of the defect states is quite low in all samples and has the values characteristic
of the device-quality a-Si:H. On the other hand, the Urbach tails before light soaking are
rather high and do not strike in the range of 40 - 60 meV corresponding to the presented
defect densities [ 11]. But in this case, the increase of the substrate temperature leads to
the decrease in their values. It is seen from Fig. 1 and Table 2 that the effect of light
soaking depends on the substrate temperature: the higher the substrate temperature the
less the concentration of the light-induced defects. The defect density in films deposited
at substrate temperature of222 °C (determined from a at low photon energy - Fig. la)
increases with an other of magnitude, while the defect density of films deposited at
340 °C remains nearly unchanged. There is also a noticeable decrease in Urbach tail
in the light-soaked films, which is more pronounced for samples prepared at the lower
temperatures.
Table 2. Defect density Nd and Urbach tail Eu

~·
•

Set

Before light soaking

Nd
# I
# 2

II 3

(cm- 3 )

10 15

2.9 x
5.3 x 10 15
6.8 x 10 15

Eu

After light soaking
(MeV)

Nd (cm- 3 )

75
72
62

3.6 x 10 16
1.5 x 10 16
4.6 x 1015

Eu

(MeV)

59
61
57

There are some peculiarities, which should be emphasized. First, the stable films (set
# 3) before light soaking have a defect density, which is relatively high as compared with
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the unstable ones. Second, we observe an inverse correlation between the Urbach tail
and the defect density. Moreover, the increase in the density of states by light soaking
is accompanied by the further decrease of the Urbach tail, which is not consistent either
with the other studies, or with the proposed models [ 1O]. We notice that the particular
relation between the density of defects and the Urbach tail is specific for the studied
samples but it is not clear if it could be associated with the observed stability.
The inspection of Table 1 points out that there is a correlation betwen the film stability
and the parameters characterizing the film density and homogeneity. The extremely low
value of R in the stable samples suggests that the microvoids are the microscopic origin
of the metastable defects. The less the amount of microvoids , the lower the density of
the light-induced defects. Thus, our study supports the model proposed by Carlson [12]
that the weak silicon bonds, which convert into defects under the light soaking, should
be on the internal surfaces of the microvoids. For HOMOCVD a-Si:H the density
of micropores decreases with increasing the substrate temperature [5]. Therefore the
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increase of the substrate temperature up to the limits, where the prepared a-Si:H is of
device quality, would improve the stability of the material. ·
Figure 2 is rather demonstrative for the effect of illumination on the relative changes
in the photoconductivity of the device quality a-Si:H films prepared by HOMOCVD
(curve 1) and by plasma-enhanced CVD (PECVD) (curve 2). These samples were illuminated simultaneously. They were with equal initial values of the photoconductivity
and defect density, and only the value of R for PECVD films was higher with an order of magnitude. The behaviour of PECVD sample is typical for this material - the
photoconductivity decreases most essentially during the first hour of illumination. The
behaviour of the TIOMOCVD film is specific for the samples of set # 3 and points to
a stability of the material at least during the first 2 hours of the illumination.
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Fig. 2. The changes in the photoconductivity of HOMOCVD a-Si:H
(curve 1) and PECVD a-Si:H (curve 2) during the light soaking

In general, HOMOCVD a-Si:H is more dense than the PECVD films [8]. Apparently, this difference is related to the growth mechanism. HOMOCVD process seems to
provide films with low amount of microvoids and relatively high hydrogen content. The
successful preparation of stable a-Si:H using HOMOCVD is consistent with the defect
model, recently developed on the base of the concept of a defect pool in a-Si:H [ 13].
This model suggests that a hydrogen-rich condition and a higher substrate temperature
couid lead to a more stable mate1ial owing to the reducing of the prodefects density
and the removing of those prodefects, which are with low defect formation energy. We
note that tl1e high hydrogen content is also necessary for keeping the photosensitivity
of the films.

Recently, it has been shown that a careful analysis of CPM data reveals two types
of defects in glow discharge a-Si:H, which behaviour under the prolonged illumination
is quite different [14]. Moreover, this behaviour depends on the substrate temperature
during the film deposition [15]. One of these defects is the neutral silicon dangling bond.
The nature of the second type is still uncilear. A more detailed study of the CPM results
for the studied 1-IOMOCVD films could clarify the issue of the nature and behaviour
of the defects in our stable samples.
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4. Conclusion
Although all the a-Si:H films deposited in the range of220-340°C are of device quality,
stable are only those prepared at the highest temperature. They are characterised with
a relatively high hydrogen content (~ 5 %) and a very low microvoid density. The
obtained results suppo1t our assumption that from stmctural viewpoint the amount of
microvoids plays the key role in the stability of a-Si:H. We have demonstrated that an
intentional diminishing of the concentration of the light-induced defects can be achieved
by increasing the substrate temperature, providing that the deposition technique of aSi:H ensures sufficiently high hydrogen content and very low amount of microvoids.
We emphasize that for HOMOCVD a-Si:H films this inference is valid when the values
of the deposition parameters such as silane temperature, flowrate, and pressure are in
the used ranges and the substrate temperature is about 340 °C.
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