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Hydrogenated amorphous silicon (a-Si:H) films with high and same order of magnitude photosensitivity (~10%) but

different stability were prepared by using microwave electron cyclotron resonance chemical vapour deposition system

under the different deposition conditions. It was proposed that there was no direct correlation between the photo-

sensitivity and the hydrogen content (Cy) as well as H-Si bonding configurations, but for the stability, they were the

critical factors. The experimental results indicated that higher substrate temperature, hydrogen dilution ratio and lower

deposition rate played an important role in improving the microstructure of a-Si:H films. We used hydrogen elimination

model to explain our experimental results.
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1. Introduction

It is necessary to understand the deposition mech-
anism of hydrogenated amorphous silicon (a-Si:H) in
order to minimize its defect density and instabilities
for applications such as solar cells and thin film tran-
sistors. Generally, it is considered that the deposition
process consists of three stages, the creation of reactive
species in a plasma, their reaction with the film surface
and the conversion of surface layers into bulk a-Si:H, in
which incorporated H atoms and H-Si bonding struc-
tures play a dominant role in determining the opto-
electronic properties of a-Si:H films. It has often been
reported that an increase in the Si-Hs concentration
causes a deterioration in photoconductivity, increased
defect density and poorer photostability.!=7 So, in
order to control the material quality, it is essential to
control the H bonding configurations depending crit-
ically upon Hs-dilution ratio, substrate temperature
and growth rate etc. Clearly, it would be useful to

do an experiment where one can independently study

the effects of these parameters on deposition process.
In this paper, we report on such a study, where the
decomposition of silane is done by a microwave elec-
tron cyclotron resonance chemical vapour deposition

(MWECR-CVD) system assisted by hot wire.

2.Experiment

The system used in this study is schematically
illustrated in Fig.1. There are two chambers, the
plasma chamber and the deposition chamber. The
pumping system consists of a rotary pump and a tur-
bomolecular pump. The base pressure ~10~3Pa was
achieved by the turbomolecular pump before each de-
position. The microwave power is introduced into
the plasma chamber through a rectangular waveguide
and a ceramic window. The magnetic coil is arranged
around the periphery of the plasma chamber and the
magnetic field is applied to it for ECR plasma forma-
tion. The ECR condition is held at a magnetic flux

density 875G. Power for sustaining the plasma is sup-

*Project supported by the National Basic Research Program of China (Grant No G2000028201-1).

tCorresponding author. E-mail: ghchen@bjut.edu.cn
http://www.iop.org/journals/cp



No. 11

Study on stability of hydrogenated amorphous silicon films 2349

plied from a microwave generator, which is modulated
by a pulse generator. In addition, a hot wire system
located 70mm above the sample holder to ensure the
minimal radiative heat for the substrate is applied to

supply thermal and ray radiations.
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Fig.1. Schematic diagram of the MWECR-CVD ap-

paratus.

Substrates used in the experiment are sheets of
Corning 7059 glass for the measurements of thickness,
optical gap and conductance of the films, and highly
resistive crystalline silicon wafers are for the estima-
tion of bonded hydrogen. The thickness of the films is
measured by using a step apparatus and the deposi-
tion rate is obtained by the quotient of the thickness
and deposition time. The photo- and dark conductiv-
ity are measured by Keithley 6517 Electrometer /High
Resistance System.

The H-Si bonding configurations in as-deposited
films are deduced from Fourier infrared transmission
spectroscopy. The absorption band near 640cm™!
is assigned to the wagging mode of SiH,, (n=1, 2)
and is proportional to the total hydrogen concen-
tration. The stretching mode absorption is decom-
posed of two Gaussian curves centred at frequencies
of ~2000 and ~2090cm ™!, corresponding to monohy-
dride Si-H bonds and dihydride Si—Hs or clustered
void structures!®! respectively. And the integrated in-
tensity ratio of 2000cm ™" and 2090cm ™" is defined as
structure factor F, i.e. F = Is000/I2090-

3. Results

Table 1 lists the deposition condition of the a-Si:H
films in the experiment. Here, we analyse two sets of
samples. They are named as sample 1# and sam-
ple 2# respectively, in which the former is deposited
at lower substrate temperature and Hs-dilution ratio
with higher deposition rate; the latter is deposited
at higher substrate temperature and Hy-dilution ratio
with lower deposition rate. The FITS spectra corre-
sponding to two samples are shown in Fig.2. From
the peak of 640cm™! we can see that for the sam-
ple 2# the total H content decreases in comparison
with that of the sample 1#. As far as the stretch-
ing mode is concerned, it is not very clear to anal-
yse the H-Si bonding configurations from Fig.2, so we
turn to Gaussian fit to analyse, as shown in Fig.3.
Obviously, we can see that in the sample 2%, there
is much less polyhydride and dihydride bonds existed
than that in the sample 1%, which are beneficial to de-
crease the defect density of a-Si:H films. Meanwhile,
by calculation we also learn that Fyample1#=1.35 and
Fiample2#=2.28, i.e. the structure factor of sample o#
is approximately two times bigger than that of sample

1#, which is consistent with our above results.

Table 1. Deposition conditions of a-Si:H films.

Background pressure/Pa 1.5x1073
Hs-dilution ratio 4:1, 7:1
Deposition pressure/Pa 2
Substrate temperature/°C 120, 200
Microwave power/W 500
Deposition rate/nm-s~! 0.3, 1.5
Flux rate of SiH4/sccm 20

Transmitance/arb. units

600 1000 1400 1800 2200
Wavenumber/cm™1

Fig.2. FTIR spectra of a-Si:H films growing under

different deposition conditions.
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Fig.3. Gaussian fit curves for stretching mode.

In Fig.4, we showed the photodegradation curves,
from which we can see clearly that with the prolon-
gation of soaking time, the photoconductivity of the
sample 2# trends to decrease slowly in comparison
with that of the sample 1#, although their photosen-

sitivity is in the same order of magnitude.
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Fig.4. Dependence of the photoconductivity on light-
soaking time in a-Si:H films.

4. Discussion

From the above results we can see clearly that the
main factors determined the photostability are the hy-
drogen content and H-Si bonding configurations. Ac-
cording to the hydrogen elimination (HE) model, ]
the formation kinetics of H-Si bonding configurations
during film growth is based on the thermally activated
elimination of H atoms from SiHj precursors. So Cy
is mainly determined by substrate temperature, which

can be expressed as follows:[%]

T = 1000/exp{(Cu + b)/a},

where a and b are constants. Obviously, we can see
that the higher the temperature is, the lower the Cy
is.

In the case of the high H,-dilution process, be-
cause the activation energy of HE from monohydride
is smaller than that from dihydride, based on the as-
sumption of H abstraction reactions mediated through
H,-molecular formation,'®) abundant H* radicals sup-
plied from the plasma might reduce the activation en-
ergies for HE from polyhydrides and hence enhance
the HE reactions. In addition, the high Hs-dilution
deposition processes are thought to supply enough en-
ergy to cause HE and insertion reactions by H radi-
cals or ions impinging on the surface. These reac-
tions cause an active reconstruction of amorphous net-
work, and result in random H-bonding configurations,
which give the largest entropy for the arrangement of
H atoms. As a result, the microstructure of a-Si:H
films can be improved effectively.

Furthermore, under low deposition rate, it is ben-
eficial for the HE from surface and the avoidance of
the eliminated H recombination with Si again in the

growth zone.
5. Conclusions

In conclusion, although a-Si:H films with high
photosensitivity can be obtained under the different
deposition conditions by using MWECR-CVD system,
only by severely controlling the Cy and H-Si bonding
configurations, a-Si:H films not only with high pho-
tosensitivity but also with high photostability can be
prepared, in which higher substrate temperature and
Hs-dilution ratio, and lower deposition rate played an
important role.
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