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A high defect density of hydrogenated amorphous silicon (a-Si:H) is one of the main reasons for a low 
efficiency of a-Si:H solar cells. An increase in defect density of conventional a-Si:H is brought about by 
light exposure (light induced degradation). In the present work we employed a multi-hollow discharge 
plasma chemical vapor deposition (CVD) method to control the stability of a-Si:H films. The films 
deposited in the downstream region and in the upstream region near the discharges of the multi-hollow 
discharge plasma CVD reactor show light induced degradation, while ones in the upstream region far 
from the discharges show no degradation. The deposition rate of the species generated in the discharges 
decreases with increasing the distance between the substrate and the discharge, according to their surface 
reaction probabilities and diffusion velocities. 
Key words: light induced degradation, multi-hollow discharge plasma CVD, a-Si:H, cluster, dangling 
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I. INTRODUCTION 
Light exposure increases a defect density in a-Si:H 

leading to a reduction of qualities of devices based on 
a-Si:H (e.g. efficiency of solar cells) [1,2). Hence, such 
light induced degradation of a-Si:H films has been an 
important issue to enhance the efficiency of a-Si:H solar 
cells. Some studies indicate that a-Si:H films with a low 
hydrogen content associated with Si-H2 bond (Cs;112) 

show high stability against light exposure [3,4], even 
though the mechanism which leads to light induced 
degradation remains unclear. Therefore, the species 
responsible for the formation of Si-H2 bonds should be 
identified in order to reduce their deposition into films. 
SiH3 radicals, high order silane related radicals (HOS 
radicals), and amorphous silicon nanoparticles (clusters) 
are generated in Sill.t discharges during a-Si:H film 
deposition. SiH3 radicals are the main precursor of the 
film deposition, HOS radicals are molecules of SimHn 
(m<4, n S 2m + 2) in a size range below 0.5 nm, while 
clusters are nanoparticles in a size range between 0.5 nrn 
and 10 nm. Both, HOS radicals and clusters, can be 
incorporated into films during deposition, and then they 
could be associated with the Si-H2 bond formation. In our 
previous work, we developed a cluster-suppressed plasma 
CVD method, which combines the reduction of gas flow 
stagnation regions with the exertion of thermophoretic 
and gas viscous forces on clusters to prevent their 
deposition. By using this method we found out that CsiHl 
decreases with decreasing the volume fraction of clusters 
incorporated into films [5,6], and we obtained films with 
Csill2 < 3x 10·2 at% [1]. The films without incorporating 
clusters were highly stable against light exposure. 
Moreover, incorporation of HOS radicals into the films is 
not relevant to the formation ofSi-H2 bonds [8]. However, 
the contribution of clusters between O.Snm and lnm in 
size to the light induced degradation still unknown. 

To increase the deposition rate of the 
cluster-suppressed plasma CVD method we develop a 
multi-hollow discharge plasma CVD method [9]. In this 
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method, the cluster suppression is made by setting a gas 
flow velocity high enough to drive the clusters toward the 
downstream region. Since the diffusion velocity of the 
clusters is much lower than the diffusion velocity SiH3 
radicals, we can then obtain films without incorporation 
of clusters in the upstream region. The a-Si:H films 
deposited in the upstream region show high stability 
against light exposure. 

Recently, we studied the dependence between the 
distance from the discharge region and the deposition rate 
obtained in the upstream region of the multi-hollow 
discharge plasma CVD. Moreover, we calculated the 
expected deposition rate of the different species using a 
simulation. We present these experimental and simulated 
results in this paper. These results will help us to control 
the stability of the a-Si:H films and to identify the 
minimum size of clusters which contribute to the light 
induced degradation. 

2. EXPERIMENTAL 
The multi-hollow discharge plasma CVD reactor had 

three electrodes, each with 24 holes of 5mm in diameter 
and placed 2mm apart in a stainless steel tube of75mm in 
inner diameter. Figure I shows the experimental setup. 
Pure Sill.t was supplied at 40sccm from the bottom of the 
reactor throughout the electrodes, pumped by a molecular 
drag pump (ALCATEL MDP5030). The total pressure 
was 200 Pa. The temperature of the reactor was kept 
isothermal at 250"C to avoid thermophoretic force on 
clusters due to thermal gradient The discharge frequency 
was 60 MHz, and the discharge power was 45 W. The 
discharges were sustained in the holes where SiH3, HOS 
radicals and clusters were generated. Figure 2 shows the 
top view of discharges. 

We placed a glass substrate in the upstream region 
parallel to the gas flow. After deposition the sample was 
separated in 5 columns and 10 rows as shown in Fig.3, 
and we measured the thickness of each piece along the 
axial axis z and compared the results between different 
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columns c. The film thickness was measured with an 
optical transmission spectroscope (JASCO V-570). 

3. RESULTS AND DISCUSSION 
3.1 Stability of films 

The films deposited in the downstream region and in 
the upstream region near the discharges of the 
multi-hollow discharge plasma CVD reactor show light 
induced degradation, while ones in the upstream region 
far from the discharges show no degradation. 
3.2 Dependence of deposition rate on distance from 
discharge 

Figure 4 shows the deposition rate in the upstream 
region as a distance from the discharge region. The 
results show that the deposition rate decreases 
exponentially with the distance, and this exponential 
decrease is nearly independent on the radial position. 

Figure 5 shows the deposition rate along the radius as a 
parameter of the distance from the discharge region. The 
results show that the decrease in the deposition rate along 
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Fig.l. Multi-hollow discharge plasma CVD reactor. 

Fig. 2. Top view of discharges. 

the radius is also nearly independent on a position in the 
axial axis. 

These two results indicate that we can treat the 
dependence of the deposition rate on the distance along 
axial and radius axis independently. 
3.3 Theoretical modeling 

Here we modeled the particle density n of SiH3 
radicals, which is the main precursor of the film 
deposition, in the reactor as a first step to understand the 
dependence of the deposition rate on the distance from 
the discharge to the substrate for each precursor. This first 
model takes into account a cylindrical reactor in which 
the SiH3 radicals are generated in a planar source S(z) 
located at the origin of z=O, and diffuse along the radius 
and the axial axis with loss to the walls (see Fig.3). We 
started with the diffusion equation: 
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Fig. 3. Schematic of substrate in upstream region of 
reactor. 
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Fig. 5. Deposition rate along radius as a parameter of 

distance from discharge region. 

where D is the diffusion coefficient, the source is 
S(z) = So(z) , and k is the rate constant for biradical 
recombination. The term kn2 was neglected because it 
was much smaller than D'V2n and S(z) under our 
conditions. Firstly we solved the equation with the 
method of separation of variables for z :;e 0 , considering 
the steady state ( 8nl ot = 0) and n without any angular 
dependence. 

The obtained solution is 

(2) 

where A. and n0 are constants. The solution of the radial 
part is a Bessel function of order zero J 0 (r I A.) , and the 

axial part is represented by a exponential decrease along 
zaxis. 

Here we considered that the wall does not absorb all 
the particles that hit on. The diffusion length A. is then 

(3) 

where: A.0 = R/2.405 [10]. We consider that the reactor 

has a semi-infinite axial length from the source. 
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and the linear extrapolation length is 

,t = 4.D.(l - p /2) 

vth.p • 

(4) 

(5) 

where p is the surface reaction probability of SiH3 

radicals at the walls, and v1h is the thermal speed. 

Figure 6 shows the theoretical results obtained with the 
model. The p was obtained from the analysis of the 
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Fig.6. Simulation result for SiH3 density profile. 

radial profile of the experimental deposition rate, which 
indicates a value around 0.04. This value is very low 
compared to the accepted literature value around 0.28 
[10]. 

Comparing the results of the theoretical model with the 
experimental data we computed two values of fJ , one 
for the axial part and another for the radial part, though 
the model indicate that they should be the same. For the 
radial part fJ "" 0.04 and for the axial part fJ > 1 , which 
suggest that another parameters should be taken into 
account. Such difference between the model and the 
experimental results may be due to the presence of the 
substrate which increases the loss. Another possibility is 
that our real sources are the electrode holes instead of the 
supposed planar source. 

The results also showed the dependence of the 
deposition rate on the diffusion coefficient, which 
indicates that the deposition of different species can be 
controlled by changing the position of the substrate for a 
given deposition condition. Hence, combining this 
information with the film's stability against light soaking 
may indicate which specie is responsible for the light 
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Fig. 7. Dependence of deposition rate for different 
species on distance z from discharge region. 
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induced degradation of the film. 
Since the substrate itself can be considered as a wall on 

which precursors are lost, we calculated an effective 
radius of the chamber to take the substrate influence into 
account This result allowed us to calculate the expected 
density decrease for other species. Figure 7 shows the 
theoretical results of the deposition rate for Si10 species 
(calculated with p =I) together with the experimental 

ones (solid circles) for SiH3 deduced from the deposition 
rate. 

These results show that the deposition rate of Si10 

decreases faster than the SiH3 even in this simple model 
without considering the influence of the gas flow on 
species. 

4. CONCLUSIONS 
The experimental deposition rate in the upstream 

region decreases exponentially with the distance to the 
discharge region along axial axis in the multi-hollow 
discharge plasma CVD method. As the deposition rate 
depends on the diffusion velocities of the species, it is 
possible to control the spatial density profile of each 
precursor deposition. The theoretical model for the 
density profile must be improved to handle the influence 
of other parameters such as loss on the substrate. 
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