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ABSTRACT 

 
High performance solar cells, deposited in a single chamber, can be obtained 

when low levels of contamination exists for the p-,i-,n- layers. This is a recurrent 
problem not only in the laboratories, but also in the industrial single chamber 
plasma enhanced chemical vapour deposition (PECVD) systems. In this paper an 
effective method of reducing the impurities, through the passivation with amorphous 
and nano/microcrystalline silicon thin film of the PECVD chamber walls, before and 
during the deposition of the solar cell layers is described.  
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1. Introduction 

 
The economically advantage of depositing solar 

cells in a single chamber PECVD system is obvious 
comparing to the multi-chamber system. The problem 
is the contamination during the deposition of different 
doped layers and this must be very seriously taken in 
consideration [1]. There are several causes which can 
lead to contamination and they can be related not only 
to cross contamination of p-, i-layer [2], but also due 
to impurities that are on the chamber walls from 
previous depositions or as a result of technical issues 
[3]. Even if the layers of the solar cells are optimized 
and theoretically they should lead to an efficiently 
working device, the contamination is a factor that can 
drastically reduce the performance of the solar cell. 
There are different methods of passivating the 
chamber, using different types of gases, but there is 
still a lot of potential for reducing the level of 
contamination.  

Hydrogenated amorphous silicon (a-Si:H) and 
hydrogenated microcrystalline silicon (μc-Si:H) are 
intrinsic materials which bring their separate 
advantages for using as passivation layers [4].  

2. Experimental results 
 

The experiments took place in a single chamber 
PECVD system [5]. The configuration of the solar 
cell used for comparing the pasivation methods was 
glass/ZnO NW/GZO/p/i/n/Al. The passivating 
materials, hydrogenated amorphous silicon (a-Si:H) 
and hydrogenated microcrystalline silicon (μc-Si:H),  
were deposited using  SiH4 and H2 gases. The choosed 
conditions for pasivating the PECVD chamber walls 
were at low pressure and low power, using hydrogen 
diluted silane, for the intrinsic a-Si:H material and at 
high pressure and high power using highly diluted 
silane with hydrogen, for the μc-Si:H material, to 
have stable materials. The intrinsic materials were 
deposited using VHF (27 MHz) at a substrate 
temperature of 200oC. The deposited layers were 
characterized by spectroscopic ellipsometry (SE), 
using a Jobin Yvon UVISEL DH 10 ellipsometer and 
the data was simulated using Tauc-Lorentz dispersion 
model [6] and BEMA. The solar cells were 
characterized with current density versus voltage (J-
V) measurements under an AM1.5 solar simulator at 
room temperature.  
 

 
 
*Paper presented at the Symposium "The Impact of Nanotechnologies and Nanomaterials on Industrial Development and 
Quality of Life", Galati, May 19, 2011, organized by the Center for Nanostructures and Functional Materials (CNMF), 
Faculty of Metallurgy, Materials Sciences and Environment, “Dunarea de Jos” University of Galati 
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3. Results and discussion 
 

Intrinsic a-Si:H layers deposited by pure silane 
SiH4 in PECVD show high defect densities due to the 
short-range order at the atomic length scale[7]. These 
defects can be reduced to some extent if SiH4 is 
diluted with an optimum level of hydrogen (H2).   
An important objective is to have short passivation 
time deposition of intrinsic layer material, therefore is 
needed to obtain deposition conditions with high 
deposition rate while maintaining the quality of the 
films. It becomes difficult to achieve this objective 
due to the large number of parameters (pressure, 
substrate temperature, VHF power, frequency, etc.) 
that have to be optimized to obtain such conditions.  

Figure 1 shows the experimental data of the 
growth rate for the a-Si:H films deposited using VHF 
SiH4/H2 discharges as a function of H2 dilution.  
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Fig 1. The growth rate of thin films vs H2 
dilution. 

 
It is observable that by keeping the pressure and 

power constant, the growth rate predictably decreases 
with an increase in the H2 dilution. This fact can be 
explained by the following reasons. First, the increase 
in H2 leads to the displacement of plasma chemistry in 
favour of more atomic hydrogen as compared to 
reactive silicon precursors, and decreased formation 
of a-Si:H. Secondly, the higher amount of available 
H-ions creates an etching effect on the film surface. 
Lastly, a higher H dilution leads to lowering of 
electron temperature, decreasing the formation of a-
Si:H. Thus, it is desirable to keep the dilution ratio at 
an optimum level. 

The optical parameters obtained by SE provide 
information about the physical structure of the 
material [8]. The Tauc-Lorentz model was fitted to 
the experimental data (χ2 < 1) using a layer sample 
model, the AF45 glass, the bulk layer (pure a-Si:H 
film) and a surface layer ( x% a-Si:H + y% voids). 
The effect of hydrogen dilution on the optical 
parameters for all the DH series of samples are shown 
in Figure 2.  

In Figure 2 one can see the evolution of the 
physical density parameter (A) with the DH. This 
parameter A relates to the film density, thus higher 
the value of A, the denser (or less porous) is the 
material. The DH  series depicted in this plot shows a 
smooth increase in the A value with increasing DH up 
to a certain level, while at higher dilutions (~90%), A 
decreases. 
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Fig 2. Physical density parameter (A) as a 
function of DH for the deposited silicon films. 

 
The disorder parameter in Figure 3 shows that it 

does not vary significantly with rise in power. For the 
majority of the depositions conditions, the C value 
stays ranges within 2.1 – 2.2, which corresponds to 
pure amorphous material. 
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Fig 3. The disorder parameter (C) as a function 
of DH for all the deposited samples. 

 
 µc-Si:H is a versatile material  having a 
complex microstructure given by the effect of 
hydrogen dilution on the growth of microcrystalline 
network which is of prime importance.  

In the deposition of μc-Si:H using silane diluted 
by H2, a certain threshold value of the dilution ratio 
exists, where μc-Si:H nucleation occurs [9].  
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Lowering the partial pressure of silane leads to 
an increase in the atomic hydrogen flux density on the 
growing surface.  

 
Fig 4. Experimental results of the growth rate as 

a function of H2 dilution of the films deposited 
from VHF at 97%, 97.5% and 98% deposition of 

μc-Si:H intrinsic layer. 
 

Thus, high hydrogen dilution or silane depletion 
enhances micro or nano crystalline growth. The 
consumption of silane exceeds the silane supply in the 
high power regime, and silane depletion leads to μc-
Si:H growth. Thus, the atomic hydrogen density is the 
most crucial factor for the deposition of μc-Si:H, the 
optimization of which allows rapid optimization of 
the microstructure of the μc-Si:H material. 

 
 

Fig 5. Experimental results of the crystalline 
fraction (FC) as a function of H2 dilution of the 

films deposited from VHF. 
 

The chosen conditions for passivation process 
where: 

- Intrinsic a-Si:H film was deposited using VHF 
(27.12 MHz) plasma decomposition of SiH4, at a 
substrate temperature (Ts) of 200˚C, Pressure (Pgas) of 
0.2 Torr, H2 dilution (DH=H2/(H2 +SiH4) of 0% and 
Power (Pvhf)  of 7 W.  

- Intrinsic μc-Si:H film was deposited at Pgas 
of 2 Torr, DH of 98% and  PVHF of 50W. 

The growth rates of the a-Si:H and µc-Si:H  
layer are 0.982 Å/s and  0.792 Å/s respectively, so the 
time for obtaining the desired passivation thickness is 
comparable. 

The layers deposited for passivation were a-Si:H 
and µc-Si:H with different thicknesses, depending on 
the growth time. To estimate the passivation effect of 
these layers on the efficiency of photovoltaic cell, two 
groups of cells were deposited. For the first solar cells 
group, the passivation was done depositing first 10 
minutes of a-Si:H and then 10 minutes of µc-Si:H  
thin films. For the second solar cells group, the 
depositing time for a-Si:H was 30 minutes and for µc-
Si:H  was 30 minutes. All solar cells have been 
deposited with a pre-hydrogen glow [10], using the 
same p-i-n configuration with the same layers 
compositions. The other parameters were kept 
constant.  

The functional characteristics for two of the 
deposited photovoltaic cells, belonging to each group, 
were measured after an annealing treatment at 150oC, 
and the results are shown in Figures 6-7. 
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Fig 6. I-V Curve of the photovoltaic solar cell 
obtained with 10 minutes a-Si:H + 10 minutes 

µc-Si:H passivation (first group).  
 
 
 
 
 
 
 
 
 
 
 

Fig 7. I-V Curve of the photovoltaic solar cell 
obtained with 30 minutes a-Si:H + 30 minutes 

µc-Si:H passivation (second group). 
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The cell obtained after the total passivation of 
60 minutes (second group) has an efficiency of 3.9%, 
which is much better than the solar cell obtained with 
only a total passivation of 20 minutes. The variations 
of filling factor (FF), the short-circuit current (JSC) 
and the open-circuit voltage (VOC) follow the same 
improvement in the case of the cells deposited 
according to the second passivation procedure. This 
shows that one of the key factors for improving the 
efficiencies of the solar cells is the thickness of 
passivation layers, a-Si:H and µc-Si:H, correlated 
with the quality of these layers given by C (disorder)  
and  A (compactness) parameters. 
 

4. Conclusions 
 
Hydrogenated amorphous silicon and 

hydrogenated microcrystalline silicon materials, with 
good stability related to growth rates, have been 
obtain and used as passivation layers. 

The thickness of the passivation layer is an 
important factor for isolating the impurities that are 
on the walls of the single chamber PECVD system.  

Photovoltaic cells with good efficiency have 
been developed, due to reducing contamination of  
PECVD chamber.  
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