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ABSTRACT: a-SiCx:H is a material which could be used as a passivating layer for a crystalline silicon solar cell with 
a minimum surface recombination velocity of 7.5 cm.s-1. The thermal stability should also be considered. As the Si-
richest a-SiCx:H films are the less stable one, carbon-richer stoichiometry are preferred. From C(V) measurements, 
the interface between a-SiCx:H and c-Si seems to be in accumulation regime. In presence of local aluminium 
contacts, it means that a BSF on the whole rear side is established making the use of a-SiCx:H interesting for the rear-
side passivation. For the PERC solar cells, two stoichiometries [C] = 0.15 and [C] = 0.24 are chosen because they are 
more thermally stable than Si-richest films and they ensure good surface passivation. An additional layer of SiNx:H at 
the rear side improves the internal reflection. We compare also results obtained with solar cells schemes with and 
without thin layer of oxide at the front-side. 
Keywords: PERC, passivation, metallic contact, co-firing 
 

 
1 INTRODUCTION 
 
The reduction of the cost of fabrication of silicon solar 
cells is a challenging question for the competitiveness of 
solar energy because it involves the limitation of the 
quantity of raw materials. The thickness of the solar cell 
is reduced and the aspect ratio increases, which 
intensifies the impact of the surface properties over the 
volume ones. The importance of the surface passivation 
of the solar cell is thus enhanced. In this work, we 
investigate the use of amorphous hydrogenated silicon 
carbide (a-SiCx:H) as a passivating layer for the rear side 
of a PERC structure. Janz et al. [1] have deposited a Si-
rich passivating layer of a-SiCx:H. Problems of hydrogen 
effusion which affect solar cell performances have been 
observed. Riegel et al. [2] enhanced the loss of quality of 
local contacts in a PERC structure between silicon and 
aluminum reducing the fill-factor. Despite this problem, 
better results than a standard configuration with Al-BSF 
have been obtained. Si-rich a-SiCx:H may be passivating, 
but its refractive index is close to the c-Si one. In order to 
optimize internal reflection, Glunz et al. [3] have added a 
C-rich layer with a lower refractive index with a gain of 
2% efficiency. A stack of a-SiCx:H and oxide layers 
gives similar results [4]. 
Our work consists to investigate the passivating 
properties of a-SiCx:H depending on stoichiometry at the 
rear-side of PERC solar cell structures compared to a 
standard cell configuration. 
 
2 PECVD DEPOSITION PROCESS 

a-SiCx:H have been deposited using a semi-industrial 
low-frequency PECVD reactor (440 kHz) elaborated by 
Semco Engineering [5]. The plasma is pulsed. The 
experimental parameters are fixed to ensure good 
homogeneity of deposited layers throughout the 15 
capacitive electrodes assembled in a vertical 
configuration. The deposition parameters are presented in 
table 1. 

 
 
 
 
 

Table I: Experimental parameters of deposition 

Temperature  370 °C 
Pressure  1500 mTorr 
Peak-power of plasma  0.3 W.cm-2 

Effective power of plasma  0.052 W.cm-2 
 
In the literature, most of the reactors use high-

frequency, because of a better surface passivation 
properties, but low-frequency reactors are also of interest 
since the hydrogenation of the silicon substrate is more 
efficient [6]. Precursor gases are silane (SiH4) and 
methane (CH4) for a-SiCx:H and silane and ammoniac 
(NH3) for SiNx:H. The different layers are referred 
according to their carbon content [C] (at. %), defined as :  
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3 PASSIVATING PROPERTIES OF a-SiCx:H  
LAYERS  
 
a-SiCx:H layers are deposited on both n- and p-type c-Si 
wafers, Float-Zone quality, (100)-oriented with a 
resistivity comprised between 2 to 5 Ω.cm, and bulk 
lifetime close to 6ms. The samples were cleaned before 
deposition using CARO chemical cleaning followed by 
an HF dip. 
The tested stoichiometries of a-SiCx:H in this study are 
[C] = 0.07, [C] = 0.15, [C] = 0.24, [C] = 0.37 and [C] = 
0.51. At first, the influence of the stoichiometry on the 
passivation skills is investigated through lifetime 
measurements. 
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Figure 1: Surface recombination velocity before and 
after rapid thermal annealing at 500 °C for 3 
stoichiometries 

 
The surface recombination velocity of a-SiCx:H is 

extracted from the effective lifetime obtained by QSS-
PCD method [7] at an injection level of 1.1015 cm-3, with 
a Sinton Consulting WCT-100 apparatus [8]. The 
tendency of the experimental points is similar between 
both substrate doping types, which is not a determining 
parameter of the passivation. The Si-rich films are the 
more passivating ones with a minoring surface 
recombination velocity of 7.5 cm.s-1 for p-type c-Si and 
11 cm.s-1 for n-type c-Si. 

The thermal stability of the films is tested with a 
Rapid Thermal Annealing (RTA).  Two anneals at 500 
°C and 800 °C are compared. All the samples annealed at 
800 °C have lost their passivating properties. The Si-
richest films are the most degraded because of the 
effusion of hydrogen atoms and then the increase of the 
concentration of dangling bonds at the interface between 
c-Si and a-SiCx:H. The annealing at 500 °C maintains the 
passivating properties of the layers, for [C] = 0.15, [C] = 
0.24 and [C] = 0.37. For high-temperature step in the 
manufacturing process, a compromise should be done 
between the lifetime results and the thermal stability.
 
To have a low enough surface recombination velocity is 
an important condition for the use of a material as a 
passivating layer for not sufficient for the rear side. The 
most convincing example is the SiNx:H whose the 
positive fixed charge density induces “parasitic” shunt 
effect located at the aluminum contacts and reducing the 
short-circuit current [9]. The nature of the fixed charges 
is important to determine in case of a-SiCx:H in order to 
know if it matches with the rear-side passivation 
condition. 
 
C(V) measurements have been realized on samples with 
the same quality of c-Si. A mercury-probe contact is used 
as metallic contact (metal/a-SiCx:H/c-Si structure). The 
experimental data are fitted with the Nicollian & Brews 
model described in [8] as we had difficulties to obtain 
complete C(V) curves because of the leaky nature of a-
SiCx:H. 
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Figure 2: C(V) curves at 1 kHz obtained on p-type (a) 
and n-type (b) c-Si substrate for [C] = 0.15, [C] = 0.24 
and [C] = 0.37. 

Figure 2 displays the experimental C(V) fitted by the 
Nicollian & Brews model. The amphoteric nature of the 
fixed charge (explained in ref. [8]) is demonstrated by 
comparing the change of the sign of the flat-band voltage: 
negative in case of n-type c-Si substrate and positive in 
case of p-type c-Si substrate. Moreover, at a gate voltage 
of 0 mV or around 670 mV (ellipses on Figure 2) which 
is an usual open-circuit voltage of a PERC solar cell, the 
a-SiCx:H/c-Si interface is under accumulation regime. 
With local aluminum contacts, we would have an 
extended BSF to the whole rear face. This result is thus 
an argument for using a-SiCx:H as a rear-side passivation 
layer. 
 
3 PERC SOLAR CELL EXPERIMENT 

16 p-type Cz-Si 156x156 cm2 wafers with a resistivity of 
1-3 Ω.cm are used for solar cells production. The emitter 
has a resistance of 70 Ω/sq. A thin layer of oxide is 
grown after emitter formation on front side. This 
improves the passivation of the emitter and the open-
circuit voltage also increases slightly. The thickness of 
oxide is limited to about 10 nm and the thickness of 
SiNx:H is then adapted to limit the increase of reflectivity
(0.5 % greater). 
The manufacturing process of our PERC solar cells is 
described on Figure 3. The antireflective SiNx:H is 
deposited at CEA-INES in a reactor at 40 kHz. The rear-
side a-SiCx:H and SiNx:H layers are deposited with the 
PECVD equipment at INL. As the more passivating a-
SiCx:H films are Si-rich, the refractive index n has a 
value close to the c-Si one and then, an additional layer 
of low-n SiNx:H is deposited in order to improve the 
internal reflection of photons inside the solar cell. 
Two splits are done in the batch : 50 % of the wafers are 



deoxidized by HF dip and two stoichiometries of a-
SiCx:H at [C] = 0.15 and [C] = 0.24 are chosen as they 
are more temperature-stable than the Si-richest 
stoichiometry. An oxidized wafer is processed as a 
standard solar cell and is the reference of the batch. The 
rear dielectric is then opened using UV pulsed laser 
beam, before complete metallization by Al-screen-
printing. 
 

 
 
Figure 3: Process flow followed for PERC solar cells 

The final schemes of PERC solar cells are illustrated on 
Figure 4a for a solar cell without front oxide layer and on 
Figure 4b for a solar cell with front oxide layer. 
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Figure 4: Schema of solar cell schemes without (a) and 
with (b) front oxide layer 

 
4 SOLAR CELLS RESULTS 
 
Solar cells results not available at the time of the 

conference.
 
5 DISCUSSION AND CONCLUSION 
 
The unavailability of the solar cell results does not permit 
us to conclude neither about the gain obtained by a a-
SiCx:H/SiNx:H stack compared to a simple metallization 
layer nor about the confirmed tendency of the a-SiCx:H 
passivation observed in Figure 1. Although we don’t have 
any quantitative results, limitations are expected 
Some problems could occur after the solar cell process 
which would make the obtained results not optimal. 
The low stability of a-SiCx:H under  high-thermal step as 
co-firing may cause some blistering of Si-H bonds 
increasing dangling bonds at the interface with c-Si and 
then some shunt effect at the electrical contacts. But the 
back-side SiNx:H could protect the a-SiCx:H and limit its 
degradation. Lower-thermal process for metallization 
would then be required to save the passivating properties 
of a-SiCx:H like aluminium sputtering or aluminium 
deposition by Physical Vapor Deposition for the rear side 
of the solar cell after a first firing for the front-side 
metallization. 
The Al-Si interface at the opened-laser contacts is also 
something critical. The diffusion of Si in Al is more rapid 
than the diffusion of Al in Si during the firing leading the 
voids formation [10]. Aluminum paste used in the frame 
of the study could not be optimized for rear-side screen-
printed as it can absorb the diffused silicon. The fill-
factor could then be affected by a loss of conductivity at 
the localised contacts. In order to limit the formation of 
voids, we could apply a cooling-down of the temperature 
after the firing process facilitating the Al-Si alloy.  
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