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Abstract 

Hydrogenated amorphous silicon carbide (a-SiCx:H) 
p-i-n solar cells were fabricated by pulsed plasma. The 
carbon content in a-SiCx:H films were effectively con-
trolled by fixed the plasma turn-off time (toff) and al-
tered the plasma turn-on time (ton). Increasing ton disso-
ciates more carbon contents in the a-SiCx:H films, re-
sulting in the increasing of the optical bandgap (Eg) but 
reducing the absorption coefficient () and the refrac-
tive index (n). Correspondently, for a-SiCx:H solar cells 
with i-layer deposited by increasing ton, the open-circuit 
voltage (Voc) is increased, but the short-circuit current 
density (Jsc) and fill factor (FF) are reduced, and the 
energy transfer efficiency is effectively reduced. Com-
bining a buffer layer at p/i interface deposited by high 
ton and the bulk of i-layer deposited by low ton can in-
crease the Voc and maintain the high value of Jsc.  
 
1. Introduction 

In this work, pulse-PECVD [1-4] was used to deposited 
a-SiCx:H p-i-n solar cells. By changing ton, the dissociate 
rates of SiH4 and CH4 were changed to prepared a-SiCx:H 
films with various amounts of carbon contents. The optical 
properties of p/i buffer and i-layer of the a-SiCx:H p-i-n 
solar cells were controlled by ton, and their changes on the 
I-V characteristics of the a-SiCx:H p-i-n solar cells were 
investigated. 

 
2. Experimental 

The a-SiCx:H films and solar cells were deposited on 
glass and Asahi U-type substrates by pulsed plasma [4]. 
The SiH4 and CH4 flow, RF peak power, pressure and sub-
strate temperature were fixed at 50 SCCM, 1.5 SCCM, 12 
W, 1.0 Torr, and 210 OC. The toff was fixed at 20 ms and the 
ton was changed from 5 to 40 ms. The Eg,  and n of 
a-SiCx:H films were measured by a J.A.WOOLLAM 
M-2000 Spectroscopy Ellipsometer. The I-V characteristics 
of a-SiCx:H solar cells were measured by a SAN-EI Elec-
tric XES-40S1 solar simulator. 

 
3. Results and discussion 
   Fig. 1 shows the Eg of the a-SiCx:H films prepared by 
changing ton from 5 to 40 ms. The Eg is increased from 
1.701 to 1.765 eV. High ton raises the dissociation probabil-
ity of CH4, the incorporation of more carbon atoms into 
films, resulting in the increasing of Eg. 

 

0 5 10 15 20 25 30 35 40 45

1.70

1.72

1.74

1.76

1.78

 

 

E
g 

(e
V

)

ton (ms)  
Fig. 1 The Eg of the a-SiCx:H films deposited by changing ton from 
5 to 40 ms. 
 
   Fig. 2 displays (a)  and (b) n of the a-SiCx:H films 
deposited by altering ton. As the ton increased from 5 to 40 
ms, the  is gradually decreased which is the result of 
gradual decreasing of Eg. The n is also decreased which 
indicates that the increasing of carbon contents reduce the 
density of the films [5]. 
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Fig. 2 The  (a) and the n (b) of the a-SiCx:H films deposited with 
changing ton from 5 to 40 ms. 

 
Fig. 3 presents the I-V curves of the a-SiCx:H p-i-n so-

lar cells with i-layer deposited by changing ton. The Jsc is 
substantially decreased, but the Voc is increased, which are 
corresponded with the increase of Eg and the decrease of 
the . The i-layer deposited with low ton has high , which 
can absorb more light intensity, resulting in high Jsc. How-
ever, due to has low Eg resulting in low Voc. Conversely, 
that deposited with high ton has low , which can not ab-
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sorb more light intensity, resulting in low Jsc. But, due to 
has high Eg resulting in high Voc [6].  
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Fig. 3 The I-V curves of the a-SiCx:H p-i-n solar cells with i-layer 
deposited by changing ton from 5 to 40 ms 
 

Fig. 4 shows I-V curves of the a-SiCx:H solar cells 
without and with a buffer layer deposited by ton of 20 ms at 
p/i interface and the bulk i-layer was deposited by ton of 5 
ms. Because the cell deposited by low ton can obtain high 
Jsc but low Voc, conversely, deposited by high ton can obtain 
low Jsc but high Voc. Combining a buffer layer at p/i inter-
face deposited by high ton and the bulk of i-layer deposited 
by low ton can increase the Voc and maintain the high value 
of Jsc. The Voc of the a-SiCx:H solar cell with the buffer 
layer is increased. 
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Fig. 4 The I-V curves of the a-SiCx:H solar cells without and with 
a buffer layer at p/i interface.  

 
3. Conclusions 

Modulation of ton can change the optical properties of 
Eg,  and n. Increasing ton increases the Eg but reduces  
and n of the a-SiCx:H film. High Eg reduces the Jsc but in-
creases the Voc of the a-SiCx:H p-i-n solar cell. Combining a 
buffer layer at p/i interface deposited by high ton and the 
bulk of i-layer deposited by low ton can increase the Voc and 
maintain the high value of Jsc. The energy transfer effi-
ciency of a-SiCx:H p-i-n solar cell could be further im-
proved by simply switch the ton of pulse-wave modulated 
plasma from high to low for the p/i buffer layer and the 
bulk i-layer deposition.  
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