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Graphene grow directly on silicon substrate 

by microwave (MW) surface wave plasma 

(SWP) chemical vapor deposition (CVD) 

using hydrogenated carbon sources at low 

temperature (550oC). Analytical methods 

such as Raman spectroscopy, four-point 

resistance probe, UV/VIS/NIR spectroscopy, 

transmission electron microscopy (TEM) and 

solar simulator were employed to 

characterize properties of the graphene 

films. In our study, it is possible to grow 

graphene directly on silicon substrate 

(without using catalyst) due to high radical 

density of MW SWP CVD. Here, we 

introduced new method for making quality 

of graphene grown directly by cutting the 

ultraviolet rays during plasma. Moreover, 

we demonstrated graphene/silicon (G-Si) 

schottky junction solar cells with efficiency 

up to 4.3 %. Compared to conventional 

silicon solar cells, the fabrication process of 

G-Si schottky junction solar cell is greatly 

simplified; just graphene synthesized 

directly on n-type crystalline silicon wafer at 

low temperate. 

Raman spectroscopy is performed at room 

temperature shown in Figure 1. Three peaks 

centred at 1341, 1578, 2695 cm-1 which is 

assigned to the D (disorder mode), G 

(graphite mode) and 2D (D mode 

overtone) modes of graphene respectively. 
The presence of 2D peak shows a good 

agreement of graphene structure 

formation into the film. Figure 2 shows  

Current-voltage (I-V) characteristics under 

dark and illumination of graphene/silicon 

(G-Si) schottky junction solar cells. It showed 

photovoltaic behaviour with maximum 

open-circuit voltage (Voc) 0.409 V; short 

circuit current density (Jsc) 17.038 mA/cm2, 

fill factor (FF) 0.623 and conversion 

efficiency (η) 4.348 % are obtained.  
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Figure 1: Raman spectra with different covers 

height. 

 

 
 

Figure 2: I-V characteristics of the 

graphene/silicon (G-Si) schottky junction solar 

cells under dark and light illumination (AM 1.5, 

100 mW/cm2).  


