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Photovoltaic and electronic properties of p-Si/C60 device have been investigated by current-voltage and capacitance-voltage 

methods. The ideality factor n and barrier height B values of the p-n junction were found to be 2.92 and 0.83 eV 
respectively. Current-voltage characteristic of the device indicates a non-ideal behavior due to ideality factor higher than 
unity. Capacitance-voltage characteristic of the device indicate an abrupt junction behavior. Electrical characterization 
results confirms that p-Si/C60 device is an photodiode with the calculated electronic parameters, maximum open circuit 
voltage Voc of 150 mV and short-circuit current Isc of 12.1 nA  
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1. Introduction 
 

Organic semiconductors raised a considerable interest 

in the fields of electronic and photonic devices due to a 

wide range of applications as low-cost, large-area and 

disposable or throwaway electronics on thin and flexible 

substrates. In particular organic photodiodes have 

improved to a level which is sufficient for many 

applications [1–7]. The electronic and optoelectronic 

devices require new functional materials with special 

optical and electrical properties. Such properties are 

determined by a complex combination of many physical 

factors as well as the chemical nature of the starting 

material. Organic semiconducting layers are one of such 

class of prospective thin layer materials. Their low cost 

production is very simple using recent high vacuum 

evaporation and spin coating technology. Organic 

semiconductor can be functionalized to obtain specific 

optical and electrical properties. [8–12]. Hence, organic 

semiconductors have been used to fabricate p-n diode and 

organic photovoltaic devices [13-14]. C60 is an organic 

semiconductor and has the possibility of photovoltaic 

device application because of its band gap energy being in 

the range 1.6-1.7 eV [15]. Heterostructure devices such as 

a:C/C60/Si (p-i-n) solar cell structures, C60/p-Si solar cells, 

C60/Si heterostructures have showed rectification and 

photovoltaic effect properties [16-17]. The aim of this 

study, it is fabricate a photodiode based on fullerene and 

explain current voltage characteristics under dark and 

illumination.  

 

2. Experimental 
 

p-type Si (100) wafer was used as p-type 

semiconductor. In order to remove the native oxide on 

surface on p-Si, the wafer was etched by HF and then was 

rinsed in deionised water using an ultrasonic bath for 10-

15 min and finally was chemically cleaned according to 

method based on successive baths of methanol and 

acetone. Fullerene-C60 was purchased from Sigma-Aldrich 

Co. The thin film of C60 was made by deposition of C60 on 

the p-Si coated glass substrate by dip coating technique 

[18-19]. The film thickness of deposited film was found to 

be 50 nm. Au contacts were deposited front and back p-

Si/C60 device by vacuum thermal evaporation. Current-

voltage (I-V) characteristics of the device under dark and 

illumination were measured using a KEITHLEY 2400 

sourcemeter. Capacitance-voltage measurement of the 

diode was performed by a HIOKI 3532-50 LCR.  The 

applied voltage was scanned between -2.0 to +2.0 V. The 

device can be exposed to light coming from a light source 

to get an intensity of incident power of about 6 mW/cm
2
 

[19]. Photovoltaic measurements were employed under the 

light intensity of 6 W/m
2
 using a 200W halogen lamp. 

 

 

3. Results and discussion 
 

3.1. Current-voltage characteristics of  p-Si/C60 

          p-n junction diode 

 

Fig. 1 shows the current-voltage (I-V) characteristics 

of the p-Si/C60 p-n junction diode under dark and 

illumination conditions.  At low voltages, forward current 

of the diode exponentially increase with applied voltage 

and shows a linearity. Whereas at higher voltages, a 

deviation in I-V characteristic of the diode is observed. For 

a non-ideal diode, the standard equation of diode can be 

expressed [20], 
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where n is the ideality factor, Io is the reverse saturation 

current, Rs is the series resistance and q is the electronic 

charge and Rsh is the shunt resistance. The ideality factor 

was calculated from the slope of dark forward current-

voltage region of Fig. 2 and was found to be 2.40. The 

ideality factor higher than unity is observed due to the 

interface state density and series resistance. A drop in 

applied voltage takes place due to the interface layer and 

thus, barrier height is dependent on the applied voltage, 

leading to the ideality factor higher than unity. The series 

resistance becomes significant for non-linear I-V behavior 

of the diode. The series resistance can be evaluated using a 

method developed by Cheung and Cheung and series 

resistance can be determined using the following relations 

[21-22], 
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Fig. 1. I-V characteristic of the p-Si/C60 p-n junction diode  

under dark condition. 

 

 

 
 

Fig. 2. Plot of lnI-lnV of the p-Si/C60 p-n junction diode 

 at dark condition. 

 

 

Figs. 3a and b shows the plots of dV/dlnI-I and H(I)-I. 

The series resistance RS and ideality factor n values were 

calculated from Fig. 3a and was found to be 7.39×10
6
  

and 2.92, respectively. The B and Rs values were 

calculated from the H(I)-I plot and the obtained values are 

0.83 and 7.31×10
6
 respectively



 
a 

 
b 

Fig. 3. Plots of dV/dln(I)-I and H(I)-I of p-Si/C60 p-n  

junction diode at dark. 
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3.2. The capacitance-voltage characteristic of   

        p-Si/C60  diode 

 

The curve of C
-2

-V of p-Si/C60 diode is shown in Fig. 

4. Figure shows a linearity, suggesting the junction is 

abrupt. The junction capacitance for an abrupt junction can 

be expressed by the following relation, 

2/1)(

2/1

2 VdV

AaqN

aqN

soC















 (6) 

where Vd is the diffusion potential, s is the dielectric 

constant of the p-Si, which is 11.8, and Na is the doping 

concentration. Fig. 4 shows the plot of C
-2

-V for the diode. 

The doping concentration Na and diffusion potential Vd 

values were determined from slope and intercept of Fig. 4 

and were found to be 8.31×10
15

 cm
-3

 and 0.48 V, 

respectively.  

 

 
 

Fig. 4. Plot of C-2-V of p-Si/C60 p-n junction diode. 

 

 

 

3.3. Photovoltaic properties of  p-Si/C60  

       p-n junction diode 

 

Fig. 5 shows the current-voltage (I-V) characteristic 

of the p-Si/C60 p-n junction diode under light illumination 

condition. The photocurrent characteristics shown in Fig. 

5, is clear indication of field dependent photogeneration. 

Filling factor, FF of the device seems to low due to larger 

series resistance (7.35×10
6
 of the device. The current in 

reverse direction is strongly increased by illumination. 

This suggests that the carrier charges are effectively 

generated in the junction by illumination and this effect is 

due to electron-hole pair generation. The organic 

semiconductor C60 absorbs light and gives charge 

separation near the interface of the diode and in turn, the 

reverse current increases the efficient substantially. The 

current at a given voltage for the p-Si/C60 junction diode 

under illumination is higher than that of under dark. This 

indicates that the light illumination increases production of 

electron-hole pairs. The increase in charge production is 

dependent on the difference in the electron affinities 

between p-Si and C60 semiconductors. The device shows a 

photovoltaic behavior with a maximum open circuit 

voltage Voc of 150 mV and short-circuit current Isc of 12.1 

nA. The Voc (150 mV) value of the C60/p-Si device studied 

under 6 W/m
2
 illumination is higher than that of C60/p-Si 

(14 mV) and a:C/C60/p-Si (90 mV) devices under 100 

mW/cm
-2

 illumination [16-17]. The C60/p-Si structure 

shows rectification and photovoltaic effect. This suggests 

that theC60/p-Si photovoltaic device can be operated as a 

heterojunction photodiode. Because solar cells are 

designed of course to minimize energy loses, whereas 

photodiodes are routinely designed to achieve a spectral 

response or a rapid time response [23].  

 

 

 
 

Fig. 5. I-V curve of p-Si/C60 p-n junction diode under 

illumination condition. 

 

 

4. Conclusions 
 
Electrical properties of p-Si/C60 p-n junction diode 

have been investigated by current-voltage and capacitance-

voltage methods. Consequently, p-Si/C60 device is a 

photodiode with the calculated electronic parameters, 

maximum open circuit voltage Voc of 150 mV and short-

circuits current Isc of 12.1 nA  
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