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The electrical and photovoltaic properties of n-Si/Copper phthalocyanine hybrid   heterojunction device have been 
investigated by current-voltage and capacitance-voltage measurements. The ideality factor of the diode was found to be 
2.08, suggesting that the heterojunction diode indicates a non-ideal diode behaviour. At higher voltages, the space charge 
limited-conduction mechanism is dominant in the diode. The series Rs and shunt resistance Rsh values for the diode were 

found to be 6.97x10
4
  and 1x10

8
 , respectively. The photocurrent in the reverse direction of the diode increases with 

illumination intensity. n-Si/Copper phthalocyanine heterojunction diode gives an open-circuit voltage of 0.092 V and a short-

circuit current of 0.08 A at light intensity of 6 mW/cm
2
.   
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1. Introduction 
 

Metal/semiconductor junctions have been investigated 

for electronic device applications [1-2] and in recent years, 

various organic materials have been extensively used to 

fabricate  electronic devices [3]. An advantage of organic 

semiconductors is the processability from organic solution, 

such that simple deposition techniques like doctor blading 

or screen printing can be applied [4-5]. The organic 

semiconductors are suitable for use in photoelectric 

conversion devices due to easy fabrication of devices with 

low cost [6]. Copper phthalocyanine (CuPc) is one of the 

well-studied organic photosensitive semiconductors for 

photovoltaic applications and has been used extensively as 

an absorber in organic solar cells due to its marked 

photovoltaic effect and photoconductivity characteristics 

[7–10].  It has a high absorption coefficient in a wide 

spectrum and a high photo-electromagnetic sensitivity at 

low intensities of radiation. It is possible simply to deposit 

thin CuPc films by vacuum sublimation [11]. Photovoltaic 

devices based on phthalocyanines can be fabricated by a 

simple method using a conventional spin coating, dip 

coating and vacuum deposition techniques. Furthermore, 

many phthalocyanines show interesting photoconductive 

and photovoltaic responses and hence have been widely 

used in Schottky barrier cells and organic photodiodes [12-

13]. Also, the devices based on nickel phthalocyanine 

(NiPc) have been fabricated and photovoltaic and 

electrical properties of p-NiPc/n-Si and NiPc/p-Si 

heterojunctions have been investigated. These studies 

make NiPc a potential candidate for electronic devices. In 

our previous study, CuPc organic semiconductor was used 

to convert Al/p–Si Schottky diode to a photodiode [14]. 

Therefore, in present study, it is evaluated that a 

heterojunction photovoltaic diode based CuPc  

phthalocyanine can be fabricated for photovoltaic 

applications.  

In present study, a heterojunction diode including p–n 

single heterojunction has been fabricated by combining 

copper-phthalocyanine and n-Si. Electronic and 

photovoltaic properties of the device have been 

investigated by current voltage and capacitance-voltage 

methods under dark and illumination conditions.  

 
 
2. Experimental details 
 

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

semiconductor. In order to remove the native oxide on 

surface on n-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. Copper phthalocyanine (CuPc) was purchased 

from Sigma-Aldrich Co. The thin film of CuPc was made 

by deposition of CuPC on the n-Si wafer having 0.5 mm 

thickness by adopting dip coating technique [15-18]. The 

film thickness of deposited film was found to be 50 nm. 

The contact area of the diode is 7.85x10
-3

 cm
2
 and the 

dimensions of the device are 7x5x0.5 mm
3
. The current-

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

illumination conditions were measured using a 

KEITHLEY 2400 sourcemeter. The capacitance –voltage 

measurement of the n-Si/CuPc diode was performed at 100 

Hz with a HIOKI 3532-50 LCR meter. 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 mW/cm
2
 using a 200W halogen lamp. 
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3. Results and discussion 
 

3.1 Dark current-voltage characteristics of the  

      n-Si/CuPc heterojunction diode 

 

The current voltage characteristic of the n-Si/CuPc 

diode is shown in Fig.1.  
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Fig.1  Current-voltage characteristics of the n-Si/CuPc 

heterojunction diode 

 

The studies in literature demonstrate that dark current-

voltage characteristics of the n-Si/CuPc heterojunction 

diode can be analyzed using the following relation [19-

27], 
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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, Rsh is the shunt resistance, k is the Boltzmann 

constant and T is the temperature. The ideality factor and 

barrier height values are determined by fitting Eq.1 to data 

and were found to be 2.08 and  0.77 eV, respectively. The 

obtained n value is higher than unity, suggesting that the 

diode shows a non-ideal diode behavior. Rs resistance is 

related to the bulk materials resistance and interfaces 

between two semiconductors, while Rsh resistance is 

associated with semiconductor-electrode interface 

properties [20]. Therefore, it is important to determine 

these parameters. The junction resistance Rj for the device 

is expressed as [28]   
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The Rs and Rsh values can be easily determined from 

the current-voltage plot.  At higher voltages, Rj value 

approaches a constant called  series resistance. But, at 

higher reverse voltages, the Rj value has a constant value 

called shunt resistance [21-22]. The Rs and  Rsh values 

were calculated from the curve of Rj-V plotted and were 

found to be 6.97x10
4
  and 1x10

8
 , respectively. The 

obtained values are higher than that of NiPc/n-Si and 

NiPc/p-Si heterojunctions [19,22]. At higher voltages, the 

current of the n-Si/CuPc device varies in the form of 

mVI  . The studies made on organic semiconductors 

show that this behavior is characteristic for space charge 

limited currents (SCLC) [29-34] and thus, we can analyze 

the current-voltage characteristic of the device studied 

according to Lampert theory. m value was calculated  from 

the slope of  plots shown in Fig. 2.  
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Fig. 2 Plots of lnI-lnV of the n-Si/CuPc heterojunction 

diode at different temperatures. 

 

At higher voltages, the m value was found to be about 

2. This clearly indicates that the hole current in this device 

is defined SCLC as that of the other organic 

semiconductors [29-34]. The space charge limited-

conduction mechanism (SCLC) is expressed as follows  

[35] 
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where n is the mobility of the electrons,  ( =3) is the 

dielectric constant of the CuPc film [36], The mobility of 

electrons was determined using Eq.3.  The obtained n 

values are 1.91x10
-8

 at 303 K, 2.67x10
-8

 at 313 K, 

3.34x10
-8

 at 323 K, 4.21x10
-8

 m
2
/V.s at 333 K. These 

values are in agreement with values in Ref [37]. It is seen 

that the electron mobility increases with increasing 

temperature.  
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3.2. Capacitance-voltage characteristic of the  

              n-Si/CuPc heterojunction diode 

 

 

The plot of C
-2

 vs V for the diode is shown in Fig. 3. 
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Fig. 3 Plot of  C-2 vs V of the n-Si/CuPc heterojunction 

diode. 
 

The relation between capacitance and voltage for p-n 

junction is expressed by the following relation [19,24-28, 

38-39] 
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where Vbi is the built-in potential, 1 is the dielectric 

constant of n-Si, 2 is the dielectric constant of CuPc, Nd 

and Na are the donor and acceptor concentrations, 

respectively. For the n-Si/CuPc diode, the depletion layer 

capacitance can be expressed as 
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The values of Vbi and Nd can be obtained from the 

intercept and slope of C
-2

 vs. V plot by means of Eq. 5, 

respectively. The doping concentration Nd and the built-in 

potential Vbi were found to be 1.44x10
15

 cm
-3

 and 0.63 V, 

respectively. The barrier height for n-Si/CuPc diode can be 

determined using the following relation [39], 
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where Nc value for Si is  2.8x10
19

 cm
-3

 [39] . The B value 

was determined using obtained Vn (0.25 V) value and was 

found to be 0.88 eV. The barrier heights deduced from I-V 

measurement is lower than that of C-V technique. The 

discrepancy between b(C-V) and b(I-V) can be explained 

existence of excess capacitance and interface properties. 

The direct current across the interface is exponentially 

dependent on barrier height and the current is sensitive to 

barrier distribution at the interface. Whereas, the 

capacitance is insensitive to potential fluctuations on a 

length scale of less than the space charge width that the 

capacitance-voltage method averages over the whole area. 

Consequently, the b value obtained from C-V 

measurement is higher than that of b value obtained I-V 

measurements [40].  

 

 

3.3. Photovoltaic properties of the n-Si/CuPc  

       heterojunction diode 

 

 

The current-voltage characteristic of the n-Si/CuPc 

heterojunction diode under light illumination condition is 

shown in Fig. 4.  
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Fig. 4. Plots of current-voltage of the n-Si/CuPc 

heterojunction diode under dark and illumination 

conditions. 

 

 

When the diode is forward biased, there is an 

exponential increase in the current. The light on reverse I-

V characteristic of the device is translated downward 

moved in the –I direction along the current axis, giving an 

open circuit voltage (Voc) along with a short photocurrent 

(Isc) [28]. The illumination increases the current in reverse 

direction, suggesting that the carrier charges are 

effectively generated due to electron-hole pair generation. 

The organic semiconductor CuPc absorbs light and gives a 

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 n-

Si/CuPc junction diode under illumination is higher than 

that of under dark. The increase in charge production is 

dependent on the difference in the electron affinities 

between n-Si and CuPC semiconductors. The fill factor for 

the device can be obtained from the following equation 

[41] 
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where FF is filling factor, Voc is the open circuit voltage, 

Isc is the short current. Im and Vm are current and potential 

values at maximum power point.  The device indicates a 

photovoltaic behavior with a maximum open circuit 

voltage Voc of 0.092 V and short-circuits current Isc of 0.08 

A. The fill factor FF value for n-Si/CuPc device was 

found to be 0.09. The obtained FF value is low for solar 

cell devices. In literature, electrical and solar cell 

parameters of a Schottky structure fabricated using CuPc 

and fluorinated tin oxide (FTO)  have been investigated 

and the obtained FF, Voc and Isc values are 0.18, 0.44 V 

and 2.2 mA/m
2
 under 98 mW/cm

2
, respectively [42].  In 

another study, NiPc/p-Si junction has been shown a 

photovoltaic characteristic with short circuit current (Isc) 

of 186 A, open circuit voltage (Voc) of 0.32 V, fill factor 

(FF) of 0.28 [19]. The obtained electronic parameters of n-

Si/CuPc device are lower than that of FTO/CuPc/Al and 

NiPc/p-Si devices. This suggests that the performance of a 

CuPc-based thin film cell is strongly impacted by 

materials purity and the cell responsivity and fill factor 

increase with hole mobility, which is found in turn to 

depend on material purity [43]. 

 

 
4. Conclusions  

 

Electrical and photovoltaic properties of the n-

Si/CuPc heterojunction diode  have been investigated by 

current-voltage and capacitance-voltage methods. At 

higher voltages, for the device, the dominant mechanism is 

space charge limited current mechanism. The photocurrent 

in the reverse direction increases with illumination 

intensity. n-Si/CuPc heterojunction device gives an open-

circuit voltage of 0.092 V and a short-circuit current of 

0.08 A at light intensity of 6 mW/cm
2
. 
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