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In this study, n-ZnO/p-CuO heterojunction have been fabricated by sol-gel dip-coating technique which is simple and 
inexpensive. The structure of the p-CuO/n-ZnO was analyzed by X-ray diffraction spectroscopy and UV-VIS spectroscopy. 
The electrical junction properties were characterised by temperature dependent current-voltage (I-V) characteristics and at 
high frequency capacitance-voltage (C-V) characteristic at room temperature. The structure showed non-ideal behaviour of 
I-V characteristics with an ideality factor of 3.5 at room temperature. Temperature dependent forward current-voltage 
measurements suggest that trap-assisted multi-step tunnelling is the dominant current mechanism in this structure. 
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1. Introduction 
 
Transparent conducting oxides (TCOs) are widely 

used as transparent electrodes for optoelectronic devices. 
Zinc oxide (ZnO) is a wide direct band gap n-type 
semiconductor with a band gap energy of about 3.2 eV [1]. 
ZnO is used in many different applications such as 
conducting electrode in solar cell [1], gas sensor [2-8], flat 
panel display [9], surface-wave transducers [10] and 
piezoelectric devices [11]. 

Copper oxide (CuO) is p-type semiconductor with a 
band gap energy of about 1.51-1.74 eV [12-13]. CuO is 
especially used in solar cell technology and photovoltaic 
applications. 

P-n junctions have been developed for various gases 
such as ZnO/CuO for CO and H2 sensing   [2-8, 14], 
CuO/SnO2 for H2S, C4H10 and CH2 sensing [15-16] 
recently.  

A variety of techniques have been used to prepare 
heterojunction. ZnO/CuO heterojunctions have been made 
by the solid state synthesis route [6], pressing [8], liquid 
phase co-precipitation method [3] and spin coating method 
[2]. In this paper, a n-ZnO/p-CuO heterojunction was 
fabricated by sol-gel dip coating technique. Sol-gel 
method has several advantages in producing thin films, 
such as relatively homogeneous composition, easy control 
of the film thickness, fine microstructure and low 
temperature sintering. 

In this paper, we describe the deposition process of n-
ZnO/p-CuO heterojunction. Then the optical, structural 
and electrical properties of the samples were studied by 
the UV-VIS spectroscopy, X-ray diffraction spectroscopy, 
temperature dependent current-voltage and capacitance-
voltage at room temperature measurements respectively. 
The purpose of this work is to clue the current transport 
mechanism of n-ZnO/p-CuO heterojunctions.  

 
2. Experimental  
 
    In order to prepare ZnO solution, firstly, zinc 

acetate 2-hydrate [Zn(CH3COO)2.2H2O] was dissolved in 

ethanol  (CH3COCH3, 99.9 %, Merck) and then lactic acid 
was added as hydrolysis catalyst in drops. Afterwards 
solution was thoroughly mixed by a magnetic stirs for 2 
hours, and homogeneous transparent solution was obtained 
which had a concentration of 0.4M. Each coating on the 
ATO (Antimony Tin Oxide) substrate was first dried at 
250 °C for 5 min. This process of coating was repeated for 
10 times and then the final film was annealed at 250 °C for 
15 min. 

CuO layer was deposited on ZnO. The CuO sol was 
prepared by adding copper II acetate ((CH3COO)2Cu.H2O) 
to ethanol and  mixing the both components. While sol 
was mixing, the triethylamine was added in the sol. After 
the sol prepared, the CuO film was deposited on the ZnO 
film was dried at 250 °C for 5 min. This process of coating 
was repeated for 10 times and then the p-n junction was 
annealed at 250 °C for 30 min.  

After 10 coating for the ZnO film, thickness of the 
film was calculated ∼70 nm and after 10 coating for the 
CuO film, it was calculated ∼212 nm. 

 After ZnO/CuO heterojunction was prepared, the 
contact was composed between the coated film and Cu 
wire. To insure good contact between the film and Cu 
wire, Ag paste was used. The schematic band diagram of 
ZnO/CuO heterojunction is shown in Fig. 1. 

 

 
 

Fig. 1. The schematic diagram of ZnO/CuO heterojunction. 
 
 

The crystal structure of the n-ZnO/p-CuO 
heterojunction was determined by XRD using Rikagu D-
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max 2200 X-Ray diffractometer system with CuKα 
radiation (λ=1.5405 Å) and by the UV-VIS spectroscopy 
(350-1100nm) using Perkin Elmer UV-VIS Spectrometer 
Lambda 2S.  The current-voltage characteristics of the 
heterojunctions were measured with a system which 
consists of a DC voltage–current source Keithley 2420, a 
specially designed sample holder and computer. Thin films 
samples were mounted in the sample holder. To control 
the temperature of the samples, Lake Shore 330 autotuning 
temperature controller is used. 

 
 
3. Results and discussion 
 
Fig. 2 shows XRD spectrum (using 2θ values in the 

range of 10-90°) of n-ZnO/p-CuO heterojunction.  
The peaks (002) and (100) of ZnO are located at 2θ 

=34.96° and 2θ =31.26° and the peaks ( 111 ) and (200) of 
CuO are located at 2θ =35.41° and   2θ =38.16° are the 
dominant and weak peak of ZnO and CuO respectively. 
The lattice constants of ZnO calculated from the present 
data are a= 3.300 Å  and c= 5.131 Å which are in 
agreement with   a= 3.253 Å and c= 5.209 Å of ZnO 
known from the literature (JCPDS Card No. 80-00075) 
and the lattice constants of CuO calculated from the 
present data are a= 4.774 Å,  b= 3.434Å  and c= 5.131 Å 
which are in agreement with the values a= 4.68 Å, b= 3.42 
Å and c= 5.129 Å of CuO  obtained by Kimura et al [17]. 

The band gap of ZnO and CuO were determined from 
measured transmittance spectra. 
 

 
 

Fig. 2 XRD spectrum of a  n-ZnO/p-CuO heterojunction. 
 

Fig. 3. shows a plot of the square of the absorption 
coefficient (α2) of ZnO and CuO films fabricated onto 
glass substrate as a function of the energy of incident 
radiation. For this, the fundamental absorption coefficient 
α was evaluated using α=lnT-1/d where d is the film 
thickness and T is the transmittance. The optical band gap, 
Eg, of the film was calculated using the Tauc relation, 
which is given as α=αo (hν-Eg)n where hν is the  photon 

energy, αo is a constant and n = 0.5, 1.5, 2 or 3 for allowed 
direct, forbidden direct, allowed indirect and forbidden 
indirect electronic transitions, respectively [18]. In the 
present case the band-gap energy gap (Eg) has been 
estimated by assuming an allowed direct transition 
(n=1/2). The factor (α) 2 varies linearly with hν in the 
high-energy region. In the low-energy region, the 
absorption spectrum deviates from the straight line, as 
shown in Fig. 3. The band gap was obtained by 
extrapolating the linear portion of the plot of (α)2 against 
hν to (α)2= 0. The intercept on energy axis gives the value 
of band gap energy (Eg) for the film. The band gap energy 
(Eg) values of  ZnO and CuO are 3.3 and 1.8 eV 
respectively, which are in agreement with what have been 
reported previously [19, 13]. 

XRD and UV-VIS measurements showed that ZnO 
films consisted of hexagonal wurtzite crystal grains with 
energy band gap of 3.3eV. At ambient conditions, the 
thermodinamically stable phase is hexagonal wurtzite, the 
cubic zinc blende ZnO 

 

 
Fig. 3 Square of the absorbtion coefficient as a function 
of photon energy for ZnO (right axis) and CuO(left axis)    

films . 
 
structure can be stabilized only by layer growth on cubic 
substrates, and the cubic rocksalt structure may be 
obtained at relatively high pressures [19]. In our 
heterojunctions, the ZnO films were deposited onto the 
ATO substrates. The ATO films are a tetragonal system 
because tin oxide is a tetragonal system and the lattice 
parameters are not affected much the incorporation of the 
dopants in the films [20], is hexagonal wurtzite system. 
The CuO layer is monoclinic system. Since all layer at our 
heterojunctions are different crystal systems, the lattice 
mismatch occur. To confirm the presence of the interface 
states, we calculate the lattice mismatch given by the 
relation [21]: 
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where a1 and a2 are the lattice constant of the ZnO and 
CuO respectively. The lattice mismatch between CuO and 
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ZnO calculated to be 32%, which is higher than the 
Cu2O/ZnO heterojunction with the mismatch of 7.1% [22], 
and Cu2O/ZnO/ITO p-i-n heterojunction with the 
mismatch 27.1% [23]. So the lattice mismatch leads to an 
interface defect states [23].  

In order to determine the dominant current transport 
mechanism through n-ZnO/p-CuO heterojunctions, we 
measured the I-V characteristics at various temperatures. 
The forward and reverse bias I-V graphics of ZnO/CuO 
heterojunction samples at different temperature in the 
range of 300-360 K are shown in Fig. 4 (a). The sample 
was kept in the dark condition during the measurement. It 
is obvious from Fig. 4 (a) that the heterojunctions are 
rectifying in nature with a turn on voltage of ∼0.5 V and 
under reverse voltages, the breakdown voltage for the 
sample is ∼0.6 V which is same as that of ZnO/Cu2O 
heterojunction prepared by RF-magnetron sputtering [24] 
and Cu2O/ZnO/ITO p-i-n heterojunction prepared by 
electrochemical deposition method [23].  
The current at real diode were given at Eq. (2) 
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where q is electronic charge, I0 is the reverse saturation 
current, V is the applied voltage, n is ideality factor, k is 
Boltzman constant and T is temperature.    
For qkTV /3> , Eq. (2) can also be shown as  
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The ideality factor (n) is obtained from the slope of 

the plot lnI versus V.  The forward bias ln (I)-V 
characteristics of the samples at different temperature in 
the range of 300-360 K are given in Fig. 4 (b). The 
forward current can be classified into two regions. In the 
region II, the forward currents behave linearly due to the 
serial resistance effect on the system. In region I, the 
forward current can be expressed by: 
 

( )AVII exp0=         (4) 
 

There are three models for explaining the current 
through heterojunctions: (1) A is independent of the 
measuring temperature T for a tunnelling model, (2) A is 
temperature dependent, n=1, A=q/kT for the diffusion 
model, (3) A is temperature dependent, n=2, A=q/2kT for 
the recombination model [25, 26]. 

The ideality factor (n), the reverse saturation current I0 
(which is a function of temperature, depending on the 
nature of dominant carrier transport mechanisms in the 
heterojunction [25] ) and the slope of  ln (I)-V graphics A 
(is independent of the voltage) of the samples are 
calculated from the graphics in Fig. 4 (b) and shown in 
Table 1.  
 

 
(a) 

 
   (b) 
 

Fig. 4 Current-voltage characteristics of n-ZnO/p-CuO 
heterojunction at various temperature in the dark shown  
                  in (a) linear and (b) logarithmic scales. 

 
 

In Table 1, the slope A of the ln (I)-V graphics is 
temperature insensitive. Therefore, the data are consistent 
with Eq. (4). The ideality factor n is larger than 2.  

The temperature dependence of the current at constant 
voltage is shown in Fig. 5.  According to the curve which 
is related to the formula lnI=aT+bV, the current transport 
mechanism is a multi-step tunnelling [27].  
 

Table 1. The I0, A and n values for the sample of the n-
ZnO/p-CuO heterojunction  

 
T (K) I0 (A) A (V-1) n 
300 1.39x10-9 11.0 3.5 
310 2.80x10-9 10.1 3.7 
320 2.80x10-9 10.6 3.4 
330 1.75x10-9 9.7 3.6 
340 1.26x10-9 10.1 3.4 
350 1.37x10-9 10.0 3.3 
360 1.84x10-9 10.1 3.2 
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Fig. 5 The dark current versus temperature at constant voltage. 
 
 

The temperature dependence of saturation current I0 is 
expressed as: 
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where ΔEa is the thermal activation energy of carrier 
conduction. From the slopes of ln (I0) versus T-1 graphics 
illustrated in Fig. 6, the activation energy was calculated to 
be 0.412 eV.   The data fits almost on straight lines, 
which agrees with the multi-step tunnelling model.  
The capacitance per unit area given by Anderson [28]  
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where εn ,εp are the dielectric constant and Nd ,Na are 
ionized impurity density of ZnO and CuO respectively, Vbi 
is the built in potential and V is the applied voltage. 

 
 

Fig. 6 The dark current pre-exponential term versus T-1. 

The capacitance-voltage characteristics of n-ZnO /p-
CuO heterojunction at 1 MHz frequency in dark and at 
room temperature is shown in Fig. 7. The straight lines 
extrapolated to 1/C2=0 gives the value of built-in potential 
Vbi, 1.5 eV, which is agreement with previously published 
the value for ZnO/Si heterojunctions 1.49 eV [29] and 
rather great previously published the value for ZnO:Al/n-
Si heterojunctions 0.56 eV [25]. The built-in potential 1.5 
eV much larger than the activation energy of the saturation 
current 0.412 eV confirmed the tunnelling model. The turn 
on voltage of this heterojunction is much smaller than the 
built-in potential, this is also confirmed the tunneling 
model. The slope of 1/C2-V line gives the value of Nd. For 
the data shown in Fig. 7 the corresponding value is 
2.87x1012 cm-3.  
 

 
 

Fig.7 C-2 versus V plots of n-ZnO /p-CuO heterojunctions 
measured at 1 MHz in dark. 

 
 

4. Conclusion 
 
n-ZnO/p-CuO heterojunctions have been successfully 

fabricated onto ATO substrates using sol-gel dip coating 
method. The thickness of ZnO film prepared by 10 times 
coating is ∼70 nm while that of CuO film coated 10 times 
is ∼212 nm. At room temperature, the diode turn-on 
voltage is of ∼0.5V. The temperature dependent I-V 
characteristics of the n-ZnO/p-CuO heterojunction showed 
that the forward current transport can be explained with a 
multi-step tunnelling model between 300 and 360 K. 
While the activation energy of the saturation current is 
about 0.412 eV, the built-in potential is about 1.5 eV. 
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