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Abstract 
In this work, a novel design for the heterojunction solar cells is presented. Highly-pure 
nanopowders prepared by dc reactive magnetron sputtering technique were used to 
form the heterojunctions. The electrical characteristics of the proposed design were 
compared to those of a conventional thin film heterojunction design prepared by the 
same technique. A higher efficiency of 300% was achieved by the proposed design. 
This attempt can be considered as the first to fabricate solar cells from highly-pure 
nanopowders of two different semiconductors. 
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1. Introduction 
Search for new designs and configurations of solar cells still a hot topic in light of the reality of 

alternative and renewable energy over world. Researchers are hard working to reach higher 
efficiencies as well as to find new materials with better optoelectronic properties. Nanomaterials can 
be excellent candidates for these purposes due to their advantages when compared to the bulk 
materials [1-3]. The drastic increase in the number of particles at the nanoscale with respect to thin 
films can successfully contribute to enhance the efficiency of the optoelectronic device [4-6]. 

When two different semiconducting nanomaterials (such as ZnO and CuO) are mixed in the 
powder form, a large number of junctions can be formed within the mixture. If these materials are 
different in their conductivities (n- and p-type), then a heterojunction can be formed as one n-type 
particle is in contact to one p-type particle, as shown in Fig. (1a). Therefore, the high density of 
nanoparticles can absorb higher amount of the incident radiation and then produce higher current 
density [7,8]. Roughly, the current density produced by nanopowder heterojunctions can be higher 
than that produced by corresponding thin film heterojunctions by three orders of magnitude [9,10]. The 
research interest in CuO/ZnO heterojunction is increasing due to its distinguished features serving 
many photonic and optoelectronic applications [11-16]. 

The nanopowders may play their own roles away from the different others since the radiation is 
incident on both sides of the heterojunction as well as on the junction region, as shown in Fig. (1b). 
Also, not all nanoparticles get in contact with others of different type as the contact is fundamentally a 
mechanical process [17-22]. Such roles may support the main process of converting the incident light 
into electrical current. For example, ZnO nanoparticles may act as photocatalysts [23-28], while CuO 
nanoparticles may store the absorbed energy in the UV region and then emit it in the visible region 
[29-36]. 

In this work, highly-pure copper oxide and zinc oxide nanopowders were mixed and spread over 
the surface of a nonmetallic substrate to fabricate solar cell device. These nanopowders were 
prepared by dc reactive magnetron sputtering. 

 
2. Experimental Part 
A homemade dc reactive sputtering system was used to deposit metal oxide thin films. Highly-pure 

copper and zinc (99.99%) targets were sputtered in existence of oxygen to deposit highly-pure metal 
oxide thin films on glass substrates. Details of the preparation conditions can be found elsewhere [37-
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40]. The nanopowders were extracted from thin film samples by conjunctional freezing-assisted 
ultrasonic extraction method [41,42]. 

The structural characteristics of the prepared thin films were determined by x-ray diffraction (XRD), 
scanning electron microscopy (SEM), and energy-dispersive x-ray spectroscopy (EDS), while their the 
spectroscopic characteristics were determined by the Fourier-transform infrared (FTIR) and UV-visible 
spectroscopy. 

The nanopowders were mixed, immersed in a transparent solution and spread over nonmetallic 
substrates. The mixture was covered with a glass to allow the incident radiation to reach the 
nanopowder mixture. Figure (2) shows the proposed design and photograph of solar cell device 
proposed in this work. 

 

 

 
Fig. (1) Principle of nanopowder heterojunction formation (upper) and energy band diagram of 

such heterojunction (lower) 
 

  
Fig. (2) Proposed design of nanopowder heterojunction solar cell 

 



IRAQI JOURNAL OF MATERIALS 
Volume (3) Issue (2) April-June 2024, pp. 77-82 

 

 

© All Rights Reserved    ISSN (print) 2958-8960 (online) xxxx-xxxx  Printed in IRAQ   79 

3. Results and Discussion 
Figure (3) shows the XRD patterns of ZnO and CuO thin films prepared in this work. It is clear that 

both samples exhibit high structural purity as no peaks belonging to other materials than ZnO or CuO 
are observed. In ZnO samples, both phases (rutile; R and anatase; A) are recognized [43], however, 
the anatase phase is apparently dominant as the crystal planes belonging to anatase ZnO are more 
than those belonging to rutile ZnO. Such dominance (~70% anatase and ~30% rutile) can be precisely 
determined by [44]: 

𝑓 =
1

1+1.26
𝐼𝐴
𝐼𝑅

      (1) 

where IA/IR is the ratio of the intensity of anatase to the intensity of rutile as determined from the x-ray 
pattern 

 

 
(a) 

 
(b) 

Fig. (3) XRD patterns of (a) ZnO and (b) CuO thin films prepared in this work 
 

The XRD pattern of the prepared CuO thin film exhibits only three peaks belonging to (111), (200) 
and (220) crystal planes [45,46]. 

Figure (4) shows the 3D AFM images of both samples prepared and mixed in this work. The 
formation of nanostructures is confirmed with peak-to-peak roughness of 20.66 and 4.39 nm for ZnO 
and CuO samples, respectively. Such values of roughness ensures extremely wide surfaces to receive 
the incident radiation, which reasonably increase the input power required for higher efficiency of such 
optoelectronic converters. 

Further confirmation of the structural purity of the prepared samples can be presented by the FTIR 
results shown in Fig. (5). The main peaks belonging to the vibration of Zn-O and Cu-O are observed 
with additional peaks belonging to the O-H group, which are resulted from the exposure to the 
environment [47-50]. Therefore, both samples can be described as highly-pure. This would support 
the assumption that the whole interaction with the incident radiation is performed by ZnO and CuO 
nanoparticles as well as the heterojunctions formed from them. 
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(a)     (b) 

Fig. (4) AFM 3D images of (a) ZnO and (b) CuO thin films prepared in this work 
 

  
(a)     (b) 

Fig. (5) FTIR spectra of (a) ZnO and (b) CuO thin films prepared in this work 
 

Figure (6) shows the absorption spectra of ZnO and CuO thin films prepared in this work. It is 
apparent that the CuO films absorb higher than ZnO films especially in the UV region. The energy 
band gap (Eg) can be determined for both ZnO and CuO samples to be 3.175 and 2.6 eV, 
respectively, which is in good agreement to the typical values [51]. In the conventional p-n 
heterojunction solar cell design, the solar radiation is incident on the p-type side (CuO). Therefore, the 
main expected losses are attributed to lattice thermalization, transparency, recombination, junction, 
and contact voltage [2]. In the proposed design, most of these losses are minimized while some are 
omitted (transparency). Accordingly, the absorption and conversion efficiencies are increased. This 
assumption should be confirmed by the comparison of electrical characteristics of the proposed design 
to the conventional thin film design prepared by the same technique. 

 

 
Fig. (6) Absorption spectra of the prepared ZnO and CuO thin films 

 

0

0.3

0.6

0.9

1.2

1.5

1.8

400 500 600 700 800

A
b
s
o
rb

a
n
c
e

Wavelength (nm)



IRAQI JOURNAL OF MATERIALS 
Volume (3) Issue (2) April-June 2024, pp. 77-82 

 

 

© All Rights Reserved    ISSN (print) 2958-8960 (online) xxxx-xxxx  Printed in IRAQ   81 

Figure (7) shows the current-voltage characteristics of the thin film heterojunction solar cell (7a) 
and nanopowder heterojunction solar cell proposed in this work (7b). At constant incident solar power 
density of 100 mW/cm2, the thin film device shows a quantum efficiency of 7.64% while the 
nanopowder device shows a quantum efficiency of 23.11%. With three times higher efficiency, the 
advantage of the proposed design is obviously recognized. 

 

  
(a)      (b) 

Fig. (7) I-V characteristics of (a) thin film heterojunction and (b) nanopowder heterojunction 
solar cells prepared in this work 

 
4. Conclusions 
In concluding remarks, a novel design for the CuO/ZnO heterojunction solar cells is presented. 

Highly-pure nanopowders prepared by dc reactive magnetron sputtering technique were used to form 
the heterojunctions. The electrical characteristics of the proposed design were compared to those of a 
conventional thin film heterojunction design prepared by the same technique. A higher quantum 
efficiency of 300% was achieved by the proposed design. According to the available resources, this 
attempt can be considered as the first to fabricate solar cells from highly-pure nanopowders of two 
different semiconductors. 
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