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A B S T R A C T 

Schottky diode (semiconductor/metal) ZnO.Cu/Al was prepared by using the bar-coating 

method to prepare films of ZnO.Cu on aluminum substrate. Powders of zinc oxide doped 

with copper were previously prepared with different Cu doping ratios. These powders were 

characterized using X-ray diffraction showed the have a polycrystalline structure, and also 

using a field emission scanning electron microscope to confirm the morphology of the 

prepared powders, which it turned out to be nanostructures with a relatively uniform 

distribution.  The properties of the prepared Schottky diode were studied, and the diode 

parameters were calculated, including voltage barrier, saturation current, ideality factor, and 

rectification factor through the relationship between current and voltage at forward and 

reverse bias as a function to the different Cu doping ratio and the best rectification factor 

was 4.91at highest Cu doping ratio. 

 Keywords: Schottky diode, ZnO.Cu, bar-coating method, ideality factor.   

 

1. Introduction  

     Pure zinc oxide (ZnO) is one of the chemical compounds of zinc and is a semiconducting 

material. It belongs to the group of transparent conducting oxides (TCOs), which are 

characterized by high transmittance in the visible region of the spectrum and reflectivity in 

the infrared region, in addition to having an electrical conductivity of 22.6. S.cm-1 is of the 

negative type(n-type). Zinc oxide is a solid, white compound that turns yellow when heated 

due to deformations of the lattice. It is also a non-toxic substance, unlike cadmium 

compounds. It does not dissolve in water or alcohol, it dissolves in acetic acid and mineral 

acids, and in ammonia, ammonium carbonate, and alkaline hydroxides, so it is amphoteric 

oxide. Zinc oxide is prepared chemically from Zinc salts, as well as from burning zinc in the 

air or by thermal decomposition of its carbons or nitrates [1-2]. Zinc oxide has very great 

potential for use in various electronic devices due to its superior wide energy gap properties 

and exciton binding energy compared to its counterparts such as gallium. These properties 
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make ZnO an ideal candidate for the fabrication of UV-emitting diodes, laser diodes and 

sensors. To fabricate such devices, n- and p-type conductivity are essential, but the literature 

indicates that there are some difficulties in preparing p-type zinc oxide [3-4]. One of the 

important properties of zinc oxide, in addition to being a relatively cheap material compared 

to other materials, is that it can be grown on bases such as glass, quartz, silicon, and 

aluminum at relatively low temperatures [5]. Zinc oxide nanoparticles differ from those 

found in bulk materials due to the fact that quantum confinement makes their properties 

unique, so zinc oxide is one of their most important semiconductor properties for 

nanostructure applications. Zinc oxide can be doped with different metal atoms to enhance 

their properties [6]. Pure zinc oxide exhibits n-type conductivity due to the presence of 

original defects. It has a high electrical resistance, but this defect can be reduced by doping 

with third group ions B
+3

, Al
+3

, Ga
+3

, Ln
+3

. These ions ensure the presence of additional 

electrons and improve the optical, electrical, thermal, and magnetic properties of zinc oxide 

[6-7]. According to recent experimental and theoretical reports, various elements can be used 

to prepare p-type ZnO nanostructure, including grafting of group I elements on Zn sites, 

group V elements, and group III and V elements as co-grafting of ZnO [8]. Schottky contacts 

based on zinc oxide were introduced in 1960, and since then, due to the properties of the 

Schottky junction based on zinc oxide, much research and studies have been devoted to 

manufacturing and studying its properties. Studies have shown the wide applications of this 

junction in ultraviolet detection devices, high-performance field-effect transistors, and gas 

sensors [9-10]. As a result, much research in the past five decades has been devoted to the 

fabrication and characterization of Schottky diodes based on ZnO and various metals. For 

example, Yadav et al. reported that they prepared a Schottky diode using the sol-gel method 

to prepare zinc oxide thin films deposited on palladium metal substrates and tested them for a 

gas sensing application. According to extensive literature, large thickness ZnO films have 

been employed to fabricate Schottky diode. It is very important to develop a low power 

Schottky diode with improved barrier height and reverse saturation current. For low power 

and fast response [11]. In this work, zinc oxide powders doped with copper will be prepared 

in different ratios to obtain a p-type semiconductor, and then these powders will be deposited 

on aluminum bases to obtain a Schottky diode and study its electrical properties and 

parameters of this diode, in order to obtain easy to prepare and inexpensive diode, can be 

used in rectifier and electronic circuits. 

 

 

2. Experimental 

     Zinc oxide powders doped with copper were prepared through chemical reactions by 

mixing zinc chloride ZnCl2 (Fisher Scientific Comp. with 99% purity) and copper chloride 

dihydrate CuCl2.2H2O (both from Fisher Scientific Comp. with 99% purity) in a ratio 

(Z1=3.5:0.5, Z2=3.25:0.75, Z3=3:1) of CuCl2.2H2O and ZnCl2, dissolved in 50 ml of 

deionized water, where Z represents the sample symbol. After that 0.9M of KOH (Vissnu 

Scientific Comp. with 98% purity) added drop by drop to the previously solution of zinc 
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chloride and copper chloride dihydrate. For 30 min the solution remained under constant 

stirring at room temperature, a few drops are added of ethanol also to the solution. The 

solution is then placed in an airtight container and placed inside the oven at a temperature of 

170
o
C for 20 hours. After that, a white precipitate was obtained. The obtained precipitate was 

washed using ethanol and distilled water. Finally, the precipitate was kept for drying in the 

oven at a temperature of 130
o
C for 1.5 hours. The resulting powders were characterized using 

X-ray diffraction and Field effect-scanning electron microscopy. After that, Schottky diode 

was manufactured by depositing the prepared powders on aluminum bases. The powders 

were mixed by taking half a gram and mixing it with 3 ml of acetic acid (0.05%) and stirring 

it well until it became a homogeneous solution free of lumps. The solution was left for two 

hours before Usage. After that, it is spread in the form of lines on the surface of the aluminum 

bases. The bar-coating method is used to prepare the films on the surface of the bases. The 

films are then dried at 200
o
C to get rid of the acetic acid. The structural properties of the 

samples are investigated with an X-ray diffraction type Phillips Xpert, and the morphological 

features of the samples are investigated with an FE-SEM type Tescan Mira3. Electrodes of 

silver paste are added on both sides of the junction, and measurements (current and voltage) 

are carried out under the dark, where the current was measured at the forward and reverse 

bias, and by depended on the (I-V) curve, the parameters of the diode were calculated. 

  

3. Results and discussion 

     Figure (1) shows the X-ray diffraction patterns of prepared samples of zinc oxide doped 

with different ratio of copper, the results of the diagnosis by X-ray diffraction technology for 

the prepared samples showed the samples have a polycrystalline structure, Hexagonal 

Wurtzite, this is consistent with published research findings and standard card data JCPDS 

NPCM104P466-474. The X-ray diffraction patterns of ZnO powders and films that prepared 

by bar-coating method are similar, so the presentation was limited to the powders only, this is 

consistent with the results of Bakayoko et. al. [12]. It was observed that the peak intensity of 

(100), (101), (111), (102), (200), (020), (110), (103) and (201) in the X-ray diffraction 

spectrum increases slightly with increasing copper doping ratio, and this indicates an 

improvement in the crystalline state of the samples, and this is consistent with what 

researchers found in references [13-14]. 
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Figure (2) shows field-emitting scanning electron microscope images that show the 

morphology of zinc oxide powders doped with copper in different ratio It was noted that 

sample Z1 has a morphological structure as form of large flakes with nanoscale thicknesses 

up to 33 nanometers, spread out in an almost regular manner and free of clumps, while the 

image of sample Z3, in which the ratio of copper doping is higher, shows that it also has 

flakes nanostructures, with a thickness about 18 nanometers. It also turns out that increasing 

the ratio of copper leads to a decrease the flakes size, as well as a decrease in their thickness 

and spread more randomly than the sample with less copper ratio. 
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Figure 1. X-ray diffraction pattern of zinc oxide powders 

doped with copper in different ratio.  
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The current-voltage characteristics of the junction show the behavior of the current with 

the applied voltage in the forward and reverse bias cases. Figure (3) shows the change in 

forward and reverse bias current as a function of bias voltages for prepared Schottky 

ZnO.Cu/Al junction in the dark and with different doping ratios. clearly noticed the 

exponential relationship between the current and applied voltage at forward bias and the 

relative stability of the current with reverse bias, i.e. asymmetry in the case of forward and 

reverse bias, On the other hand, noticed an increase in the forward current with an increase in 

the copper doping, and this may be attributed to the increase in charge carriers with an 

increase in the copper doping ratio, this means improved diode properties. The ideality factor 

n*, the rectification coefficient Rf, and the saturation current Js were calculated for the 

prepared ZnO.Cu/Al diode, and the conductive mechanism was determined based on the 

equations below [15-17]. 

             
  

     
                                                                                              (1) 

   
 

   
 [

          

  
]
  

                                                                                            (2) 

     where J current density, q electron charge, V voltages, KB Boltzmann constant, T absolute 

temperature. The saturation current density can be calculated by plotting between the forward 

bias voltage and (ln J) and taking the intersection with the y-axis, by drawing the relationship 

between and the applied voltages of the forward bias and taking the slope of the curve, it is 

then possible to apply eq. 2 and calculate the ideality factor, Where the quantity 

[(d(ln(J/Js))/dV]  represents the slope of the straight line obtained from a plot of the current 

ln(J/Js ) with the applied forward bias voltage. When the ideality factor is approximately 

equal to one (n*=1-1.2) the process of conducting current is the result of injecting electrons 

over the barrier, but when the value of n* is high, the conducting mechanism be through 

(Generation- Recombination) or Multistep Tunneling [18]. 

The barrier height Φb was calculated from equation [19] 

Figure2. Field-emitting scanning electron microscope images of zinc oxide powders 

doped with copper. 
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                                                                                                 (3) 

Where A* is Richardson's constant and equal to 120 A/cm
-2

K
-2

 

Table (1) shows the value of the ideality factor, the rectification coefficient Rf, and the 

saturation current Js and barrier height Φb that calculated from Figs (3 and 4) where noticed 

an increase in both the rectification factor and the saturation current with an increase in the 

Cu doping ratio, which led to an improvement in the properties of the diode. Also notice a 

slight decrease in the barrier height, this is attributed to improve in crystal structure, and the 

diffusion increases when Cu content increased. Also there is a decrease in depletion width by 

adding more Cu which leading to increase in reverse saturation current. The high values 

obtained for the ideality factor, they may be attributed to the type of conducting mechanism 

mentioned previously, and this is consistent with what found by Kaufman et. al., in 2021 

[18]. 
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Figure 3. Current-Voltage characteristics in the dark 

condition as a function of increasing the ratio of copper 

doping. 
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Figure 4. Characteristics of the ln J-V at the forward 

bias of the ZnO.Cu/Al junction at different copper 

doping. 
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Table 1. Parameters of the prepared ZnO.Cu/Al junction with different Cu doping ratio. 

 
 
 
 

4. Conclusions 

     It was shown from the above study that it is possible to successfully prepare 

nanostructured copper doped zinc oxide powders using the chemical method, which shows 

that these powders have a polycrystalline structure that improves with increasing the doping 

ratio. It was also shown that it is possible to successfully prepare heterojunction Schottky 

diode by depositing the prepared powders on Aluminum bases by paint strip method. The 

prepared junction had good properties, which were demonstrated by the asymmetric behavior 

of the (voltage-current) curve at forward and reverse bias, the optimum result of diode was at 

higher Cu doped with Js =0.040 mA/cm
2
, Rf=6.88, n*=4.91 and Φb = 0.529 eV. 

 

References 

 

[1] Gaurav Sharma. (2023). ZnO and Their Hybrid Nano-Structures: Potential Candidates for 

Diverse Applications. Materials Research Forum LLC.  

[2] Klaus Ellmer, Andreas Klein, & Bernd Rech. (2007). Transparent Conductive Zinc Oxide: 

Basics and Applications in Thin Film Solar Cells.  Springer Berlin Heidelberg.  
[3] Ramanjaneyulu Mannam, Senthil Kumar Eswaran, Nandita Das Gupta, & M.S. Ramachandr 

Rao. (2015). Zn-vacancy induced violet emission in p-type phosphorus and nitrogen codoped 

ZnO thin films grown by pulsed laser deposition. Applied Surface Science. 347, 96-100. 
[4] K. Mahmood, M. I. Arshad, A. Alia, M. A. Nabi, N. Amin M. Anwar, & M. Asghar. (2016). 

Synthesis of p-type zno from the high temperature thermal treatment of bulk zinc phosphate. 

Journal of Ovonic Research. 12(5). 225 – 229. 

[5] Zhe Chuan Feng. (2013). Handbook of Zinc Oxide and Related Materials. Taylor & Francis. 

[6] A. Akdağ, H. F. Budak, M. Yılmaz, A. Efe, M. Büyükaydın, M. Can, G. Turgut, & E. 

Sönmez1, (2016). Structural and morphological properties of al doped ZnO nanoparticles, 

Journal of Physics: Conference Series, 707. .012020(1-6). 

[7] B. Claflin, D. C. Look, S. J. Park, & G. Cantwell. (2006). Persistent n-type photoconductivity 

in p-type ZnO. Journal of Crystal Growth, 287(1), 16–22. 

[8] M. Sahal, M. Mollar and B. Marí, (2016). P- and n-type doping of zinc oxide through 

electrochemical methods. International Renewable and Sustainable Energy Conference 

(IRSEC2016), Marrakech, Morocco, 11-15. 

[9] Oh M-S, Hwang D-K, Lim J-H, Choi Y-S & Park S-J. (2007). Improvement of Pt schottky 

contacts to n-type ZnO by KrF excimer laser irradiation. Appl. Phys. Lett., 91. 042109(1-6). 

[10]Yadav A. B., & Sannakashappanavar B. S., (2019). True ohmic contact on RF sputtered ZnO 

thin film by using the nonalloy Ti/Au metallization scheme, J. Alloys Compd., 770. 701-709. 

[11]Basavaraj S. Sannakashappanavar, Aniruddh Bahadur Yadav, C. R. Byrareddy,  & N. V. L. 

Narasimha Murty,(2019). Fabrication and characterization of schottky diode on ultra thin 

ZnO film and its application for UV detection. Materials Research Express. 6(1).116445(1-

10). 

Sample Js  mA/cm
2
 Rf n* Φb eV 

Z1 0.024 5.69 4.53 0.543 

Z2 0.033 6.05 4.88 0.534 

Z3 0.040 6.88 4.91 0.529 



55         Analysis and Study of the Electrical Properties of Nano Zno.Cu/Al Schottky Diode . 

[12]M. Bakayoko, A. Fall, I. Ngom, J. Sackey, B.D. Ngom, P.D. Tall, & M. Maaza, (2020). 

Synthesis and characterization of Zinc Oxide nanoparticles (ZnO NPs) in powder and in thin 

film using corn husk extract via green chemistry. MRS Advances. 5(21-22). 1-11. 

[13]Deepak Kumbhar, Sarita Kumbhar, Sagar Delekar, Rekha Nalawade, & Avinash Nalawade, 

(2019).  Photoelectrochemical cell performance Cu doped Zno photoanode sensitized by 

xanthene dyes. Nanosystems: Physics, Chemistry, Mathematics. 10(4), 466–474. 

[14]S. B. Rana, P. Singh, A. K. Sharma, A. W. Carbonari, & R. Dogra,(2010). Synthesis and 

characterization of pure and doped ZnO nanoparticles. Journal of Optoelectronics and 

Advanced Materials. 12(2), 257- 26. 

[15]M. A. M. Ahmed, W. E. Meyer, & J. M. Nel, (2019). Effect of (Ce, Al) co-doped ZnO thin 

films on the schottky diode properties fabricated using the sol-gel spin coating. Materials 

Science in Semiconductor Processing. 103, 104612 (1-16). 

[16]Qiao S., Xu Q., Dutta R.K., Thai M. L., Li X., & Penner R. M.,(2016). Electrodeposited, 

transverse nanowire electroluminescent junctions. ACS Nano. 10, 8233–8242.  

[17]Nouchi  R., (2014). Extraction of the schottky parameters in metal-semiconductor-metal 

diodes from a single current-voltage measurement, J. Appl. Phys. 116184505(1-7). 

[18]Kaufmann I. R., Zerey O, Meyers T., Reker J., Vidor F., & Hilleringmann U., (2021). A study 

about schottky barrier height and ideality factor in thin film transistors with metal/zinc oxide 

nanoparticles structures aiming flexible electronics application, Nanomaterials. 11(5), 188(1-

11). 

[19]Farag A. M., El-Shazly E. A. A, Abdel Rafea M., & Ibrahim A., (2009). Optical, Electrical 

and photovoltaic characteristics of organic semiconductor based on oxazine/n-si 

heterojunction. Solar Energy Materials & Solar Cells, 93 (10),1853-1859. 
 

 

 

 

 

 

 

 
 

 

 

 

 

 


