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Abstract. ZnO thin films with various deposition currents have been successfully 

fabricated by the electroplating method. The X-ray diffraction analysis showed that ZnO 

thin film with variations of deposition currents had a hexagonal  crystal structure and 

crystallite sizes of  21.14 to 29.69 nm. The morphological analysis show that the deposition 

current increases as the grains that are formed are almost uniformly compact and cover the 

substrate, and the porosity is getting smaller. The results of UV-Vis spectrophotometer 

reveal that the transmittance value of ZnO thin films for all samples was above 80%. 

Bandgap values of ZnO thin films range from 3.15 to 3.24 eV. 
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1 Introduction 

ZnO as an n-type semiconductor that has a bandgap and binding energy of 3.37 eV and 60 meV, 

respectively, at room temperature [1, 2]. In addition, ZnO has multi-functional properties with 

high energy binding strength, low resistivity, and great light-trapping properties, making it one 

of the most promising thin film materials for various applications [3, 4]. Thin film synthesis 

methods include pulsed laser deposition, physical vapor deposition, molecular beam epitaxy, 

spray pyrolysis, and RF sputtered [5–9]. 

To obtain the most optimal ZnO thin film fabricated by the electroplating method with variations 

in the deposition current, because the above method has several drawbacks, such as expensive 

equipment costs. The advantages of the electroplating method include the low synthesis 

temperature and simple and cheap equipment, without use of vacuum chamber, the composition 

is homogeneous, the layer thickness can be cotrollble, and great microstructure, allowing to be 

widely used as an alternative in making thin films [10, 11]. 

Several studies on thin films with the electroplanting method, among others, have been carried 

out [12] By varying the deposition potential, the result is the highest transmittance of 80% at a 

potential of -1.7 V, the energy band gap decreasing as the potential increases, and the lowest 

resistivity at a potential of -2.1 V. According to [13] with variations in ZnFe2O4 concentration, 

the results bandgap energy lowered with higher concentration of ZnFe2O4. According to [14], 

with potential variations, the results show that the potential difference at electrodeposition has 

an influence on the coating process and the morphology of ZnO; the higher the potential used 
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at electrodeposition, the lower the resistance value, and the best coating occurs at a potential of 

-1.0 V. According to [14] [15] with the variation of the deposition current, the result is that the 

crystallite size and bandgap elevates value as the deposition current increases. 

 

2 Experiment 

The materials used in ZnO thin film fabrication are ZnSO4 powder, Di water, zinc metal, and 

ITO glass as substrates for ZnO thin film electroplating. Prior to the coating process, the ITO 

glass was cleaned with an ultrasonic cleaner in acetone and ethanol for 5 minutes each. To obtain 

the desired concentration of solution, a certain amount of ZnSO4 powder was added into 50 mL 

of destiled water and ultrasonically stirred for 15 minutes until the solution appears uniform. 

Electroplating was performed with a two-electrode uding ITO glass as the working electrode 

(negative) and zinc metal as the reference electrode (positive) placed parallel to each other at a 

distance of about 2 cm. Fabrication of ZnO thin film samples was carried out by the 

electroplating method using a potentiostat with a solution concentration of 0.2 M; deposition 

time of 2.50 minutes, and variations in deposition currents of 5, 10, 20, and 40 mA. After 

electroplating, the samples were heated to 100 °C for 30 minutes, and heating was carried out 

in a furnace with a temperature of 500 °C and held for 15 minutes with a heating time of 2 hours, 

resulting in the formation of ZnO thin film samples, which aim to remove solvents, water, and 

acid groups, and facilitate the formation of ZnO samples. The as-prepared ZnO samples were 

further analyzed. 

 

3 Results and Discussion  

3.1. Crystal properties  

X-ray diffraction pattern of the samples with variations in deposition currents (5, 10, 20, and 40 

mA) are presented in Figure 1. The results reveal that all samples have the same peaks with 

(100), (002), and (101) planes, showing the same growth peak. The ideal value of lattice 

parameters c/a ratio for hexagonal cells is 1.602 [16]. This demonstrates that the crystal structure 

is hexagonal and in accordance with ZnO standard data on JCPDS card No. 36-1451. These 

results also show that the deposition current does not change the crystal structure. 



 
Figure 1. XRD pattern of ZnO Samples with Variation of Deposition Current 

The crystallite sizes ZnO thin film with variations in deposition currents (5, 10, 20, and 40 mA) 

were estimated using Scherrer formula and the results are listed in Table 1 [17]: 

d =
0.9 λ

β cos 𝜃
             (1) 

Table 1. Crystal properties of Sample with Variation of Deposition Current 

Sample Phase 

Peak Crystal Size (nm) 

 2𝜃 (degree) FWHM(rad) 

5 mA ZnO 31.69 0.434 21.14 

10 mA ZnO 32.11 0.326 28,17 

20 mA ZnO 31.89 0.309 29.69 

40 mA ZnO 31.77 0.316 29.05 

 

Crystallite size depends on the value of Full Width Half Maximum (FWHM) of a peak. If the 

FWHM value is small then the crystal size is large, and vice versa. Based on Table 1, it can be 

seen that the crystal size increases with increasing deposition current up to 20 mA. The increase 

in deposition current is in line with the increasing number of constituent atoms in the ZnO thin 

film crystal growth process, so that the crystal size increases. Furthermore, the crystal size began 

to decrease when the deposition current was increased to 40 mA. The greatest crystallite size is 

29.61 nm using a deposition current of 20 mA. According to [18], by varying the current, the 

result is that the crystallite size and bandgap energy lower as the deposition current increases. 
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3.2. ZnO Thin Film Morphology  

The morphology of ZnO thin films with variations in deposition currents was analyzed using 

SEM, the results of which are shown in Figure 2. The results obtained show an increase in 

deposition currents as the grains that form almost uniformly and compactly cover the substrate 

and the porosity becomes smaller. This is because there are smaller grains that have enough 

energy to diffuse and form new, larger grains. Deu to this diffusion between grains, a necking 

will form, which results in a smaller boundary between grains 

  

Figure 2. SEM images of the top surface ZnO Thin Film sample with Deposition : (a) 5 mA, (b) 10 mA, 

(c) 20 mA,  and (d) 40 mA 

 

3.3. Elemental Composition 

To find out the elements and the composition for various deposition currents, analysis was 

carried out with EDS. Figure 3 shows the EDS spectrum of ZnO thin films at various deposition 

currents with Zn and O peaks very clearly visible throughout the EDS spectrum. 



          

 

Figure 3.  Composition of ZnO Thin Film Elements with Variation of Deposition Current: 

                                          (a) 5 mA, (b) 10 mA, (c) 20 mA,  and (d) 40 mA  

  

According to Figure 3, the atomic percentage of Zn and O in the sample is shown in Table 2 

Table 2. Zn and O percentages of ZnO Thin Film Elements with Variation of Deposition Current 

Sample Zn (%) O(%) 

5 mA 44.58 55.42 

10 mA 41.43 58.47 

20 mA 50.42 49. 58 

40 mA 38.18 61.82 

  

EDS measurements for samples with variations in deposition currents of 5, 10, 20, and 40 mA 

indicated that the highest percentage of Zn contained in the ZnO thin film was 53.33% at 10 

mA current strength and as low as 38.18% at 40 mA current strength. The highest percentage 



of O is 61.82% at a deposition current of 40 mA, and the lowest is 46.67% at a current of 10 

mA. 

3.4. ZnO Thin Film Optical Properties 

To evaluate the optical properties of ZnO thin films with different deposition currents, the 

transmittance and absorbance spectra were tested with a UV-Vis spectrophotometer in the range 

of 200–600 nm. Figure 4a shows a sharp decrease of absorption values that occurred at 

wavelength of 300–400 nm, which is UV range and an increase in solution concentration caused 

a shift in the absorption edge towards shorter wavelengths. The transmittance spectra in Figure 

4b show a sharp increase in the transmittion values at a wavelength of around 300–450 nm. The 

increase in deposition current is in line with the decrease in the transmittance value and the 

increase in the absorbance value. This is because the more the deposition current increases, the 

more constituent atoms lead to more collision between the light and particles, making the light 

diffult to pass through. Transmittance values for all ZnO thin film samples are > 80% so that 

they can be applied to solar cells. The great transmittion value of this thin films allows them to 

be used as a DSSC photoanode [19].  

To further investigate the optical properties of ZnO thin films, photoluminescence spectroscopic 

analysis was performed at an excitation wavelength of 250 nm. The emission is then recorded 

at a wavelength of 300–700 nm. As demonstrated in Figure 4c, the emission characteristics of 

all ZnO thin films at different deposition currents are the same at peak emission but have 

different intensities. The highest peak emission is located at a wavelength of about 400 nm, 

which corresponds to the UV emission and the band gap of ZnO. The second peak at 480 nm 

corresponds to the presence of oxygen vacancies. The sharpest intensity gradually decreased 

when the deposition current was increased from 5 mA to 40 mA, indicating a lower electron-

hole recombination. [20] 

 

Figure 4. Optical Properties of ZnO Thin Films with Variation of Deposition Current: (a) absorption, (b) 

transmission and (c) photoluminescence spectrum 



The relationship between absorbtion and photon energy for materials with a direct band gap is 

given by the equation below  [21]: 

(𝛼ℎ𝑣)2 = 𝐶𝐷(ℎ𝑣 − 𝐸𝑜𝑝𝑡)                                                

As shown in Figure 5, the band gap energy of ZnO thin films with varying concentrations of 

deposition currents was determined using the Tauc Plot method. 

 

Figure 5. ZnO Thin Film Energy Band Gap Variation of Deposition Current: (a) 5 mA, (b) 10 mA, (c) 

20 mA,  and (d) 40 mA  

 

Based on Figure 5, the energy gap width of the ZnO thin film for the deposition current samples 

of 5, 10, 20, and 40 mA is obtained as shown in Table 3. 

Table 3. Bandgap energy value of samples 

Sample Bandgap (eV) 

5 mA 3.15 

10 mA 3.17 

20 mA 3.21 

40 mA 3.24 

 

Based on Table 3, it can be seen that the deposition current increases with increasing energy 

band gaps. Several factors affect the value of the energy band gap, such as the uneven surface 

of the ZnO thin film, which can cause light reflection at different angles so that it appears as if 

there is absorption at visible wavelengths and can also be caused by blue-shift events. Most of 



the Blue Shift events can be explained with Burstein-Moss effect, which is an increase in the 

bandgap energy value of ZnO thin films as the deposition current increases. According to [22], 

the value increases with increasing deposition current. 

 

4 Conclusion 
 

ZnO thin films with various deposition currents have been successfully fabricated by the 

electroplating method. The largest ZnO thin film crystal size is 29.61 nm at a deposition current 

of 20 mA. The more the deposition current increases, the more visible the grains that almost 

uniformly and compactly cover the substrate, and the smaller the porosity becomes. The 

deposition current affects the percentage of Zn and O contained in ZnO. UV-Vis analysis 

indicated that the transmittance value of ZnO thin films was greater than 80% for all deposition 

current samples. The greatest bandgap energy value of sample was 3.24 eV at a deposition 

current of 40 mA.   
   

Acknowledgments. This work issponssored by the directorate general of higher education, 

ministry of education of the republic of Indonesia under grant number 

021/UN33.8/DRTPM/PL/2022. We thank the rector of Universitas Negeri Medan for the 

support. 

 

References 

[1].  Siregar, N and Motlan. 2018. The Effect of Pre-heating Temperature on Structural and Optical 

Properties ZnO Thin Film Synthesized using Sol-Gel spin Coating Method. The 8th International 

Conference on Theoretical and Applied Physics. IOP Conf. Series: Journal of Physics: Conf. Series 1120 

(2018) 012088.  

[2] Fierro, J.L.G. (2006) Metal Oxides: Chemistry & Applications. 6000 Broken Sound Parkway NW, 

Suite 300, Taylor & Francis Group 

[3]. Caglar, Y., Aksoy, S., Ilican, S., Caglar, M. 2009. Crystalline Structure and Morphological Properties 

of Undoped and Sn Dopped ZnO Thin Films. Superlattices and Microstructures. Vol.46(3) : 469-475.  

[4]. Saravanakumar, M., Agilan, S. and Mut Hukumarasamy, N. 2014. Effect of Annealing Temperature 

on Characterization of ZnO thin films by sol-gel method. International Journal of Chem Tech Research 

Coden (USA): Vol 6 No 5 

[5]. Ali AK., Hussain., Kadhim A. Aadim, Hiba M. Slma. 2014. Structural and optical properties of ZnO 

doped Mg thin films deposited by pulse laser deposition (PLD). Iraqi Journal of Physics, 2014 Vol.12, 

No.25, PP. 56-61  

[6]  George, A. (2010). Microstructurure and field emission characteristics of ZnO nanoneedles grown by 

physical vapor deposition. Elsevier Materials Chemistry and Physics Vol 123. 

[7]. Changzheng, Z. 2009. Effect of the oxygen pressure on the microstructure and optical properties of 

ZnO film prepared by laser molecular beam epitaxy. Elsevier Physics B 404 

[8]. Kulandaisamy, AJ, JR Reddy, P. Srinivasan, KJ Babu, GK Mani, P. Shankar, and JBB 

Rayappan. 2016. “Room Temperature Ammonia Sensing Properties of ZnO Thin Films Grown by Spray 

Pyrolysis: Effect of Mg Doping.” Journal of Alloys and Compounds 688:422–29. 

[9].  Kumar, Y., Garcia, JE, and Singh, F. 2012. Influence of mesoporus substrate morphology on 

structural, optical and electrical properties of RF Sputtered ZnO layer deposited over porous silicon 

nanostructure. Applied Surface Science. Volume 258. 

[10]. Khelladi, M.,  Mentar, L., Beniaiche, A., Makhloufi, L and Azizi, A. 2013.  A study on 

electrodeposited zinc oxide nanostructures. J. Mater. Sci.: Mater. Electron. 24, 153. 



 

[11]. Thomas, M dan   J. Cui, J. 2009. Investigations of acceptor related photoluminescence from 

electrodeposited Ag-doped ZnO. J. Appl. Phys. 105, 093533.  

[12]. Kumar, K.D.A and Valanarasu, S. 2018. Effect of potential voltages on key functional properties of 

transparent AZO thin films prepared by electrochemical deposition method for optoelectronic applications. 

Material Research Sosiety. Vol 33. No 11.  

[13]. Vidya Doiphode, V., Vairale1, P., Sharma, V.,  Waghmare, A., Punde, A., Shinde, P., Shah, S.,  

Pandharkar, S.,  Hase1, Y., Aher, R., Nair, S., Jadkar, V., Bade, B., Prasad, M., Rondiya, S., Jadkar, S. 

2021. Solution-processed electrochemical synthesis of ZnFe2O4 photoanode for photoelectrochemical 

water splitting. Journal of Solid State Electrochemistry. https://doi.org/ 10.1007/ s10008-021-04953-7.  

[14]. Wahidiyah, M.R., Faris,S., Setyawan,H., Yuwana,M. 2015. Preparasi Lapisan Tipis ZnO dengan 

Metode Elektrodeposisi untuk Aplikasi Dye-Sensitized Solar Cell (DSSC). JURNAL TEKNIK POMITS 

.Vol. 2, No. 1, ISSN: 2337-3539 (2301-9271) 

[15]. Baskar, T., Geoge, S., Aremu, B., Pandey, D. 2021. Effect of Current Density on Properties of 

Electrodeposited Nickel-Phosphorus Alloy Thin Films. AJMAS. 

https://alqalam.utripoli.edu.Ry/science/eISSN 2707-7179 

[16]. Wasa, K and Hayekawa, S. 1992. Handbook of Sputter Deposition Technology. Princeples, 

Tecknology and Application Noyes Publication. 

[17]. Siregar, N., Panggabean, J.H., Sirait, M., Rajagukguk, J., Gultom, N.S. and Sabir, F.K., 2021. 

Fabrication of dye-sensitized solar cells (DSSC) using Mg-doped ZnO as photoanode and extract of rose 

myrtle (Rhodomyrtus tomentosa) as natural dye. International Journal of Photoenergy, 2021. 

[18]. Meena, S.P and Ashokkumar. 2018. Effect of Different Current Density on Properties of 

Electrodeposited NiCoCr Thin Films. Oriented Jounal of Chemistry. An International Research Jounal of 

Pure & Applied chemistry. Volume 34 number 4. ISSN: 0970-020x, on line ISSN: 2231-5039. 

[19]. Bekele, E.T., Zereffa, E.A., Gultom, N.S., Kuo, D.H., Gonfa, B.A. and Sabir, F.K., 2021. 

Biotemplated synthesis of titanium oxide nanoparticles in the presence of root extract of Kniphofia 

schemperi and its application for dye sensitized solar cells. International Journal of Photoenergy, 2021. 

 [20]. Gultom, N.S., Abdullah, H. and Kuo, D.H., 2019. Concept of stagnant capillarity water in the 

nanoporous SiO2@(Zn, Ni)(O, S) nanocomposite photocatalyst as a strategy to improve hydrogen 

evolution. ACS applied materials & interfaces, 11(31), pp.27760-27769. 

[21]. Abdullah, H., Ko, Y.R., Kuo, D.H. and Gultom, N.S., 2020. Effects of tin in La–Sn-Codoped Zn (O, 

S) photocatalyst to strongly cleave the Azo bond in Azobenzene with in situ generated hydrogen. ACS 

applied materials & interfaces, 12(14), pp.16186-16199.  

[22]. Muthukumar, P., Rangasami, C., Ganesan, S. 2013. Effect Of Curent Density On Structural And 

Optical Properties Of In Doped ZnO Thin Film Grown On Copper Substrate By Electrodeposition Method. 

Chalcogenide Letters. Vol. 10, No. 3, p. 113 – 119 

 

 

 

 

 

 

 

 

https://doi.org/
https://alqalam.utripoli.edu.ry/science/eISSN%202707-7179

