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Abstract: This paper reported on the electrochemical deposition of zinc oxide (ZnO) on (100) p-silicon (p-Si) substrate using 
different volume ratio electrolyte mixture. The deposition process was done in room temperature with a current density of 10 
mA/cm2 for 30 minutes. Prior to the experiment, all samples were treated by RCA cleaning steps. The 0.1 M of zinc chloride 
(ZnCl2) and potassium chloride (KCl) electrolyte mixture were used at a 1:1, 3:1 and 5:1, namely Sample A, B and C. All 
samples were characterized using scanning electron microscopy (SEM) and energy dispersive X-ray (EDX). The results show 
that all samples have the same morphology of a flake-like structure with different Zn:O ratio between 2 to 3 for all samples. 
The current-voltage (I-V) characteristic graph was obtained by dark current measurement using Keithley SMU 2400 and the 
threshold voltage (Vth) values were determined at 2.21 V, 0.85 V and 1.22 V for sample A, B and C respectively which 
correlates with Zn:O ratio. The highest value of Zn:O ratio can be found in sample A while the lowest from sample B. Based 
on these results, it shows that electrochemical deposition technique is capable of being used to deposit the flake-like structure 
ZnO on semiconductor material to form the p-n junction which behaves like a diode. The value of Vth seems to be Zn:O ratio 
dependent. Higher ratio of Zn and O will cause the higher value of intrinsic carrier concentration and built-in potential which 
will increase the Vth value. 
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1. INTRODUCTION 
Semiconductor is a material that has a conductivity level 
somewhere between insulator and conductor such as  
silicon (Si) and germanium (Ge) [1]. These types of 
materials are unique as they will conduct electricity when 
a certain voltage or current is achieved. However, current 
flow depends on the junction created between two different 
layers that built from p-doped material and n-doped 
material [2] which apply the concept of combination and 
recombination of electron and hole. P-doped layer will 
have hole as the majority carrier and n-doped layer will 
have electron as the majority carrier. When these two 
layers were brought together, it will form a p-n junction 
and the electron from n-doped layer can diffuse to p-doped 
layer to combine with hole thus will conduct electricity. 
Usually, the junction is created by doping one side of Si 
with boron to form a p-type layer and another side with 
phosphorus to form a n-type layer [2]. Alternatively, the p-
n junction can be formed by depositing a layer of p-type 
material on n-type Si substrate or vice versa to form a p-n 
junction [3].  

Zinc oxide (ZnO), is an inorganic compound with wide 
bandgap (3.4 eV) and large excitation binding energy [4]. 
By nature, ZnO is n-type material which is suitable to be 
deposited on a p-type substrate to form a p-n junction. An 
application such as solar cell is expected to have better 

performance with the presence of ZnO as it has wider 
bandgap compared to Si. Typically, the p-n junction 
created by doping Si with boron and phosphorus lacks in 
harvesting photon with higher energy as it will be 
converted into heat. This will lower the efficiency of the 
junction created. Better performance with high energy 
photon would be achieve when ZnO is deposited onto Si 
substrate.  

Various deposition processes had been reported to 
deposit ZnO on Si substrates, such as arc discharge [5, 6], 
pulse laser deposition (PLD) [7, 8], pyrolysis [9, 10] and 
also electrochemical deposition [11-13]. The 
electrochemical deposition is a process where a film of 
conducting material is deposited from a solution 
containing ions onto an electrically conducting surface. 
This process is acceptably cost-effective, has high 
deposition rate, simple and quick. The process to deposit 
can be done by altering several parameters such as current 
density [14-16], temperature [17],  electrolyte 
concentration [18], deposition time [19], pH [20] and 
agitation [19, 21]. The electrochemical deposition is 
mostly attempted for depositing conducting material onto 
conductor substrate. There only few had reported about 
deposition onto a semiconductor substrate due to 
constraints of thermodynamic and kinetics of the 
deposition process involved  [22]. Therefore, this work had 
explored the feasibility of electrochemical deposition of 
ZnO on p-Si to further understand on mechanism involved 
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and characteristics of deposited samples. Different volume 
ratio of electrolyte samples was used to observe any 
changes on structural properties of deposited ZnO. 
Particularly, initial studies on morphology and current-
voltage (I-V) characteristics of ZnO/Si samples were 
observed as both are basic parameters that leads towards 
overall electrical performance and application.  

2. METHODOLOGY 
In this work, ZnO was deposited on the p-Si (100) substrate 
with the resistivity of 0.008-0.018 Ωcm by the 
electrochemical deposition method. Zinc (Zn) plate was 
used as the anode while p-Si (100) substrate as the cathode. 
All samples were treated by RCA cleaning steps prior to 
the experiment. 

The details of the sample preparation and pre-treatment 
had been reported in [23]. Deposition of ZnO on Si 
substrates was done at room temperature using different 
electrolyte composition between zinc chloride (ZnCl2) and 
potassium chloride (KCl) with the volume ratio of 1:1, 3:1 
and 5:1 named as sample A, B, and C respectively. The 
applied current density was set to 10 mA/cm2 for 30 
minutes. The setup used in this study is shown in Figure 1.  

 

 
Figure 1. Experiment setup 

 
Based on the setup, the Zn plate that was used as the 

anode is expected to play an important role in the 
deposition process. Based on chemical reaction shown in 
equation 1 below, the oxidation process will occur at the 
anode where the Zn plate will be oxidized to become Zn2+ 
ion and dissolved in the electrolyte. These Zn2+ ions that 
comes from Zn plate will be used to maintain the 
concentration of Zn2+ ion in the electrolyte as Zn2+ ion is 
being used to be deposited on the cathode surface. Then, 
Zn2+ ion will react with hydroxide ion in the electrolyte to 
form zinc hydroxide (Zn(OH)2). Finally, Zn(OH)2 would 
be transformed into ZnO via reduction process which 
would be deposited onto Si substrate at the cathode as 
represented by equation 3.  

 
  Zn → Zn2++2e     (1) 

Zn2+ + 2OH-→Zn(OH)2 (2) 
Zn(OH)2 →ZnO+ H2O (3) 

                                                      
Next, the samples were characterized using scanning 

electron microscopy (SEM) (JEOL JEM-ARM 200F) with 
energy-dispersive X-ray (EDX) spectroscopy module to 
observe their morphology and composition details. The 
samples also being characterized by using Keithley SMU 
2400 to determine the I-V characteristic of the junction 
created between ZnO and Si. Copper tape has been used as 
the contact for both back and top of surface substrates. 

From the I-V characteristic, the threshold voltage (Vth) was 
determined to identify the suitable operating condition of 
the junction such that conducting path between p-layer and 
n-layer would be created [24].  

3. RESULTS AND DISCUSSION 
Figures 2, 3 and 4 show the SEM images and EDX spectra 
for sample A, B, and C. From SEM images, all samples 
indicated that flake-like structure ZnO was formed on Si 
substrate, similar as reported by [25]. Based on our 
previous work in [23], the thickness of ZnO layer produced 
in these samples were estimated to be in 20 to 50 µm. 
Besides, length of the ZnO flakes were around 1 to 3 µm, 
with crossing-randomly distributed on the substrates.  As 
reported by [26], ZnO nanoflake may exhibits strong 
photoluminescence peak which indicates the relationship 
between the applications in solar cell.  

In general, the growth mechanism of ZnO on the Si 
substrate will follow the Volmer-Weber growth 
mechanism, that also known as 3D island formation [22]. 
The process starts with the nucleation process on the Si 
surface. Then, the nucleation site allows the formation of 
nuclei (island) that will evolve to form grain. Further 
formation of nuclei will occur on the existing island and 
finally, the stack of nuclei will form a ZnO layer on the Si 
substrate.  

 

 
(a) 

 
 

 
(b) 

Figure 2. Sample A (a) Top surface morphology, and (b) 
EDX spectra   
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(a) 

 
(b) 

Figure 3. Sample B (a) Top surface morphology, and (b) 
EDX spectra 

 

 
(a) 

 
(b) 

Figure 4. Sample C (a) Top surface morphology, and (b) 
EDX spectra 

As the ZnCl2 volume ratio increased from sample A to 
sample C, the uniformity of the deposited ZnO distribution 
on the Si substrate surface increased. The EDX spectra also 
shows that the amount of Si element detected was 
significantly varied, where sample A had 50.5%, sample B 
had 28.7%, and sample C had 0.4%. This trend suggested 
that more Si surface had been covered by Zn and O 
deposits for Sample C, compared to Sample A. Moreover, 
the amount of Zn and O detected are reversely proportional 
to the amount of Si detected, as shown in Figure 5. This 
further confirmed that more Zn and O were deposited on 
sample C. Therefore, more percentage of Zn and O can be 
expected to be deposited on the substrate when higher ratio 
of ZnCl2 over KCl is used. This could be due to a large 
amount of Zn2+ presence in the electrolyte during the 
process. As reported by [27], the balance stoichiometry for 
ZnO was Zn:O (1:1). Yet, the EDX result of this study 
shows that the ratio between Zn to O for sample A, B and 
C was obtained at 2.81, 2.35 and 2.49 respectively. This 
ratio implies that there are numbers of Zn atom that are still 
free and did not bonding with O atom to fully form ZnO 
[15] .   

 
Figure 5. Atomic percentage of Zn, O, and Si for samples 
A, B, and C 
 

From the I-V curve in Figure 6, the Vth values were 
determined as 2.21 V, 0.85 V and 1.22 V for sample A, B 
and C respectively. The Vth seems to associate with the 
ratio of Zn:O of the samples. Sample B which has the 
lowest ratio of Zn:O gave the lowest Vth reading, while the 
highest Vth was obtained by sample A that had the highest 
Zn:O ratio in this work. As reported by [28], as the ratio of 
Zn:O increases, the value of intrinsic carrier concentration 
will also increase. Thus, the value of built-in potential will 
increase which causes Vth value also increases which 
comply with the following equations: 

 

	𝑉#$ 	= ∅'( − ∅*            (4) 
   

 where, 
			∅'( = ∅+ − 𝜒 

			∅* =
𝑘𝑇
𝑞
ln

𝑁3
𝑁4

 

   Vbi = Built in potential 
   ND = Donor atom concentration 
   NC = effective density of states in conduction band 
				∅'(= ideal Schottky barrier height  
				∅+= work function 
				𝜒= electron affinity 
				56

7
 = Thermal voltage 
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Figure 6. I-V characteristic for sample A, B, and C 

 
In this work, the ZnO/Si samples were heterojunction 

structure. It is found that the obtained reverse current is 
considerably too high for solar cell application. Normally, 
the current flow in the p-n junction under the dark is based 
on reverse saturation current typically very small as it used 
to overcome the barrier between p-n junction. It is 
speculated that this high current indicates that low 
junction, thus electron can freely move between the 
junction although in reverse saturation current condition. 
More analysis data such as ideality factor, reverse 
saturation current, parallel resistance and series resistance 
value would be needed to further verify the properties of 
the junction created, towards solar cell application.  

4. CONCLUSION 
This work had shown that ZnO layer can be deposited on 
semiconductor material (p-Si substrate) although the 
thermodynamic and kinetics of the process are reported to 
be quite complex. The SEM results have shown that ZnO 
with flake-like structure is obtained for all samples which 
have a possible application in solar cell and 
photoluminescent devices. By increasing the volume ratio 
of ZnCl2 presence in the electrolyte mixture, the amount of 
Zn and O deposited on the Si substrate will also increase. 
The balance stoichiometry of ZnO which is Zn:O (1:1) 
might be achieved by further optimization works. The Vth 
value shows a relationship with the ratio of ZnO. The lower 
value of Vth might be useful towards low power 
consumption for device applications.  
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