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The effects of etching time and hydrogen peroxide concentration
on the ZnO/glass substrate

S. M. Alias®, M. Z. Mohd Yusoff™", M. S. Yahya®

“Chemical Engineering Studies, College of Engineering, Universiti Technologi
MARA, Cawangan Pulau Pinang, Kampus Permatang Pauh, 13500 Jalan
Permatang Pauh, Pulau Pinang.

bSchool of Physics and Material Studies, Faculty of Applied Sciences, Universiti
Teknologi MARA, 40450 Shah Alam, Selangor, Malaysia

‘Faculty of Ocean Engineering Technology and Informatics, Universiti Malaysia
Terengganu, 21030 Kuala Nerus, Terengganu

The purpose of the study is to determine the best technique for etching ZnO thin films.
ZnO is deposited on the glass substrate using a radio frequency sputtering equipment. To
etch the ZnO thin film, hydrogen peroxide (H,O;) concentrations of 10%, 20%, and 30%
are utilised, with etching times of 30 and 60 seconds. The optical band gap is lowered after
a specific quantity of etching, which shows that the film's crystallinity quality has
improved. The impact of various ZnO thicknesses on the sample's optical properties is
investigated using OPAL 2 simulator. In comparison to other ZnO layers of varied
thickness, the OPAL 2 simulation shows that the 400 nm ZnO layer has the lowest
transmission in the UV wavelength range.
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1. Introduction

ZnO has developed many research interests for its applications in optoelectronic devices.
Optoelectronics is the study and application of electronic devices and systems that detect and
control light. In order for ZnO to be applied in optoelectronic devices, the fabrication of ZnO thin
films on the numerous substrates plays a very important role. Examples of applications in the use
of ZnO as a semiconductor type are UV light emitters [1], surface acoustic wave devices [2], gas
sensing [3], piezoelectric interdigital transducers [4], self-powered UV photodetectors [5],
supercapacitors [6], varistors [7], and solar cells [8]. ZnO is also used in cosmetics as an ingredient
in creams and lotions, as well as a UV filter in sunscreens. Besides, ZnO is used in a diversity of
applications, commonly as an additive in products such as lubricants, glass, pharmaceuticals,
batteries, paints, ferrites, cement, sealants, and plastics.

Substrates such as silicon, indium phosphide, calcium fluoride, and lithium tantalite were
not chosen because of their high costs [9]. Glass substrate is one of the most used because it is
light in weight, has high transmission, and has high corrosion resistance. It can also be maintained
at high temperatures [10]. Soda lime glass substrate is one of the most frequent uses of glass
substrate for fabrication and deposition of thin films. Soda lime glass consists of sand, which is
72.6%; soda is 13.9%; calcium oxide is 8.4%; magnesium oxide is 3.9%; alumina oxide is 1.1%;
potassium oxide is 0.6%; sulphur trioxide is 0.2%; and iron oxide is 0.11% [10]. The main
attraction of this soda-lime glass substrate is that it is cheap and easy to get from ordinary stores.
However, the disadvantages of this glass are that it cannot be used in strong acids and alkalis, and
it is also easily cracked when the substrate is heated and cooled due to high thermal expansion
[10]. Soda lime glass substrate is used as a substrate because the fracture stress has a strong
dependence on the time of loading and can be forced to load for a short period of time [10].
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There are numerous common methods practised to fabricate ZnO on glass substrates, such
as chemical spray pyrolysis, successive ionic layer adsorption and reaction (SILAR), pulsed laser
deposition (PLD), and radio frequency (RF) sputtering [11]. ZnO thin film is fabricated on a glass
substrate using the radio frequency (RF) sputtering technique. This method is chosen because it
allows better control of deposition parameters such as substrate temperature and deposition rate
[12]. Before the substrate is fabricated with a ZnO layer, the glass substrate is ultrasonically
cleaned in deionized water in order to avoid contamination on the substrate, which may cause low
quality thin film fabrication [13]. After the deposition of ZnO thin film on a glass substrate, an
etching technique is used to observe the stability of the ZnO thin film. There is dry etching and
wet etching.

However, studies have consistently revealed that the wet etching technique for ZnO is not
well defined because the wet oxidation efficiency of ZnO has not been satisfactory. In this work,
hydrogen peroxide (H>O;) solution is chosen as the chemical etchant for the wet etching that will
be applied in the process. Previous studies on the effect of H202 on ZnO have produced fine
patterns that are relocated to the ZnO single crystal film [13], and the band gap and refractive
index increase, corresponding to an increase in grain size and crystal quality [14].There is also
some report that H,O, treatment results in good Schottky behavior, which means the chemical is
effective in decreasing deep-level defects and can be utilised as a tool to observe point defects near
the ZnO surface region [15]. The aim of this research is to determine the best conditions for wet
etching of ZnO according to different concentrations and etching times. Numerous studies have
been conducted on several kinds of surfaces, etching methods, and ZnO growth parameters [16-
20].

2. Experimental work

In this research, ZnO thin film is fabricated on a glass substrate by using the radio
frequency (RF) sputtering technique. This method is chosen because it allows better control of
deposition parameters such as substrate temperature and deposition rate [12]. Before the substrate
is fabricated with a ZnO layer, the glass substrate is ultrasonically cleaned in deionized water in
order to avoid contamination on the substrate, which may cause low-quality thin film fabrication
[13]. The sputtered ZnO thin film on the glass substrates was etched with H>O, solution at
different concentrations (10%, 20%, and 30%). This method is chosen because it allows better
control of deposition parameters such as substrate temperature and deposition rate [12]. Before the
substrate is fabricated with a ZnO layer, the glass substrate is ultrasonically cleaned in deionized
water in order to avoid contamination on the substrate, which may cause low-quality thin film
fabrication [13]. The sputtered ZnO thin film on the glass substrates was etched with H202
solution at different concentrations (10%, 20%, and 30%) for the 30s and 60s etching times. To
investigate the structural characteristics, surface morphology, refractive index, and thickness of the
samples, UV-Visible Spectroscopy (UV-Vis), an optical microscope, a scanning electron
microscope (SEM), and a filmetric are used. After that, the surface morphology of the samples is
observed to determine the best etching rate with the selected concentrations. The OPAL 2
simulation from the PV lighthouse is used to verify the effect of ZnO thickness on the solar cell
performance. Simulation OPAL 2 is used to study the ray tracing characteristics of ZnO on glass
substrates under the solar spectrum AMI1.5 G for the 300-1000 nm wavelength region. The
samples' ability to transmit and absorb light is examined.

3. Result and discussion

Figure 1(a) is about the absorbance versus wavelength of 10%, 20%, and 30%
concentrations of hydrogen peroxide (H»0,) is used as an etchant compared with glass, and as-
deposited ZnO is referred to as glass and ZnO. The absorption of glass begins at 1.5 and decreases
to 400 nm, as seen in the graph above. Meanwhile, absorbance of as deposited 10%, 20%, and
30% H202 concentrations follows a steady decline, then displays a steady increase from 310 nm
to 360 nm, and finally shows a decrease towards 400 nm. Besides, the 30% H,O» concentration
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resulted in higher absorbance compared to other samples. The higher absorbance value is due to
the higher concentration of H,O, which shows the absorbance works best with the concentration
[21]. The H»O; acts as an oxidising agent and contributes to the surface roughness and formation
of grain boundaries on the thin film. A higher surface roughness value will help the sample absorb
light due to the formation of grain boundaries and a light trapping layer on the sample surface.
Figure 1(b) is about transmittance versus wavelength for 10%, 20%, and 30% concentrations of
hydrogen peroxide (H>O,). The transmittance of glass rises quickly toward 80% in Figure 1(b) and
remains steady throughout the entire wavelength. Furthermore, the transmittance of the as-
deposited, 10%, 20%, and 30% H202 concentrations exhibits a modest increase in pattern,
followed by a fast increase, before levelling somewhere at the end of a spectrum. The glass has the
highest transmittance due to its state of compressive stress [22].

25 100
90
2 80
g 70 (5 |355
g
g 15 E 50 e G55 + 700
4 £ 5
o E 10% (30 sec)
.5 1 g 40
E 5 ——20% (30 sec)
03 20 e 303 (30 52C)
10
0 0

300 320 340 360 380 400 300 350 400 450 500 550 600
Wavelength (nm) Wavelength nm)

(a) (b)

Fig. 1. (a) absorbance and (b) transmittance of glass and ZnO thin films (30 sec)

Figure 2(a) is about absorbance versus wavelength for 10%, 20%, and 30% concentrations
of hydrogen peroxide (H»0-). The absorbance of glass begins at 1.5 and decreases to 400 nm, as
seen in the graph above. Meanwhile, absorbance of as deposited, 10%, 20%, and 30% H202
concentrations follows a downward trend, then displays a constant from 325 nm to 360 nm, and
finally shows a decrease towards 400 nm. However, the 30% H,O, sample produces the highest
absorbance compared to other samples. The higher the concentration of H,O, the higher the
absorbance value of the sample. The 30% H>O, sample produces a higher absorbance value when
the wavelength increases. An oxidising agent, H,O, is believed to produce rough surfaces and
grain boundaries on the sample surface. Figure 2(b) indicates the transmittance versus wavelength
for 10%, 20%, and 30% concentrations of hydrogen peroxide (H>O-). Glass transmittance is fast
growing to 90% and becoming steady throughout the wavelength. Furthermore, all deposited
samples exhibit a modest increase in trend before rising rapidly until they reach a stable condition
at the wavelength's end. As the operating wavelength is extended, the transmittance value of the 30
percent H,O, sample decreases.
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Fig. 2. (a) absorbance and (b) transmittance of glass and ZnO thin films (60 sec).
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The 30% H»O, sample has the highest absorbance and lowest transmittance compared to
other samples. Figures 3(a)-(b) show the 30% H202 sample etched for 30s and 60s.The
absorbance value of the 60s sample is higher than that of the other samples (see Figure
3(a)).Besides, Figure 3(b) indicates that the fabricated ZnO samples have a lower transmittance
value compared with a glass substrate. Within the wavelength range of 300 to 430 nm, the 60s
etched sample has a lower transmittance.
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Fig. 3. (a) absorbance and (b) transmittance of glass and ZnO thin films (30% of H>O,).

After obtaining the data for absorbance and transmittance, the absorption coefficient (o)
can be expressed by applying the Tauc model in the light absorption region:

ahv2 = Ahv — E, [9]

where a denotes the optical absorption coefficient, h is Planck’s constant, and v is the frequency of
the incident photon, Eg is the optical band gap, and A is a constant for a direct transition. An
assumption is made, namely that the absorption coefficient is correlated to the direct band gap of
ZnO. A plot of (¢hv)2 versus the photon energy hv results in the sharp absorption edge for the
high quality films by a linear fit. a is equal to 2.303 A/d, where A refers to the absorbance value. A
is also equal to the negative of log transmittance. d refers to the path of length for liquid or
thickness for thin film. While, hv value equivalent to the 1240/A (nm). Figure 4 demonstrates the
plots of (ohv)? versus hv for the ZnO thin films deposited on glass substrate by RF sputtering
machine. The optical band gap (E,) can be determined by a linear extrapolation of the (cthv)?
against hv to the energy axis. The optical band gap energy changes from 3.28 to 3.26 eV. The
variation of optical E, with etching time indicates that the crystalline quality of the films has
improved [23].
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Figure 5 shows the surface morphology of ZnO 5 (a) before and 5 (b) H,O» etching. The
H,O» etchant does not promote the agglomeration process, and the H,O, is a strong oxidising
agent, which will make the surface of the sample absorb oxygen at grain boundaries, resulting in
large grains [13].
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Fig. 5. SEM images of (a) control, and (b) etched samples.

Figure 6(a) shows the refractive index for 10%, 20%, and 30% H>O, samples at different
etching times (30 and 60 s). For 10% and 30% H,O» samples, the refractive index at 60 seconds of
etching time is higher than at 30 seconds of etching time. Besides, for 20% H»O, samples, the
refractive index of 30s is higher than 60s etching time. The etched ZnO thickness is shown in
Figure 6(b) for etching times of 30 and 60 seconds.The thickness of the 30s sample (235.6 nm) is
higher than the 60s sample (230.8 nm). For 20% and 30% H,O, samples, the 30s etched ZnO
thickness is lower than the 60s sample.
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Fig. 6. (a) refractive index and (b) thickness of ZnO.

Figure 7 shows (a) the absorption and (b) the transmission of ZnO layers of varying
thicknesses (100—400 nm). The absorption of the 100 nm ZnO layer is lower than that of the other
layers (7(a)), whereas the absorption of the 400 nm layers is the greatest. Meanwhile, the
transmission of a 100 nm ZnO layer from 300 nm to 400 nm covers the UV light spectrum. The
400 nm ZnO layer has the lowest transmission in the UV wavelength band when compared to
other ZnO layers of different thickness.
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Fig. 7. (a) Absorption and (b) transmittance of ZnO thin film with different thicknesses.

4. Conclusion

The surface morphological and optical features of etched ZnO/glass have already been
successfully examined at different H,O, concentrations and etching times. Because light readily
reflects and absorbs on the surface of the sample, a 30% H>O, concentration for 60 seconds is
optimal. After being etched for a certain amount of time, the optical band gap is reduced,
indicating that the film's crystallinity quality has improved. The thickness and refractive index of
the samples indicate that a higher concentration of H,O, causes an increase in light absorption. The
OPAL 2 simulation shows that, when compared to other ZnO layers of varied thickness, the 400
nm ZnO layer has the lowest transmission in the UV wavelength range.
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