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ABSTRACT - In this work, we report the formation of porous unintentionally doped (UID) n-type GaN films 

under a novel alternating current (sine-wave a.c. (50 Hz)) photo-assisted electrochemical etching (ACPEC) 

conditions. The formation of porous unintentionally doped (UID) n-type GaN by the novel ACPEC is performed in 

the same electrolyte concentration (4% KOH) used in common dc constant current electrochemical etching process. 

Ultra-violet (UV) illumination is used to assist in the generation of electron-hole pairs, where etching proceeds 

through the oxidation and consequently, dissolution of the semiconductor surface. The ac formed UID porous GaN 

with excellent structural and optical properties. According to the FESEM micrographs, the GaN thin films exhibit a 

homogeneous nanoarchitecture of the porous structures with perfect hexagonal shape. The porous layer exhibited a 

substantial photoluminescence (PL) intensity enhancement with red-shifted band-edge PL peaks associated with the 

relaxation of compressive stress. The shift of E2(high) to the lower frequency in Raman spectra of the UID porous 

GaN films further confirms such a stress relaxation. Electrical characterizations of the MSM photodiodes were 

carried out by using current-voltage (I-V) measurements indicated that the devices were highly sensitive to ambient 

light 

 

Keywords: Porous unintentionally doped (UID) n-type GaN; Alternating current photo-assisted electrochemical 

etching (ACPEC); Field Effect Scanning Electron Microscopy (FESEM); Photoluminescence; Raman spectroscopy; 

metal-semiconductor-metal-photodetector 
 
1. INTRODUCTION 

 

The interest in porous GaN has increased in recent years due to their prosperous future as the 

materials for fabricating the optoelectronic devices, low temperature electronic devices such as 

MSM photodetector and gas sensor. After the discovery of room temperature photoluminescence 

enhancement from porous GaN by Shelton et al.  [1], the structural and optical properties of the 

porous GaN have been greatly investigated [2-5]. Due to its simple fabrication process, 

interesting optical properties, research in porous GaN has progressed in wide a range of novel 
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ideas and applications such as gaseous sensor [6, 7], photodetector [8] and chemical sensor [9]. 

Many other sensing applications based on the large, nanostructure surface area of porous GaN 

may be imagined. One such example is to use the porous GaN as a template for metal deposition 

for surface enhanced Raman (SERS) substrates [10]. Porous GaN is an excellent candidate for 

this application, due to it offering nanoscale features, high surface area, and large homogeneous 

surface. Porous GaN can be prepared through dry-etching techniques, such as ion milling, 

chemical-assisted ion beam etching, reactive ion etching, and inductively coupled plasma 

reactive ion etching. However, these methods could induce surface damage; moreover, they lack 

the desired selectivity for the morphology, dopant, and composition[11]. The most feasible and 

cost-effective method to prepare porous GaN is the direct current (DC) photo-assisted 

electrochemical etching. To gain a high porosity layer, the most common technique is to use DC 

conditions with a constant and relatively high current density. Although dramatic research has 

been conducted to understand the formation of porous GaN prepared by the common technique, 

substantial fundamental properties are still not well understood[5, 12-17]. The goal of this study 

is to prepare UID porous GaN by a novel technique, namely by alternating current photo-assisted 

electrochemical etching (ACPEC)[18]. Result of the surface morphology, optical properties and 

electrical characteristics of the samples are reported. 

 
 

2. EXPERIMENTAL METHOD 

 

The samples used in this study are commercial unintentionally doped (UID) n-type GaN grown 

by metalorganic chemical vapor deposition (MOCVD) on two-inch sapphire (0001) substrates. 

The thickness of the GaN film is 3 µm with carrier concentration of ~6.05 x 10
17

 cm
-3

, as 

determined by the Hall measurements. In the AC photoelectrochemical etching process, we used 

an alternating current density of J = 50 mA/cm
2
 for 45, 90 and 120 min. The ac etching process 

was performed at room temperature under illumination of 500 W ultra-violet (UV) lamp in 4% 

concentration of KOH electrolyte.Typical electrochemical cell for the generation of UID porous 

GaN are schematically shown in Figure 1. 

 

 
Figure 1. Schematic of alternating current photo-assisted electrochemical etching (ACPEC) 

apparatus.  

 

 

The surface morphology and optical properties of the samples are investigated by FESEM, AFM, 

HR-XRD, Raman and photoluminescence spectroscopy. The electrical characteristics are 

extracted from MSM photodetector. 
 

3. RESULTS AND DISCUSSION 
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Figure 2 shows a plan view of the sample etched with 50 mA/cm
2
. Figure 2(a) and Figure 2(b) 

shows that at 45 min, pores start to appear in an early development of the nanoarchitecture of the 

porous structure. Upon removal of the material of the grains in the top layer, subsequent etching 

takes place in the sub-grains at the lower layer and so on, creating novel layered nanoarchitecture 

of the porous structure [18, 19]. The more rapid evolution of the pore morphology is evident in 

Figure 2(c) for the sample etched at 90 min. At 120 min, nanoarchitecture of the porous structure 

are fully developed with perfect hexagonal shape. To understand these conditions, the reaction 

mechanism between electrolytes and GaN surface must be understood. Electron-hole pairs were 

generated on the surface of GaN by an incident of UV light, the reaction among Ga
+
 and OH

-
 

ions forms N2 and Ga2O3, which dissolves in the solution and forming uniform pores [4, 20].  

Similar structure has been observed by Hartono et al.[21]  in porous GaN. It is interesting to 

note, however, that the porous GaN prepared by the electrochemical etching method does not 

always produce similar surface morphology. For example, GaN fabricated by Yam et al.[22]  

was covered with star, elongated, triangular and squarish type of pores. 
 

 

Figure 2. FESEM image of the unintentionally doped porous GaN formed under different 

etching duration with a current density of ac 50 mA/cm
2
 (a) 45 minutes at 5K magnification (b) 

45 minutes (c) 90 minutes, and (d) 120 minutes. Inset is the image with higher magnification. 

 

4. CONCLUSION 
 

In summary, a novel, simple and cost-effective alternating current PEC etching was 

demonstrated to be an effective technique for the formation of nano-porous GaN with excellent 

properties. According to FESEM images, the etching duration has significant impact on the size 

of the pores. AFM measurements evidenced that surface roughness increased in porous samples. 

The obtained results hint at the possibility to prepare high quality nano-porous GaN layers with 

(a) (b) 

(c) (d) 
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tuneable stress. We strongly believe that further refinements of the sine-wave ac electrochemical 

processing technologies will enhance their role in semiconductor nanotechnology and 

nanoelectronics in the near future. 
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ABSTRACT - Some physical properties of Turkey Berry (Solanum Torvum) fruits at moisture content of 81.86% 

(wet basis) are presented in this paper. They consist of the mean length, width, thickness, geometric mean diameter, 

sphericity, aspect ratio, unit mass, surface area and bulk density of the fruits. The mean length, width and thickness 

of the fruits were 11.59 mm, 11.65 mm and 11.42 mm, respectively. The average value for geometric mean 

diameter, sphericity, aspect ratio, mass, surface area and bulk density were 11.55 mm, 99.73%, 100.58%, 0.897 g, 

420.39 mm
2
 and 383.04 kg m

-3
, respectively. The coefficient of static friction on four types of structural surface was 

found to ranging from 0.162 (galvanized steel sheet) to 0.332 (rubber). The data are essential in the field of food 

engineering especially when dealing with design and development of machines, and equipment for processing and 

handling of turkey berry fruits. 

 

Keywords: Physical properties, Turkey berry, Solanum Torvum. 

 

 

1. INTRODUCTION  

Solanum torvum is a small shrub commonly known as turkey berry in Africa, Asia, and South 

America. Turkey berry is an erect spiny shrub of about 4 meters tall, widely branched and stems 

armed with stout. The fruit becomes yellow when ripe. Categorized as one of the eggplants 

species, its edible fruits, commonly available in the market are used as a vegetable. Central and 

South America is the native habitat for turkey berry before it was cultivated and planted widely 

in the other countries. Most of the local people in West and Central Africa make the turkey berry 

as kitchen garden crop where they plant it in front or at the back of their houses [1]. In West 

Africa, turkey berry fruits becoming a famous daily vegetable, especially in Ghana [1]. The local 

inhabitants collect turkey berry fruits from home gardens and in the wild. In southern and eastern 

Asia, turkey berry was cultivated as a small-scale vegetable especially in Thailand. Turkey berry 

fruit is also a necessity in adding flavors to the Malays and Thai foods recipe and cuisines. 

Besides that, turkey berry fruits also serve as vegetables to the population’s diet in the South 

Indian [2]. The local population in the South of China used its roots as folk medicine to treat 

gasteralgia, furuncle, trauma and fever. Many researchers had studied physical and mechanical 
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properties of various types of fruits and vegetables. These include orange [3], date [4], bergamot 

[5], velvet tamarind [6] and carrot [7]. However, the physical properties of turkey berry fruits 

were not reported. Currently, the harvesting and processing of turkey berry fruits was done 

manually and time consuming. In order to design machines and equipment for handling, 

processing and storing of the turkey berry fruits, the physical properties need to be studied and 

evaluated. The objectives of this study are to determine some physical properties of turkey berry 

fruits which could be useful in facilitating the design of machines to handle the process and 

storage of the fruits. 

 

2. EXPERIMENTAL METHOD 

Fresh turkey berry fruits were purchased from a wet market in Bukit Mertajam town located in 

Penang, Malaysia. The fruits were detached from the stalk. Foreign materials, immature and 

damaged fruits were removed from the sample. By using the ASAE standard method [8], the 

moisture content of the fruits was determined. The fruits were dried in an air ventilated oven at 

80°C for 3 days. The wet basis was calculated as: 

 

𝑀𝐶 (%) =
𝑚𝑖−𝑚𝑑

𝑚𝑖
    (1) 

 

Where MC (%) is the percentages of the moisture content, 𝑚𝑖 is the initial mass and 𝑚𝑑 is the 

final mass of the fruits. The length (L), width (W) and thickness (T) of 100 seed were measures 

using a digital vernier calliper (Model CD-6BS-Mitutoyo Corporation, Japan) with resolution of 

0.01 mm. The measurements for each dimension were repeated 100 times. Geometric mean 

diameter (D) was found using the following equation [9]: 

 

𝐷 = (𝐿𝑊𝑇)
1

3                                                  (2) 

 

Sphericity, S is defined as the ratio of the surface area of a sphere having the same volume as the 

fruit to the surface area of the fruit. The sphericity was determined using the following 

expression [9]: 

 

𝑆 =
(𝐿𝑊𝑇)

1
3

𝐿
                                                     (3) 
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In order to gather more information about the shape of the fruit, aspect ratio, R of the fruit was 

determined from the following relationship [10]: 

 

𝑅 =
𝑊

𝐿
𝑥100%                                               (4) 

 

The mass of 100 individual fruits was measured using an electronic balance (Model 

PS200/2000/C/2-RADWAG, Poland) with accuracy of 0.001 g. Surface area, A was calculated 

using the formula [11]: 

 

𝐴 = 𝜋𝐷2                                                        (5) 

 

The bulk density (𝜌𝑏) was determined using the standard method [12] by filling and empty 100 

mL beaker container with turkey berry fruits. The fruits were poured from a constant height until 

full at the top level and weighing. Bulk density was calculated as: 

 

𝜌𝑏 =
𝑚𝐵

𝑉𝐵
                                                         (6) 

 

where, 𝑚𝐵 = mass of fruits (g) and 𝑉𝐵 = volume of container (𝑚3). 

 

The coefficient of static friction (𝜇𝑠) were determined on four different type of surfaces, namely 

glass, plywood, rubber and galvanized steel sheet. The fruit was placed on the surface and was 

raised gradually until the fruit begin to slide. The angle of inclination at which the sample started 

sliding was measured using the protractor with accuracy of one degree. The coefficient of static 

friction was calculated using the following equation [4]: 

 

𝜇𝑠 = tan 𝜃                                                      (7) 

 

Where, 𝜃 = angle that the incline makes with the horizontal when sliding begins. 

 

3. RESULTS AND DISCUSSION 

Some physical properties of turkey berry fruits obtained in this study were shown in Table 1. The 

moisture content (wet basis) of the fruits was found to be in the range of 75.68 – 90.09 % with a 

mean moisture content of 81.86%. The storability of fruit depends on its moisture content. The 

higher the moisture content, the shorter the storage life of the fruit would be due to the rapid 
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growth of mould on the fruit. The mean value of length, width and thickness of the fruits were 

11.59 (±0.74), 11.65 (±0.75), and 11.42 (±0.62) mm, respectively. The dimensions of turkey 

berry fruits were found to be lower than bergamot [5] and orange [3]. The dimensions are 

important in determining the aperture size of machines, particularly in separation of materials 

[13]. These dimensions can be used in designing machine components and parameters as well as 

in estimating the number of fruits to be engaged at a time. The geometric mean diameter of 

turkey berry fruits ranges from 9.49 to 12.84 mm with a mean value of 11.55 (±0.66) mm. The 

geometric mean diameter obtained can be used to determine the volume and sphericity of the 

fruit. The mean of sphericity and aspect ratio of the fruits were found to be 99.73 (±1.89) % and 

100.58 (±3.32) %, respectively, while the mean mass of the fruits was 0.897 (±0.146) g. The 

high sphericity and aspect ratio of the fruits indicate that the turkey berry fruit is likely to roll on 

their surfaces rather than slide. The sphericity was higher compared to Juniperus drupacea fruits 

[14], bergamot [5] and orange [3]. This parameter is of utmost importance in designing of hopper 

to handle the fruits. The average surface area of turkey berry fruits was found to be 420.39 

(±47.12) mm
2
 and its mean bulk density was 383.04 (±15.65) kg m

-3
. The information about bulk 

density of fruits is useful in determining the fruits storage capacity. The data obtained in this 

study shows that the bulk density of turkey berry fruits is higher than Juniperus drupacea fruits 

[14] and orange [3]. The smaller size of turkey berry fruits may have contributed to the higher 

value of bulk density. The coefficient of static friction of turkey berry fruits against four different 

types of structural surface was shown in Table 2. The mean coefficient of static friction for 

turkey berry fruits was generally higher than that of Juniperus drupcea fruits [14] than but lower 

than Parkia speciosa seeds [15]. The low value of coefficient of static friction may be attributed 

to the smoother surface of the fruit. It was found that the fruit had the highest coefficient of static 

friction on rubber and plywood, followed by glass and the least for galvanized steel sheet. This 

property is crucial in determining the steepness of the storage container, hopper or any other 

loading and unloading device. 

 
Table 1. Some Physical Properties of Turkey Berry 

Physical 

Properties 

Unit of 

Measurement 

No. of 

Observation 

Mean 

Value 

Standard 

Deviation 

Length mm 100 11.59 0.74 

Width mm 100 11.65 0.75 

Thickness mm 100 11.42 0.62 

Geometric Mean Diameter mm 100 11.55 0.66 

Sphericity % 100 99.73 1.89 

Aspect Ratio % 100 100.58 3.32 

Mass g 100 0.897 0.146 

Surface Area mm
2 

100 420.39 47.12 

Bulk Density kg m
-3 

10 383.04 15.65 
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Table 2. Coefficient of Static Friction on Four Types of Structural Surfaces 

 
 

4. CONCLUSION 

The average moisture content (wet basis) of the turkey berry fruits determined in this study was 

81.86 (±5.65) %. The mean of length, width and thickness of the fruits was 11.59 (±0.74), 11.65 

(±0.75) and 11.42 (±0.62) mm respectively. The average value for geometric mean diameter, 

sphericity, aspect ratio, mass, surface area and bulk density was 11.55 (±0.66) mm, 99.73 (±1.89) 

%, 100.58 (±3.32) %, 0.897 (±0.146) g, 420.39 (±47.12) mm
2
 and 383.04 (±15.65) kgm

-3
 

respectively. The coefficient of static friction on four types of structural surface was found to be 

vary from 0.162 (±0.023) for galvanized steel sheet to 0.332 (±0.057) for rubber. The physical 

properties data obtained in this study can be useful in the design of machine and equipment for 

handling, processing and storing of the turkey berry fruits. 
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ABSTRACT - This paper present a simple and economical, yet reliable technique to fabricate porous silicon (PS) 

which is electrochemical etching. Studies on PS have indicated the structural properties and morphological of its 

surface depends on etching time. PS was anodized in presence of light source for 7, 10 and 13 minutes at   30 – 35 

mA/cm
2
 current densities range in 1:4 hydrofluoric acid (49%) and ethanol (99%) act as an electrolyte. Detailed 

information about evolution of PS morphology with variation preparation condition was obtained by field emission 

scanning electron microscopy (FESEM) that occupied with energy dispersive x-ray (EDX) and atomic force 

microscopy (AFM). The results shows that n-type porous silicon surface featured three-branched shape pores as the 

branches are connected each other in discrete location whereas p-type porous silicon featured an irregular shape was 

confirmed using FESEM. The control of these properties was shown to depend on etching time. Based on EDX 

analysis, it represents the element presence on PS surface layer that affect the degree of porosity. In AFM analysis, 

the root mean square (rms) roughness of PS layer is found to be decreased from 0.187 µm to 0.0352 µm for n-type 

silicon and for p-type silicon 0.0239 µm to 0.0159 µm due to the increasing of etching time. The etching process, 

structural properties and morphology of PS formed is briefly described and can be better defined due to the 

improved passivating nature of wafer surface. 

Keywords : porous silicon, electrochemical etching, morphology, etching time 

 

1. INTRODUCTION  

Porous silicon has attracted increasing interest for various applications including photonics, 

electronic and biosensing since it was first discovered by Arthur Uhlirs in 1956. PS is normally 

formed by electrochemical etching of silicon wafer in hydrofluoric acid-based solution. Through 

the electrochemical etching process, PS can display different morphologies depend on the 

formation parameter (Rusli, 2013). The physical properties of PS are fundamentally determined 

by the shape, diameter of pores, porosity and the thickness formed of the porous silicon layer 

(Kumar&Huber, 2007). For instances, by controlling the size and orientation of the pores, it can 

be manufactured to have specifically designed optical, electrical, mechanical, thermal and 

chemical characteristics. PS which is a nano structured material usually defines as one tenth of 

micrometer in at least one dimension. In addition, the important aspects those being considered 

in this material are the wide increase surface area to volume ratio of material in nano size 

material. This aspect make the nano scale material experiencing quantum confinement effects 
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that happen when the silicon is being etched, some of their parts are being removed. The well-

studied of PS morphology can range from ≤ 2 nm for microporous, 2 to 50 nm for mesoporous to 

the macroporous,  > 50 nm of pore width with a sponge-like structure formed in silicon 

consisting of a finely connected network of submicron silicon thread  (Perez, 2007).    

The major reasons that have contributed to the widespread attention given to the porous 

silicon are its production is simple and inexpensive compare to the current technique used to 

produce low dimensional structures. Its compatibility with current silicon microelectronic 

processing makes integrated silicon based optoelectronic devices a possibility. It is very large 

surface area to volume ratio makes the porous silicon matrix an excellent host for chemical and 

biological species. Many favorable characteristics and the vast interest in porous silicon have 

given rise to a variety of new application such as photodetector. 

The variation in the obtained results by previous researchers confirms the difficulties exist 

when it comes to effectively controlling the pore formation. According to the studies done by 

Matoussi et al. (2008), surface morphology and the GaN grown on the surface of silicon were 

described for its optical properties. The formation of highly doped n-type porous silicon utilizing 

short etching time and high current densities is described by Yaakob et al. in 2013. However, in 

the formation of porous silicon, stochastic model silicon electrochemistry was used that in 

guiding experimental design for specific pore formation (Foll et al., 2002). As the pore 

formation, the thickness and porosity were measured using gravimetric method (Hadi, 2013 ; 

Behzad, 2012). Moreover, regarding to the various mechanism of the pore formation and several 

different model on the chemical dissolution have been independently suggested (Parkhutik, 1999 

; Rusli, 2013). The morphological change in shape, size of pores and porous layer thickness due 

to the change of etching time was observed using FESEM. 

 

2. EXPRIMENTAL PROCEDURE 

The n-type (111) and p-type (111) silicon wafer of 256-306 µm thickness and has specific 

resistance of 1-10 ohm.cm resistivity was used to fabricate porous structures. Prior to etching 

process, all samples that were cut into 1.2 cm X 1.2 cm were cleaned using standard RCA 

cleaning. The electrochemical process were performed in Teflon by using two electrode 

configurations with platinum rod as cathode as it is inert and does not react with aqueous 

electrolyte and aluminium plate as anode as shown in figure 1. The polished surface of the 

silicon was exposed to the electrolyte whilst the back-side of the silicon was attached to the 

aluminium plate. A mixture of the 49% hydrofluoric acid and 99% ethanol with a volume ratio 
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of 1:4 was used as an electrolyte. PS samples were prepared for various etching times of 7, 10 

and 13 minutes at current densities between 30-35 mA/cm
2
. This process was conducted under 

source of light in order to generate more holes (Rusli, 2013). After the etching process, PS 

samples were rinse with de-ionized water and dried in the ambient air. Then, it was stored in the 

sealed container to prevent contamination. The resulting PS layers were characterized by field 

emission scanning electron microscopy (FESEM) that comes with energy dispersive x-ray 

(EDX) component and atomic force microscopy (AFM) in term of pore morphology and root 

mean square roughness surface of the sample. 

 

3. RESULTS AND DISCUSSION 

The dependence of the pore dimension and pore geometry of PS surface in 7, 10 and 13 

minutes etching time has been determined from the FESEM images with 25 000 magnification. 

Figure 2 and 3 shows n-type and p-type porous silicon FESEM surface images PS formed at 

etching time 7 minutes and 13 minutes.  

 

FIGURE 2: FESEM Surface Images Of N-Type Silicon A) 7 Minutes B)13 Minutes 

 

 

FIGURE 3: FESEM Surface Images Of P-Type Silicon A) 7 Minutes B)13 Minutes 
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The FESEM surface image of PS formed that has being taken by using FESEM, give an ultra-

high resolution image. The period of etching time would shows the level of porosity and allow us 

to identify morphology and structural properties of the sample. As shown from the image (a), 

three-branch-shaped pores with various sizes can be clearly observed at discrete locations. The 

branches are almost on equal size and spread through the area. This shows that the sample has a 

uniformly porous surface. This is in agreement with the work of Rusli et al., who prepared low 

doped n-type silicon with an etching time range time from 20 to 60 min at constant current 

density 25 mA/cm
2
. The difference in porosity can be seen clearly from the image when the 

etching time is longer. The surface of image (b), PS samples also possess high degree of porosity 

with randomly distributed three-branch-shaped pores. An increasing of etching time from 7 

minutes to 13 minutes leads to the formation of highly connected three-branched-shaped pores.  

Based on the observation between two image of 7 minutes and 13 minutes of 111 n-type 

porous silicon, the longer the time etching process, the pore diameter is also increases. The 

increment in pore diameter of the former case was the result of active dissolution of Si at the 

pore wall which enlarged the pore size, and consequently reduced the inter-pore distance. This is 

in agreement with the results reported by other studies (Yaakob et al., 2012). Inter-pore distance 

becomes narrower with an increasing etching time. This may due to the fast dissolution on the Si 

surface via a direct attack of HF followed by oxidation. Once the pores were formed, the 

remaining surface Si became inert from further direct dissolution, leading to the observed 

constant pore density and pore diameter. Then, if a rapid dissolution continuing with longer 

etching times caused the pore wall to break.  

The surface of image (c) shows that pore is not clearly seen because it is about to develop. 

The small crack indicates this type of silicon is difficult to fabricate due to short etching time. 

Results also demonstrate that there is no apparent effect of the etching time on the pore shape 

when there is only a region that the silicon is being etched. In the FESEM surface image (d) 

shows that the etching reaction occurred on the Si surface homogeneously. The pores are 

irregular in shape, and are randomly distributed on the PS surface. Inter-pore connection is low 

between one pore to another. Based on the results of (c) and (d) images, it shows that the surface 

of silicon is poor contact with the electrolyte causes etching did not occur on certain region. 

However, based on previous research of Hecini et al. in 2013, it portrays that cross sectional of 

PS of p-type that results with a long void running perpendicular to the surface, with occasional 

branches and numerous small buds on the side of the main pores with the same electrolyte 

concentration at 15 mA/cm
2
 for 5 minutes etching time. The degree of branching and inter-pore 

connection depends strongly on doping concentration. The most highly connected PS is found in 
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the low-doped p-type silicon whereas well separated PS generally found on moderately doped n 

type silicon. Variations in the morphology of the PS regions were mainly due to the effect of the 

Si dissolution process, which occurred at the silicon electrolyte interface. Based on EDX 

analysis, it shows that carbon and oxide element have deposited on the n-type PS whereas on p-

type PS has only oxide layer deposited on the surface. By this existence, it affects the formation 

PS as the deposited element form a thick layer on the surface. 

Figure 4 below shows the representative atomic force microscopy (AFM) images 

corresponding to PS prepared at etching times of 10 minutes and 13 minutes.  

 

 

FIGURE 4: AFM images of PS surface formed as a function of etching time. 

 

Electrochemical etching during the production of PS generated several small bumps on the 

surface. The formation of such bumps is possibly due to the surface relief of the Si 

nanostructures after the etching process. The number of bumps on the surface of the PS 

gradually increased with the etching time. A plot of the roughness value (rms) of the PS surface 

as a function of the etching time shows in figure 4. As the etching time was prolonged, the 

surface roughness decreased from 0.187µm to 0.0352µm of n-type porous silicon and 0.0239µm 

to 0.0159µm of p-type porous silicon corresponding to applied current density between 30-35 

mA/cm
2
. Value of roughness depends on the experimental parameter such as etching rate, HF 
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concentration and many more. The smoothening of PS surface due to prolong etching time that 

results the bump is not uniform in height. However, from previous studies of Rusli et al. results 

the increasing number of these uniform height of bump that by cause the amount of their non-

uniform counterparts to decrease. The lower the surface roughness indicates that the higher 

porosity of PS formed and higher density of pores. According to the previous studies of Nayef 

and Muayad et al. in 2013, it has similarities with the current result of p-type silicon in three 

dimensions image but in this studies, state that in two dimension images, a sponge-like structure 

is produced The surface of the sample was consisted of numerous tiny pores formed over the soft 

wall. 

 

4. CONCLUSION 

In conclusion, PS  samples were prepared by electrochemical etching method under current 

densities between 30 – 35 mA/cm
2 

and three different etching times. The studies of dependence 

of porosity and thickness of samples on the current density and etching time have been done. The 

porosity increase rapidly as the overall thickness also increases due to the long period of etching 

time. For the effect of etching time, 7, 10 and 13 minutes is sufficient time for silicon to fabricate 

and increase the porosity with the presence source of light. The longer the etching time, the 

higher the porosity formed on PS surface. Moreover, with the range of current densities between 

30 – 35 mA/cm
2 

results in the widening of the pore size depends on the period of etching time. 

The morphology of PS formed changed from the uniform three-branched shape pore at 7 minutes 

to randomly three-branched shape pore at 13 minutes with the increases of the inter-pore 

connection. Upon increasing the etching time from 10 minutes and 13 minutes, the PS surface 

roughness decrease from 0.187 µm to 0.0352 µm. A basic investigation into the electrochemical 

etching of both n-type and p-type silicon is performed as the consistent direct electrochemical 

dissolution propagated pores into the bulk Si with occasional branching as the etching time was 

increased. Since nanostructure PS increases in the surface area to volume ratio as it experiences 

quantum confinement effects. This is because of the reduction in dimension of PS when the 

silicon is being etched. Although this work was only focused on the morphological and structural 

properties of PS formed at prolonged etching time, it is hoped that explanation will some insight 

on the formation of PS and its corresponding mechanisms.  
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ABSTRACT - Pre-doping is a method to add Lithium containing compound into the positive electrode of lithium 

ion capacitor (LIC). The objective of this research is to evaluate which composition of LiFePO4 will enhanced the 

electrochemical performance of LIC. To investigate electrochemical performance of two different coating method, 

the positive and negative electrode were prepared by coating the slurry on the steel mesh. Meso-carbon microbeads 

(MCMB) were selected as the negative electrode material, and it was prepared by impregnate the steel mesh with 

slurry of MCMB, carbon black and PVDF (85:10:5) which dissolved in NMP. On the other hand, activated carbon 

(AC) was used as the positive electrode. The LiFePo4 was used as lithium containing compound and was added into 

the AC positive electrode with different proportions (0 wt. %, 5 wt. %, 10 wt. %, 15 wt. %, 20 wt. %, and 25 wt. %). 

Both electrode were assembled in glove box by using polypropylene (PP) microporous sheet as separator, and 1M 

LiPF6 was dissolved in ethyl carbonate (EC) and dimethyl carbonate (DMC) as electrolytes. The process was 

continued by coating the slurry by using k-paint applicator. Then the positive electrode was prepared by coating 

slurries containing active material and binder, PVDF dissolved in NMP on aluminium foil. While, the negative 

electrode was prepared similar way on copper foil with slurry of active material, conducting agent (carbon black) 

and PVDF. Both electrodes were dried at 900 
o
C for 24h. The results show that, higher performance of LIC is 

obtained when 20% of LiFePO4 was added into the positive electrode which is 9 time higher energy density 

compared to the sample without LiFePO4  and the energy density obtained by k-paint applicator is 74.6 Wh/kg, 

which is 7 times higher compared to the slurry paste in mesh. 

 

Keywords: lithium ion capacitor; LiFePO4; pre-doping method; lithium intercalation-de-intercalation; k-paint 

applicator. 

 

 

1. INTRODUCTION 

 

LIC is one of the hybrid type capacitors, which is a combination of lithium ion battery and 

Electrical Double Layer Capacitor, EDLC supercapacitor. It is one of the new inventions of 

EDLC supercapacitor. In general, EDLCs with symmetrical high surface area of activated carbon 

(AC) are consider as a promising energy storage device because they  are capable to deliver high 

power in short periods of time. However, limitation of these EDLCs are their low energy storage 

or delivery capability relative to lithium-ion battery [1].  The approaching method to overcome 

this limitation of EDLCs are by replacing the negative AC electrode with a battery electrode 

known as the hybrid electrochemical capacitors. This new device obtains a larger energy density, 

higher power density and more stable performance. G.G Amatucci developed the first LIC by 

using a lithium ion intercalation based on Li4Ti5O12 for negative electrode and activated carbon 

as the positive electrode [2]. The next generation of LIC using other carbonaceous material 

negative electrode such as graphite, activated carbon or meso-carbon microbeads (MCMB). The 

MCMB and graphite commonly used for the negative electrode of LIC because the capability of 

Lithium intercalation is higher at the surface of the negative electrode compared to AC [3]. 

mailto:faranaz@ppinang.uitm.edu.my
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As a hybrid supercapacitor, its function according to the principle operating of EDLC capacitor 

in the positive electrodes and the principle operations of lithium ion battery at their negative 

electrode [4]. When LIC is charged, lithium ions intercalated at the negative electrode and the 

anions are physically adsorbed at the positive electrode. When the lithium-ion capacitor is 

discharged, the lithium ions de-intercalating from the negative electrode and intercalate at the 

precise location on the positive electrode from which the anion has been desorb. The LIC shows 

different operating mechanism which the positive electrodes adopt the same physical adsorption 

mechanism as for the EDLC and the negative electrode is accompanied by the chemical reaction 

involving lithium ion pre-dope/discharged just as the material of the lithium ion battery negative 

electrode [5]. However, using carbonaceous material in negative electrode resulted in inevitable 

irreversible capacity loss (ICL) which prevents fully discharging of positive electrode [6], and 

leads to poor electrochemical performance and lower efficiency. To solve this problem, negative 

electrode doped by lithium ion commonly used. This negative electrode preliminary treatment is 

called the pre-doping [7]. In the conventional LIC, metallic lithium is incorporated to the cell 

package.  During the charging process, lithium ions intercalated into the negative electrode. 

During the doping process, metallic lithium is oxidized to release lithium ion at the negative 

electrode surface. Even though this Li-pre doping process can lower the negative electrode 

potential and improve the LIC working voltage, but it would be difficult to load the amount of 

desired lithium precisely because of the loaded metallic lithium cannot be fully inserted into the 

negative electrode material. The remaining metallic lithium in the LIC leads to the shrinking of 

energy density. This is because of the increase in weight leads to the increase in potential safety 

problems and could worsen the production technology [8].  

 

In this work, the similar pre-doping method introduced by Feng Wu [8] was conducted. This 

method suggests that, instead of using lithium metal in conventional LIC, lithium containing 

compound/lithium metal oxide were simply added and inserted into the positive electrode. When 

the capacitor is charged, lithium ion will released from lithium containing compound/lithium 

metal oxide into the electrolyte and lithium ion in the electrolyte were intercalated into the 

negative electrode. This mechanism has the same effect as the pre-doping in the conventional 

LIC. Besides, in this method, the negative electrode ICL was reduced or compensated by lithium 

ion from lithium containing compound/lithium metal oxide which may improve the coulombic 

efficiency and leads to the enhanced electrochemical performance in LIC. In the other hand, by 

using this new pre-doping method, the amount of excessive lithium ion can be controlled by 

varying the amount of lithium containing compound/lithium metal oxide added in the positive 

electrode [8]. 

 

In this study, LiFePO4 was chosen as lithium containing compound/lithium metal oxide because 

of its relatively low cost, high specific capacity (170mAh/g), good thermal stability, excellent 

cycling performance and nature safe [9]. In a complete cell, charging rates, voltage ranges and 

current densities are the important parameters to determine the electrochemical properties such 

as capacitance (F), specific capacitance (F/g), energy density (Whr/kg) and power density 

(W/kg).  The equivalent capacitance can be obtained by using the equation (1) below,  

 Capacitance, 𝐶𝑐𝑒𝑙𝑙 =
𝐼

(𝑆,(
𝑑𝑣

𝑑𝑡
))(𝑢𝑛𝑖𝑡 𝐹)

 (1) 

where,  I is the voltammetric average current 𝐼 = (𝐼𝑎 + 𝐼𝑐)/2 and s is the scan rate [10]. 
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Next, the specific capacitance of the 2 electrodes cell was calculated as follows: 

 𝐶𝑠 =
2𝐶𝑐𝑒𝑙𝑙

𝑚
(𝑢𝑛𝑖𝑡

𝐹

𝑔
) (2) 

 𝐶𝑠 =
4𝐶𝑐𝑒𝑙𝑙

𝑀
(𝑢𝑛𝑖𝑡

𝐹

𝑔
) (3) 

Where, Ccell is the total capacitance of the cell (F), m is the mass of the activated material in one 

electrode (g), M is the total mass of the active material in both electrodes and Cs is the specific 

capacitance of the activated carbon [11]. The specific energy density of the supercapacitor can be 

calculated according to equation (4) as the quantity per unit mass or per unit volume. 

 𝐸 =
1

2
𝐶𝑠(𝑉1 − 𝑉2)2(𝑢𝑛𝑖𝑡

𝑊ℎ

𝑘𝑔
) (4) 

where, V1 and V2 is the maximum and minimum working voltage [12]. 

 

2. EXPERIMENTAL METHOD 

 

2.1 Preparation of the positive electrode with different percentage of LiFePO 

 

First, the lithium containing compound (LiFePo4) were added into the activated carbon positive 

electrode. Then, the positive electrodes were prepared by coating a stainless steel mesh with the 

slurry of AC+ LiFePo4, carbon black and PVDF (85:10:5) which dissolved in N-methyl-2-

pyrrolidinone (NMP). The LiFePo4 with different proportions (0 wt%, 5 wt%, 10 wt%, 15 wt%, 

20 wt% and 25 wt%) were added into the activated carbon (AC) and labelled as S0, S5, S10, 

S15, S20 and S25 to mark the samples. Then, the samples were dried for 12 hours at 700 
o
C 

using vacuum oven. The negative electrodes were prepared by impregnate the steel mesh with 

slurry of MCMB, carbon black and PVDF (85:10:5) which dissolved in NMP. The negative 

electrode and positive electrode of LICs were assembled in a glove box. Polypropylene 

microporous sheet was used as separator and 1M LiPF6 was dissolved in ethyl carbonate (EC) 

and dimethyl carbonate (DMC) as electrolyte. The detail of mass percentage for each samples 

are shown as in the Table 1 below. 

Table 1: Percentage of material for positive electrode (AC). 

Sample S0 S5 S10 S15 S20 S25 

LiFePO4 0% 5% 10% 15% 20% 25% 

Active 

Material 

85% 80% 75% 70% 65% 60% 

PTFE 15% 15% 15% 15% 15% 15% 
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The positive and negative electrodes were assembled in Teflon cell by using the glove box with 

1M LiPF6 (ethylene carbonate-dimethyl carbonate EC-DMC) as electrolyte and PP as separator. 

Using LiPF6 as electrolyte has offered two advantages. Firstly, due to present of EC, it also 

displays a better solid electrolyte interphase (SEI), forming ability on carbon and secondly, it 

possesses a higher ionic conductivity, which is beneficial for high current cycling. Next, the 

experiment was proceeds by using various scan rate, current density and potential cut-off in 

order to get the best parameter to obtain the optimum performance of this LIC. 

2.1.1 Mesh coating technique 

At this stage, the positive and negative electrodes were be prepared by coating the slurry on the 

steel mesh. MCMB were selected as the negative electrode material while, AC was selected as 

positive electrode. This selection was made to study the total capacitance for LIC either by using 

mesh technique or applicator technique. 

2.1.2 Applicator coating technique 

The work was continued with the process of  coating the slurry on the foil by using k-paint 

applicator technique (Dr. Blade). The positive electrodes were prepared by coating slurries 

containing active material and binder, PVDF dissolved in NMP on aluminium foil. The negative 

electrodes were prepared in the same way on csopper foil with slurry of active material, 

conducting agent (carbon black) and PVDF. Both electrodes were dried for 24h at 900 
o
C. Next, 

the electrodes were assembled in a glove box to avoid humidity and PP was used as separator. 

The detail of material is shown as in the Table 2. This sample then undergo cyclic voltammetry 

(CV) and charge-discharge (CD) processes in order to study the performance of its 

electrochemical properties. These samples are expected to obtain more higher energy density, 

higher specific capacitance but at lower resistance. 

Table 2: The details of the sample 

Sample I Sample II 

Negative Electrode Positive Electrode Negative Electrode Positive Electrode 

MCMB(85%) AC+ LiFePO4 (20%) MCMB(85%) MCMB + LiFePO4 (20%) 
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3. RESULTS AND DISCUSSION 

 

The suitable conditions and analytical characteristics were shown in Table 1. Figure 1(a) - 1(f) 

shows the CD curves obtained for LIC using AC for positive electrode and MCMB as the 

negative electrode in which different proportions of LiFePO4 were used and each cells were 

labeled as S0, S5, S10, S15, S20 and S25 with potential range of 2-3.5V at current density 50 

mA/g (per mass of positive electrode). When the cell is charging, lithium ion intercalate into 

MCMB negative electrode, and simultaneously, double layer were formed at the surface of AC 

positive electrode due to adsorption of PF-6. 

 

Figure 1(a): Charge-Discharge curve for S0 with 

current density 50 mA/g 

Figure 1(b): Charge-Discharge curve for S5 with 

current density 50 mA/g 

  

Figure 1(c): Charge-Discharge curve for S10 with 

current density 50 mA/g 

Figure 1(d): Charge-Discharge curve for S15 with 

current density 50 mA/g 

  

Figure 1(e): Charge-Discharge curve for S20 with 

current density 50 mA/g 

Figure 1(f): Charge-Discharge curve for S25 with 

current density 50 mA/g 
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From the Figure 1(a), we can observe that the discharge capacity of LIC is much lower than the 

charge capacity, indicates the extremely low coulombic efficiency. The absence of pre-doping 

made MCMB negative electrode possessed a high irreversible capacity and caused this low 

coulombic efficiency. Next figure reveals the trend that the charge-discharge curve become more 

symmetric with the addition on the quantity of LiFePO4 into the positive electrode, and the 

capacitor electrochemical performance shows some improvement. But, for S15 and S25 reveals 

lower coulombic efficiency due to some irreversible capacity. From the entire charge-discharge 

figure, we can observe that the figure 1(e) shows the most symmetric and the highest 

electrochemical capacitor performance. 

 

Figure 2: Cyclic Voltammetry curve for S0, S5, S10, S15, S20, S25. The scan rate for each sample is 5 

mV/s with cut of potential 2-3.5 V. 

The above Figure 2 shows the cyclic voltammetric pattern, which is S20 reveals the widest area 

under the curve and it is clearly shown that capacitor using AC with 20% LiFePO4 has the best 

capacitance performance. 
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Table 3: Result analysis of different percentage lithium ion cell. 

Sample S0 

(0%) 

S5 

 (5%) 

S10 

(10%) 

S15 

(15%) 

S20 

(20%) 

S25 

(25%) 

Current Density (50 

mA/g) 

1.210E-

03 

1.286E-

03 

1.348E-

03 

1.455E-

03 

1.465E-

03 

1.485E-

03 

Discharge Time (s) 52.2600 117.4272 159.4158 28.0338 478.6080 28.6698 

Potential Cut Off (V) 1.4988 1.5002 1.5006 1.5011 1.5002 1.4951 

Capacitance (F) 0.0422 0.1007 0.1432 0.0272 0.4674 0.0285 

Specific Capacitance 

(F/g) 

3.4868 7.8259 10.6235 1.9272 31.9029 1.9176 

Energy Density 

(Wh/kg) 

1.0896 2.4456 3.3198 0.6022 9.9697 0.5992 

 

From Table 3, it lists the calculated capacitance, specific capacitance and energy density for 

samples S0 to S25. Since the negative electrode of MCMB is excessive, calculation of specific 

capacitance value is based on the mass of AC to evaluate the LIC performance. This result prove 

that sample S20 obtain the highest capacitance, specific capacitance and energy density 

compared to the other cells. The S20 obtain specific capacitance 10 times higher than S0 which 

is 31.9 F/g and enhance in energy density which is 89% compared to S0. This result is 

consistence with the results from Figure 1 and Figure 2. The results clearly show that the LIC 

performance was improved when certain amount of LiFePO4 added into the positive electrode of 

AC. 
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Figure 3: Energy density versus various percentage of sample. 

 

Figure 3 shows the energy density for different samples with different percentage. It clearly 

show that the highest energy density is obtain when 20% of LiFePO4 is added to the LIC positive 

electrode. As a result, to compensate its irreversible capacity of LiFePO4, 20% is the best 

amount. From this figure, we can say that this pre-doping technique is necessary to fulfil the 

conventional LIC system criteria, and the level of lithium doping can be controlled by adding the 

amount of LiFePO4 at the positive electrode. 

Dr.Blade technique gives almost the same result with mesh, but the advantage of this technique 

was the thickness of the electrode was very small which is at 100 mm. So, since the weight of 

electrode was really small, it contributes to high amount of capacitance and high energy density. 
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Figure 4: CV Curve for LIC with MCMB as -ve electrode and AC + LiFePO4 as +ve electrode. 

 

 

Figure 5: Charge-Discharge for LIC with MCMB as negative electrode and AC + LiFePO4 as 

positive electrode. 
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From Figure 5, we can observe the two peaks in the charging and discharging process. During 

charging, there were small peak occur around from 3.1 V. This is due to lithium ion de-

intercalate from LiFePO4 and filled the negative electrode to reduce some of its irreversible 

capacity while during discharging the reversible lithium ion intercalate to LiFePO4 peak was 

occur around 2.6V. This occupied process occurs at the electrode in this potential window which 

this desorption of anion in the voltage range of 4.2 V – 3.0 V and adsorption of lithium ion in the 

voltage range of 3.0 V – 2.2 V. By referring to the Figure 5, CD curve shows almost symmetry 

pattern for each cycle. The IR drop was not dramatic and promising capacity was always deliver 

by LICs. 

Calculation of LIC energy density using Dr. Blade technique of coating shows that the specific 

capacitance is 237.62 F/g and the energy density as high as 74.6 Wh/kg. While the previous 

technique shows only 11.16 Wh/kg of their energy density, this technique is more effective with 

seven times higher value of the energy density. By comparison of the pre-doping method using 

Dr Blade technique, it will produce the most cycling stability and high performance of LIC. 

 

4. CONCLUSION 

The addition of 20% LiFePO4 in the positive electrode of LIC, is the best proportion to add in positive 
electrode to obtain the best capacitance performance. The result leads to the increase in capacitance 
and contributes to the increase in the value of energy density.  So, it is proposed that the pre-doping 
method will help to increase the capacitance of LIC. The level of lithium doping can be controlled by 
varying the amount of LiFePO4 added to the positive electrode. The energy density obtained by Dr. Blade 
technique is 74.6 Wh/kg which is 7 times higher compared to the paste slurry in mesh. By using this 
technique, a very thin layer of electrode were produced, hence, lighter weight of electrode. This clearly 
shows that the pre-doping method using Dr. Blade technique can potentially produce the most stable 
cycle and the highest performance of LIC. 
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ABSTRAK - Kebolehan menjawab soalan peperiksaan dan ujan aras tinggi, memerlukan pengetahuan yang luas 

dan sentiasa mengikuti perkembangan isu semasa. Basic Environmental Science merupakan kursus asas persekitaran 

yang meliputi  pengenalan kepada manusia, penempatan, atmosfera, air, tanah, bahan organik, kitaran biogeologi, 

masalah pencemaran dan penyelesaiannya. Oleh itu kaedah pengajaran secara tradisional tidak sesuai kerana ia 

hanya melibatkan komunikasi secara sehala sahaja. Maka kaedah pengajaran hibrid flipped classroom-problem 

based learning (FC-PBL) telah dipraktikkan di dalam kelas sejak dua semester yang lalu. Objektif kajian ini adalah 

untuk melihat keberkesanan kaedah FC-PBL melalui perbandingan corak menjawab soalan aras tinggi di antara 

pelajar yang di ajar dengan kaedah tradisional dengan pelajar yang mengikuti kaedah FC-PBL. Melalui kaedah ini, 

pelajar dikehendaki untuk mengkaji isu semasa sebelum membincangkannya di dalam kelas. Pensyarah akan 

bertindak sebagai pemudah cara. Pendekatan ini di dapati telah meningkatkan pengetahuan am, kebolehan 

menganalisis dan mengeluarkan pendapat sendiri untuk menyelesaikan masalah yang berkaitan dengan masalah 

persekitaran.  

 

Kata Kunci: Flipping classroom;  Problem based learning;  Berfikir aras tinggi;  Kaedah pengajaran;  
 
1. PENGENALAN 

 

Soalan peperiksaan bukan sahaja meliputi soalan mudah dan sederhana tetapi juga soalan aras 

tinggi yang memerlukan kemahiran membuat analisis, menilai dan mengeluarkan pendapat 

sendiri. Kemahiran tersebut merupakan satu kebolehan yang perlu diasah selalu supaya boleh 

dikuasai sepenuhnya. Kursus Basic Environmental Science wajib diambil oleh pelajar Ijazah 

Sarjana Muda Kejuruteraan Kimia, merupakan satu kursus asas  persekitaran yang meliputi  

pengenalan kepada manusia, penempatan, atmosfera, air, tanah, bahan organik, kitaran 

biogeokimia, masalah pencemaran dan penyelesaiannya. Seperti mana namanya, kursus ini 

sangat berkaitan dengan perubahan persekitaran dunia. Oleh itu, pengetahuan am dan isu semasa 

seseorang pelajar itu sangat penting bagi memastikan kualiti jawapan bagi soalan aras tinggi 

berada pada aras yang sangat baik. 

Flipped classroom ialah satu konsep pedagogi yang menggantikan kuliah dalam kelas 

dengan peluang-peluang untuk meneroka dan mengkaji bahan-bahan yang di luar bilik darjah 

melalui klip video dan bacaan [1].  Sesi pembelajaran di dalam kelas akan menjadi satu proses 

yang aktif dengan gabungan (hibrid) kaedah pembelajaran berasaskan masalah (problem based 

learning). Rasional disebalik mengaplikasikan kaedah hibrid flipped classroom – problem based 

learning adalah pensyarah dapat menggunakan masa bersemuka (face to face) dengan membantu 

pelajar menguasai ilmu pengetahuan dengan lebih mendalam. Kertas kerja ini akan menerangkan 

latar belakang tentang kaedah flipped classroom  yang dihibridkan dengan kaedah problem 

based learning serta tiga langkah pendekatan untuk menjayakan kaedah ini iaitu pelaksanaan, 

pengukuhan dan penilaian pedagogi ini. 
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Salah seorang pengamal terawal kaedah flipped classroom ialah Profesor Eric Mazur dari 

Universiti Havard. Beliau menyatakan bahawa kaedah tradisional iaitu perpindahan ilmu secara 

langsung di dalam kelas adalah tidak berkesan untuk membangunkan kebolehan pelajar untuk 

menggunakan ilmu yang diperolehi itu dengan berkesan [2]. Perkara ini sebenarnya adalah isu 

yang memang diketahui oleh penyelidikan sistem pendidikan di mana para pelajar ti dak dapat 

menggunakan pengetahuan yang diperolehi untuk menyelesaikan masalah sebenar dalam 

kehidupan [3]. Secara pedagoginya, penyelesaian masalah ini perlulah berlandaskan kepada 

pembentukan persekitaran pembelajaran yang membolehkan pelajar berhadapan dengan situasi 

masalah sebenar yang mesti diselesaikan menggunakan ilmu pengetahuan yang diperolehi 

sebelum ini dari pensyarah mereka. Keadaan ini telah mendorong kaedah flipped classroom  

mencapai potensi yang baik di kalangan pendidik supaya pelajar memperolehi ilmu pengetahuan 

luar dari bilik darjah dan mengaplikasikannya ke atas masalah yang dikemukan di dalam bilik 

darjah. Para pensyarah akan bertindak sebagai fasilitator dan penasihat. Kaedah pembelajaran 

berasaskan masalah (problem based learning) memerlukan seseorang pelajar itu untuk mengkaji, 

menghasilakn hipotesis, mengaplikasikan pengetahuan yang ada untuk menyelesaikan masalah 

yang diberikan [4]. Kerana itulah satu kaedah hibrid flipped classroom- problem based learning 

(FC-PBL) telah dibangunkan di dalam kajian ini. Kaedah  flipped classroom ini menggalakkan 

pelajar untuk membuat ulangkaji ke atas material yang diberikan sebelum kelas bermula 

sebanyak yang mereka mahu [5]. Perkara penting seterusnya adalah pelajar akan dibantu apabila 

menganalisa maklumat daripada  material tersebut [6]. Dalam keadaan ini, pelajar akan menjadi 

pelajar aktif yang menerima maklumbalas secara konsisten berdasarkan kepada tahap kefahaman 

mereka terhadap material yang diberikan [5]. 

Objektif kajian pelaksanaan kaedah FC-PBL ini dilakukan untuk menilai keberkesanan 

dalam meningkatkan kebolehan pelajar ijazah sarjana muda kejuruteraan kimia (persekitaran) 

menjawab soalan aras tinggi dengan kualiti yang lebih baik berbanding kaedah tradisional. 

 
 

2. KAEDAH EKSPERIMEN 

 

Penelitian telah dilakukan ke atas 30 orang pelajar yang mengikuti kursus Basic Environmental 

Science selama dua semester. Silibus kursus adalah sama bagi kedua-dua semester tetapi satu 

semester telah diajar dengan kaedah tradisional dan dianggap sebagai sampel rujukan, manakala 

satu semester lagi telah diajar dengan kaedah hibrid FC-PBL. 

 

2.1 Pelaksanaan 

 

Satu minggu sebelum kelas bermula, pelajar akan dibekalkan dengan artikel atau video pendek 

yang berkisarkan tentang isu persekitaran seperti pencemaran dan geologi yang berkaitan dengan 

tajuk yang akan disampaikan di dalam kelas. Medium penyampaian adalah melalui whatsapp 

kumpulan atau googlesite. 

Pada waktu kelas, pelajar akan dibahagikan kepada beberapa kumpulan kecil. Setiap 

kumpulan akan mengenengahkan isu masing-masing beserta dengan jalan penyelesaiannya. 

Pensyarah akan menambahkan atau memberikan komen setiap cadangan yang diberikan supaya 

bersesuaian dengan pengajian pelajar iaitu seorang jurutera kimia persekitaran. 

 

2.2 Pengukuhan 

 

Untuk menilai keberkesanan kaedah FC-PBL ini, kumpulan pelajar tersebut perlu 

membangunkan satu video pendek berdurasi satu minit di luar bilik darjah dengan 

membincangkan isu persekitaran di sekitar kampus. Kami menamakan video ini sebagai “One 

Minute Environmental Message” yang mengandungi masalah sebenar serta cadangan jalan 

penyelesaiannya. 
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2.3 Penilaian 

 

Para pelajar akan dinilai berdasarkan kebolehan menganalisa, menilai dan memberi cadangan 

penyelesaian di dalam soalan aras tinggi yang ditanya di dalam ujian dan peperiksaaan Akhir. 

 

 

3. KEPUTUSAN DAN PERBINCANGAN 

 

3.1 Pemerhatian di dalam kelas 

 

Pemerhatian yang dilakukan mendapati semua pelajar menjadi aktif semasa kelas sedang 

berlangsung. Mereka boleh mengajukan soalan kepada kumpulan yang sedang membentangkan 

isu mereka. Kumpulan pelajar yang membuat pembentangan juga dapat menguasai isu yang 

telah diberikan lebih awal itu, mengikut tahap kefahaman mereka. Pensyarah akan membantu 

meningkatkan kefahaman dan memberi komen terhadap cadangan penyelesaian yang 

dikemukan. 

Para pelajar di dapati lebih bersedia memberikan jawapan atau respon terhadap contoh-

contoh masalah yang ditanya di dalam kelas. Mereka telah mempunyai pengetahuan asas yang 

lebih baik sebelum menghadiri kelas. Contoh artikel mengenai masalah persekitaran adalah 

seperti yang ditunjukkan di dalam Rajah 1. 

 

 
Rajah 1. Contoh artikel dan video pendek yang diberikan sebelum kelas bermula. 
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3.2 Pembuktian 

 

Keberkesanan kaedah hibrid FC-PBL ini dibuktikan melalui kualiti jawapan terhadap soalan aras 

tinggi di dalam ujian dan peperiksaan akhir apabila dibandingkan dengan jawapan oleh pelajar 

yang telah mengikuti kaedah tradisional. Kaedah hibrid FC-PBL di dapati telah mematangkan 

pelajar dengan cara mereka berfikir untuk mengupas isu yang diberikan serta dapat 

mencadangkan jalan penyelesaian yang lebih teknikal bersesuaian dengan kerjaya yang bakal 

mereka ceburi iaitu jurutera kimia persekitaran. Rajah 2 menunjukkan video pendek “One 

Minute Environmental Message” yang dihasilkan oleh pelajar. 

 

 

 
Rajah 2. Contoh video pendek yang telah dihasilkan oleh pelajar. 

 

 

3.3 Perbandingan kaedah tradisional dengan kaedah hibrid FC-PBL 

 

Ringkasan perbezaan pendekatan yang digunakan oleh kedua-dua kaedah ini adalah ditunjukkan 

seperti di dalam Jadual 1.  Jadual ini jelas menunjukkan bahawa kaedah tradisional tidak 

menggalakkan pelajar membuat persediaan sebelum menghadiri kelas walaupun pelajar sering 

diingatkan untuk membuat bacaan dahulu sebelum hadir ke kelas.  

 

Jadual 1. Perbandingan kaedah tradisional dengan hibrid FC-PBL 

 

 Kaedah Tradisonal Kaedah hibrid FC-PBL 

 

Sebelum kelas  

- 

Artikel masalah 

Video pendek 

 

Semasa kelas Syarahan Pembelajaran Aktif  

 

Selepas kelas Tutorial menjawab soalan 

atau latihan. 

Menghasilkan video pendek terhadap 

masalah sebenar di sekitar kampus. 

 

 

Rajah 3 menunjukkan halaman googlesite sebagai salah satu medium menyampaikan 

material awal yang perlu dipelajari dahulu oleh pelajar. Googlesite sangat membantu pensyarah 
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dan pelajar kerana ia boleh menyediakan satu platform interaktif yang kekal dan sedia di akses di 

mana sahaja tanpa mengira masa. 

 

 

  

 
Rajah 3. Medium googlesite sebagai perantara penyampaian material kepada pelajar. 

 

Walaupun kaedah hibrid FC-PBL ini menuntut seseorang pelajar bekerja lebih tetapi 

impak yang bakal mereka perolehi adalah jauh lebih baik. Kaedah ini tidak membosankan kerana 

pelajar masa kini lebih suka kepada teknologi dan mudah mengikuti sesuatu pembelajaran 

melalui video pendek yang disertai dengan animasi. Strategi pembelajaran dengan kaedah  

flipped classroom atau kelas terbalik, dapat meminimumkan arahan dari pengajar. Kaedah ini 

juga dapat memanfaatkan teknologi yang dapat menyediakan material pembelajaran secara 

online dan mudah diakses oleh pelajar [7].  

 

4. KESIMPULAN 

 

Kaedah hibrid FC-PBL merupakan gabungan dua kaedah iaitu flipped classroom dan kaedah 

problem based learning yang telah meningkatkan kualiti dan cara menjawab soalan aras tinggi 

yang memerlukan seseorang pelajar itu untuk menganalisa masalah, menilai masalah dan 

mencadangkan jalan penyelesaian yang terkini dengan perkembangan semasa. Kaedah ini 

sememangnya sesuai untuk kursus Basic Environmental Science dan selari dengan wawasan 

universiti untuk menerapkan Industrial Revolution 4.0 (IR 4.0) di dalam sistem pendidikan tinggi 

[8, 9]. 
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ABSTRACT - In most metal oxide based gas sensor applications, doping with transition metal is a widely used 

approach in order to improve the gas sensing properties of sensor materials. In this work, undoped SnO2 and Fe 

doped SnO2 nanorods were successfully synthesized via hydrothermal method at a relatively low temperature, 180 

°C without organic templates, surfactants or further calcination. X-ray diffraction (XRD) analysis confirmed that 

both undoped SnO2 and Fe doped SnO2 powder samples were consisting of rutile tetragonal phase SnO2. There were 

no peaks of other impurities such as metallic tin (Sn), stannous oxide (SnO), ferrous oxide (FeO) and ferric oxide 

(Fe2O3) were detected. High resolution transmission electron microscopy (HRTEM) analysis revealed that the 

average diameter and length of nanorods formed in Fe doped SnO2 sample were approximately 4 and 32 nm than the 

nanorods formed in undoped SnO2 (25 and 150 nm), respectively.  Subsequently, the aspect ratio of Fe doped SnO2 

increased (aspect ratio, 8) compare to that of undoped SnO2 (aspect ratio, 6). A simple ethanol gas sensing test was 

carried out at 450 °C using 1000 ppm ethanol gas. The Fe doped SnO2 nanorods sensor recorded almost similar 

sensing response reading (1.4 x10
3
) than that of undoped SnO2 nanorods, 1.1 x10

3
 although the size of nanorods Fe 

doped SnO2 decreased drastically. However, the initial resistance of Fe doped SnO2 nanorods far higher than 

undoped SnO2. 

 

Keywords: Hydrothermal, tin oxide, Fe doped, ethanol gas sensor. 
 
1. INTRODUCTION 

The doping of tin oxide gas sensor is one of the traditional approaches used to enhance the gas 

sensitivity, selectivity and decrease the operating temperature. So far, various dopants including 

noble metals, transition metals, non-metals, alkaline earth metals and metalloid can be used. 

Among them, noble metals (Pd, Pt, Au, Ag, Rh) and transition metals (e.g Fe, Co, Cu, Ni, etc.) 

are the most common metals used as dopants in gas sensor applications. Generally, noble metal 

dopants serve as “catalyst” whereas transition metal dopants serve as “accelerator” of various 

process [1]. Ferum (Fe) is a ferromagnetic metal belongs to Group 8 in the periodic table. 

Generally, it was reported the incorporation of Fe dopant in semiconducting metal oxide appears 

in the form of Fe
3+

 which highly influenced the band gap and electrical properties of gas sensor 

[2]. Although there are several reports available in the literatures about the structural and 

magnetic properties of Fe doped SnO2 nanostructures, the reports on the Fe doped SnO2 as gas 

sensor are quite limited [3-6].Meanwhile, the one-dimensional (1-D) metal oxide nanostructures 

are found to be very promising for gas sensor applications due to the surface to volume ratio is 

very high and which subsequently improve the sensor sensitivity [7]. Anumber of methods such 

as thermal evaporation [8], hydrothermal [9], chemical vapor deposition (CVD) [10], sol-gel [11] 

and co-precipitation [12] have been employed to synthesis 1-D SnO2 nanostructures. Among 

them, hydrothermal route is considered as a promising method widely used to synthesis 



38 
 

homogeneous SnO2 nanostructures with controlled shape and size. Herein, in this study we 

prepared 1-D undoped and Fe doped SnO2 nanorods via hydrothermal method using neither 

organic template nor surfactant at a relatively low temperature, 180 °C. The as-synthesized SnO2 

nanorods samples were then tested on 1000 ppm ethanol gas at 450 °C. The morphological and 

structural properties of as-synthesized SnO2 were investigated using X-ray powder diffraction 

(XRD) and high-resolution transmission electron microscopy (HRTEM) analysis. 
 

2. EXPERIMENTAL METHOD 

The hydrothermal method was executed to synthesis undoped and Fe doped SnO2 nanorods 

samples depicted in Figure 1. 

 

 

 
Figure 1. The hydrothermal synthesis of undoped and Fe doped SnO2 nanorods. 

 

 
 

3. RESULTS AND DISCUSSION 

Table 1 shows the XRD  data obtained for undoped and Fe doped SnO2 nanorods powder 

samples. nanorods, respectively. 

 

Table 1. The calculated  crystalline sizes, lattice constants and lattice strains of undoped and Fe 

doped SnO2 nanorods powder samples.  

 eiittaL

t ttietinLtL

 eiittaL

t ttietinLeL

 eiittaLtitettL tntiettttaL

tt(aLztszL

eesmtaL

3.1751L4.7098L0.0038L32.00LOtp mapLetU2L

3.1781L4.7343L0.0096L12.90LOaLp mapLetU2L

 

Washing /drying process 

- Cleaned with distilled water-

dried at 60 °C in oven 

 

 

Undoped SnO2 

nanorods 

Fe doped SnO2 

nanorods 

 1.6838 g (0.12M) SnCl4. 5H2O 

dissolved in ethanol: distilled 

water solution. To synthesis 5 

mol% Fe doped SnO2, Fe 

(NO3)3 6H2O was dissolved  

 

Equal amount of 6 M NaOH 

and ethanol were mixed in the
 

precursor solution and adjust 

the pH to 13 

Hydrothermal 

route: heat treated 

at 180 °C for 15 h 
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FIGURE 2: HRTEM micrographs of (a) undoped SnO2 nanorods (b) Fe doped SnO2, 

respectively.  

 

 

 
 

The HRTEM micrographs in Figure 2 exhibits the morphology of (a) undoped and (b) Fe doped 

SnO2 nanorods, respectively. The average diameter and length of undoped SnO2 nanorods were 2 

nm and 150 nm, respectively. After doped with Fe, the average diameter and length reduced to 4 

nm and 32 nm.  Figure 3 displays the ethanol gas sensing response of undoped and Fe doped 

SnO2 nanorods sensor. It is noteworthy that the intial resistance of Fe doped SnO2 nanorods 

sensor higher than that undoped SnO2. This can be explained  due o the smaller size of nanorods 

(diameter ~4 nm) increased the thickness of  charge depletion layer subsequently increseases the 

initial resistance. Interestingly, the Fe doped SnO2 nanorods sensor recorded almost similar 

response with undoped SnO2, 1.4 x 10
3 

and 1.1 x 10
3
 respectively. This result similiar to the 

previous study [6]. The recovery time of Fe doped SnO2 also improved. 

 

 
Figure 3 The resistance of (a) Fe doped SnO2 and (b) undoped SnO2 nanorods sensor at 450 °C. 

(ez (bz 
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4. CONCLUSION 
The 1-D undoped and Fe doped SnO2 nanorods were successfully synthesized using 

hydrothermal method. The average diameter and length of Fe doped SnO2 nanorods reduced to 4 

nm and 32 nm, respectively. However, the aspect ratio increased from 6 to 8 after Fe doping. The 

ethanol gas sensing response of Fe doped SnO2 at 450 °C found to be almost similar to the 

undoped SnO2 nanorods sensor although the initial resistance of Fe doped SnO2 far higher than 

that of undoped SnO2. It is suggested that the smaller size of nanorods responsible of the high 

initial resistance reading. 
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ABSTRACT-The present study reports the growth and characterization of the fabrication of porous ZnO 
on different substrate. Porous zinc oxide is a favorable material for various applications and it can be 
fabricated by wet chemical etching on the different substrates. The ZnO thin films was deposited using 
radio frequency (RF) sputtering method on silicon, glass, sapphire and PET substrates. The ZnO thin films 
was etched in the ammonium hydroxide (NH4OH) solution for 3 minutes to form porous ZnO thin films. 
The Optical Microscopy, Filmetrics and Fourier Transform Infrared Spectroscopy (FTIR) results have been 
analyzed to determine the surface morphology, refractive index and functional group correspondingly 
grown on different substrate which is glass, silicon, sapphire and PET substrate. The FTIR revealed that 
there is ZnO bond that exist on the ZnO/silicon samples and the optical microscope show that there is 
better formation of pores on the ZnO/silicon samples. However, for the filmetrics it shows the 
decreasing of reflectance due to the porosity on ZnO/silicon. The refractive index that has been 
obtained are 0.9301 and 0.9667 for ZnO and porous ZnO porous respectively. Meanwhile, the thickness 
that obtained are 365.3 A° for ZnO and 262.6 A° for porous ZnO. Finally, silicon substrate was a better 
substrate for the fabricating porous ZnO using ammonium hydroxide (NH4OH) solution. 
 

Keywords: Zinc Oxide, Porous ZnO, Ammonium Hydroxide, Wet Chemical Etching. 

 

1. INTRODUCTION 

 

Zinc oxide can be known as a multifunctional material on account of its distinctive physical and 

compound properties [3]. ZnO nanomaterials have been widely considered for application in 

different sorts of nanoscale useful gadgets utilized generally as a part of the chemical industry, 

medical diagnostics, food technology, ultraviolet testing, national barrier and our daily life [4]. 

There are a few strategies to forming and manufacture the ZnO nanostructures on different 

substrate including chemical vapor deposition (CVD), pulsed laser deposition, spray pyrolysis 

and radio frequency (RF) magnetron frequency and many others[5].  

The fabrication of porous and nanostructured ZnO is a different focus of interest due of the 

competence of this material to modify ZnO optical properties that are suitable for device 

fabrication, especially for optoelectronic devices [6]. In contrast, the researchers has taken an 

interest in porous ZnO for its large internal surface area. Wet chemical etching is a reliable 

method for producing porous materials. This method involves a few controlling parameters and 

is relatively cost-efficient [6]. Some studies by other researchers on fabrication of porous ZnO 
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focus on some methods such as electrodeposition, chemical etching, unbalanced magnetron 

sputtering, electrochemical anodization has been proved. 

Lately, the difference in the etching solution and substrate is so far to be recognized for the 

porous ZnO formation.  Henceforward, the formation of porous ZnO need to be discover further 

using an etching solution on different substrate such as glass, silicon, sapphire and PET substrate 

[6]. It has been proven by the C.G.Ching et al, (2013) and S.S.Ng et al, (2014) that fabricated 

porous ZnO on the silicon substrate using electrochemical etching solution was the latest one.  

 

2. EXPERIMENTAL DETAILS 

 

For the preparation of the sample, the sample was cleaned using the RCA method cleaning 

process. The ZnO thin films was deposited on different substrate by using RF sputtering method. 

The power of the RF sputtering was set at 150W and at room temperature. The Argon gas was 

used as a spectral gas and vacuum chamber evacuated base pressure at 3.49 × 10−5 𝑚𝑏𝑎𝑟. The 

substrate was pre-sputtered for about 10 minutes to make sure there was no contamination to the 

surface of the substrate. Then, the porous ZnO was prepared by wet etching. The ZnO films of 

different substrate were etched using 100 ml NH4OH solution with the etching time of 3 minutes. 

After the etching process, the samples were rinsed with distilled water and dried under nitrogen 

gas flow to remove any chemical residue on the sample surface. In this experiment, the etching 

time use is for 3 minutes. For a better and accurate result, the various etching time such as 

between 1 minutes to 5 minutes need to be observed to get the average [31]. The characterization 

methods used are Optical Microscopy, Fourier Transform Infrared Spectroscopy (FTIR) and 

Filmetrics. In this experiment, the analysis used was Optical Microscopy, Fourier Transform 

Infrared Spectroscopy (FTIR) and Filmetrics. For a better observation, other analysis such as 

SEM, XRD and PL Spectra also need to be considered [38]. 

 

3. RESULTS AND DISCUSSION 

 

Figure 1(a)-(h) shows the surface morphology of the ZnO thin film grown on the different 

substrate before and after etched with 100 ml ammonium hydroxide (NH4OH) solution at 3 min 

of etching times respectively. The image before etched with 100 ml ammonium hydroxide 

(NH4OH) solution shows that the surface morphology of the ZnO thin film has an irregular 

shaped structure for all the different substrates. After immersing in the ammonium hydroxide 

(NH4OH) solution, the pores initially formed on the ZnO surface of the different substrates. 

Overall, the surface morphologies of the porous ZnO after etched on sapphire substrate show the 

smoother surface among the glass, silicon and PET substrates. Figure 1(g) and (h) show that 

there are numerous formation of pores on silicon substrate compared to the other substrates. This 

is because the silicon substrate has the tendency to contain a higher degree of dislocation because 

of the relatively large lattice mismatch between ZnO and Si substrate [6]. It has proven that 

silicon substrate is the most suitable substrate to etched in ammonium hydroxide (NH4OH) 

solution compared to the other substrate. Furthermore, among the four substrates, the PET 

substrate is the mostly not suitable to etched in ammonium hydroxide (NH4OH) solution.  

Beside that, there are maybe because of some factors that make the pores size formation different 

on the different substrates[10]. The variation in the morphology of the obtained porous ZnO is 

attributed to the active dissolution of grains ZnO in NH4OH solution. The etching process is 

believed to initiate at the defect sites on the ZnO film, namely, the edge of the grains ZnO, as 

soon as it was exposed to the NH4OH solution [7]. 

 

 



43 
 

 
 

Figure 1. Surface morphology for thin film of ZnO grown on (a),(b) glass, (c),(d) PET, (e),(f) 

sapphire and (g),(f) silicon substrate (a),(c),(d),(e) before and (b),(d),(f),(h) after etched in 

ammonium hydroxide (NH4OH) solution. 

 

Figure 3 shows the filmetrics result for thin film of ZnO grown on silicon substrate before (ZnO) 

and after (porous ZnO) etched in ammonium hydroxide (NH4OH) solution. The silicon substrate 

was further investigated to the filmetrics analysis because it is the most suitable substrate as 

mentioned in the optical microscopy analysis and FTIR analysis before. From the filmetrics 

analysis, the refractive index that has been analyzed are 0.9301 and 0.9667 for ZnO and porous 

ZnO respectively. Meanwhile, the thickness that obtained are 365.3 A° for Si control and 262.6 

A° for Si porous. Reflectance is the fraction of the total radiant flux incident upon a surface that 

is reflected and that varies according to the wavelength distribution of the incident radiation. 

From the graph that has been plotted, it can be concluded that there is a decrease after the ZnO 

thin film was etched in the ammonium hydroxide (NH4OH) solution. This happened due to the 

surface roughness and the pores that formed on the surface of the silicon substrate. Therefore, the 

refractive index decreased and was controlled by the pores with respect to the high porosity 

which consequently led to a decrease in reflection [12].  
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Figure 3. Filmetrics result for thin film of ZnO grown on silicon substrate before and after 

etched in ammonium hydroxide (NH4OH) solution. 

 

4. CONCLUSION 

Throughout the experiment that has been conducted, it can be concluded that ZnO has many 

unique properties that can be applied in the electronic field. The thin film of ZnO was deposited 

using the reactive sputtering system which is Auto HHV500 Sputter Coater model. The ZnO thin 

films on the different substrate which is glass, sapphire, silicon and PET substrate was etched 

into the ammonium hydroxide (NH4OH) solution for about 3 minutes of the etching time for 

porous ZnO thin films. After that, the porous ZnO thin films was analyzed to observed their 

surface morphology and the functional group using Optical Microscopy and Fourier Transform 

Infrared Spectroscopy (FTIR) respectively. Besides that, the thickness and their refractive index 

was determined using the Filmetrics F20 analysis. It can be conclude that, for the Optical 

Microscopy Analysis, there are better formation of pores on the silicon substrates compared to 

other substrate. So, it was further investigation to determined the effects of reflectance before 

and after etched in the ammonium hydroxide (NH4OH) solution using Filmetrics F20 analysis. 

The reflectance was decrease after the ZnO thin films was etched in the NH4OH solution. The 

ZnO bonds was found less than 500 cm
-1

 on the graph of absorbance versus wavelength for the 

silicon substrate. Lastly, it has been proven that, silicon substrate was a better substrate for the 

wet chemical etching using ammonium hydroxide (NH4OH) solution. 
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ABSTRACT- The ZnO is popular in the research fields nowadays because it novel properties 

which attracted various applications to use it. There is various types of method were used to 

deposit the ZnO thin film. However, not all the method will produce the high quality of thin film 

because of it limitations. In this research, the RF sputtering method was chosen because the 

method has some advantages compared to the other methods. The project was conducted to 

fabricate the ZnO thin film on the glass substrate by using RF sputtering, and to anneal and 

characterize the ZnO thin films on a glass substrate at different temperature by using Filmetric, 

FTIR, and optical microscope. ZnO thin films were deposited on the glass substrate by RF 

sputtering and then, the ZnO thin films were annealed at different temperatures; 200°C, 300°C, 

and 400°C in tube furnace for one hour. The optical property and surface morphology of 

annealed ZnO thin films were characterized. The refractive index of the ZnO thin film, the 

measurements were decreased when the higher annealing temperature was used which is from 

1.6153 (200 °C), 1.4154 (300 °C) and 1.3541(400 °C). In addition, the higher transmittance was 

observed which is greater than 70%, and the absorbance shows that the four sample contain ZnO 

as the peak at range of 420.431 cm
-1

 to 450.30 cm
-1

 were presented which represent ZnO 

stretching and the present of O-H groups at range 3568.233 cm
-1

 to 3628.15 cm
-1

 shows the 

hygroscopic nature of ZnO. The surface morphology of the thin films were increased as the 

annealing temperature increased where the surface roughness was reduced and become smoother 

as the annealed temperature increased at above 200°C.  
 
 

Keywords: Zinc Oxide, Porous ZnO, Ammonium Hydroxide, Wet Chemical Etching. 

 

1. INTRODUCTION 

Nowadays, Zinc Oxide (ZnO) is one of an attractive material that is used for research due to its 

performance in optics, photonics and electronics. There are many application that used ZnO 

material such as UV light-emitters, varistors, transparent high power electronics, surface acoustic 

wave devices, piezo-electric transducers, gas-sensing and as a window material for display and 

solar cells [1]. ZnO is a semiconductor that at a room temperature have a wide direct band gap 

energy which is approximately to 3.37 eV and a large exciton binding energy that approximately 

60mV [2]. At a room temperature, the high exciton binding energy can ensure effective excitonic 

emission in ZnO [3]. In addition, the wide direct band gap energy in ZnO can let the devices to 

operate at high temperature and enable the ZnO to be transparent where in the visible spectrum, 

it brings the electronic transition energy into the energy range of visible light [4,5]. This shows 

mailto:mohdmuza433@ppinang.uitm.edu.my
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that ZnO semiconductor have several properties such as high electron mobility, good 

transparency and high durability of room temperature luminescence. There are many techniques 

that had been used for growing the ZnO as a thin films on the various substrates such as 

chemical spray pyrolysis [6], successive ionic layer adsorption and reaction (SILAR) [7], pulsed 

laser deposition technique (PLD) [8] and radio frequency sputtering [9]. These methods have 

their own advantages and disadvantages such as in chemical spray pyrolysis, this method has 

advantages such as it does not require high quality of target, easy to control of composition and 

microstructure and can conducted at moderate temperature at the range of 100°C to 500°C but 

these method also have limitation such as the spray nozzle may have become cluttered after long 

processing time and the quality of films depend on the size of the droplet and spray nozzle [10]. 

When the quality of film produce by chemical spray pyrolysis depends on the size of the droplet 

and spray nozzle, it shows that the deficiency of the method could be occurred during the films 

deposition which tends to produce low quality of thin film. That mean not all techniques are 

suitable to produce high quality of ZnO thin film. In this research, radio frequency sputtering 

method was chosen to fabricate the ZnO thin film on glass substrate because the RF sputtering 

method is a simple method to fabricate the ZnO thin films and it have better control on the film 

growth, required low temperature deposition, and uniform film properties [11]. Soda lime glass 

substrate was chosen to deposit the ZnO thin films because it have higher resistance to high 

temperature, high transmission, brittle, and inexpensive. However, there are some disadvantages 

of soda lime glass where it is easily to crack when heated and cooled since the soda lime glass 

have high thermal expansion,  and it cannot use in the strong acids and alkalis [12]. After 

deposition, the ZnO thin films were annealed in order to improve the surface morphology of the 

thin films where the crystallite size of the thin film increased and the surface roughness of the 

film decreased. According to the Tuzemen et al., 2013 [13], the optimal temperature of annealing 

is at high temperature which is at the range between 350°C and 500°C because it was reported 

that at these range of the  annealed temperature, the surface morphology of the ZnO thin films 

were increased. In this research, the objectives are to fabricate the ZnO thin film on the glass 

substrate by using RF sputtering, and to anneal and characterize the ZnO thin films on a glass 

substrate at different temperature by using Filmetric, FTIR, and optical microscope. The zinc 

oxide thin film was fabricated on glass substrate by using radio frequency sputtering technique. 

Then, the ZnO thin film on the glass substrate will be annealed at different temperatures by 

thermal tube furnace. The annealed films at different temperature then will be characterized by 

Filmetric, Fourier Transform Infrared Spectroscopy (FTIR), and optical microscope in term of 

optical properties and surface morphology. 

 

2. EXPERIMENTAL DETAILS 

Zinc oxide films were deposited on glass substrate by RF sputtering technique using a zinc oxide 

target (99.99%). The substrates were ultrasonically cleaned in deionized water for 15 minutes 

and dried using dry nitrogen. Then, the ZnO thin films were deposited by using RF sputtering 

method. The RF power was kept constant at 150W and the temperature of the substrate was set 

to room temperature. The vacuum chamber was evacuated to a base pressure of 3.54 x 10
-3

 mbar 

and Argon gas was introduced into the chamber. The pre-sputtering was conducted for 10 

minutes in order to clean the target surface, and stabilize the plasma. Then, the three samples of 

ZnO thin film were annealed at different temperatures which are 200°C, 300°C, and 400°C while 

one sample was acted as constant (as-deposited). The annealing process was carried out by using 

tube furnace for one hour. The annealed samples and as-deposited sample of ZnO thin film were 

characterized by using Filmetric, FTIR, and optical microscope in order to study the surface 

morphology, and optical properties of ZnO thin films. 

 

3. RESULTS AND DISCUSSION 

The thickness and refractive index of the ZnO thin films were determined by Filmetric F20 thin 

film analyzer and the reflectance spectrum over the wavenumber were analyzed. The value of 
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thickness, and refractive index of the samples were observed and recorded in Table 1 and the 

thickness of the thin films were increased as the thermal annealed temperatures were increased. 

However, at the temperature 400°C, the thickness of the thin film was decreased to 364.6 nm. 

The decreasing of the thin film’s thickness was due to the evaporation of the organic and 

densification of the film [14]. 

  

 

Table 1: Thickness and Refractive Index of ZnO 
 

Sample Thickness, nm Refractive Index 

As-deposited 292.2 1.3365 

Anneal at 200°C 218.3 1.6153 

Anneal at 300°C 380.9 1.4154 

Anneal at 400°C 364.6 1.3501 

 

 

 
Figure 5: Optical Microscope of ZnO thin film: (a) as-deposited, (b) annealed at 200°C, 

(c) annealed at 300°C and (d) annealed at 400°C, respectively  

 

For optical microscope analysis which is shown at Figure 5, at the low temperature of annealing 

process which is 200°C, the structure of the thin film is show the same morphology surface 

which is similar to the structure as-deposited ZnO. At as-deposited and anneal at 200°C, it were 

observed that a few small black holes were appeared in the samples. However, at the higher 

temperature of annealing which are 300°C and 400°C, the uniform film with grains are found to 

appear and the small holes were disappear after the thermal annealing above 200°C. The uniform 

grain that appear at high temperature of annealing is due to the agglomeration of the crystalline 

and the surface morphology of the sample is increased where the surface roughness of the 

samples were reduce which cause the surface of the sample become smoother.  

 

4. CONCLUSION 

 

The objectives of this research were to fabricate the ZnO thin film on the glass substrate by using 

RF sputtering, to anneal the ZnO thin film on the glass substrate at different temperature using 

thermal tube furnace and to characterize the annealed ZnO thin films on a glass substrate by 

using Filmetric, FTIR, and optical microscope. The optical properties and surface morphology of 

the As-deposited, and annealed ZnO thin film on glass substrate at 200°C, 300°C, and 400°C 

were analyzed. The FTIR analysis also shows that the higher temperature of annealing give a 

good transmittance which greater than 70% where it make the thin films have high transmittance 
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in the visible range. For the surface morphology, the optical microscope show that the ZnO thin 

film have increasing the surface roughness, uniform structure of grain and the surface of thin 

film become smoother as the annealed temperature increased at above 200°C. 
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