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ABSTRACT 

This study aimed to fabricate nanostructured zinc oxide (ZnO) based metal-
semiconductor-metal (MSM) gas sensor by immersion method. Three stages of 
method were employed to fabricate nanostructured ZnO based MSM gas sensor which 
are: (1) preparation of ZnO nano-template by spin-coating method, (2) preparation of 
nanostructured ZnO on deposited ZnO nano-template layer by immersion method and 
(3) fabrication of nanostructured ZnO based MSM gas sensor. For preparation of ZnO 
nano-template by spin-coating method, both effects of multilayer coating (1 to 9 
layers) and annealing temperature (350 to 500°C) of ZnO nano-template were 
determined. The optimised properties of deposited ZnO nano-template was further 
employed as a seed layer to grow nanostructured ZnO by immersion method. For 
preparation of nanostructured ZnO on deposited ZnO nano-template layer by 
immersion method, effect of molarity (0.02 to 0.10 M) and effect of n-type dopant 
(Sn) concentration (0.2 to 1.0 at.%) on nanostructured ZnO were evaluated. Field 
emission scanning electron microscope (FESEM), energy dispersive X-ray (EDS), 
atomic force microscopy (AFM) and X-ray diffraction (XRD) were employed to 
characterise the structural properties of deposited samples whereby UV-Vis-NIR 
spectrophotometer was used for the optical properties determination. The electrical 
properties were measured using current-voltage (I-V) measurement system (Keithley 
2400). Next, gold (Au) was deposited on the nanostructured ZnO as an electrode for 
the fabrication of nanostructured ZnO based MSM gas sensor. The entire samples 
were characterised to determine their response and recovery time as well as the 
sensitivity. The sensitivity behavior of the fabricated samples were determined to 
detect 20 seem of methane (CH4) gas at operating temperature of 150°C. In 
preparation of ZnO nano-template by spin-coating method, the results revealed that 5 
layers demonstrated a high uniformity with no crack and high electrical conductivity 
(l.lxlO"3 S/cm). Additionally, 500°C has emerged as an optimum temperature upon 
increment of annealing temperatures. During preparation of nanostructured ZnO on 
deposited ZnO nano-template layer by immersion method, unique nanostructure 
(flake-like morphologies) was observed upon the study of molarity effect on 
nanostructured ZnO (0.02-0.10 M). The electrical conductivity was obtained around 
10"3 S/cm, which is comparable to previous reported studies. The optimum 
concentration at 0.06 M has exhibited a good uniformity with low roughness and the 
highest conductivity of 3.3><10"3 S/cm. The effect of n-type dopant (Sn) concentration 
(0.2-1.0 at.%) has been investigated. The width of flakes have slightly decreased from 
64.1 to 41.9 nm as the n-type dopant (Sn) concentration increased. Increasing the n-
type dopant (Sn) concentration has greatly enhanced the electrical conductivity from 
6.5X10-3 to 12.6xl0"3 S/cm. The highest sensitivity was achieved at 23% with 
utilisation of 1.0 at.%. The response and recovery time of 1.0 at.% were 46 and 64 s, 
respectively. Through this research work, the optimum preparation parameters were 
successfully identified for fabrication of nanostructured ZnO based MSM gas sensor. 
This work provides an opportunity to explore potential material for the development 
of gas sensor. 
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CHAPTER ONE 

INTRODUCTION 

1.1 RESEARCH BACKGROUND 

Nanotechnology is an emerging and exciting area of scientific development. 

As one of the most active research fields in modern materials science, it offers way to 

create smaller, lighter and faster devices using fewer raw materials and less energy 

consumption. The term nanotechnology was first suggested by Norio Taniguchi in 

1974 to describe the technology that strives for precision at the level of about one 

nanometer (10"9 m) [1]. One of the fundamental component and keystone to 

nanotechnology is nanomaterials that are referred to materials with the grain size of 

less than 100 nm. The properties of nanomaterials are significantly different from 

those of atoms and bulk materials. This is mainly due to the surface effects and the 

quantum size effects. These effects do not only modify the materials structure, but it 

also produced materials with enhanced and outstanding properties, which can be 

utilized in various applications. 

Methane (CH4), the main constituent of natural gas, is a colorless, highly 

volatile, odorless and flammable gas. It is well known that a small spark can trigger 

violent explosion due to inflammability if the concentration of CH4 reaches a critical 

limit (it has a lower explosion limit (LEL) of 4.9% and an upper explosion limit 

(UEL) of 15.4%) in the air [2]. Thus, the development of a reliable, low cost methane 

sensor has gained a great interest, especially to monitor CH4 from escaping into the 

atmosphere during industrial operation in order to protect public health and safe 

environment [3]. 

The study on metal-semiconductor-metal (MSM) semiconductor gas sensor 

has gained numerous attentions since 40 years ago [4, 5]. The MSM gas sensors offer 

high sensitivity and a real simplicity in function. The surface of sensing material 

shows a significant change on its electrical conductivity in gas ambient. In today's 

research, nanomaterials play important role in enhancing its sensing properties; such 

as the sensitivity, the response time and the recovery time. Nanomaterials offer a high 
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