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ABSTRACT

The ethanol sensor device fabrication was carried out using undoped zinc oxide nanorod
(ZnO NR) arrays, tin doped zinc oxide nanorod (Sn:ZnO NR) arrays and novel
nanostructured tin doped zinc oxidel tin oxide nanorod (Sn: ZnO/Sn02 NR) arrays film.
The sensor consists of a thin film nanostructured deposited on the novel seed layer
magnesium-aluminium co-doped zinc oxide (MAZO) coated glass using solution
immersion technique. The thin film nanostructures were investigated using X-ray
diffraction analysis, energy-dispersive X-ray spectroscopy, field emission scanning
electron microsopy, atomic force microscopy, photoluminescence spectrometry,
ultraviolet-v.isible-near-infrared spectrometry, thickness profilometry and two-probe
current-voltage measurement system. The sensor performance was analysed based on
the change in electrical conductivity upon gas adsorption when ethanol gas was exposed
to nanorod arrays film that act as sensing materials. The growth of ZnO NR arrays film
was influenced by many factors. In this study, some parameters have been done for
ethanol sensor application such as doping process (undoped, single doped and co-doped
ZnO seed layer), the variation of coating seed layers (one to nine coating layers), the
effect ofZnO NR arrays growth on variation coating layers (one to nine coating layers),
the effect of ZnO NR arrays growth at different immersion time (15-90 min), the effect
of doping process for ZnO NR arrays (undoped and Sn doped) and the effect of pH of
Sn02 solution to the growth of Sn:ZnO/Sn02 NR arrays. The conductometric sensor
system was set up to study the sensing sensitivity, response and recovery time and
selectivity properties towards ethanol gas. The sensor response for Sn:ZnO/Sn02 NR
arrays was 20. It was observed that the Sn:ZnO/Sn02 NR arrays film showed the higheM
response to the presence of ethanol gas compared ZnO and Sn: ZnO NR arrays. The
Sn:ZnO/Sn02 NR arrays showed the shorter of response and recovery time which was
around 81 and 63 s, respectively. The sensing sensitivity of Sn:ZnO/Sn02 NR arrays
prepared at pH 5.5 of Sn02 solution was increased from 2.4 to 5.2 with an increase of
ethanol concentration range 60 to 300 ppm. The Sn:ZnO/Sn02 NR arrays prepared at
pH 5.5 of Sn02 solution also showed the increasing of sensing sensitivity value range
2.5 to 8.0 when the working temperature is increased from 60 to 140°C. It also was
observed that the Sn:ZnO/Sn02 NR arrays have good selectivity properties towards
ehanol vapor as compared to acetone and propanol vapor.
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CHAPTER ONE

INTRODUCTION

1.1 SENSOR

Until now, a wide range of gas sensors has been developed. Development of

sensor era has already begun since 1970s in which the semiconductor combustible gas

sensor, an oxygen sensor of solid electrolyte and humidity sensor were

commercialized [1]. During these two decades, considerable effort has been made not

only to advance on these sensors but also to develop a range of gas sensors that were

in prodigious request for making safety, health, environment controlling, automotive

application and security [2, 3]. Due to numerous requests for the development of gas

sensors, research which focuses on development of small, compatible, inexpensive

with low energy consumption has expanded over the years and sparked a major

research around the world to improve the metal oxide sensor mainly in sensitivity,

speedy response, selectivity and stability properties.

Currently, semiconductors, electrolytes or catalytic combustion gas sensor

have been used to detect various kinds of gases such as reducing gas; methane,

propane, carbon monoxide, ammonia, hydrogen sulfide and adsorptive gas; oxygen,

nitrogen dioxide and ozone. Up to now, there are many new demands for gas sensor

which includes detection of Volatile Organic Compounds (VOC) to find new

innovations for better sensing performances, lower power consumption and more

compact device structures. To meet these demands, semiconductor gas sensors are

considered to be the best suited because they have advantageous features such as

simplicity in device structure and circuitry, high sensitivity, versatility and robu~tness.

1.2 ETHANOL SENSOR

The growing interest on the development of alcohol sensors for food quality

control, industrial are'lS, breath analysis and environment control [3-9] has created a

great demands on seeking the gas sensor with high sensitivity, stability and wide

selectivity. Presently, the analytical instruments such as gas chromatography, high
1


	ETHANOL SENSING BEHAVIOUR OF TIN DOPED ZINC OXIDE/TINOXIDE COMPOSITED NANOROD ARRAYS ON MAGNESIUM ALUMINIUM CO-DOPED ZINC OXIDE SEEDED LAYER
	CONFIRMATION BY PANEL OF EXAMINERS
	AUTHOR’S DECLARATION
	ABSTRACT
	ACKNOWLEDGEMENT
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF SYMBOLS
	LIST OF ABBREVIATIONS
	CHAPTER ONE INTRODUCTION
	1.1 SENSOR
	1.2 ETHANOL SENSOR
	1.3 SENSING MATERIALS
	1.4 PROBLEM STATEMENT
	1.5 RESEARCH OBJECTIVES
	1.6 RESEARCH SCOPE
	1.7 RESEARCH CONTRIBUTIONS
	1.8 THESIS ORGANISATION

	CHAPTER TWO LITERATURE REVIEW
	2.1 INTRODUCTION
	2.2 ZINC OXIDE AS FUNCTIONAL MATERIAL
	2.3 ELECTRICAL DEVICES AND DETECTION MECHANISM
	2.4 THE ROLE OF ZINC OXIDE AS A SEED LAYER
	2.5 ZINC OXIDE NANOSTRUCTURES
	2.5.1 Growth of ZnO Nanorods
	2.5.2 Zinc Oxide Nanostructures Based Ethanol Sensor

	2.6 CHAPTER SUMMARY

	CHAPTER THREE RESEARCH METHODOLOGY
	3.1 INTRODUCTION
	3.2 MATERIALS
	3.2.1 Chemical Materials
	3.2.2 Substrate
	3.2.3 Substrate Cleaning

	3.3 SEED LAYER PREPARATION
	3.3.1 Preparation of Doped and Co-Doped ZnO Seed Thin Films by Sol-GelSpin Coating
	3.3.2 Preparation of Magnesium-Aluminium Co-Doped ZnO Seed Thin Filmsat Different Coating Layer

	3.4 PREPARATION OF ZINC OXIDE NANOROD ARRAYS
	3.4.1 Fabrication of Zinc Oxide Nanorod Arrays on MAZO Seed Layer
	3.4.2 Fabrication of Zinc Oxide Nanorod Arrays at Different Growth Time
	3.4.3 Fabrication of Tin Doped Zinc Oxide Nanorod Arrays

	3.5 PREPARATION OF TIN DOPED ZINC OXIDE/TIN OXIDE NANOROD ARRAYS
	3.5.1 Fabrication of Tin Doped ZnO/SnO2 by Varying of SnO2 pH Solution

	3.6 SENSOR PERFORMANCE MEASUREMENT
	3.6.1 Ethanol Sensing Performance of Undoped ZnO, Tin Doped ZnO and Tin Doped ZnO/SnO2 Nanorod Arrays
	3.6.2 Ethanol Sensing Performance of Tin Doped ZnO/SnO2 Nanorod Arrays Prepared at Different pH Value of SnO2 solution
	3.6.3 Ethanol Sensing Performance of Tin Doped ZnO/SnO2 Nanorod Arrays at Various Concentration
	3.6.4 Ethanol Sensing Performance of Tin doped ZnO/SnO2 Nanorod Arrays at Various Working Temperature
	3.6.5 Ethanol Sensing Performance of Tin doped ZnO/SnO2 Nanorod Arrays at Different Type of Chemical Vapor

	3.7 CHARACTERIZATION OF THIN FILMS
	3.7.1 Field Emission Scanning Electron Microscopy (FESEM)
	3.7.2 Energy Dispersive X-Ray Spectroscopy (EDX)
	3.7.3 X-Ray Diffraction (XRD) Analysis
	3.7.4 Atomic Force Microscopy (AFM)
	3.7.5 Thickness Profilometry
	3.7.6 Ultraviolet-Visible—Near—Infrared (UV-Vis-NIR)
	3.7.7 Photoluminescence (PL) Spectrometry
	3.7.8 Current-voltage (I-V) measurement

	3.8 CHAPTER SUMMARY

	CHAPTER FOUR PROPERTIES OF MAGNESIUM AND ALUMINIUM CO-DOPED ZINC OXIDE (MAZO) SEED LAYER
	4.1 INTRODUCTION
	4.2 PROPERTIES OF ZINC OXIDE SEED LAYER DOPED WITH ALUMINIUM, MAGNESIUM AND MAGNESIUM-ALUMINUM CO-DOPED
	4.3 PROPERTIES OF MAGNESIUM-ALUMINIUM CO-DOPED ZINC OXIDE SEED FILMS AT DIFFERENT COATING LAYER
	4.4 CHAPTER SUMMARY

	CHAPTER FIVE PROPERTIES OF ZINC OXIDE (ZnO) NANOROD ARRAYS PREPARED USING SOLUTION IMMERSION METHOD FOR ETHANOL SENSOR APPLICATION
	5.1 INTRODUCTION
	5.2 PROPERTIES OF ZINC OXIDE NANOROD ARRAYS ON MAZO SEED LAYER AT DIFFERENT COATING LAYER
	5.3 PROPERTIES OF ZINC OXIDE NANOROD ARRAYS AT DIFFERENT GROWTH TIME
	5.4 PROPERTIES OF TIN DOPED ZINC OXIDE NANOROD ARRAYS
	5.5 CHAPTER SUMMARY

	CHAPTER SIX PROPERTIES OF TIN DOPED ZINC OXIDE/TIN OXIDE(Sn:ZnO/SnO2) COMPOSITED NANOROD ARRAYS AND THEIR ETHANOL SENSING PERFORMANCE
	6.1 INTRODUCTION
	6.2 PROPERTIES OF TIN DOPED ZINC OXIDE/ TIN OXIDE(Sn:ZnO/SnO2) NANOROD ARRAYS GROWN AT DIFFERENT pH OF TIN OXIDE (SnO2) SOLUTION
	6.3 ETHANOL SENSING PERFORMANCE OF TIN DOPED ZINC OXIDE/TIN OXIDE (Sn:ZnO/SnO2) NANOROD ARRAYS GROWN AT DIFFERENT pH OF TIN OXIDE (SnO2) SOLUTION
	6.4 ETHANOL SENSING PERFORMANCE OF TIN DOPED ZINC OXIDE/TIN OXIDE (Sn:ZnO/SnO2), TIN DOPED ZINC OXIDE(Sn:ZnO) AND ZINC OXIDE (ZnO) NANOROD ARRAYS
	6.5 ETHANOL SENSING PERFORMANCE OF TIN DOPED ZINC OXIDE/TIN OXIDE (Sn:ZnO/SnO2) NANOROD ARRAYS AT DIFFERENT CONCENTRATION
	6.6 ETHANOL SENSING PERFORMANCE OF TIN DOPED ZINC OXIDE/TIN OXIDE (Sn:ZnO/Sn02) NANOROD ARRAYS AT DIFFERENT WORKING TEMPERATURE
	6.7 ETHANOL SENSING PERFORMANCE OF TIN DOPED ZINC OXIDE/TIN OXIDE (Sn:ZnO/SnO2) NANOROD ARRAYS TO DIFFERENT TYPE OF GASES
	6.8 GAS SENSING MECHANISM
	6.9 CHAPTER SUMMARY

	CHAPTER SEVEN CONCLUSION AND FUTURE RESEARCH DEVELOPMENT
	7.1 INTRODUCTION
	7.2 CONCLUSION
	7.3 FUTURE RESEARCH DEVELOPMENT

	REFERENCES
	AUTHOR’S PROFILE



