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ABSTRACT 

 

Zinc indium tin oxide thin films were grown on glass substrates by spin coating process. Zinc 

acetate dihydrate, indium chloride, and tin chloride dihydrate were used in aqueous solutions as 

the ion sources of In, Zn and Sn. In2-2xZnxSnxO3±δ films were grown for different value of x vaies 

from 0.1 to 0.4 with annealing temperature of 250-400 ºC. The properties of the resulting thin 

films were characterized by various techniques such as X-ray diffraction (XRD), Field-emission 

scanning electron microscopy (FE-SEM) and optical absorption measurements. The film surface is 

covered with very fine nano-sized particles. The zinc indium tin oxide films grown were amorphous 

in nature and had a band gap of 3.25 eV.  The films exhibited very high transmission better than 

90% in the visible portion of the electromagnetic spectrum. 
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CHAPTER 1 

INTRODUCTION 

 

Over the years, thin films technology has evolved into a major research theme world-

wide owing to the use of thin films in a wide area of applications such as microelectronic 

devices, optical coatings, data storage media, flat panel displays, photovoltaic cells, sensors, etc. 

A thin film is a two dimensional layer material deposited typically by the process of 

condensation and growth of atoms, molecules or ions on substrate materials such metals, 

ceramics or polymers. There are many deposition techniques for depositing the thin film on the 

substrate material and each one has its advantages and disadvantages [1].  

In the last few decades, research on thin film transistors (TFTs) has gained tremendous 

attention owing to the growing popularity of electronic devices and the miniaturisation of the 

devices. Correspondingly, thin films of a number of materials grown using different deposition 

techniques have been evaluated for possible layers in the TFT. Recently, there has been growing 

interest in preparing transparent TFTs, for which many materials in the form of thin films have 

been extensively studied.  

 

1.1 Thin Film Transistors (TFT) 

TFT is a special kind of field effect transistor (FET). The structure and operation is very 

similar to the metal oxide field effect transistor (MOSFET), which is one of the important device 

components in integrated circuits (ICs) and its potential utility can be traced back to the 1930s 

when the invention of the TFT was patented. In 1962, RCA laboratories reported the fabrication 

of a TFT using thin films of polycrystalline cadmium sulfide (CdS) as the semiconductor 

material.  Silicon-based TFTs have becomes the important devices for active-matrix liquid 

crystal displays (AMLCDs) in 1980s. In the past ten years, amorphous silicon (a-Si:H) TFTs 

have successfully dominated the large-area LCD product market. The first functional TFT made 

from hydrogenated amorphous silicon (a-Si:H) in 1979 with a silicon nitride gate dielectric layer. 

The films were deposited by plasma-enhanced chemical vapor deposition (PECVD) technique, 

this technique easily carried out in large-area and low-temperature glass substrates. There were 

some drawbacks in the a-Si:H TFT device. Firstly for large-current applications the mobility was 

too low of this TFTs. Secondly under light exposure conditions these TFTs had large leakage 
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current and thirdly this TFT are not very effective for large-area production process for the high 

mobility with good reliability. Over 14 or 15 years there is huge advancement in the field of TFT 

technology. Now these days’ industries are focused on the lowering production cost, and large 

area production. Recently the researchers being studied about new generation of oxide 

semiconductors and applied it as the active material to the TFT device, particularly the zinc 

oxide (ZnO) based TCOs and indium gallium zinc oxide (IGZO) thin films. [2] 

 

1.2 Structure of TFT 

TFT is the three terminal (gate, source and drain) field-effect transistor device. The 

working of TFT depends on the flow of current through the semiconductor which is in-between 

the source and drain electrode. An insulator is placed in mid of gate electrode the semiconductor. 

The most common TFT structure is given in Figure 1.0. 

 

 

Figure 1.0: Schematic cross-sectional view of a modern TFT 

 

TFTs are similar to MOSFETs in terms of their basic principle. However, important 

differences exist between TFTs and MOSFETs device. TFTs are formed on the insulating 

material which includes glass substrate and the silicon wafer in MOSFETs used as the substrate 

as well as the semiconductor. The great performance should be seen in MOSFETs because of the 

flow of electrons take place in single crystalline and leads to high mobility whereas; in TFTs the 

material using is polycrystalline or amorphous in nature. Also, the fabrication temperature of 

both devices is quite different. In deposition of MOSFETs temperatures exceeding 1000 °C 

whereas in TFTs the temperature should not to be exceed from certain ranges of the substrate. 
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For example, the common glass substrate has temperature range from 600-650 ºC. In MOSFETs 

p-n junctions is formed around source and drain regions, while in TFTs there is not such p-n 

junctions. The TFTs have two types of structures which are staggered and coplanar. These two 

types are further divided into top-gate and bottom-gate structures, depending on the level of gate 

electrode of the structure. In top-gate structure the gate electrode is on top of the semiconductor 

layer and in bottom-gate structure the gate electrode is below the semiconductor layer. These 

structures had its advantages and disadvantages. For example, in the a-Si:H TFTs staggered 

bottom-gate structure is commonly use, because it can easily prepared and fabricate and have 

great electrical properties. On the contrary, a coplanar top-gate configuration is usually preferred 

for polycrystalline Silicon TFTs. The bottom gate structure is more attractive than the top gate 

structure because the fabrication is continuous in bottom gate structure while it is not possible in 

top gate structure since Semiconductor Island be patterned before the gate oxide is form. Bottom 

gate structure can easily be cleaned while top gate structure needs extra care for cleaning [3-4]. 

 

1.3 Transparent electronics 

Transparent electronics is become a famous and advanced topics in science and 

technology field which is focused on producing wide range of opto-electronic device 

applications. The semiconductors having wide band-gap in which the oxides of different 

chemical components is the key component of the transparent electronics and play a valuable 

role, as passive component as well as the active component. It is one of the most promising 

technologies for future electronic devices. To achieve the transparent electronic devices we have 

to discover and to understand the material that it should be optically transparent and electrically 

conductive. Then implement and evaluate in transistor or other invisible circuitry devices. Last 

one is to achieving its applications and other properties. To understand transparent electronics it 

requires all the other technology to bring together. The classes of materials that have been 

available for transparent electronics applications have grown dramatically. Transparent 

electronics now is dominated by the transparent conducting oxides [4-5]. 

 

1.4 TFT based on transparent conducting oxides (TCOs) 

TCOs have been used for several years and it is very important material for photovoltaic 

devices and optoelectronic applications. TCO thin films of indium tin oxide, zinc oxide, tin oxide 
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and there mixtures have highly desirable. The fabrication of amorphous TCOs (ATCOs) is in 

interest as the deposition of amorphous material takes place at lower temperatures than 

crystalline and the manufacturing on different range of substrate such as plastic. This new class 

of semiconductor materials, amorphous oxides semiconductors (AOS) represents a revolutionary 

idea which exhibits a combination of high optical transparency and high electron mobility. There 

is an advantage for process synthesis of AOSs because do not have grain boundaries due to 

which they have surface smoothness and compositional uniformity. Other than these advantages 

the materials which are using is environmental friendly and less expensive. During the last thirty, 

tin oxide (SnO2), indium oxide (In2O3), indium tin oxide (ITO), and zinc oxide (ZnO) are being 

dominant TCOs in thin film industry. Electron beam evaporation, chemical vapor deposition, 

pulsed laser deposition; spray pyrolysis, sputtering and sol–gel methods are the variety of 

deposition techniques by which TCO thin films can be prepared [6-7]. 

 

1.5 TCOs as channel layer 

Amorphous oxide semiconductors, is the favourable materials for the channel layer in 

TFT. The typical channel layer materials having amorphous oxides composed of heavy-metal 

cations with (n-1)d
10

ns
0
 electronic configurations. The ns

0
 orbital has spherical symmetry; these 

orbitals diffuse together and give higher mobility. The filled d-d electronic transition gives 

visible region in electromagnetic spectrum. The most famous cations which are used in channel 

layer are Zn
2+

, Cd
2+

, In
3+

, and Sn
4+

 and to some lesser amount Ga
3+

 due to gallium oxides have 

large band-gap and lower. In TFTs TCOs are used as channel layers because of its high-

performance devices which is due to high electron mobility and excellent electrical characteristic 

[8]. 

 

1.6 Potential candidates for channel layer  

1.6.1 Zinc oxide (ZnO) 

ZnO is a wide-band gap semiconductor having band gap ~3.37 eV with hexagonal 

wurtzite structure. ZnO has several favourable properties, including good transparency and 

high electron mobility. ZnO is attractive for thin film material due its good polycrystalline nature 

and it can fabricate at room temperature on plastic or flexible substrate and the ZnO is also less 

light sensitive material [9]. 

https://en.wikipedia.org/wiki/Electron_mobility
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In 2003, Hoffman et al. fabricated ZnO-based highly transparent thin-film transistors of 

optical transmission of 75% in visible electromagnetic spectrum. By ion beam sputtering the 

ZnO channel layer and ITO source/drain electrode were deposited on the substrate. The substrate 

was not heated during deposition. After that the ZnO layer undergoes rapid thermal anneal at 600 

- 800 ºC in O2 in order to enhance the resistivity of channel, electrical properties, and increase 

the crystalline nature of the ZnO channel. To increase in transparency of the thin film ITO/ATO 

is deposited under rapid thermal annealing at 300 ºC in O2 [10]. 

Furthermost, in 2003 Carcia et al. demonstrated ZnO thin film transistor fabricated on Si 

substrates at room temperature using ZnO as a target by RF magnetron sputtering technique. The 

prepared films had resistivity of ~10
5 

ohm cm and optical transmission greater than 80% in 

visible region of em spectrum. The transparency in the visible region of electromagnetic 

spectrum and processing low-temperature makes ZnO thin-film transistors effective for the 

flexible electronics where the substrates are temperature sensitive [11]. 

Norris et al. fabricated TTFT using ZnO as the channel layer synthesised by spin-coating 

deposition. The zinc nitrate based precursor solution is spin onto substrate of indium tin 

oxide/aluminium tin oxide, and then thin layer of ZnO was baked in air at 600 ºC for 10 minutes. 

A rapid thermal annealed is done in presence of oxygen at 700 ºC to improve the film 

crystallinity.  Spin-coated ZnO TTFTs manufactured is lighter sensitive than devices fabricated 

by ion-beam sputtering which means there is higher degree of surface roughness in the channel 

layer formed by the spin-coated technique [12]. 

 

1.6.2 Tin oxide (SnO2) 

The SnO2 TFTs fabricated by Klasens and Koelmans, Aoki and Sasakura, Prins et al. and 

Wollenstein et al. were the depletion mode devices which required the gate voltage to turn them  

off. In 2004, Presley et al. fabricated SnO2 as channel layer  in TTFT which was deposited via 

magnetron sputtering technique by using tin oxide as a target, and then rapid thermal annealed at 

600 ºC in O2. The enhancement-mode bottom-gate structure TTFT was developed. The channel 

layer is approximately 10 - 20 nm. The thin film having transparency of ≥ 90% across the visible 

spectrum but with the substrate the transmission is 75% across visible spectrum [13]. 

 

1.6.3 Indium tin oxide (ITO) 
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ITO is widely used in optoelectronic devices. Tin doped indium oxide (ITO) films are 

one of the most used TCO because these thin films are highly transparent in the visible spectra 

and have superior conductivity. This is why they are used as electrode material in flat panel 

display. The ITO films properties are strongly depend on the deposition techniques. There is a 

wide variation in band gap values as well as the dopant concentration among other properties and 

parameters have been the reported. Few researchers explored that ITO can be deposited on low 

temperature substrates by various deposition techniques included RF magentron sputtering, 

physical vapor deposition, chemical vapor deposition and sol-gel deposition [14]. 

Jeon et al. in 2010 fabricated ITO films by sol gel method in which the precursor is 

annealed at 500 ºC in air for 2h after spin coating. Aluminium is added to the ITO for effective 

use of indium oxide as TCO. The thin films of indium tin oxide which was prepared by the sol-

gel method were transformed to a semiconductor by addition of Al into the composition to 

increase the band gap and due to which the band gap changes from 3.3 to 4.0 eV [15]. 

 

1.6.4 Zinc tin oxide (ZTO) 

Chiang et al. in 2005 prepared a TFT using ZTO, as the channel layer because of its 

amorphous nature and wide band gap. The ZTO and ITO was deposited using radio frequency 

magnetron sputtering at substrate temperature of 175 ºC. It has been seen that ZTO found to be 

amorphous up to 650 ºC post deposition annealing temperature above it ZTO shows crystalline 

nature. The optical transmission shows the transmission of ~84% in visible spectrum [16].   

A methodology for the passivation of TFT utilizing zinc tin oxide as the channel layer 

and silicon dioxide as the passivation layer is developed by Hong et al. This method involves 

annealing of the TFT when channel layer deposition takes place and then additional annealing 

take place after thermal evaporation of a SiO2 passivation layer at 600 ºC.  Hong et al. 

demonstrated ZTO TFTs were fabricated by using a metallic zinc/tin alloy as a sputter target via 

magnetron sputtering [17]. At last, Hoffman researched the effects variation of sputter target 

stoichiometry and annealing temperature on which film is deposit on the properties of zinc tin 

oxide [18]. 

In 2009 ZTO thin films were fabricated through spin-coating which was simple and had 

low-cost precursor solution. The films were annealed at 400 and 500 ºC. By this method film 

was continuous and uniform. They exhibit ≥90% transparency and were amorphous in nature. 
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For good transistor characteristics and flexible field-effect transistors zinc tin oxide thin films as 

channel layer in TFTs have been used. [19]. 

 

1.6.5 Zinc indium oxide (ZIO) 

Due to its excellent optical transmission, chemical stability, thermal stability, high 

electrical conductivity and surface smoothness amorphous ZIO become a valuable TCO. In 

2005, Dehuff et al. fabricated n-type TFTs using ZIO as a channel which was deposited via radio 

frequency magnetron sputtering. The optical transmissions of TFT were > 85% in the visible 

spectra of the em spectrum and have high mobility. The XRD analysis shows that the channel 

layers of zinc indium oxide TTFT at 500 ºC remains amorphous and for 600 ºC its turns to be 

polycrystalline. High performance TTFT channel is low temperature processed ZIO amorphous 

oxides [20]. 

In 2006, Barquinha et al. fabricated TTFTs with the channel layer of ZIO by RF 

magnetron sputtering at room temperature in which film thicknesses of 15 - 60 nm were 

produced. Optical transmission reveals that transparency > 80%, including glass substrate across 

the visible region of the electromagnetic spectrum [21]. 

 

1.6.6 Indium gallium zinc oxide (IGZO) 

For channel layer material of TFTs indium gallium zinc oxide (IGZO) is a good alternate. 

Due to the large band gap and having higher mobility, IGZO is transparent in the visible region. 

IGZO is amorphous in nature but have high mobility is due to presence of s-electrons conduction 

[22]. 

Nomura et al. in 2003 demonstrated a transparent TFT using channel layer of a single 

crystalline a-IGZO. The pulsed laser deposition technique (PLD) is used to fabricate onto a 

single crystal of YSZ substrates. The TTFTs were fabricated at 700 ºC temperature. The optical 

transmittance of these thin films is >80% including substrate [23]. So far; most of the IGZO 

TFTs which are fabricated is deposited only by magnetron sputtering and pulsed laser deposition 

in order to reduce the cost the films they are fabricated by spin-coating. 
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1.7 Amorphous zinc indium tin oxide as channel layer  

Zinc indium tin oxide is the promising replacement for indium tin oxide as the 

transparent conducting oxide layer in many opto-electronic applications. Zinc indium tin oxide 

contains less amount of indium than ITO as the codoping of zinc and tin take place, which 

lowers the production cost, and gives us the better option for compositions that let the TCO layer 

to be adjusted for each application.  Phillips et al. was the first who reported the fabrication of 

zinc indium tin oxide in 1995, of polycrystalline oxide as a target by PLD technique. Numerous 

films in the ZnO-In2O3-SnO2 (ZITO) have been grown and their electrical and optical properties 

are being studied by varying the composition and changing in the deposition methods [24]. 

In the followings a brief literature review on Zinc indium tin oxide is presented. 

 

Properties of zinc indium tin oxide  

1.7.1 Structural Properties of zinc indium tin oxide 

The subsolidus phase relationships in the ZnO–InO1.5–SnO2 system were investigated at 

1275 ºC using X-ray diffraction. Figure 1.1 shows the reported phase diagram of the compound. 

In the ternary diagram end members consist of transparent conducting oxides which are zinc 

oxide, indium chloride and tin oxide. This subsolidus phase relation of ZITO do not show ant 

ternary compound, but two solid solutions is of particular interest. The bixbyite solid solution 

In2-2xZnxSnxO3 (x = 0-0.40), and the indium substituted zinc stannate spinel, Zn(2 x)Sn(1-x)In2xO4 

(x = 0-0.45) are the two substantial ternary phase space solution. The bixbyite ZITO is an 

excellent conducting TCO, whereas the spinel ZITO has poor conductivity and it keeps on 

decreasing as In content goes on increasing. Along with these two there is ZnO–InO1.5 binary 

TCO homologous compounds series (ZnO)k.In2O3 (where k = 3, 4, 5, 6, 7, 9, 11). ZnO–InO1.5 

binary does not observe any compound up to temperature of 1325ºC.  It has been seen that if we 

replaced 40% of the indium with Zn and Sn in bixbyite phase (x = 0.4 in In(2-2x)SnxZnxO3), it still 

maintains its  bixbyite nature. And still remain an outstanding TCO. In bixbyite solid solution 

specimens there is decrease across the solution range i.e. the In component In2O3 to x = 0.4 In2-

2xZnxSnxO3, and also there is decrease in the lattice parameter. For ZITO thin films have been 

fabricated from different compositions by a variety of deposition techniques. Some of the thin 

films are fabricated with non equilibrium components there characteristics will be same as that of 

the bulk material [25]. 
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Figure 1.1: Typical phase diagram of the zinc indium tin oxide compound [24] 

 

1.7.2 Optical Properties of zinc indium tin oxide 

Although the zinc indium tin oxide films deposited in different temperatures but it 

appears to be almost seen to be identical. Particularly the optical absorption can indentify by 

Tauc plot, which reveals difference between the amorphous and crystalline nature of thin films. 

To determine the energy band gap a plot of between (αhν)
1/2

 vs hν is plotted. Zinc indium tin 

oxide is considered to be a direct band-gap semiconductor.  An analysis by Tauc at al. it 

concluded Bloch functions is the linear combination of the crystalline wave-functions of the 

respective bands, and hence momentum, ħk, is not conserved for amorphous material even in a 

direct transition. For highly crystalline ZITO at x=0.3 the band-gap reported is ~3.8eV.  [26] 

1.8 Literature Review on zinc indium tin oxide (ZITO) 

In 2007 Ow-Yang et al. demonstrated amorphous ZITO films by direct current 

magnetron sputtering onto glass substrates. The constituents of the ceramic oxides Zn:In:Sn 

cation having different ratios. The analysis of XRD showed that the ZITO remains amorphous 

during annealing at 200 °C. Optical transmission have transparency of films is > 80% is shown 
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in electromagnetic spectrum in the visible region. The energy band-gap was in range of 3.52–

3.74 eV. These thin films used organic light emitting diodes (OLEDs) applications. The thin film 

prepared is more effective than the tin and zinc doped In2O3 [27]. 

In 2007, Zhang et al. developed Zn0.3In1.4Sn0.3O3 (ZITO) thin films by pulsed laser 

deposition (PLD) on Aluminium oxide substrates. Transmission electron microscopy (TEM) 

shows that the ZITO films were composed of twin-related domains with their planes parallel to 

planes of the Al2O3 substrate in its cross-section and plan-view [28].  

Grover et al in 2007 prepared TFTs with transparent amorphous zinc indium tin oxide as 

a channel layer. The optical transmittance of the channel layer is ~85% in the visible region. The 

channel layer is fabricated by RF magnetron sputter technique and then the thin film is annealed 

in furnace in presence of air. The XRD patterns for ZITO films indicate up to annealing 

temperature of 600 ºC the film is amorphous in nature. The crystalline nature of thin film is 

observed at the deposition annealing temperature of 650 ºC [29]. 

In 2009, Ryu et al. researched the effect of the Sn/Zn ratio on the gate voltage stress-

induced stability in the amorphous ZITO system. The stability of the TFTs dramatically 

improved with a change composition of channel to Zn:In:Sn = 0.35:0.20:0.45  while other 

devices with composition Zn:In:Sn = 0.45:0.20:0.35 and 0.40:0.20:0.40 experience deep level 

trap creation and charge trapping in the channel, respectively. Therefore, in the amorphous ZITO 

network, Sn atoms act as stabilizing agent [30]. 

Buchholz et al. in 2009 fabricated ZITO films by PLD in which 30% of the In in the 

indium oxide structure is substitution with Zn and Sn in equal molar proportions: In2-2xZnxSnxO3, 

when x = 0.3. Analysis shows that XRD patterns of the films grown have amorphous nature up 

to 100 ºC. At 200 °C of deposition temperature, crystalline nature of thin films begins to appear 

and becomes clearly seen in deposition temperature of 400 °C. The change in the crystalline 

nature of the ZITO film affects the electrical properties, and also the grain boundaries [8]. 

In 2011, Carreras et al. prepared samples by sputtering of ZnO and ITO targets. The 

samples were deposited by RF sputtering technique in which varying RF powers is given to the 

ZnO which is target while ITO target kept constant. The zinc content ratio is varying from 0 to 

67%.  The thin films prepared with 17% Zn content ratio shows the lowest resistivity and the 

highest transmittance > 80% in the visible region of electromagnetic spectrum. X-ray Diffraction 

studies show the prepared thin film is amorphous material. As on increasing the Zn content in 
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sample the amorphous nature tends to increase. The samples have the sample electrical 

properties after one year when kept in normal atmosphere [31]. 

Also in 2012, Buchholz et al. fabricated ZITO films by PLD with three different material 

in which ZITO is consists of 30%, 50% and 70%, respectively, of the In which is substitute with 

Zn and Sn in equal molar concentration In2-2xZnxSnxO3, where x = 0.3, 0.5, 0.7. The grown ZITO 

thin films were amorphous in nature at room temperature.  The crystalline nature of ZITO film is 

seen at higher deposition temperature and increased as there was increase in the co-substituent of 

Zn and Sn in indium oxide [32]. 

Marsal et al. in 2014 developed ZITO layers with different compositions for use as the 

active layer in TFTs. ZITO samples were deposited over the Si wafers by radio frequency 

magnetron co-sputtering of zinc oxide and indium tin oxide as sputter target at room 

temperature. One sample of each kind was annealed in air atmosphere. Each sample was heated 

during 1 h at 300 °C, with a temperature ramp-up of 30 min. The aim of the thermal treatment 

was to oxidize the film to decrease the carrier concentration by reducing the oxygen vacancy 

density of oxygen at the ZITOs surface and nano-grain boundaries. The X-Ray diffraction 

analyzed and high-resolution transmission electron microscopy results showed that the structure 

is not completely amorphous, but have some nanocrystals particles [33]. 

 

1.9 Motivation and objective  

 The brief literature survey presented above shows that ZITO has evolved as a promising 

material for transparent TFTs owing to its suitable and tuneable electrical, optical and structural 

properties. However, one can find that preparation of these thin films involves high cost vacuum 

techniques including PLD and sputtering. The solution based techniques, which are traditionally 

considered as scalable techniques for deposition on large area substrates, have been somewhat 

less explored in the growth of the ZITO thin films, and forms the basis of this work. The 

objectives of this work are as following: 

 Growth of ZITO thin films using a simple solution techniques such as spin-coating 

 Investigation of structural, surface morphology and optical properties of the resulting 

films to check their suitability in the TFT applications. 
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1.10 Solution based deposition techniques for growing zinc indium tin oxide thin films 

The sol-gel process is a versatile process for the growth of various thin films using 

chemical solutions. The sol-gel process involves of a system undergoes transition  from a liquid 

into a solid phase. The sol-gel method has many advantages for the synthesis of a large variety of 

thin films and coatings and involves chemical and physical processes. It consists first in 

preparing a solution of inorganic or organometallic precursors or metal oxide particles dispersed 

in a solvent. The sol can be spread across the substrate by different techniques. The two most 

widely used techniques: dip coating and spin coating [34]. 

 Spin coating is widely used in semiconductor industry, creating thin films of few nm of 

even quality. The physics of spin coating can be effectively modelled by dividing the whole 

process into three stages, which are deposition, spin-up and evaporation of solvents. Stage 2 and 

stage 3 are the two stages that have important on final coating thickness. A schematic of the 

deposition process is given in Figure 1.2. 

 

Stage 1 Deposition: 

In deposition stage, the solution is deposit at centre of the substrates micro syringe or 

dropper drop-wise. The number of drops depends on the viscosity of the solution and size of the 

substrate be coated. Then depending on the viscosity of solution the substrate is accelerated to its 

desire speed. The solution is spread out due to centrifugal force and height is reduced to that of 

critical height.  

 

Stage 2 Spin-up: 

The second stage is spin up in this stage the substrate is accelerated in the desired 

acceleration. In this stage excess of solution is expulsed from the substrate. The rotation of the 

substrate at high speed means that centripetal force combined with the surface tension of solution 

pulls the liquid coating into even covering.  

 

Stage 3 Evaporation: 

The third and final stage is evaporation or drying. The film starts drying from the time 

when centrifugal out flow stops and there is shrinkage of the solvent on the substrate because of 

the solvent loss. This results in the formation of thin film on the surface of the substrate. For 
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thick films it takes long drying time which increases the physical stability of the film before 

handling [35].  

 

 

Figure 1.2: A schematic of the spin-coating process [36] 

                                           

 

 

 

                                          

 

 

 

 

 

 

 

 

 



14 
 

                                           CHAPTER 2 

EXPERIMENTAL TECHNIQUES 

 

In this chapter, experimental technique used to grow and characterize the ZITO thin films 

have been presented. Section 2.1 gives a brief description about the film preparation. Section 2.2 

gives the detail of various techniques which are used for characterisation of thin films.  

 

2.1 Growth of zinc indium tin oxide thin films  

Thin-films of ZITO specimens were grown by the spin coating deposition technique on 

the glass substrates. The intended target composition was In2-2xZnxSnxO3±δ, with x = 0.1-0.4. 

Zinc acetate dihydrate (98%), indium chloride (98%), and tin chloride dihydrate (99.9%) in 

various Zn
2+:

In
3+

:Sn
4+

 molar ratios are dissolved in 10 mL of 2-methoxyethanol (99%) 

separately. Figure 2.1 shows snapshots of the cation precursor solutions.  

 

 

Figure 2.1: Snapshots of the cation precursor solutions. 

 

The overall metal cation concentration remained 0.3 M. Then, the solutions were mixed 

well by using magnetic stirrer. The sequence of the adding solutions is zinc acetate dihydrate, 

indium chloride and then tin chloride dihydrate under continuous stirring of 450-500 rpm for 

total metal concentration. Then, add ethanolamine (99%) which acts as the stabilizing agent in 5 

mL of the prepared mixed solutions, maintaining the ethanolamine:total metal concentration in a 

1:1 molar ratio. This clear solution obtained is then stirred for 2 h on the magnetic stirring bar at 

room temperature at 500 rpm before the solution put it for spin-coating.  The glass slide which is 
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used as substrate is first wash with detergent solution, then ultrasonic cleaning in DI and lastly 

cleans with acetone for 10 min. Figure 2.2 shows snap shots of the precursor solution ready to 

be deposited on the substrates. 

 

Figure 2.2: Snapshot of the precursor solution ready to be deposited on the substrates. 

 

The prepared metal precursor solution with different metal compositions is then spin-

coated on the substrates at a speed 4000 rpm with acceleration of 10 rpm/s in time of 30 seconds. 

The coated films were then annealed on a hot plate at 250-400 °C under air for 10 min. To 

increase the film thickness the deposition process is repeated for two or three times [37]. The 

spin-coater used in this work is shown in Figure 2.3. 

  

 

Figure 2.3: Photograph of the spin-coater used in this work. 
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2.2 Characterization techniques 

2.2.1 Structural characterization using X-Ray diffraction (XRD) 

XRD is a rapid analytical technique which primarily used to identify the phase of crystal 

structure of materials and information about the unit cell dimensions. It is a common technique 

in studying the atomic spacing in the crystal. XRD analysis is based on constructive interference 

of monochromatic X-ray and crystal structure of the material. When X-ray are scattered from the 

crystal lattice it produce constructive interference only if it satisfies the Bragg’s condition which 

is:  

               

Here n is an integer and d is inter planar spacing between the crystal  

This law gives the relation between the wavelength and lattice spacing in the crystal. XRD 

analysis can identify fine-grained minerals as clays which are difficult to indentify optically and 

determination of unit cell dimensions measurement of sample purity. The different phases of the 

crystal also can be analysed by the X-ray analysis. The average intermolecular spacing between 

layers of crystal can be identifying. The other parameters of the crystal lattice can be identified 

from the XRD data analysis software.  Figure 2.4 shows a schematic diagram illustrating the 

basic principle of XRD. 

 

 

 

Figure 2.4: Illustration of the constructive interference of the X-rays scattered from lattice 

planes. 
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2.2.2 Surface microstructure studies 

Topographical and elemental information at higher magnifications with virtually 

unlimited depth of the thin films were studied under field emission scanning electron microscopy 

(FE-SEM). FE-SEM is high resolution electron microscopy. 

 

2.2.2.1. FE-SEM 

 A FE-SEM is microscope which uses a beam of electrons instead of light to generate the 

image or analysing the specimen. The FE-SEM uses raster technique in order to get image of the 

sample. With the help of the high energy electron beam there is interaction between electrons 

and the atoms in the sample and gives information in form of signal about surface topography 

and composition. It can observe small area contamination spot of few nanometres. The thickness 

measurement of thin films, surface morphology, measurement of height and dimensions of 

sample and analysis of fracture are the some applications of FE-SEM. The working of FE-SEM 

is depends on electron emitters emission gun which can produce emission from tungsten filament 

up to 1000x. But in FE-SEM vacuum conditions should be higher. When electrons beam strike 

on the sample the beam is a confined monochromatic beam which is focused on a very small 

area using metal apertures and magnetic lenses. Finally, detectors will collect the electrons and 

signals are produce an image of the specimen [38-42]. 

 

2.2.3 Optical transmittance and band gap measurement 

To study the optical absorption particularly the optical gap and absorption discontinuity 

in absorption spectrum of the specimen UV-visible-NIR spectroscopy is used. To analyze the 

interactions between radiation and matter in the UV-visible region of the electromagnetic 

spectrum ultraviolet (UV)-visible spectrometers are used. The principle of UV-visible-

spectroscopy is that UV absorption spectrum which is due from transition of electron with in a 

molecule from lower level to an upper level, absorbs UV radiation of frequency ν. The 

instrumental equation for Beer-Lambert law is given as: 

         
   

                                                                                                                          …… (a) 

Where, I0 = intensity of the incident light 

           α = absorption coefficient  
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           t = thickness of the thin film.  

    
 

 
  

 

  
 

                                                                                       ......... (b) 

The transmittance (T) of the sample is given by ratio I/ I0. So absorption coefficient is related to 

transmittance. The relation is given by: 

                     
 

 
      

                                                                                         ......... (c) 

The optical band-gap is related to absorption coefficient according to Tauc relation the following 

given equation of direct allowed transition,                                                                                                                                      

                   
 

          
 

   

Where hν be the incident photon energy, A is a constant proportionality and Eg is the energy gap. 

The constant of proportionality is different for different transition. To determine the band-gap 

plot the graph between (αhʋ)
 2 

and hʋ, the extrapolated linear portion intercept on x-axis gives the 

value of Eg.  

 With the help of the diffracting grating a light source which is visible light gets separated 

into its component wavelength. The half mirrored device split this componential wavelength into 

two beams. First beam i.e the sample beam, passes through a small transparent thin film on 

which deposition is done. The second beam is the reference, passes through a glass substrate on 

which no deposition is done. The detector can detect the intensity of these beams and compared 

them. In a short time, the spectrometer automatically scans all the component wavelengths.  

Light source, a sample holder, a diffracting grating mono-chromator and a detector are 

components of spectrophotometer. The radiation source is often a Tungsten filament or more 

recently, light emitting diodes (LED) and the detector is simply a photomultiplier tube. With the 

help of single photodiode with scanning mono-chromators a light of monochromatic wavelength 

reaches at the detector one at a time. There are two types of spectrophotometer single beam and 

double beam. In a single beam, the light of intensity I pass through the sample cell, whereas I0 

measured by removing the sample. Figure 2.5 shows the schematic arrangement of components 

in a single beam UV-visible spectrophotometer [43-46]. 
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Figure 2.5: Single Beam UV-visible spectrophotometer 

 

Double beam UV-visible spectrophotometer  

 The light constituting wavelength is divided into two beams in a double-beam 

spectrophotometer. The one beam is call reference beam which gives intensity of 100% of 

transmission I0 and the other beam passes through the sample gives intensity I, and measurement 

is taken as the ratio of two beam intensities. Figure 2.6 shows the schematic arrangement of 

components in a double beam UV-visible spectrophotometer [47]. 

 

 

 

Figure 2.6: Double Beam UV- visible Spectrophotometer 
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CHAPTER 3 

CHARACTERIZATION OF ZITO THIN FILMS 

 

Evaluation of the properties of ZITO thin films 

Following the experimental procedures outlined in chapter 2, ZITO thin films were 

prepared by the spin coating process andannealed at 250ºC-450 ºC. The results of the XRD, FE-

SEM and UV-visible spectroscopy studies are presented in the following sections. 

 

3.1 Evolution of crystal structure 

A representative XRD pattern of the as-deposited ZITO thin films of different 

compositions with x = 0.1 to 0.4 grown by the spin coating process is presented in Figure 3.1. 

The figure shows featureless curves with no Bragg peaks for all compositions, which suggests 

that the as-deposited ZITO thin films grown by spin-coating are amorphous in nature.  
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Figure 3.1: Typical XRD patterns of the ZITO thin film 
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3.2 Evaluation of surface microstructure 

Surface characterization by FE-SEM revealed that all films irrespective of their 

composition are very smooth. For example, Figure 3.2 shows the SEM micrographs depicting 

surface features of the ZITO thin films (x = 0.2 and 0.3). It is observed that the ZITO thin film 

covers the substrate well with occasional pin holes at random places. At high magnification, 

some particulate aggregation was observed on the surface of the films (white contrast in the 

micrographs). At higher magnification, it was revealed that the grains are of nano size leading to 

a locally smooth surface. Figure 3.3 shows high magnification images of the films with x = 0.3. 

The thickness of the films was about 95 nm as revealed from the cross-sectional SEM images. 

 

 

Figure 3.2: FE-SEM images shows very smooth surfaces of the ZITO thin films. 
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Figure 3.3: FE-SEM images at higher magnification showing surfaces of the ZITO (x = 0.3) thin 

films. The cross-sectional image is also given, which shows the thickness to be ~95 nm. 

 

3.3 Optical properties of ZITO thin films  

The UV-visible transmittance curve for the ZITO thin films (with different values of x) 

grown by the spin coating process is shown in Figure 3.4. Although the XRD patterns did not 

reveal any difference between the films of different composition, there was small but noticeable 

difference in their optical transmittance curves. The film shows very high transmittance > 90% in 

the range of 350 – 1400 nm, irrespective of their composition. The high transmittance shows the 

suitability of the material for developing the transparent TFTs. 

1 m 
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Figure 3.4: Transmittance (%) spectrum of the ZITO thin films with x = 0.1 to 0.4 

 

Quantitative evaluation of the band gap was carried out from the Tauc plots, i.e., from the 

variation of (αhν)
1/2

vs. hν and by extrapolating the linear region. The plot of (αhν)
1/2

 vs. hν is 

shown in Figure 3.5. Accordingly, we have estimated the band gap. The band gap of the 

prepared samples with x = 0.1 and 0.3 was found to be 2.72 and 3.35 eV, which is similar to the 

values reported in literature. 
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Figure 3.5: Plot of (αhν)
1/2

 vs hν for the ZITO thin films with x = 0.1 and 0.3. 
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CHAPTER 4 

SUMMARY AND FUTURE SCOPE 

 

ZITO (In2-2xZnxSnxO3±δ, with x = 0.1-0.4) thin films were grown by the spin coating 

process. Since the control of process parameters is very easy, this technique has been used in 

deposition of thin films of many technologically important materials. The thickness of the films 

made by the spin coating method depends mainly on the rotation speed, time of spinning, 

viscosity and liquid concentration. Under the given experimental condition, the thickness of the 

obtained film was about 95 nm. The properties of the films were investigated using a variety of 

techniques such as XRD, FE-SEM, and UV-visible spectroscopy. 

The prepared ZITO thin films were found to be amorphous in nature irrespective of their 

composition. An examination of the film revealed that the film surface is covered with very fine nano-

sized particles. The films with x = 0.3 exhibited very high transmission better than 90% in the 

visible portion of the electromagnetic spectrum, with a band gap of about 3.35 eV. The results of 

this work indicate that amorphous ZITO thin films can be prepared successfully by the simple 

deposition technique such as spin coating. It would be interesting to study temperature stability 

of the amorphous phase of the material (which is crucial to efficient TFTs). Besides, further 

work should include study of the electrical properties fabrication of devices. 
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