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CHAP'rER I 

INTRODUCTION 

Currently worldwide study of dielectric films has been a 

subject of extensive theoretical and experimental investigations 

because of their many potential applications in science and 

technology and in many varied fields. Electronic use of insulating 

films include field effect transistors, passivating layers, 

capacitors, sweitching elements, electron emitters, 

electroluminescent devices, etc. Other potential non-electronic 

applications include replica and supporting membranes for electron 

microscope and electron diffraction studies, as multilayer 

combinations for increasing and decreasing the reflectance of 

dielectrices and metals in various spectral regions, as heat 

reflecting filter and finally as selective surfaces for 

photothermal conversion of solar energy. 

The widespread and ever-increasing films demand that more 

knowledge is required about their electrical and physical 

properties. Hence, explorations of new dielectric films or the 

dielectric films already investigated need further study for 

obtaining newer and more properties. Having these ideas in mind I 

decided to study the electrical, optical and structural properties 

of the SiO and V 205 de vices. 
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Scope of the Thesis 

A systematic investigation of the electrical, optical and 

structural properties of SiO and V20 5 devices is to be presented. 

Thus the aim of this research is to investigate the followings: 

1. DC transport properties of unformed Al-SiO-Al and Pre-formed 

Al-SiO-Cu sandwich structures under high electric fields. 

2. AC transport properties of unformed Al-SiO-Al and pre-formed 

Al-SiO-Cu sandwich structures. 

3. Electroformed characteristics of Al-Si0-Cu/Al-V205-Cu/Al-V205-Al 

sandwich structures. 

4. Optical measurements such as visible, UV and IR transmission 

spectra in the 350-900 nm and 2.5-50 µm (4000-200 cm-1
) 

wavelength ranges respectively. 

5. X-ray diffract ion study of S iO and V20 5 films 

In chapter II a critical review has been presented concerning 

the various models of electrical conduction in thin insulating 

films. 

Chapter III deals with the substrate cleaning technique, 

experimental apparatus for preparation of specimen for the various 

studies and measuring techniques. 

Experimental results, their analyses and suggested models are 

presented in chapter IV. 

Conclusion and suggestions for further research are presented 

in Chapter V. 
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CHAPTER ll 

A CRITICAL REVIEW OF ELECTRICAL CONDUCTION MECHANISMS IN THIN 

DIELECTRIC FILMS. 

A critical review of electrical conduction mechanisms under 

high field conditions for the following two categories of devices 

has been presented in this chapter 

(i) Unformed and preformed Metal-Insulator-Metal MIM MIN 

devices 

(ii) and formed MIM devices. 

Section 2.1 deals with the conduction processes operating in 

the first category of devices and section 2.2 deals with that of 

the second category of devices. 

2.1 D.C. and A.C. conduction Mechanisms in unformed and Preformed 

MIM Devices. 

2. 1 . 1 D.C. Conduction Mechanisms. 

The systematic study of various charge transport mechanisms 

through thin dielectric films sanwiched between metallic electrodes 

has been contimed since 1960. The probable conduction mechanisms 

operating through such devices in the presence of an electric field 

are illustrated in Fig.2.1. using electronic energy band diagram. 

It is observed from this diagram that electrons can be injected 

from the cathode into the conduction band of the insulator over the 

potential barrier at the metal-insulator interface by thermal 

activation (mechanism-1). This process is called Schottky effect. 
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Process-2 shows that electrons may also be thermally excited into 

the conduction band of the insulator from trapping levels inside 

its forbidden gap. This conduction mechanism is termed the Poole›

Frenkel emission (mechanism-2). Electrons may also tunnel directly 

into the conduction band of the insulator either from the cathode 

(mechanism-3) or trapping levels within the insulator (mechanism-4) 

or the valance band of the insulator (mechanism-5). It is also 

possible for electrons to tunnel to the anode from the valence band 

of the insulator (mechanism-6). If the thickness of the insulator 

is less than 10 nm, electrons may tunnel directly between the metal 

electrodes. The latter mechanism will no be discussed in details 

because this type of film has not been fabricated in the present 

work. 

Furthermore, non-linear current flow through the insulator may 

occur due to the presence of impurities, for example, foreign atoms 

or defects. Schottky or Poole-Frenkel defects may cause either 

impurity or ionic conduction. Impurity conduction involves electron 

transport from one stationary donor to an adjacent donor 

(mechanism-7) as shown in Fig. 2.1) whereas in ionic conduction the 

impurities or defects in the films migrate. Extremely low ionic 

mobi 1 i ty 11 of the carriers (typically µ = 10-12 m2 v-1s-1) and high 

activation energy (>0 . 6 ev) characterize the ionic conduction. In 

ionic conduction mass transfer occurs through the insulator to an 

electrode. Finally at very low temperatures electronic effects may 

also include tunnelling whilst ions (both types) are unable to 

tunnel. 
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2.1.1.4. Space-charge-Limited (SCL) flow. 

A space-charge will be built up within the insulator if there 

is an inexhaustible supply of free carriers in the dielectric near 

the injecting electrode. Current flowing through the insulator will 

then saturate. For low values of potential difference, ohm's law 

will be obeyed if the injected carrier density is lower than the 

thermally generated free carrier density Tjo and the current density 

J ac i s g iv en b Y 

J sc = e n 0 It v / d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 2 . 2 3 ) 

Where V is the applied (DC) potential difference across the 

device and 'cl' the insulator thickness. When the injected carrier 

density is greater than the free carrier density the current 

becomes space-charge-limited. The following two conditions need to 

be satisfied in order lo observe SCL current flow of significant 

magnitude : 

(i) at leas.tone of the two electrodes must make an ohmic contact 

with insulator, and (ii) the insulator must be relatively free 

from trapping defects. 

The mechanism of SCLC in solids was first proposed by Mott and 

Gurney (87). They established an expression for the current density 

J 6 c for the simple case of single carrier trap-free SCLC in an 

insulator as 

9 

J6C = ····· · ·········· ·· ·······(2.24) 
8 

Where the symbols have their usual meanings. It 1s seen from 

equation (2.24) that 1
6 

is directly proportional to V2 and inversely 
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