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ABSTRACT

This thesis deals with several kinds of complex oxide films, such as bismuth

substituted iron garnet (Bi-YIG), lead-based ferroelectrics (PZT, PTO etc.), high Tc

superconductor YBCO and scintillation films (BGO, CdWO) for potential non-

volatile memory or detector applications. All of the films were prepared by the pulsed

laser ablation technique, which demonstrated the versatility of this technique for

depositing complex oxide films of correct stoichiometry and crystallographic phase.

A brief review about pulsed laser ablation, garnet films, lead-based

ferroelectric films, high Tc YBCO and scintillation films, as well as main

experimental methods in this study are presented.

The main achievements of this thesis work may be summarized as following :

The capability to produce high quality bismuth substituted iron garnet films

with perpendicular magnetic anisotropy using pulsed laser ablation is first

demonstrated. Not only the dependence of the properties of the garnet films on the

processing parameters, such as oxygen pressure, substrate temperature, etc., was

investigated, but also a novel garnet multilayer structure for multi-bit in one memory

cell scheme is proposed with a description of the relevant theoretical aspects.

The ferroelectrics/YBCO heterostructure is promising for non-volatile

memory applications. The thickness dependence of the coercive electric field in

niobium doped PZT/YBCO heterostructure with films as thin as 20 nm has been

studied. The electrical properties of PTO/YBCO has been investigated also.

Both ferroelectric films and SiC are promising for high speed, high

temperature, and high-radiation applications. We first successfully fabricated PZT and

PTO films with pure perovskite phase directly on bare SiC substrates. The properties

of metal/ferroelectric/semiconductor (MFS) diodes were investigated also. The

experimental results demonstrate that SiC is a promising substrate to fabricate

integrated MFS devices for high speed, high radiation, high temperature and high

density memory applications.

High Tc superconductors with superconductive and semiconductive mixed

phases was proposed for potential detector and memory applications. In our mixed

phases YBCO film, over a wide temperature range, the magneto-resistance figure of



merit ∆R/∆H reaches values from 0.26Ω/Oe to 0.1Ω/Oe. The absolute resistance

values of the YBCO channel could change from mΩ range to 1288 Ω when applied a

magnetic field of 0.5 T. The memory effect of the YBCO/garnet heterostructure was

also demonstrated.

The requirements of scintillating oxide films (such as BGO, CdWO) for X-ray

detector was investigated. The BGO films with suitable properties for X-ray detector

applications have been successfully fabricated using laser ablation.
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I. INTRODUCTION

Complex oxide films have a wide variety of physical properties, which can be used in

a vast range of applications. The electrical conductivity of oxide films can range from

insulating, semiconducting, metallic, to superconducting, varying over ten orders of

magnitude. The electro-optic properties of ferroelectric oxides and the magneto-optic

properties of garnet oxides make them unique candidates for functional waveguides. The

magneto-optic properties of garnet oxides can be used in ultrahigh-density magneto-optic

recording and sensor applications. The scintillation properties of Bi4Ge3O12, CdWO4, etc.

allow them to have important applications in X-ray detectors and high energy particle

detectors. The potential of hysteretic ferroelectric oxides for use in radiation hardened

memory devices and piezoelectric/electrostrictive oxides in macro-actuators have attracted a

great interest for their civilian and military applications. High Tc superconducting oxides have

attracted general attention recent years. Indeed, complex oxides cover such wide application

areas that they motivate considerable studies. However, it is difficult to cover the whole topic

in one thesis, so this thesis will only stress applications of the complex oxide films in memory

and detector applications.

In ultrahigh-density recording technologies, with significant development in laser and

semiconductor industries, magneto-optic information storage technology has emerged into the

consumer marketplace. For computer-based data storage, the first generation was the 5-1/4-in.

magneto-optic (MO) driver (325 Mbytes x 2/double-sided) which was introduced in 1978 and

approved as standard by the International Standards Organization (ISO). The 3.5-in. driver

(125 Mbytes) followed in 1991. Since then remarkable progress in capacity and data-transfer

rate as well as cost/performance ratio has been made, and the so-called 2X (650 Mbytes x 2

per 5-in. double sided disk) and 3X (1Gbyte x 2 per 5-in. double-sided disk) drives are now in

the market. In order to increase memory density in the next generation MO discs, one of the

most important ways is the use of a short wavelength laser. Blue-wavelength recording with a

frequency-doubled laser (429 nm) has already been shown to increase the density up to 2.5

Gbits/in2. However, for short wavelength recording, the present MO recording media, which

are amorphous RFeCo films (R= Tb, Gd and Dy), are not suitable to be used in the green to

blue wavelength region, because of their small Kerr rotation effect in the short wavelength

region. Among several candidates for short wavelength MO recording films, bismuth

substituted iron garnet films (such as (BiDy)3(FeGa)5O12) are very attractive, not only because
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they display a large Faraday effect at short wavelength, but also because they are suitable to

be used in a “multi-bit in one memory cell” scheme, as proposed in this thesis.

In semiconductor memory technologies, the solid-state dynamic random access

memory (DRAM) has successfully used a simple charge-storage memory cell. As the number

of memory cells has increased from 4 kilobit (kb) in the original one-transistor cell design to

64 -Mb of current design, and in the near future, probably 256-Mb design, the reduction in

cell size has required a reduction of the area of the planar storage capacitor. The present

Si3N4-SiO2 sandwich-layer dielectric has fundamental problems to satisfy the storage-charge

density requirements, therefore alternative dielectrics with higher dielectric constants are

desirable. Promising candidates, such as Ta2O5, Y2O3 and ZrO2, have higher dielectric

constants, but they offset by lower breakdown fields. The net result is that the storage-charge

density is not more than twice that of silicon dioxide. Therefore, if the simple charge-storage

memory cell is going to find continued use in ultra large scale integration (ULSI) DRAMs,

the need for substantially higher charge-storage capacity in the dielectric has become so great

that a serious examination of ferroelectrics is necessary.

In non-volatile memory technologies, ferroelectric random-access memory (FeRAM)

enjoys substantial advantages over the floating gate electrically erasable, programmable read-

only memory (EEPROM). The floating gate technologies use electron tunneling to store

charge on an isolated transistor gate that requires high operation voltages (12-18 V) and is

limited by a relatively low writing speed (∼ 1 ms). In contrast, FeRAMs have fast writing

speed (∼ 100 ns) and operate at standard supply voltages (≤ 5 V). Additionally, the floating

gate memories require a separate erase operation, whereas, the FeRAMs use a direct overwrite

of prior data. Despite the apparent advantages, only low density FeRAMs are now

commercially available. One of the main barriers is the non-stability of the FeRAMs.

Traditionally, ferroelectric oxide films are deposited on Pt electrodes, which causes fatigue

problems. Recent research results indicate that metal oxide electrodes, such as RuO2 or high

Tc superconducting oxides, could overcome the problem. Therefore, it is very interesting to

study such ferroelectric-oxide / metal-oxide structures.

In some special environments, such as in radiation hard enviroments and at high

temperatures, where current usual silicon technologies have difficulties in fulfilling the

requirements, ferroelectric oxide memories are promising candidates for such applications. In

particular, when combining the benefits of both ferroelectric oxides and future SiC circuits,
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ferroelectric oxide memories are very promising for novel memory devices suitable for high

temperature, high speed, high density and radiation-hard applications.

The discovery of high Tc oxide superconductors has stimulated widely studies of their

electronic applications. Most of these efforts have been focused on the high current

applications, such as power transmission, power transform and superconducting magnets etc.,

of the high Tc superconductors. However, high Tc superconducting devices for infrared

radiation (IR) detection, magnetic field detection and even superconductive data storage

applications also motivate further exploration.

In infrared radiation detection technologies, ferroelectric oxide films are an alternative

to cooled semiconductors commonly used at present. A ferroelectric IR detector, based on its

pyroelectric properties, may operate in a non-cooling situation, which would result in a more

economical design.

In X-ray and high energy particle detection technologies, scintillation oxides are

widely used to convert high energy photons or particles to visible photons, which are sensed

by photo-diodes or photo-multipliers. The development of X-ray computer tomography (CT)

in medical imaging has increased the demand for improved scintillation crystal detectors

providing small after glow, short decay time and high spatial resolution. Since the spatial

resolution is strongly dependent on the size of the detector elements, it is obvious that

reducing the size of the detector elements will improve the spatial resolution.  However,

making the crystal smaller is limited by mechanical difficulties and the finite width of the saw

cuts reduce efficiency quickly as the block elements decrease in size because they will take a

significant fraction of the detection surface. Scintillating thin oxide films are promising to

overcome the difficulties mentioned above, and the thin film technology is cheaper and

simpler than that of single crystal growth technology. Therefore, it is interesting to investigate

the properties of scintillating oxide films not only for basic research, but also for applications.

Since so many complex oxides we are interested in, conventional thin film deposition

techniques, such as thermal evaporation, e-beam evaporation, molecular beam epitaxy

(MBE), sputtering and chemical vapor deposition (CVD), are difficult to prepare these films

in a short time period. This is because stoichiometry may either not easily be transferred from

a target to the growing film or the desired compound may not form from the gas phase or

during MBE. In this respect, pulsed laser ablation offers unique advantages which may be

summarized as follows :

1.  Stoichiometric deposition is relatively easy to obtain.

2.  Possibility to deposit oxide films in-situ with relatively high oxygen pressure.
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3.  Clean processing conditions such that impurities are not introduced during

deposition as for many traditional film deposition techniques mentioned above.

4.  Relatively cheap and simple processing.

In this thesis, pulsed laser ablation has been used to deposit complex oxide films for

memory and detector applications. This comprises (1) bismuth substitute iron garnet films for

MO recording, (2) ferroelectric films for non-volatile memories, (3) high Tc supercoducting

films for ferroelectric electrodes and magnetic detector, and finally, (4) scintillating films for

X-ray detector applications. Although the laser ablation technique has been a common tool to

fabricate these films, the mechanism of the laser ablation procedure itself has not been a main

research issue. Indeed, this thesis work focused on how to understand the requirements of

memory and detector devices for the properties of various oxide films, and how to make the

oxide films with suitable properties for such device applications.



5

II. PULSED LASER ABLATION TECHNIQUE AND THEORY

2-1. INTRODUCTION

The history of pulsed laser Ablation (PLA) technique dates back more than two

decades ago (1,2). Laser beam has been used to produce high temperature and high dense

plasmas for fusion devices by evaporating a small amount of materials with high powered

short laser pulses. PLA did not develop fast until 1987 when T. Venkatesan and his co-

workers successfully prepared YBa2Cu3O7-x high Tc superconducting thin films in situ using

PLA (3). The reasons of this slow development may be due to the lack of reliable UV lasers

even in the early of 1980s. Since the success of depositing high Tc superconducting thin films,

PLA has shown its unique advantage of depositing complex oxide compounds. It is relatively

easier to replicate the stoichiometry of the target composition in the deposited films,

convenient to oxygenate films in situ by reactive deposition in relatively high oxygen

pressure, flexible to deposit multilayers, simple operation procedures and so on. The targets

for PLA are relatively small, usually not greater than 25 mm in diameter and therefore

relatively inexpensive and need no special preparation, which makes composition variation

studies to be readily performed. An additional advantage of PLA in the deposition of thin

films is that the films are relatively pinhole free (4). Because the films are able to be deposited

in vacuum or some pure gases, PLA is a clear process. PLA is well suited to fabricate not only

high Tc superconducting films, but also other films such as SrTiO3, MgO, and YSZ, as well as

silver for normal metal contacts. It is because the above advantages of PLA realized,

thereafter, PLA has undergone an explosive growth and attracted more and more attention in

the area of film preparation techniques. The total number of publications during this period is

over 10 times more than the sum of publications in the past and keeps rapid increasing each

year now. The number of research groups using the PLA technique has also increased from a

handful to several hundred laboratories allover the world. The kinds of films deposited by

PLA expand from high Tc superconductors to ferroelectric films, ferrimagnetic garnet films,

semiconducting films, doped and undoped Buckminster fullerenes etc., and keep a tendency

of involving more and more various kinds of materials. PLA technique itself has been paid

great attention to understanding the deposition principles, the influence of various parameters,

such as laser energy density, laser pulse frequency, oxygen pressure etc., on the quality of the

deposited films. The production related issues, such as uniform coverage on a large area and
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multilevel devices, are studied from the view of applications. PLA is becoming one of the

most important techniques in material science.

2-2. EXPERIMENTAL SYSTEM OF PLA

A typical PLA system, as shown in Fig. 2-1, consists of a pulsed laser, a vacuum

chamber, a rotation target holder and a substrate heating block. There are several kind of

lasers, which are commercially available for laser ablation. The choice of laser is one of the

most important things before setting up a pulsed laser ablation system.

The first parameter, which has to be considered, is the absorption coefficient and

reflectivity of the materials, which will be laser deposited. The absorption coefficient and

reflectivity are wavelength dependent, therefore, in order to deposit target material efficiently,

the corresponding laser should be operated in a wavelength region where target materials have

high absorption coefficients and low reflectivity. The price, maintenance and environment

safety are also to be considered comprehensively.

Figure 2-1: Schematic pulsed laser ablation system configuration.
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Excimer lasers (XeCl, KrF, ArF) are widely used to deposit high Tc superconducting

films and other complex oxide films because of the larger absorption coefficient and small

reflectivity of materials at their operating wavelengths. Frequency tripled Nd:YAG lasers are

also effective from the same point of view.

The target holder is able to contain a few targets at the same time, which makes

multilayer deposition easy. Normally, the target holder is kept rotating during the deposition

in order to keep a fresh surface of the target always exposing to the laser beam. Substrate

heating block is able to go to temperature as high as 1000°C. Generally, a substrate heating

block is mounted parallel to the target face to face. The focused laser beam incidents on the

target at an angle of 45° to make the laser plume normal to the substrate surface.

The vacuums chamber can be evacuated to vacuum from 10-5 mTorr to 10-7 mTorr or

even higher depending on the requirements. There is a window for gas filling also.

2-3. BASIC THEORY OF PLA

The important parameters in PLA processing

In the PLA procedure, a laser beam is incident on the surface of the target and

evaporates materials from the target. The evaporated materials move to substrate and deposit

on the surface of the substrate. This brief description imply the interaction of the laser beam

with the target, which depends on several laser beam parameter as well as target material

parameters, and some other parameters will play important roles in PLA processing. The main

parameters will be listed briefly.

Laser beam parameters

        The parameters that affect the processing are laser wavelength, laser pulse energy,

focused spot size, laser pulse frequency and mode structure. Wavelength affects absorption

and reflection characteristics, and pulse energy, frequency, spot size and mode structure affect

average irradiation distribution in the spot.
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Material parameters

The material parameters that affect processing are reflectance, absorption coefficient,

specific heat (the energy required to raise the temperature of unit mass one degree), thermal

conductivity and latent heat (the amount of heat required to cause a change of phase of unit

mass of material).

Other parameters

 Other important parameters affecting the quality of the films deposited by PLA are

substrate temperature, pressure of the ambient gas, substrate-target distance and deposition

geometry such as on-axis or off-axis deposition (5-6).

The phenomenal characteristics of PLA

The deposition characteristics of PLA for formation of thin films are significantly

different from other vaporization techniques, such as RF sputtering and e-beam evaporation.

The luminous high temperature plasma formed in the laser evaporation of target elongates

preferably normal to the substrate surface (7). The kinetic energies of the ejected species are

approximately one order larger than the thermal evaporation energy (8). The velocity

distribution of PLA species is much broader than an ideal Maxwellian distribution (9-10). The

plasma particle density is in the range of 1019-1021 cm-3, depending upon the stage of the

expansion process. The laser deposition process is always forward directed in nature (11), i.e.,

most of the evaporated material is deposited preferentially perpendicular to the target spot.

Unlike a cosθ (θ corresponds to the angle between the radial vector and target normal)

thickness variation expected from a conventional thermal evaporation process, PLA films

exhibit roughly a (cosθ)8 (10) relationship, depending upon the laser parameters, irradiated

spot size, etc.(12). The laser plasma not only contains neutral atoms and molecules as in

thermal evaporation process, but also a lot of ionized atomic, molecular and other species (7).
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Theories of PLA

        The mechanism of the PLA process is very complex, because a lot of parameters, such as

the energy destiny, wavelength, duration and shape of the laser pulse, the incident angle, the

optical and thermal properties of the target, the distance between target and substrate etc.,

have to be considered. A few theories have been developed (13-17). In spite of the great

efforts that have been made, the description of experimental data by these models is still

unsatisfactory. Because the calculations contain many parameters (some of them are

unknown) and the consideration of coupled non-linear equations for the various thermal and

chemical degrees of freedom must be simplified for calculations. However, simple models,

which take into account basic aspects, are helpful to understand the main features

qualitatively. Most oxide films are prepared in ambient oxygen conditions, so the theories,

which are mainly based on ref. 15 and 16 will be presented briefly.

        The process of pulsed laser deposition can be divided roughly into three regimes: i)

interaction of laser beam with target material, ii) transferring evaporated materials to the

substrate, and iii) deposition of material and film formation. In the first regime, laser beam

interacts not only with a solid target but also with the melted liquid and the evaporated

plasma. Under certain conditions the evaporated plasma absorbs a substantial energy of the

laser pulse so that a self-regulation in the beam-target interaction is attained. This self-

regulating mechanism is discussed in detail in a later section. In the second regime, it is

important to notice that the material transfer takes place in the presence of oxygen pressure.

Processes involved in this stage include adiabatic plasma expansion and collisions of the

evaporated materials with oxygen gas, which lead to the formation of the shock wave and gas

phase oxidization. The last regime is the deposition of material and film growth mechanism.

Gas phase oxidization in the second regime will further lead to a chemical activation of the

plasma species. These activated species still keep relatively high kinetic energies, which may

contribute to the enhancement of surface mobility relevant to the reduction of substrate

temperature during the deposition. It is needless to say that low temperature process is

advantageous for various device applications. The characteristic film growth mechanism in

PLA is regarded as screw dislocation mediated growth. Although the film growth mechanism

is mostly governed by the properties of substrate and thermodynamic growth-conditions, the

deposition kinetics is also considered to be important in the case of energetic deposition such

as PLA.
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Interaction of laser beam with the target

        A simple schematic of the interaction between the target and the laser beam is shown in

Fig.2-2 (from ref.18). The target material generally is a sintered bulk pellet with varying

degree of porosity. The target material is desirable to have low reflectivity and high

absorption of the laser irradiation and to have low thermal diffusivity, which combing with

higher coupling coefficient of the laser beam with target caused by the roughness of the target

results in a low threshold. This threshold represents the energy required for heating the

material to its evaporation temperature (generally higher than the boiling point), including

conduction heat losses in the target, and losses due to the absorption of the laser energy by the

expanding plasma.

A. Energy Balance Equations

        When a laser beam with energy density higher than the threshold incidents upon the

target, the energy deposited by the laser beam is equal to the energy needed to vaporize the

surface layers plus the conduction losses by the substrate and the absorption losses by the

plasma. The Energy balance can be represented as

(1 - R) [E - Eth] = ∆xt (ρCp∆T + ∆H) (2-1)

Eth = conduction losses + plasma losses (2-2)

where Eth, is the energy threshold which represents the minimum energy above which

appreciable evaporation is observed. Because the plasma and conduction losses do vary with

laser energy density, Eth will also change depending on the laser energy density. R is the

reflectivity, E is the incident laser energy, and ρ, Cp, ∆T and ∆H are the mass density, heat

capacity, temperature rise, and volume latent heat of the target material respectively.  The

term ∆xt, corresponds to the thickness of the target material evaporated per pulse.  If we

consider a case the latent heat of vaporization of the material is much higher than its specific

heat content (∆H >> ρCp∆T), the above equation reduces to

∆xt  = (1 - R) [E - Eth] /∆H (2-3)
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Equation (2-3) is strictly valid when the distance of evaporation (D*τ )1/2 in the target is much

larger than the absorption depth given by 1/αt.  Here, D refers to the thermal diffusivity, and τ

is the pulse duration.  This is generally true for the case of metallic solids, which possess high

absorption coefficients.  However, when the other regime is valid, i.e., (D*τ )1/2 << 1/αt,

thermal diffusivity does not play a major role and the evaporation depth is dependent on the

attenuation distance of the laser beam. This regime is generally valid for systems, which

possess low thermal diffusivity and absorption coefficient such as polymers and non-metallic

solids. In this analysis, the radiation loss is assumed to be negligible in the time frame of a

nanosecond laser irradiation (19-20), and thus, is neglected from the energy balance.

B. Plasma formation and initial isothermal expansion

        The interaction of a nanosecond high powered pulsed laser beam with the bulk target

leads to very high surface temperature (>2000°C), which results in emission of positive ions

and electrons from the surface (20-21). Secondary ionization during ion bombardment has to

be considered (22) when formation of a surface plasma layer, in which the sputtered atoms,

ions, molecules and electrons are in local thermodynamic equilibrium. Besides impact

ionization, other mechanisms, especially photo ionization, thermal ionization of photon-

activated species, and electronic excitation, may affect the concentration of excited species

(23). Experimental studies have revealed an increase in electron emission with partial pressure

of gases due to impact electron ionization (24).

        It has been found that the primary absorption process for an ionized plasma is due to

electron-ion collisions. The absorption would occur by an inverse Bremsstrahlung process,

which involves the absorption of a photon by a free electron. However, during the initial

stages of the laser pulse, when very low electron and ion densities and a large number of

neutral atoms are present, free-free transitions involving neutral atoms may provide the

primary mechanism. But with a slight increase in ion density, the free-free transitions

involving ions become the dominant mechanism. Once formed, the plasma absorbs the laser

radiation by inelastic free electron scattering, which results in further heating of the plasma

and regulates further interaction of the radiation field with the target. The absorption

coefficient of the plasma, αp, is given by :
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αp = 3.69 x108(Z3ni
2/T 0.5n3)[1-exp(-hν /kT )] (2-4)

where Z, ni, and T, are, respectively, the average charge, ion density, and temperature

of the plasma, and h, k, and n are the Planck constant, Boltzmann constant, and frequency of

the laser light, respectively.  The laser energy is highly absorbed if (αp*X) is large, where X is

the dimension perpendicular to the target of the expanding plasma. The equation shows that

the absorption coefficient of the plasma is proportional to ni
2. Thus, the plasma absorbs the

incident laser radiation only at a distance very close to the target where the densities of the

charged particles are very high. In this equation, we have assumed that the plasma frequency

is smaller than the frequency of the pulsed laser beam, otherwise, the plasma would reflect all

of the radiation. In most conditions, the energy losses due to reflection of the laser beam from

the plasma can be assumed to be insignificant. The term [1-exp(-hν /kT )] represents the

losses due to stimulated emission.  If we consider the excimer-laser wavelength (λ =308 nm),

the exponential term becomes unity for T<<40 000 K and can be approximated by hν /kT for

T >>40000 K.  The absorption term shows a T-0.5 dependence for low temperatures (T<<40

000 K for λ = 308 nm) and T-1.5 for high temperatures. This dependence is an important factor

in estimating the effect of energy density on the deposition characteristics. The frequency

dependence of the absorption coefficient also changes from ν2 to ν3, depending on the value

of hν/kT.

Because of the high expansion velocities of the leading plasma edge, the electron and

ion densities decrease very rapidly with time, which makes the plasma transparent to the laser

beam for larger distances away from the target surface. As the plasma is constantly

augmented with evaporated particles at its inner edge adjacent to the target surface, a thin

region near the surface is constantly absorbing the laser radiation during the time interval of

the laser pulse.  A dynamic equilibrium exists between the plasma absorption coefficient and

the rapid transfer of thermal energy into kinetic energy.

The assumption of a self-regulating regime occurring at the surface of the target by the

incidence of the laser beam can be justified in the following manner.  If the absorption of laser

light by the plasma becomes higher (due to a lowering of the temperature), the evaporation of

the species from the target becomes less, thus decreasing the density of the ionized species.

This consequently increases the absorption of laser energy and the temperature of the plasma.

If, on the other hand, the absorption of the laser energy is less, the target absorbs more and

evaporation of species from the target increases.
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It has been theoretically deduced that the density, temperature, and dimension of the plume

adjust in such a manner that the plasma absorbs the same amount of laser radiation to

maintain a self-regulating regime.

        A schematic picture of the laser plasma-target interaction is shown in Fig.2-3. The

plasma is expanding rapidly at the outside edge (region D), while at the inner edge (region C)

the evaporated particles are continuously injected into the plasma. It is reasonable to assume

that during the time of the laser pulse, an isothermal temperature is attained near the target

surface due to the self-regulation.

The size of the plasma at the time of termination of laser pulse can be estimated by

assuming that an initial expansion velocity of plasma species is of the order of 105-106 cm/sec

and the duration time of laser pulse is ~10 nsec. The perpendicular dimension of the plasma at

the end of the laser pulse is, therefore, the order of 10-3-10-2 cm.  Such a rough estimation is

useful for the speculation of later PLA processes.

C. Adiabatic plasma expansion

        After the termination of the laser pulse, the adiabatic expansion where the temperature

can be related to the dimensions of the plasma by the adiabatic thermodynamic equation given

by :

A B C D

Figure 2-3, Laser plasma –target interaction

Laser beam

Target
Melting part
of the target
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T[X(t)Y(t)Z(t)]g-1 = const (2-5)

Where g is the ratio of the specific heat capacities at constant pressure and volume. X

direction is perpendicular to the target surface. The thermal energy is rapidly converted into

kinetic energy, with plasma attaining extremely high expansion velocities.

         According to the model based on the equation of fluid flow, the expansion of the plasma

can be expressed by the following formula,

X(t)[d2X/dt2] = Y(t) [d2Y/dt2]

= Z(t)[d2Z/dt2]

= kT0/M[X0Y0Z0/X(t)Y(t)Z(t)]g-1 t > t0,  (2-6)

Where X0, Y0, and Z0 are the initial orthogonal edges of the plasma after the termination of the

laser pulse (t =t0). The above equation shows that acceleration of the plasma species in a

certain direction is proportional to the inverse of the dimension of the plasma in its direction.

Thus, by considering the initial transverse dimensions (Y0 and Z0 ~ 1-4 mm) and the

perpendicular dimension (X0 ~ 20-100 mm), the direction of the highest velocities is found to

be along the X direction. This gives rise to the characteristic plasma shape elongated outward

from the surface (Fig. 2-4).

The above equation also shows that if initially the plasma is longer in the Y direction

than in the Z direction, it will be accelerated more rapidly in the Z direction. The shape of the

Y

Z

Z

(0,y,0)

Y
(x,y,0)

(0,0,z)(0,0,0)

(x,0,0) (x,0,z)

Figure 2-4, Schematic diagram showing the initial ellipical plasma shape after

termination of the laser pulse.

 t ∼ ns

 t ∼ µs
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expanding plasma controls the density distribution of particles in it and elliptical isothickness

contours similar to the shape of the cross section of the expanding plasma should be observed

in the deposited area (Fig. 2-4).

D. Formation of 'shock wave'

      The adiabatic expansion model is a simple approximation assuming no interactions

between the expanding ablation products and the background oxygen gas. A real picture

taking into account these interactions is given by the formation of the so-called 'shock wave'

and the catch-up process of the later ejected ablation products (25). The material ejected

initially by the laser-target interaction acts to sweep up and drive the background gas at

supersonic velocities as it expands outwards. A shock wave is produced in the undisturbed

gas, with the shock front being separated from the contact surface by a layer of shock heated,

compressed gas.  A low pressure region is formed behind the contact surface, allowing the

later ejected ablation products to be transferred loosing less kinetic energies due to less

collisions to the background oxygen molecules. The later ejected materials may have a

velocity close to that of the material ablated in vacuum, which is an order of magnitude larger

than that of the initially ejected materials. Thus those later ejected materials will catch up with

the expanding plasma edge instantaneously. This shock wave was also observed by ultra-fast

photography using a synchronized dye laser beam (~1 ns) to probe above the target surface

(26).

The extent of the chemical reaction of the ablated products with the shocked O2

(background gas) will be governed by the diffusion process across the contact surface. A thin

luminous front can be observed in this diffusion region due to the excitation and chemical

reactions occurring there (27).  The formation of this shock heated, compressed diffusion

layer seems to be an essential process for the fabrication of high quality superconducting

films by PLA.

E. Gas phase reactions

While it is clear that the laser produces many species with high kinetic energies, the

importance of these energies for the chemical excitation and reactions of the plasma species in

the presence of the ambient oxygen has only recently been explored.  From a purely gas-

kinetic perspective, at the pressures typically used in depositing multi-component ceramic
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oxides, the mean free path for collisions (~0.1 cm) should result in collisional induced

thermalization of the translational energy.  That is to say, at the substrate, the arriving vapor

loses most of the initial kinetic energy imparted to it by the laser.  However, it is reasonable to

assume that high kinetic energies are likely to be very important in the formation of gas phase

products that deposit on the substrate. Some direct evidence for metal-atom/ambient reactions

has been obtained and its production reaches saturation at a few hundred mTorr of oxygen

(28-29). These direct probes of plume dynamics, in addition to future studies of the relevant

neutral and ion/molecule chemistry, will be very important in the understanding of this

process.

The influence of various parameters on deposited films

Not only models but also experimental results are very useful to help people to deposit

high quality films. Conditions from experimental data are summarized in the following list :

a) A shorter wavelength laser produces fewer ions. A longer wavelength laser

produces more ions, but the plasma can become critically dense quickly and shields the laser

from the target.

b) Background oxygen pressure mainly influences the shape of the plume in the form

of more oxygen atom formation and recombination to form diatomic metal oxides and

possibly clusters (30).

c) Proper substrate voltage bias can improve the quality of the films (31).

d) Pulse energy density controls both the thickness variation and composition of the

films. Higher pulse energy density causes a higher plasma temperature, which results in

higher thermal ionizaton, whereas, higher photon energy will give rise to higher

photoionization (32). A higher energy density decreases the spatial variations in composition

as the compositions converged to the stoichiometric value.

e) A larger (> 30 mm) substrate -target distance gives rise to a more uniform thickness

distribution.

f) For a larger spot size, the expansion of the plasma tends to a one-dimensional

geometry. As the spot size decreases, the expansion becomes more spherical.

g) To initialize the removal process a threshold fluence must be exceeded. Balancing

the amount of reactive gases to the vaporized material leads to better material removal.

Increasing gas pressure will worsen the removal results (33).
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III. BISMUTH SUBSTITUTED IRON GARNET FILMS

3-1. Basic theories of magneto-optic rotation

Faraday rotation

The Faraday effect is a magnetic circular birefringence effect.  As shown in Fig. 3-1,

the magnetization M of the sample is parallel to the direction of propagation of a linearly

polarized light beam, which can be assumed to be decomposed into two beams circularly

polarized in opposite directions with slightly different velocities in the magnetic medium.

Therefore, when neglecting the absorption of the light by medium, the emerging light is

linearly polarized in a plane, which forms an angle θF (the Faraday rotation angle) with the

polarization direction of the incident beam. Changing the sense of M yields an opposite value

of θF. Therefore the Faraday effect is an odd effect. The angle θF can be expressed as:

θF = t (π/λo)(n+-n-) (3-1)

where λo, t, n+ and n- are the wavelength of the incident light in vacuum, thickness of the

sample, refractive indexes for right and left circular polarized beams respectively. When

absorption is taken into account, the Faraday effect can be described in terms of a complex

rotation ΦF of the elliptically polarized transmitted light beam with respect to the incident

± ΜΜ

Figure 3-1, Schematic diagram of Faraday rotation

E

+θF

-θF
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linearly polarized light beam as :

ΦF = θF +iϕF (3-2)

where ϕF is the angle corresponding to the ellipticity εF of the emerging light beam.

So, when considering θF, ϕF and εF of per unit length, following formula are given as :

θF = Re(ΦF)

ϕF = Im(ΦF) (3-3)

 εF = tanh(ϕF)

The complex rotation is composed of magnetic dipole (ΦF
(m)) and electric dipole (ΦF

(e))

transition components, but the main contribution to ΦF originates from ΦF
(e) given by :

ΦF
(e) = -(ω/2c)(N+-N-) (3-4)

where N+ and N- denote the complex refractive indices for respectively right and left

circularly polarized light and are related to the components of the dielectric tensor εε(M) :

εε(M) =  [    ] (3-5)

where M is parallel to the z direction. For garnets, N± can be expressed as:

N±
2 = ε11 ± ε12 (3-6)

Using the definitions:

                                       N±   =  n± - ik±

                                        n’   = (n+ + n-)/2 (3-7)

                                       k’   = (k+ + k-)/2

                                        εij   =  εij
’ + iεij

’’

the contributions from the electric dipole transitions to the Faraday rotation (θF
(e)) and

ellipticity (ϕF
(e)) can be written as :

  ε11    iε12   0
- iε12  ε11    0
  0      0    ε33
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                               θF
(e)   =  ω( n’ε12’+ k’ε12’’ )/2c(n’ 2 + k’ 2)

                               ϕF
(e)  =  -ω( k’ε12’- n’ε12’’ )/2c(n’ 2 + k’ 2) (3-8)

For low loss approximation (k’ << n’  ), it is easy to get :

                               θF
(e)  =  -ωε12’/2cn’

                               ϕF
(e) =  -ωε12’’ /2cn’ (3-9)

Kerr rotation

        In the polar Kerr effect (M is perpendicular to the sample surface) the linearly polarized

incident light in general will be transformed by reflection into an elliptical wave. The complex

rotation Φk can be defined as:

                                Φk = -i(N+ - N-)/(N+N- - 1) (3-10)

and the rotation and ellipticity as :

   θk =ReΦk

       ={k’ (3n’ 2-k’ 2-1)ε12’+n’ (3k’ 2 - n’ 2+1)ε12’’ }/( n’ 2+k’ 2){( n’ 2-k’ 2-1)2+4 n’ 2 k’ 2}

   ϕk=ImΦk

       ={ n’ (3k’ 2 - n’ 2+1)ε12’- k’ (3n’ 2-k’ 2-1) ε12’’ }/( n’ 2+k’ 2){( n’ 2-k’ 2-1)2+4 n’ 2 k’ 2}

3-2. Magneto-optic (MO) recording technology

Magneto-optic memory is generally aimed at large capacity, high-speed, re-writable

and direct data access applications. Magneto-optic information storage technology bases on

Faraday or Kerr rotation of the magnetic recording medium. In a magnetic film, the

magnetization M of a recording bit is perpendicular up to the surface of the film or is 180

degree opposite. According to direction of the magnetization M, the polarization plane of the



23

incident linearly polarized light beam will rotate a certain angle to right or left. This rotation

direction of the angle could be sensed, which represent 1 or 0 for recording information. A

schematic diagram of a MO recording disc is shown in Fig. 3-2.

    Figure 3-2. Schematic diagram of conventional MO disk

In order to compete with other recording techniques, such as magnetic hard disc,

magneto-optic recording need to further increase memory density, access speed, read/write

speed, and reduce cost. One of important way to increase the memory density is short

wavelength method. Present MO medium, such as TbFeCo films, has very small Kerr rotation

angle at short wavelength, so new MO medium is required. Bismuth substituted iron garnet

film has large Faraday rotation effect at short wavelength, therefore, it is a very promising

candidate for ultra-high density MO recording. Detail discussion will be given out in this

thesis later.

LaserPP
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3-3. Ferrimagnetic garnets for ultra-high MO recording applications

The interest of ferrimagnetic garnets

        Ferrimagnetic garnet films have received increasing interest concerning various

magneto-optical applications (1), such as displays (2-3), printers (4), bubble devices (5-6),

gyrolasers (7), components for optical communications (8) and high density magneto-optic

recording (9-11). It is useful to study the material in certain detail.

Properties of ferrimagnetic garnets

Generally speaking, ferrimagnetic garnets are ionic solids with the general chemical

formula {R3}[A2](D3)O12, in which three cation sites {}, [] and ( ) stand for dodecahedral (c),

octahedral (a) and tetrahedral (d) sites. The crystal structure of garnet belongs to cubic

system, Oh10 space group. There are eight {R3}[A2](D3)O12 molecules, which contain 160

atoms, in one unit cell. The schematic picture of the different kinds of atomic sites in

ferrimagnetic garnets (12) is shown in Fig.3-3, there are eight, six and four oxygen atoms

around c, a, d cation sites respectively.

 Figure 3-3, Arrangement of cations in the garnet structure

a

c
d
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The ferrimagnetic garnets do not actually belong to the cubic space group, because it

is impossible for a crystal that has a spontaneous polarization, either magnetic or electric, to

be cubic. In the case of electric polarization, the crystal must be noncentrosymmetric, because

the electric polarization of the crystal depends on unbalance of electric charge, which can only

be caused by a noncentrosymmetric arrangement of ions in the crystal. In the case of magnetic

polarization, the crystal can be centrosymmetric; the magnetic moments associated with the

atoms or ions may be represented by axial vectors. A center-of-symmetry transformation

leaves the moment direction unchanged.

Magnetization

The magnitude of the saturation magnetization (Ms) of the ferrimagnetic garnet is

determined by the tetrahedral (Md), octahedral (Ma) and dodecahedral (Mc) sublatticees :

Ms = | Ma +Mc -Md | (3-11)

Because the superexchange interactions are such that the magnetic moments of the

tetrahedral cation tend to be anti-parallel to those of both octahedral and dodecahedral cations.

The interaction between a c-site ion and a d-site ion is expected to be stronger than with an a-

site ion. The temperature dependence is essentially controlled by the molecular field

coefficients λij and the Brillouin function Bi(zi) according to the expressions :

 Mi(T) = Mi(0)Bi(zi)

 Mi(0)  =  giµbSiNi (3-12)

 zi        = (giµbSi/kT)Σj λijMj(T)

where i, j, = c, a, d sites, µb denotes the Bohr magneton and k the Boltzmann constant. gi, Si

and Ni are the Lande factor, the spin and the number of the magnetic ions per cubic centimeter

on sublattice i. Any replacement of ions in a given garnet crystal by diamagnetic or

paramagnetic ions thus affects the magnitude and temperature dependence via an induced

change in at least one of the parameters gi, Si or Ni..
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For iron garnets, a compensation temperature Tcomp (Ms=0) can occur below the Curie

temperature Tc owing to the different temperature dependence of the sublattice magnetization.

Tcomp is one of the most sensitive properties with respect to any inhomogeneities. The

interaction between tetrahedral spins and octahedral spins is much stronger than the

interaction between tetrahedral and dodecahedral spins, so the compensation temperature is

essentially determined by the former interaction.

Anisotropy

The magnetic anisotropy and magnetostriction are two basic phenomena, which are

present in each magnetic material. The different kinds of magnetic anisotropy can be

distinguished according to their origin (a) shape anisotropy; (b) crystalline anisotropy; (c)

growth-induced anisotropy; (d) stress-induced anisotropy; (e) field-induced anisotropy. The

intrinsic anisotropy in iron garnet films has a different origin and is composed of a cubic part

and an uniaxial part. The cubic anisotropy is determined by the cubic symmetry of the garnets

and is caused by the spin-orbit coupling, the exchange field and the local crystalline

distortions on the different lattice sites and can be understood in terms of the single-ion theory

(13-14). The sign and magnitude of the cubic anisotropy constants can be widely varied by

small substitutions of strongly anisotropic transition metal ions (14-15), where Co2+ and Ru3+

are the most effective. The uniaxial part consists of a stress-induced anisotropy and a growth

induced anisotropy. In many iron garnet films, the uniaxial anisotropy is much larger than

cubic anisotropy (can be larger than one order). The growth-induced anisotropy in principle

comes from the site preference (16-20) for ordering of ions on dodecahedral sites or iron sites.

So, it is determined by the same atomic parameters and interactions, which determine those of

the cubic anisotropy. But in addition depends on the substrate orientation, the film

composition and the growth condition, such as the melt composition, the rate of rotation and

supercooling, as far as LPE growth is concerned.

        The stress-induced anisotropy constant Ku
λ can be well described by the relative

perpendicular lattice mismatch ∆a/a and the magnetostriction constants λ100 and λ111. For

films epitaxially grown on (111) oriented substrates, Ku
λ is :

Ku
λ = -(3/2)λ111[E/(1+µ111)](∆a/a) (3-13)
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where E and µ111 are the Young's modulus and the Poisson constant respectively. It is not very

dependent on the composition.

        For polycrystalline iron garnet films, because of no preferred texture, the anisotropy is

mainly contribution of stress-induced anisotropy, which results from the interaction between

magnetostriction and internal stress σ induced by the different thermal expansion of the

magnetic films and the substrate. Such Ku has been expressed as (21-23) :

Ku =-3λsσ/2 =-3λsE ∆T(αf - αs)/2(1-ν) (3-14)

where λs is the magnetostriction constant, E Young's modulus, ν the Poisson ratio, ∆T the

difference between annealing and ambient temperatures, and (αf - αs) the difference between

the thermal expansion coefficients of the film and the substrate respectively. So Ku can be

improved by adjusting ∆T and (αf - αs).

Optical and magneto-optic properties

The optical absorption coefficient α and the refractive index n of iron garnet films are

normally measured by the optical interference effecting on the reflectance and transmittance

spectra (24). The accuracy of measurement of the film thickness t is basic importance for the

accuracy of many magnetic and magneto-optic properties such as the saturation

magnetization, the anisotropy constants or Faraday rotation and ellipticity.

        In the wavelength λ<450 nm range, intersublattice Fe3+ pair transitions and charge

transfer transitions control the optical absorption. In the range 450 nm <λ<1000 nm crystal

field transition are responsible for absorption. In the range λ>10000 nm optical phonons cause

a strong increase in α. The dominant contribution to α in the visible region arises from two

octahedral and tetrahedral crystal field transitions (25) as shown in Fig. 3-4. Lowering α

values for this wavelength region can only be realized by diamagnetic substitutions (26-27).

The substitution of Pb2+ ions on dodecahedral sites leads to a pronounced increase in

absorption (28-29). The influence of Bismuth on α is much less significant than that of lead

(29-31), but with increasing Bi3+ content, a shift of the band edge occurs, which causes a large

increase in α in the visible region (33).
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Figure 3-4, Optical absorption vs wavelength at T = 295 K for yttrium Fe-Ga garnet film.

The effects of substitution

The existence of crystallographic sites of different size makes it possible to substitute

into YIG (a prototype of iron garnet) a wide variety of ions with different ionic radii and

valence states. Normally, metal ions with larger ion diameters such as Ca, Bi, Pb, Y, Ho, Dy,

Gd, Eu, Sm, Na, Pr and La occupy c site; smaller ones such as Al, Ga are prefer to occupy the

a site. It is possible for them to be in d site too.

Bi substitutes Y ions in c site will increase the Curie temperature, Faraday rotation,

etc. Al or Ga ions in d site instead of the Fe ions causes a decreasing of the total moment of

per unit and a decreasing Curie temperature. When Ga ion at tetrahedral sites, it can cause a

low temperature magnetization anomaly, the magnetization start to decrease below 35K (35-

37). Dy in c site is usually used to increase the anisotropy because of the largest negative

magnetostriction coefficient of DyIG. Cu is effective in increasing coercive field the Hc with

pinning effect (38).
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Bi-DyIG films for magneto-optic recording

Essentials of MO recording

Magneto-optic (MO) recording is the most highly develop erasable optical data

storage technology. The advantages of MO recording are (a) remove-ability; (b) reliability, in

terms of information preservation; (c) high recording density. But drawbacks are (a) higher

access time (about twice that of the magnetic recording) (b) commercial products are not able

to be direct overwriting (c) relatively high cost of optical drives and optical media. In order to

compete with the fast developing magnetic recording technology and other recording

technology, such as semiconductor memory, MO recording not only need to keep its main

advantages of high recording density and removeable from the drive, but also have to satisfy

requirements of super-fast access time, high data transfer rates and low cost for the entire

subsystem.

        Further high density recording will be accomplished by using short wavelength lasers,

mark edge recording methods, double track density recording, magnetically induced

superresolution (39), zone constant angular velocity (40) (in order to make the bit length

equal) etc. techniques.

The density of MO recording is limited either by materials or optics. The minimum

diameter of a cylindrical domain is :

Dmin= σw/MsHc (3-16)

where σw is the wall energy density, Ms is the saturation magnetization and Hc is the coercive

field. The product of MsHc is roughly proportional to the perpendicular anisotropy constant

Ku. For most of MO materials, the Dmin is estimated smaller than 0.3 µm.

However, the optical limitation comes from the Airy spot size, so the minimum

diameter Φm of the focused laser beam is given by:

Φm = λ/1.2NA (3-17)

where λ is the wavelength of the laser, and NA is the numerical aperture of the objective lens.

It is possible to write a bit smaller than Φm by reducing the pulse length of light or magnetic
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field, but read out performance such as signal to noise ratio is limited by Φm. So the direct

way of increasing density is by increasing NA and using shorter wavelength of light.

The proposed methods for direct overwriting are dual laser beams (41-42), magnetic

field modulation (43-44) and light intensity modulation (45-46).

Bi substituted iron garnet for MO media

New material systems which are considered the first runners on the list of new potential

candidates for next generation short wavelength MO recording medium are the rare-earth

transition metal alloys, the Pt/Co multilayers and the ferrimagnetic iron garnet films (47). The

rare-earth iron garnets have the highest magneto-optic effects in the green blue light range.

The figure of merit of the garnets is 10 times higher than that of Pt/Co superlattice or TbFeCo

over a wide short wavelength (blue and green) range, this is strongly desired for higher

readout performance. In addition, garnet films are highly corrosion resistant. The drawbacks

for polycrystalline iron garnet films on glass substrates are lower signal to noise ratio via

higher media noise (caused by light scattering at grain boundary and irregular shape in

thermomagneticall written bit, eg. bit boundary zigzags along grain boundary) except using

GGG substrate to get epitaxial films with S/N ration of 57db; poor writing sensitivity and lack

of adequate tracking (48-50).

Potential application of BiIG

        With advances of optical communication and other increasing needs for MO modulators,

switches, etc., materials with high figure of merit in the short wavelength are become more

important corresponding to the use of green and blue laser diodes in the near future. So far,

YIG bulk crystals have been used for practical isolators and switches for long region optical

communication systems in the infrared region, the relatively high cost and the low figure of

merit in short wavelengths will make them unsuitable to be used in short wavelength area.

Therefore, Bi substitute iron garnet thick films become more interesting, because Faraday

rotation is proportion to the concentration of Bi and the spectral dependence of the figure of

merit for Bismuth substituted iron garnet films exhibit maxim around a 560, 780 and 1100 nm

due to the spectral dependence of the optical absorption (51-52).
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        With traditional liquid phase epitaxial techniques, it is difficult to grow high bismuth

concentration films, as well as sputtering technique is in the same case, but with laser

deposition, it is relatively easier to control the composition of complex oxides. It gives a

chance of preparing Bi3Fe5O12 films and multilayers with two kinds of iron garnet

compositions to reduce the temperature dependence of a Faraday rotation.

3-4 MO Measurement set-ups

Faraday rotation analyzer

In order to achieve a high precision of the Faraday rotation and ellipticity, different

high degree of automatic measurement experimental set-ups have been reported (53-55).

Briefly, for Faraday rotation measurement, a linearly polarized light beam is incident on the

sample as schematically shown in Fig. 3-5, when there is no Faraday rotation, the intensity of

the signal in the detector is minimum because of orthogonality of the two polarizers. When

there is a Faraday effect, the polarization plane of the light out of the sample is rotated ∆θ, so

when this light passes through the second polarizer, the intensity of the light becomes as :

I(∆θ) = Iosin2(∆θ) (3-17)

When we rotate the second polarizer ∆θ degrees, the intensity of the signal become minimum

again, so we get the value of ∆θ. The experimental arrangement to measure ellipticity is

almost the same as that of the Faraday rotation except for inserting a compensator behind the

second polarizer. The ellipticity caused by the sample is compensated by the Babinet-Soleil

compensator, so, when the intensity of the signal in the detector becomes minimum, we can

determine the ellipticity of the sample. Details of the experimental set-up was described in

(ref.54).

Kerr rotation analyzer

A schematic system diagram for the measurement of the magneto-optic Kerr rotation

angle is shown in Fig. 3-6. The system consists of a laser, a PBS (polarized beam splitter), a

photo-diode, a control circuit, AD/DA adapter, a computer and a X-Y recorder. The
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differential voltage is presented as Vk = 2θkηI (η is a material constant, I is the laser power

intensitiy), which is directly proportional to the Kerr rotation angle θk. The reflected light

from the magnetic thin film is split into two linearly polarized beams by the PBS. Two photo

diodes convert the beams into electrical signal. Finally, the electrical signals are amplified by

a differential amplifier. The Kerr hysteresis loop can be drawn by the X-Y recorder or the

computer.

Figure 3-5, Schematic diagram of a Faraday rotation analyzer.

Figure 3-6, Schematic diagram of  a MO Kerr rotation analyzer.

Laser
P1

Lens 1

Magnet
P2

Compensator
Lens 2

Detector
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III LEAD BASED PEROVSKITE FERROELECTRIC FILMS

4-1. Introduction to ferroelectric films

Normally, when the positive charge’s and negative charge's "centers of gravity" do not

coincide with each other because of displacement by some kind of effects such as electric

induced displacement in dielectric materials, we say the materials are polarized. Polarization p

is defined as the dipole moment per unit volume. The relationship between the polarization P

and the local electric field Eloc is given as:

P = χEloc (4-1)

where χ is the total polarizability and  can be written as the sum of four terms representing the

most important contributions to the polarization:

χ  = χe + χi + χd +χs (4-2)

where the electronic polarizability (χe) is caused by the displacement of the atomic electron

cloud relative to the nucleus, the ionic polarizability (χi) comes from the relative movements

of positive and negative ions, the dipolar polarizability (χd) comes from the orientation

change of the permanent dipoles in a solid and the space charge polarizability (χs) comes from

the migrating charge carriers in the dielectric.

When polarization exists in the case of no external electric field, the polarization is

called spontaneous polarization. In some range of pressure and temperature, if a material has

spontaneous polarization, which is able to be rotated from one of its equilibrium orientation

states to another equilibrium orientation states by an external electric field, and the P-E curve

exhibits a so called hysteresis loop, this material is called a ferroelectric material.

There is a paraelectric-ferroelectric phase transition in most of ferroelectrics. The

transition temperature is called the Curie temperature. Above the Curie temperature, the

spontaneous polarization will disappear and the material shows paraelectric behavior.
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4-2 Structure and properties of lead based perovskite ferroelectrics

The general chemical formula for perovskite ferroelectrics is ABO3, where O is

oxygen, A represents a cation with a larger ionic radius, and B a cation with a smaller ionic

radius. A typical cubic ABO3 perovskite unit cell and three-dimensional network of BO6

octahedral is given in Fig. 4-1.

Perovskite ferroelectrics can have tetragonal or orthorhobic structures also. Most of

the perovskite ferroelectrics are compounds with either A2+B4+O3
2- or A1+B5+O3

2- type

formula, but the A3+B3+O3
2- formula has not been observed with ferroelectrics. Some

perovskite ferroelectric compounds are listed in Table 4-1.

One of the most important perovskite ferroelectric materials is lead based ferroelectric

materials, such as Pb(ZrxTi1-x)O3 or so called PZT and PTO (PbTiO3). Fig. 4-2 is the T-x

phase diagram of the PZT pseudo-binary system, where the Tc-line is the boundary between

the cubic paraelectric phase and the ferroelectric phase (1).

A morphotropic phase boundary divides the region of ferroelectric phase into two

parts: a tetragonal phase region (on the Ti rich side) and a rhombohedral phase region (on the

Zr rich side) At room temperature, the boundary is at the point of Zr/Ti = 53/47. In the region

where Zr/Ti lies between 100/0 to 96/4, the solid solution is an antiferroelectric orthorhombic

phase exhibiting no observable piezoelectric effect.

Figure 4-1, (a) A cubic ABO3 perovskite-type cell and (b) three-dimensional  network of BO6

Octahadra.
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Table 4-1, Some perovskite-type ferroeletric compounds

Figure 4-2, PbTiO3-PbZrO3 subsolidus phase diagram.
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4-3 Fabrication and application of PZT and PTO films

The thin films of PZT and PTO are the subjects of widespread current interest because

of its unique properties offering many device applications. Among them are nonvolatile

random access memory elements (2-3), surface acoustic-wave devices (4), infrared images

and integrated optic circuits (5) etc.

There are several methods to fabricate these films. They include dc magnetron

sputtering (6), rf magnetron sputtering (7), flash (8) and electron beam (9) evaporation,

chemical vapor deposition (CVD) (10), metalorganic chemical vapor deposition (MOCVD)

(11), sol-gel (12) and pulsed laser deposition (13-16) etc.

4-4 Recent topics for ferroelectric memories

One of the most important application of lead based ferroelectric films is for

nonvolatile memories. As the semiconductor device size is continuously scaled down, high

dielectric materials such as ferroelectric lead zirconate titanate (PZT) and PbTiO3 (PTO) are

of great interest for high speed, nonvolatile random access memories (NVRAM) and dynamic

random access memories (DRAM) [17-20].

In principle, a metal ferroelectric semiconductor (MFS) transistor, as shown in Fig. 4-

3, better matches the scaling rule for integrated circuits and it is particularly important for

Source Drain

Metal electrode

Ferroelectrics

Gate

Oxide

Si Substrate

Figure 4-3, Schematic diagram of an ideal Metal/Ferroelectric/Semiconductor memory cell
structure.



40

realizing nondestructive readout type nonvolatile RAM devices. However, serious

interdiffusion between lead based ferroelectrics and Si or GaAs semiconductor substrates (21-

22) excludes the possibility to fabricate MFS devices on Si and GaAs wafers. Conventionally,

a ferroelectric memory cell has to use one transistor and one capacitor configuration as shown

in Fig. 4-4, it is similar as a DRAM cell, but the DRAM capacitor is replaced by a

ferroelectric capacitor. The ferroelectric film is deposited on a Pt electrode, which suffers

from fatigue (23-24) and lift-off (25) problems. The above reasons hampered the realization

of commercial products of ferroelectric memories by one or a combination of the problems,

which related to either the reliable performance of the PZT ferroelectric capacitor or the

integration of it with present IC circuits. Recently, many research groups have reported that

high Tc superconducting oxides, such as YBa2Cu3O7-x and Bi2Sr2CaCu2O8+x prepared on

oxide single crystal substrates, are able to improve the ferroelectric properties of lead based

ferroelectrics when they replace Pt as electrodes utilizing their high electrical conductivity at

room temperature [26-30]. Such ferroelectric /superconductor heterostructures are promising

for high density NVRAM application. When considering the integration of these

ferroelectrics/superconductor heterostructures with silicon micro-electronic devices, a

diffusion barrier such as yttria-stabilized zirconia (YSZ) has to be deposited between Si and

the superconductor electrode to suppress the interdiffusion. However, for ultrahigh memory

density and high speed, a vertical metal-ferroelectric-metal-semiconductor configuration, as

shown in Fig. 4-5 (direct electrical contact from the drain of the transistor to the bottom

electrode of the capacitor), is desirable instead of the lateral one-transistor on capacitor

structure used presently, because elimination the buffer layer reduces the parasitic capacitor,

which is important for high speed circuits. Unfortunately, silicon and GaAs are not suitable to

fabricate such stacks on them because of serious reaction between substrates and the

heterostructure capacitors. Therefore a stable substrate is essential to realize such MFS or a 3

dimensional components.

The SiC semiconductor has a large band gap (from 2.2 to 3 eV), high thermal

conductivity (even higher than copper at room temperature), high breakdown electric field

strength (10 times than that of Si), high saturation electron drift velocity (higher than that of

GaAs) and high chemical stability, which makes it very promising for high density, high

speed and hostile-environment applications. The recent development in SiC crystal and

epitaxial growth has given us hope that in the near future SiC may become the basic material
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Source Drain

Si Substrate

Field Oxide

Passivation

Isolator

Gate

Top electrode

Bottom electrod

Ferroelectrics

Schematic memory cell structure

Word line

Plate line
Bit line

Schematic circuit of  bit cell 

WL

PL

BL

Write "0"

"1"

"0"

Read/WriteWrite "1"

A greater displacement current occurs for "1" than those for "0"

Ferroelectrics capacitor

Figure 4-4, Schematic diagram of a conventional ferroelectric memory cell and the principle
of its operation.
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Source Drain

Metal electrode

Ferroelectrics

Gate

Oxide

Si Substrate

Gate oxide
BL

PL

WL

Schematic view of three dimentional memory cell structure

Figure 4-5, Schematic diagram of a 3D ferroelectric memory cell structure

for semiconductor high speed devices, both for power microwave and radiation resistant

integrated circuits (31-32). Thermal silicon dioxides on SiC are not good enough now because

of too high levels of trapped charges. AlN is proposed as an alternative for gate material, but

it meets similar problem as that of silicon dioxides. Ferroelectrics could be another

alternative. The high dielectric constant of ferroelectrics ensures that the electric field in SiC

is higher than that in the ferroelectrics, which is advantageous to avoid breakdown of the

dielectric. Furthermore, the properties of ferroelectrics also satisfy the requirements for high

speed, radiation hard environment application, and very good chemical stability of SiC

substrates makes it possible to prepare novel MFS devices.

4-5 Sawyer-Tower circuit and RT66A standard ferroelectric test system

The schematic drawing of a Sawyer-Tower circuit (33) is shown in Fig.4-6. An

alternating voltage is imposed across a pair of electrodes on the surface of a ferrolectric

sample Cs which is placed on the horizontal plate of an oscilloscope. The quantity plotted on

the horizontal axis is proportional to the field across the sample. A linear capacitor C0 is

connected in series with the sample, the voltage across C0 is therefore proportional to the

polarization of the sample. This voltage is displayed on the vertical axis of the oscilloscope.

Normally, C0 is sufficiently larger than Cs, when V is applied. From Fig.4-6 we can get :
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V= Vs + Vco,    Vs=Q/Cs=Esd       Vco ≈Q/C0            (4-3)

where Q is the charge on the capacitors, Es is the electric field in the sample, d is the

thickness of the sample.

V

Cs

R

Vs

Co

Vco

Figure 4-6, Schematic drawing of a Sawyer-Tower Circuit.

  Co >> Cs,   so V ≈Vs= Esd              (4-4)

The polarization of the sample is equal to Q/S, here S is the area of the sample. The

instantaneous current per unit area of each electrode is I =dp/dt.  The capacitor C0 integrates

the current so that the voltage on it at any instant is (SxPs)/Co. So we are able to get P-E

hysteresis loop by the circuit.

Figure 4-7, A typical P-E hysteresis loop in ferroelectric films
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A typical ferroelectric hysteresis loop is shown in Fig.4-7. In the region of the segment

OA of the loop, the small external electric field is too small to switch any domain, so the

sample shows a paraelectric behavior. When the saturation state is reached beyond the point

of B, the sample is composed of just a single domain. Ps, Pr, Ec are spontaneous polarization,

remnant polarization and coercive field respectively.

The RT66A standard ferroelectric test system is a highly accurate, inexpensive,

flexible test system. It contains the Sawyer Tower mode and the Virtual Ground mode, their

equivalent circuit is shown in Fig.4-6. The Sawyer-Tower circuit has been a common method

for characterizing ferroelectric devices, however, it is susceptible to significant errors from

parasitic elements (particularly associated with the sense capacitor hook up) and is limited by

the accuracy to which the sense capacitor value is known. The Virtual ground mode measures

the charge store in the ferroelectric sample by integrating the current required to maintain one

terminal of the sample at zero volts, hence the term virtual ground. By eliminating the

external sense capacitor, this circuit drastically reduces the effects of parasitic elements, so it

allows device characterization with improved accuracy and allows results obtained from

different test set ups to be compared with confidence. The system can be used to measure

ferroelectric hysteresis loop, fatigue, resistance, capacitance and dielectric coefficient of the

sample.
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V HIGH TC COPPER OXIDE SUPERCONDUCTORS

5-1 Basic properties of superconductors

Meissner effect

Generally, superconductors are divided into type I and type II superconductors. Type I

superconductor displays a perfect Meissner effect. When the magnetic field H is smaller than

a critical field Hc, no magnetic flux may penetrate the superconductors below Tc. When the

magnetic field is larger than the critical field Hc, flux starts to penetrate the superconductor,

and the superconductor loses it’s superconductivity. However, type II superconductors have

three states at the temperature region below Tc. They are the Meissner state (when the external

magnetic field H < lower critical field Hc1), the vortex state (when Hc1 < H < higher critical

field Hc2) and the normal state (H > Hc2). The magnetization diagram of type I and type II

superconductors are shown in Fig.5-1. High Tc copper oxide superconductors belong to the

type II class of superconductors.

Figure 5-1, The H-M phase diagram of type I and type II superconductors.

Josephson effect

In a typical superconductor/insulator/superconductor (SIS) structure, not only single

electrons could tunnel through the insulating barrier, but also paired electronics (Cooper

pairs), which carry supercurrent could tunnel through the insulator and come into the
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superconductor on the another side. The coupling between these two superconductors is called

weak link. The existence of dissipationless flow of Cooper pairs through a weak link is called

the dc Josephson effect.

5-2 Properties of high Tc Y-Ba-Cu-O superconductors

A common feature of all copper oxide superconductors, such as Y-Ba-Cu-O, Bi-Sr-

Cu-O, Tl-Ba-Ca-Cu-O and Hg-Ba-Cu-O systems, is the layered perovskite structure. This is

believed to be responsible for the high temperature superconductivity. Especially, the Cu-O2

planes in the perovsikte structure play an important role for the high Tc.

In the YBa2Cu3O7-x system, the oxygen concentration strongly depends on the film

deposition parameters. The value of x has very important influences on the electrical

properties and crystalline structures of YBa2Cu3O7-x. When 0 ≤ x < 0.5, YBa2Cu3O7-x has an

orthorhombic, distorted oxygen deficient perovskite structure, and its superconducting

transition temperature is in the region of 40 to 92 K according to the oxygen concentration. A

phase transition from orthorhomic to tetragonal structure takes place in YBa2Cu3O7-x when x

> 0.5, but Tc decreases continuously with increasing x above the structured phase transition

(1). When x > 0.8, YBa2Cu3O7-x loses it’s superconductivity completely and becomes

semiconductor-like.

The resistive transitions of YBa2Cu3O7-x single crystalline films with high Tc could be

modified by external magnetic fields (2), however, very strong external magnetic field is

needed to get significant modification of the transition curves.

It has been demonstrated that superconductivity could even occur in one isolated unit-

cell of YBa2Cu3O7-x (3), however, coupling between unit-cell layers is essential to achieve a

high Tc (3-4). The electrical and magnetic properties of YBa2Cu3O7-x/insulator multilayers

depend on the thickness of YBa2Cu3O7-x (ds), isolator (di) and coherence length ξ0 as well as

interaction of vertices in the separated superconducting layers.

5-3 Applications of superconductors

High Tc superconductors have various potential applications. Briefly, they could be

used in the following areas:
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High current applications

Basically, high current applications include power transmission, power transforms,

superconducting magnets and superconducting levitation trains etc. For such applications, the

high Tc superconductors are desirable to have large so called lower critical field Hc1 and

critical current density. The properties of the superconductors ideally should be as less

dependent as possible on any disturbing sources, such as external magnetic field, temperature

variation and irradiation etc.

Josephson junction devices

Two types of Josephson weak link junctions, which are grain boundary junction and

superconductor/metal/superconductor (SNS) type of step edge junction, are the basic

structures to fabricate the three superconducting thin film transistor-like devices (5). These

three devices are the Josephson vortex flow transistor (JVFT), the superconducting current

injection transistor and the Abrikosov vortex flow transistor (SFFT or AVFT). The

mechanism of JVET is described in the following text. The JVFT is constructed by a low loss,

hysteretic long Josephson junction operated in the vortex-flow mode. The voltage of the flux-

flow current step of the device is controlled by a magnetic field generated by the current in the

control line, as shown in Fig. 5-2(a).

      Figure 5-2, (a) Schematic geometry of JVFT, (b) Schematic geometry of SFFT.
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However, for Abrikosov vortex flow transistor, the bias current across the Josephson

junction drives the vortices, which is generated by the magnetic field of the current in the

control line, along the Josephson junction by the Lorentz force. Therefore, a voltage will

appear (according to Faraday’s low) across the junction, as shown in Fig. 5-2(b). Though

control the current, the magnetic field is controlled, finally, the voltage is controlled.

Superconductor memory cells

Figure 5-4, Schematic structure of Abrikosov vortex memory cell

The idea of using type II superconductor vortice as information bits in

superconductive data storage is attractive because of the smallness of such bits. Bächtold has

proposed a vortex file having a structure like that of bubble memories (6). Memory devices, in

which Abrikosov vortices are used as information bits, have been studied by several authors

(7-9). One of the schematic structure of the memory cell is illustrated in Fig. 5-4. Vortices are

generated in the type II superconductor thin film by magnetic field associated with the current

through control lines. In the matrix memory configuration, these control lines act as bit and

word lines, enableing current coincident information writing. The central part of the

superconductor film has reduced thickness, so as to trap the generated vortices. The trapped

vortices can be erased by generating vortices with opposite signs. The stored binary
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information, which is represented by the presence or absence of the trapped vortices, is read

by the a Josephson junction. IB is the Josephson junction bias current to read out vortices.

5-4 The common feature of superconductor devices

The superconductor devices include Josephson junction devices, memory devices,

infrared bolometers etc. Although none of these devices is currently competitive with

semiconductor transistors, they can be operated at low temperatures and in a low impedance

regime foreign to the semiconductor would, makes them worthy of study. The capability of

adjusting material properties, such as Josephson junction currents, transition temperature Tc,

Tc0 and resistivities etc., is very useful for device design. Single YBa2Cu3O7-x films with pure

superconducting phase offer little flexibility of these material properties. However,

YBa2Cu3O7-x films having mixed phases of superconducting phase and semiconducting phase

demonstrate an unique flexibility for device applications (10). This novel concept developed

in our laboratory has another significant benefit. Because the semiconducting phase is allowed

to exist in the films, we may choose substrates with large area and cheap price, such as Si and

glass etc., furthermore, lower temperature processes becomes possible.
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VI. SCINTILLATION OXIDES

6-1 Introduction to Scintillation oxides

A scintillator is a material that converts energy lost by ionizing radiation into pulses of

light. In most scintillation counting applications, the ionizing radiation is in the form of X-

rays, γ-rays and α or β particles ranging in energy from a few thousand eV to several million

eV. Generally, scintillation materials contain a luminescent ion (such as Tl+ or Bi3+) in their

host lattice. The irradiating particles or photons create a large number of electron-hole pairs in

the host lattice, which ultimately recombine on the luminescent ion, resulting in emission

from this ion.

Three properties are of primary importance for scintillators, they are efficiency, speed

and stopping power. The stopping power depends mainly on the density of the materials. The

overall quantum efficiency (η) of the scintillator (1) is given by

η= βSQ 0 ≤ η, β, S, Q ≤ 1 (6-1)

The first parameter β describes the efficiency of the conversion process, in which the energy

Ein of the incident particle or photon is used to produce a large number of electron-hole pairs.

For a material  with bandgap Eg, it takes at least an energy Emin = 2.3 Eg to produce a single

electron-hole pair. Thus the maximum possible number of electron-hole pairs is Ein / 2.3 Eg.

and the conversion efficiency β = 2.3EgNe-h/ Ein, where Ne-h is the number of electron-hole

pairs actually produced by one stopped photon. The second parameter S describes the

efficiency of the transfer process, while the third parameter Q describes the quantum

efficiency of the center itself. The overall speed of a scintillator is governed by the rate

constant of the transfer and emission processes.

The combination of a scintillator and a light detector is called a scintillation detector.

When designing a scintillation detector, the important parameters of scintillators, which need

to be considered, are density and atomic number, light output (peak wavelength and

intensity), decay time (duration of the scintillation light pulse), mechanical and optical

properties and cost.
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Table 6-1
    BGO   CWO   GSO(Ce)   PWO    LSO

 Density (g/cm3)   7.13   7.99   6.71   8.28   7.4
 Effective atomic number   74   66   59   73   66
 Hardness (Mho)   5   6   6   6
 Hydroscopic   no   no   no   no   no
 Wavelength of emission
 maximum ( nm)

  480   490   440   430-520   420

 Refractive index
 at emission maximum

  2.15   2.25   1.85   2.2  1.82

 Absorption coefficient at
emission maximum (cm-1)

 0.005-
 0.008

  0.002-
  0.004

  0.005-
  0.008

  0.001-
  0.004

 Light output
 (% of NaI(Tl))

 10-16   35-40   15-25  50-80   75

 Decay time (ns)   300   5000   30-60   2/10/30   10-40

None of the presently known scintillation materials possesses all ideal characteristics,

such as high density, high light yield at suitable wavelength, fast decay etc. The choice of a

certain scintillation crystal in a radiation detector depends strongly on the special application.

The physical properties of some oxide scintillation materials are list in Table 5-1. Where

BGO, CWO, GSO, PWO and LSO stand for Bi4Ge3O12, CdWO4, Gd2SiO5(Ce), PbWO4 and

Lu2(1-x)Ce2x(SiO4)O respectively.

Scintillation oxides have a number of advantages over alkali halide scintillators, such

as high effective atomic number, high density, non-hygroscopicity, mechanical strength, good

energy resolution in the energy region over 5 MeV and afterglow etc. Due to these feature,

scintillation oxide detectors are more fail-safe, need not hermetization and have mass and

volume several times less than alkali halide analogues at the same detection efficiency.

However, the light output of scintillation oxide is lower than alkali halide materials.

6-2 Properties of some scintillation oxides

Bi4Ge3O12

Bismuth germanate Bi4Ge3O12 (BGO) is an isomorph of the naturally occurring

mineral eulitite (Bi4Si3O12). The crystal structure of it belongs to cubic crystal (point group 4

3m). The lattice constant of the crystal is 10.52 Å. Bi4Ge3O12 is perfectly stable in air, but

dissolve easily in concentrated HCl. No preferred cleavage plane exists (2).
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The fundamental absorption edge lies around 350 nm. A region of high transparency

(90%) extends from about 400 nm to 2000 nm, followed by a region of medium transparency

between 2500 nm to 6000 nm.

Under optical or X-ray excitation, Bi4Ge3O12 exhibits intense broadband emission in

the visible region. The fluorenscence from it is similar to that reported for other materials

where bismuth is present as a dilute activator ion. The luminescence of Bi4Ge3O12 is assigned

to 3P1→1S0 transition of Bi3+. Bismuth fluorescence decay via energy migration through the

Bi3+ system and subsequent relaxation to quenching centers is impeded in Bi4Ge3O12 by the

large Stokes shift of Bi3+ absorption and emission. In addition, nonradiative decay by multi-

phonon processes is limited by the large 3P-1S energy difference (3).

BGO detectors are characterized by high energy resolution in the energy range 5-20

MeV, a relatively short decay time etc. They are widely used in high energy physics

(scintillators for electromagnetic calorimeters and detecting assemblies of accelerators),

spectrometry and radiometry of γ radiation, positron emission tomography (PET) etc.

CdWO4

Cadmium tungetate CdWO4 is a monoclinic wolframite structure crystal with high X-

ray absorption coefficient. It has been used as one of the prevailing X-ray scintillators for

computer tomography. Due to low intrinsic background and afterglow plus relatively high

output, the most suitable areas of its application includes spectrometry and radiometry of

radionuclides and extra-low activities.

LSO

The crystal structure of cerium-doped lutetium oxyorthosilicate LSO belongs to

monoclinic C. The unit cell parameters reported (4) are a = 14.254 Å, b = 10.241 Å, c = 6.641

Å and γ = 122.20°. This new scintillator has a scintillation emission intensity which is about

75% of  NaI(Tl)(5). In addition to desireable physical properties such as high density and high

atomic number, LSO also possesses a combination of high emission intensity and fast decay,

which together are superior to any other known single crystal scintillators. This unique

combination of physical and scintillation properties offers potential advantage in medical

imaging and X-ray detector etc. applications.
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6-3 Purpose of our project

X-ray film imaging systems are replacing by digital X-ray imaging systems now. The

advantages of digital X-ray imaging are time saving (because digital image does not require

photographic development), easier to analyze image, easier to store and transfer the image

information, environment safety (no chemicals for film development anymore), and reducing

X-ray dose to a few percent of the dose required for conventional film etc.

In 1991, the first digital dental imaging systems, which were based on a silicon CCD

(charge coupled device), were introduced into market. Despite the low absorption of X-rays in

silicon, the system could obtain images with the same quality as the traditional film images at

a lower X-ray dose. In later systems, the scintillating films, which were either glued or screen

printed, are used to cover the CCD top surface. This has increased the sensitivity of the

system.

In order to make the next generation compact and cheap digital X-ray image system,

we are aiming for preparing scintillation films directly on top of silicon CCD or photodiode

array.

Selecting the scintillation film, which is suitable for dental X-ray image application, is

an important work for the project. The basic requirements for the films are high X-ray

absorption, high density, high light yield, suitable peak wavelength which offer high

conversion efficiency for silicon devices, chemical stability and affordable price etc.

Since many candidates on our list are complex compounds, such as BGO, CWO, LSO

and CsI(Tl) etc, it is a challenge to obtain the right compositions and crystal structure in the

deposited films, especially when talking about the time and cost for such investigation. The

pulsed laser ablation has been chosen for this task.
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VII. SUMMARY OF THE ENCLOSED PAPERS

The present thesis gives a comprehensive brief review of basic theories about the

pulsed laser ablation technique, bismuth substituted iron garnet films for high density

magneto-optical memories, ferroelectric films for non-volatile memories, YBCO films for

superconductor memories and magnetic detectors and oxide scintillating films for X-ray

detector applications.

Paper I and Paper II:

These two papers present the first experimental results in the literature of bismuth

substituted iron garnet films with perpendicular magnetic anisotropy grown on glass

substrates using the PLA technique. The chemical composition of the films was the same as

that of the target. Through a careful choice of composition, the magnetization of the films was

controlled almost temperature independent in the temperature range from 240 K to 340 K, this

is important for stability of the magneto-optical devices. The very smooth surface with a Z-

rms value of 7Å, the square hysteresis loop and the large Faraday rotation (about 0.78

deg/µm) and the suitable coercive field (about 1.1 kOe) for the films are desirable for high

density magneto-optical recording applications. When one of the Si3N4 layer in present MO

disk is replaced by a garnet film, a novel two-bits in one memory cell scheme could be

realized, which will double the memory density and read out speed. The corresponding

theoretical evaluations were also described.

Paper III and Paper IV

These two papers study the properties of ferroelectrics/YBCO bilayers. The thickness

dependence of the coercive electric field in Nb doped PZT films is revealed to follow the

domain nucleation model, for a film thickness from 1.05 µm to as thin as 0.02µm. The

leakage current in PTO/YBCO capacitors is identified to be controlled by the combination of

Schottky and Frenkel-Poole effects. The sharp transition edges observed in C-V curves are

due to the domain switching process in the epitaxial single crystal PTO layer.
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Paper V and Paper VI

In order to combine the common physical properties of lead based ferroelectric films

and SiC for high speed, high temperature and hard-radiation environment applications, PZT

and PTO films were deposited on bare SiC substrates. PTO could be in situ crystallized into

the pure provskite phase from 600 to 650°C, but PZT needed post-annealing at 800°C for 30 s

to 60 s. The formation of a nonferroelectric phase (Pb2Ti2O6), which is one of the most

serious problem to integrate ferroelectric devices on Si or GaAs substrates, was not observed

as expected. The memory effect of metal/ferroelectrics/semiconductor (MFS) diodes was

exhibited. The conduction mechanism was identified as Schottky emission dominated. These

experimental results demonstrate that SiC is a promising substrate to fabricate integrated MFS

devices for high speed, high radiation, high temperature and high density memory

applications.

Paper VII

In order to make superconducting electric field effect transistor (SuFET) or detectors,

it is essential to modify the resistance of the channel. We proposed that high Tc

superconductor containing superconducting and semiconductor mixed phases was suitable for

such applications. In our mixed phases YBCO film, over a wide temperature range, the

magetoresistance figure of merit ∆R/∆H reaches the values from 0.26Ω/Oe to 0.1Ω/Oe. The

absolute resistance values of the YBCO channel could change from mΩ range to 1288 Ω

when a magnetic field of 0.5 T was applied. The memory effect of the YBCO/garnet

heterostructure was demonstrated also. Allowing existence of the semiconducting phase

greatly simplifies the device fabrication processing, and various large area and cheap

substrates, such as glass become suitable.

Paper VIII

BGO scintillating thin films were deposited by pulsed laser ablation. The crystal

structures of the BGO films were controlled by deposition temperature and the post RTA

processing. Post annealing the as-deposited amorphous films between 750°C to 800°C for 2

minutes, polycrystalline films with eulytine structure were obtained. When the temperature of
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post annealing is less than 700°C, there is no pure eulytine structure obtained in the films. The

composition of the films are the same as that of the target. The surface of the films are quite

smooth. Thus, the pulsed laser ablation technique has been demonstrated suitable to fabricate

BGO thin films for potential X-ray detector applications.


	Cover
	Abstract
	Contents
	Summary

