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CHAPTER 1

INTRODUCTION

1.1 Motivation 2

The innovative dévelopruent, at p,resent has been used to improve and change
properties of materials which ave sultable to any desired applications. The effects
of the inclusion of different transition rf;etals on the structural, optical, electrical
and magnetic properties of peroVskito ({éBOg) thin films have been investigated.
Various types of dopantg and eations of'-"different sizes can be accommodated in
the ABOj sites [1, 2, 3, 4.5, 6] Bauum tl‘tanate (BaTiO3) is a well known per-

ovskite material due to its hlgh dloloctrrc—constant and its electric field tuning

property. In addition, dopmg Te ions into the BaliOs lattice leads to the acquisi-

tion of both ferromag’netlc and ferroelectric properties 17] The ferromagnetism of
Fe-doped BaTiOj3 cerdmics was reported to be depenaent upon the annealing at-
mosphere and Fe dopijng concentration, with the subs%itution by Fe3* occurring in
Ti sites being @onfirnied by Mossbauer measurements [8, 9] Herner et al. showed
that doping barium strontium titanate (BaSrTiO3) with Fe could reduce the loss
tangert J[10]] by fukans of improving the dieléctri¢/ propértiés cénipared to pure
BaSrTi@®3;. Another way to change the fundamental properties of these materials
is by exposure to high energy electromagnetic radiation or high energy particles,
such as X-rays, gamma rays, electron or neutron bombardment. The retained
polarization, dielectric constant and coercive field of lead titanate films decreased
upon increasing gamma irradiation doses, but the material was less sensitive to

neutron irradiation [11]. From the literature review, fundamental properties of



various materials could be changed by gamma ray irradiation. Arshak et al. ob-
served that the energy gap of a bismuth germanate film decreased from 1.95 eV
to 1.76 eV after exposure to gamma irradiation with a 0.228 mGy [12]. Arshak
et al. also reported that the capacitance for ZnO thick film exhibited from 21.58
pF at a dose of 1 mGy to 28.33 pF at 2.3 mGy dose and thick films of SnO, also
showed an increase in the capacitance from 5.05 pF before irradiation to 8.69 pF
at a dose 0.46 mGy [13]. Ta et al. have,found that the capacitance-voltage (C-V)
of Al/Y503/n-Si/Al capacitors before and after irradiation with cumulative dose
of 2.4, 4.8, and 8.4 kGy moved towards thepositive voltage when the irradiation
dose increases [14]. Fasasi.et-al. ha\‘/‘le reported the use of high dose gamma ir-
radiation to study the hermoliminescence glow eurve characteristic of BaTiOg
ceramics and the dosgsdependence on]-' the glow curve [15]. These radiation im-
parted changes in BaTiO; are extféﬁlefl;}r/ﬁuseful for the effective design of modern

radiation dosimeters forfheir low-cost ;}nd' simplicity.

i

Many dosimeters sfichias theimoluminescent dosimeters (TLDs), optically-

stimulated- luminescence (OSL) Z_lGSimetéf%_’@r;d polymethylmethacrylate (PMMA)
# ) and :.-__-.-_—J‘IJ

sheets are normally used for radiation safety [16]. The TLD material, which is

o e

e

commonly used to make bad-gé‘é,'dbsorbs and stores energy when exposed to radia-

tion and after heat-‘i_lfé: the TLD releases the light. PMI\_@A sheets could be used to
stick with the producjis which are exposed to radiatioﬁ. The change in the optical
properties of PMMA igrthe indirect waygof measuring the level and duration of
radiation exposure.! Howeyer, PMMA has a low melting téemperature at 160 °C
and most of the'time can be used only once due to the ease of scratching. Nowa-
days researchers have investigated the potential of several metal oxides including
both single- (e.g., ZnO, SnOy,WO3,TiOy and Fe;O3) and multi-component ox-
ides (BiFeOs, MgAl,Oy4, SrTiO3 and Sr;_,Ca,FeOs_,) to be usable as dosimeters.
Also, it is important to be able to enhance the performance of dosimeters through

the material processing.



1.2 Objective

The objective of this thesis is to study the effects of gamma ray irradiation
on fundamental properties of four perovskite materials. These thin films were
deposited by a sol-gel spin coating technique on quartz substrates and Al;O3 in
order to investigate the optical and electrical, respectively. The first of choices
in this study are BaTiO3 and Fe-doped BaTiOj3 thin films. We focus mostly on
the optical properties (%transmission, opgsical energy gap and complex refractive
index) of these two materials before and aftercamma ray irradiation with differ-
ence doses. The further invcstigatior‘fl is on the effects of gamma ray irradiation
on the optical propertigs#6f arfiew discovered material, Fe-doped calcium copper
titanate thin film. Finally +fhe calciulm copper titanate thin films deposited on
Al205 substrate was fabricated as éoﬁié’har capacitor. The electrical properties
of calcium copper titanate thini-ﬁl?ns "Was measured in the form of capacitance
before and after gamma ray irr_z}di_zition.'t},(‘l—@y diffraction and atomic force micro-
scope techniques were usedito stucy crjzéﬁ@l structure and surface morphology of
the films. The composition of.iél'éments 1n_tl[1é" films was calculated by wavelength
dispersive X-ray data. This- thesis w'orlé"’i-s';ﬁ)&sically for further development of
dosimeter based oun €hdngmg_Qlecal_and_eleﬂmcal_propertles of the films after

exposure with dlfferent doses of gamma ray.

1.3 Thesisiouthine

TPhis thesis/is divided .into six chapters. 'In Chapter 1y we introduce the
motivation, the objective, barium titanate, Fe-doped barium titanate, calcium
copper titanate and Fe-doped calcium copper titanate. The theory of a sol-gel
process, gamma ray, interactions between gamma ray and barium titanate, Fe-
doped barium titanate, calcium copper titanate and Fe-doped calcium copper
titanate films and determination of film thickness from transmission data will be

presented in Chapter II. Fundamental of X-ray diffraction, wavelength dispersive



X-ray, energy dispersive X-ray spectroscopy, atomic force microscope and optical
transmission will be explained in Chapter III. Chapter IV focuses on the films
preparation, gamma ray irradiation experiment and UV-VIS-NIR spectroscopy
set up. Chapter V presents the results of the experiments (X-ray diffraction,
atomic force microscope, optical properties, electric properties). The final chapter,

Chapter VI, is the conclusion of the thesis.

AULINENINYINg
PRIAATUAMINYAE



CHAPTER 11

THEORETICAL BACKGROUND

The theory related to the fundamentalsproperties of the barium titanate,
Fe-doped barium titanate, calcinm co-i)per titanate and Fe-doped calcium copper
titanate films will be presented. The sol-gel processing used to prepare these films
in this research is pregeiited i this ¢hapter. The gamma ray and interactions
between gamma ray and‘the magerials will be also presented in this chapter. The
last of this, the formula for thickness cietermination from transmission data will
be derived. v 4

¥

b Ay

2.1 Barium titanate, Fe- '_bped barium titanate,

calcium cepper titanate and calcium copper

titanate thin films

2.1.1 Barium titanate (BTO)

Barium titanate (BaT103), which was discovered 60 years ago, is a ferroelec-
tric material that has gained much interest due to its many potential applications,
such as high dielectric constant capacitors, dynamic random access memories, and
piezoelectric and optical wave guide devices [17, 18, 19]. BTO is a perovskite ma-
terial which is a typical ABO3 where as Ba ion (Ba?") is at the A-sites and Ti
ion (Ti*" as B) is at the B-sites. In Fig. 2.1, barium atoms are occupied at the

eight corners of the cube, oxygen atoms are occupied at the faces, titanium atom



is at the center of the cube. A crystal structure of barium titanate depends on
the temperature range [20]. At room temperature a tetragonal BTO is the most
stable phase [21, 22]. A Curie temperature (T.) of BTO, which is a temperature
at which a tetragonal phase transform into a cubic phase, is about 120 °C [23].
The lattice parameters of bulk BTO are 3.994 A and 4.038 A for the a-axis and
c-axis [24].

Q0 OGBSI AT B 1o

black and O atom in blue.



2.1.2 Fe-doped barium titanate (Fe-doped BTO)

Many research groups have been interested in optical properties of Fe-doped
BTO. In 2002, Maier et al. studied structural and physical properties of ferroelec-
tric and ferrimagnetic on BaFe,Ti;_,O3 (BFTO) thin film with 0.5<x<0.75 and
compared with those of BTO films under identical conditions [25]. They found
that the replacement of 50% or more of Ti by Fe deteriorates the crystalline quality,
leading to ferrimagnetic ordering well above room temperature, and BTO could be
converted from an n-type te a p-type semniconductor. Stashans et al. investigated
simulation of iron impurityin BTO crystals:Phey found that the equilibrium
spatial configurations obtaimedsfor hoth cubic and tetragonal structures change in
atomic interaction between the impuril'ty atomn and its surrounding O atoms. It is
observed that the Fe ato has practically only covalent bonding with the four O
atoms situated around if, Within.‘_th;) Xy'Tpl@ne, while the interaction with the two
oxygens along the z-axis ig purely ionic‘-fEZG]._
2.1.3 Calcium coppéffitanaﬁéf(?CCTO)

- ol el

Calcium coppéi titanate (CaCusTi,O15) is-a peéo.vskite—like body centered
cubic structure witlia Jattice parameter a = 7.391 A [27] Home et al. found that
there were no any structural phase transition of CCTO from 100 K to 600 K [28].
Figure 2.2 shows the unit.cellof CCLQ, where Ca,and Cu dons are occupied at A-
sites and Ti cations‘reside at the Besite. CCTO has been 'studied in many research
group due to its high dielectric comstant about0? for polycryStal [29, 30, 31] and
10° for single arystalv[29] af roemtteniperatute. | The highy dielectric constant
properties of CCTO are important in designing novel microelectronics such as

microelectronic devices [30, 32, 33], memory devices [31], dynamic random access

memories [31].
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2.1.4 Fe-doped calcium copper titanate (Fe-doped CCTO)

In 2009, Krohns et al. showed correlations of structural, magnetic, and
dielectric properties of undoped and doped CCTO [34]. They reported that
dielectric constant of CCTO versus temperature increase after CaCusTiy_,Fe,O12
in the frequency range from 1 kHz to 1 MHz. The intrinsic relaxation showing
up at higher temperatures in Fe-doped CCTO seems to correspond to the single

intrinsic relaxation observed in the Mn-doped sample.

2.2 Sol-Gel proecessing

The definition offsol and gel VVih be mentioned before we described about
sol-gel process. A sol i§ a Colloid'éq sdis_lgension of solid particles in a liquid and
gel is a substance that containg a Contir'i‘;uo‘us solid skeleton enclosing a continuous
liquid phase. Gel can also he formed fi"__‘Q_‘llll,particulate sols [35], when attractive
dispersion forces cause them to stick togl;a:ﬁ-h(;r in such a way as to from a network
polymers. A precursor (starﬁihg'nmteri@:_:t;% the sol-gel process for preparation
consist of a metal or metalloid eleinent surmunded by various ligands (ligand is
an ion or molecule 'tha%—beﬂd—a,—eeatﬁal—metral—aﬁeem}ef-l\‘detal alkoxides are popular
precursors becauseki-:hey react with water. The first "S’t‘ep of a reaction is called

hydrolysis as in the following reaction;
M(OR); + HyO,— HO — M(OR)3 + ROH (2.1)

where R'represents a ligand and ROH is an alcohol; M is metal;

the bar (-) indicates a chemical bond. Depending on the amount of water and
catalyst are present, hydrolysis may go to completion (so that all of the OR
groups are replaced by OH)

M(OR)4 + 4H,0 — M(OH), + AROH (2.2)
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and then two partially hydrolyzed molecules can link together in a condensation

reaction;

(OR)sM — OH + HO — M(OR)3 — (OR)sM — O — M(OR); + H,O  (2.3)

or
(OR)sM —OR+ HO — O - M(OR); + ROH (2.4)
By definition, create SN ecule (such as water or al-
cohol). This reaction gont / e 1 I¢ - and larger metal containing

temperature used in preheat P s S 4% 00 °C - 200 °C [36, 37]. Most
gels are amorphous (much non tyistalli [ after drying, but they could turn
to be crystalline wi ""“"""""""‘”"""""‘“‘" 3 , 37]. Tt is necessary to
heat or sinter the gel-t 0 produce crystalline mate-

by surface energy. Material
¢ Q/

moves by vis jzxgl @ﬂtﬁ!i FI? ' 1ﬂ Egrsi'lzﬂjeduce the solid-vapor

interfacial. In rphous materials, transport of ator ccurs by viscous flow; in

further (ﬁct s of gra nd' p s‘t mation. -

rial. Sintering is a process of collapse of pores driven
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2.3 Gamma ray

Gamma ray is an electromagnetic (EM) radiation as shown in Fig. 2.3. EM

radiation differs in frequency and energy.

Wavelengths in m

102
e

1ok ok

Frequencm in Hz

-\;\.\
A\

From Fig. 2.3, gamun rays fia et he wavelength less than 107'° nm and the
frequency more than 10'® Hz, respectively. AI'hey have the energy more than 10

keV and therefore the ¢ radiations such as alpha

L

and beta rays [38]s /G
excited state, either bwbombar

1 a nucleus is placed in an
g ener@)articles or by a radioactive

transformation, it can deeay to the groumd state. This process is called gamma

decay shown ﬂ%ﬂ%ﬂ Edr?ﬂ INEINT
ARaN NIRNRAINYIAY oo

where ®°Co* is an excited state; %°Co is a ground state and 7 represent gamma

ray.
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2.4 Interactions between gamma ray and mate-

rials

High energy electromagnetic radiation or high energy particles, such as X-
rays, gamma rays, electron or neutron bombardment could change the physical
properties of materials. Defects in material could be created when the high energy
electromagnetic or particles have enough energy to overcome the Coulomb force
between ions and break the chemical bonds A'negative ion could be removed and
this ion vacancy can subgequently trap an electron. This process is called oxygen
vacancies (known as colour gerlers) or F centres (from Farbe, the German word
for colour) presented i1 oxide material"lin form of Schottky or Frenkel defects. The
colour centres are produged during ‘1li.gh.1energy irradiation and they annihilated
under the room temperature: Poinf equi}_ibrium of colour centres for individual
material depending ongone particular dpsle rate and parameters of the material
such as thickness [39] and dopziht" [39} céfﬁ" predict the behavior of those materials
under different doses. There are two types of defects in barium titanate; the

4’

type that preserves the stomhmmetn (Sﬁf)ttky) and the type that changes the

s,-a. ' by

e

stoichiometry that ogcurs at the dopant substituted ceHs Oxygen vacancy defects

are commonly found in BaTiO; due to an insufficient oxlgen supply during the film
processing [40]. Intrmblc Schottky defects i BTO are believed to form according
to the following process: [15].

Bag, + Tir; + 30, = Vi, + Vil +8¥** + Ba, + Tid + 30, (2.6)

where Bag,, Tir;, 300 are occupied Ba, T and O sites, respectively, V', Vi

and 3V$* are vacancies of Ba, T% and O atoms, respectively, and Bas, T, and

30, are the Schottky defects, respectively.
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For CCTO under gamma irradiation;

Caca+3Cucy+4Tiri+1200 = V{,+3VE, 4V 412V +Cas+3Cus+4T1+120,
(2.7)

where Cacy,, 3Cucy, 411, 1200 are occupied Ca, Cu, T% and O sites, respec-
tively, Vi, 3V, 4V and 12V2* are yacancies of Ca, Cu, T7 and O atoms,

respectively, and Ca,, 3Cu,, 41L%, and 120, aré the Schottky defects, respectively.
-

Note that the netation.irom equation 2.6 and 2.7 is called Kroger-Vink
notation, where A, indicates that, A—a?om on an A-site; V4 denotes a vacancy on
A-site; positive charge'ls miackod by aip(’)_int (e.g. V*), negative charge is marked
by a hyphen or dash (efg. V' )ito d.isting*‘ulish this relative charge from the absolute

charge. ' /

d

' )
" /N

2.5 Thickness determin'?gﬁ‘on from transmission

.q‘l""-r -

T d

data

A method prop?sed in this thesis is to deterqiine the thickness from the
interference fringes of the.transmission spectra. The concept of this method is
based on the interference hetween the light reflecting from the film surface (1) and
from the film-substrate interface (2) as shown in Fig. 2.4. The simplest ideal case
to obtain perfect transmiission spectra 1s/that ‘the filniis perfectly flat and has a
uniform“thickness. The transmission (T) of the system depends on the parame-
ters such as the optical constants, the film thickness, the wavelength of the light
and the indices of refraction (n) of substrate and the medium above the film. In
this thesis, we used quartz which 1 mm thick as substrate at which n is about
1.47 at 532 nm whereas that for Fe-doped BTO is about 1.85 and for Fe-doped

CCTO is about 1.95 at the same wavelength used quartz as blank substrate in the
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optical transmission experiment due to its high melting temperature point and

transparency, respectively.

Incident beam

Ry

Q rtz substrate

Figure 2.4: Interferer@ betwee g fromﬂle film surface (1) and from

the film-substrate (2) interface.

ﬂ‘lJEJ’WlEJT‘]‘ﬁWEJ']ﬂ‘ﬁ
’QW’mﬁﬂ‘immﬂﬂﬂﬂ’lﬂﬂ
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A wave traveling from a medium of refractive index n; toward a medium of
refractive index no undergoes a 180° phase change upon reflection when no>mny
and no phase change if ny<n;. The wavelength of light A, in a medium whose

refractive index n is

:"_:’-

he point A, which reflected from
the upper film surface, has phase . . Lhe beam 2, which is reflected
from the lower surfacedilm at £lie transmitted through the film
at the point C, have nofphase/cha a infilm>Nquart= &t the point C.
Therefore, the beam 1 has t se chiange relatlve to the beam 2. The

equal to 2dsinf. When 8 is small

path difference betwee \

angle or the light perpe ace, we get the condition for

destructive interference

(2.9)
@ﬁiﬂﬂ JaNEN3
RN

where m =0, 1, 2, ....
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In Fig. 2.5, at long wavelengths (photon energies less than the band gap),
the transmission (T) shows oscillations from interference effects in the transpar-
ent film. At short wavelength (photon energies greater than the band gap), the

transmitted light intensity decreases to zero.

100

90
80
70

ission

60 i -
50
40

30 -

% Transm

Figure 2.5: The transmissit ol -doped BTO films with 8 layers.

clof the maximum and mini-

mum in T. From equ ‘W- 7 "

H avelengths 1 and Ao, we can.write

ﬂuﬂqnﬂm@maﬂﬂi -
ARIAINTAUUMINGIAY

2nf1lmd - ( 2)

The notation o

xima of the transmission

(2.12)

From equation 2.11 and 2.12, we can solve for the film thickness (d) as

follows:

B Ao
- 2[72,()\1))\2 — n()\g))\l]

(2.13)
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2.6 Dielectric properties

In this section, we are interested in fundamentals of linear dielectric proper-
ties of matter. The relation between the dielectric constant and the dipole moment

stating with the displacement field B is shown in equation 2.14

D—cE+P (2.14)

macroscopic polarization. The pelariz atior qnui e electric field B are related

to

where y is the susceptibi | Substi . P i equation 2.14

This allows to d: Fﬁ“ and dielectric constant,

E ]
AU b bl Emjﬂtl’m 215)
e A RN IAHNINYIAY

P M
 eoE g VE

(2.16)

where the polarization has been replaced with the total dipole moment of the

sample (M) divided by the volume (V).



CHAPTER III

CHARACTERIZATION TECHNIQUES

Our films were characterized using varieus techniques such as X-ray diffrac-
tometry, field emission scanning electrd;)n microscopy, atomic force microscopy and
optical spectroscopy, regpectively. X-ray diffraction technique were used to study
crystal structure of the filing iIlCllldiIléLthe contamination substances which could
be found in the films during the film jpfbcessing. The compositions of the films
were obtained using a wavelgngth dispeigsive X-ray spectrometer (WDX) equipped
with an electron prob€ microscopic spe’i(_";@jqr_neter (EPMS) and energy dispersive
X-ray spectrometer (EDX) equiéped Wl}fll -ﬁeld emission scanning electron mi-

croscopy (FSEM: HITASHI miodel S-4700) . The roughness of our films are de-

termined by atomic force microscopy (AFM); The optical transmittance spectra

of the films were mee(xsured using UV-VIS-NTR spectroineter. The refractive index

and the extinction coefficient before and after gamma. ifradiation as a function of
the gamma dose were extracted from the transmittance spectra using the envelope
method [41]. Lhe band gapawvassalsorcalculated fromuthe~transmittance spectra

using the Tauc, relation [42].

3.1 X-ray diffraction

X-rays is the electromagnetic radiation with energies in the range of 100 eV
- 100 keV. X-ray was discovered by Wilhelm Rontgen. X-ray techniques provide
important tools for scientists and researchers and use in the field of material char-

acterization. X-ray diffractometers are used for the study of mineral deposits, thin
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films and phase transformations. The wavelength of X-rays suitable for measur-
ing the crystal structure is in the range from 0.5 A to 3 A that is comparable to
the size of atom. In general, the X-ray wavelength value depends on a type of
the target used as the anode in a vacuum tube. For example, the X-ray which
has a wavelength of 1.54 A are produced by accelerated electron beam with high
voltage collided with the Cu target. When the X-ray incident beam falls onto a
crystal, the beam are diffracted. The angle of incidence formed by a ray incident
on a surface and a perpendicular to the suffac_g at the point of incident is equal to

the reflection angle which is measured from &he Teflected ray to the surface normal.
"

- \ . diffracted beam
Inddentﬁyﬁﬁ% )

Planes

Figure 3.1: X-ray«diffraction froniiérystal structure by Bragg’law.
From Figi!3.1, when the path difference between path(1) and path(2) equals
to an ifite@ér uniber fnatini€s X)) dofistractive ititeiferénte willocelr

2dsinf = nA (3.1)

where d is a spacing between successive atomic planes in the crystal; 6 is the
incident angle between the lattice plane and the incident beam; A is wavelength

of X- ray beam; n is an integer number.
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Equation 3.1 is known as Bragg’s law. The constructive interference signals
can be detected by a detector in form of intensity at varied diffraction angles (20).
For the same element or material, the intensity of the constructive is the highest at
the same diffraction angle. The interplanar spacing of (hkl) planes can be defined
by d = dpg;, where h, k£ and [ are Miller indicies. The relationship between
the Miller indicies, lattice constants (a,b,c) and interplanar spacing for BTO of
tetragonal phase and CCTO of the cubic structure can be shown in equation (3.2)

and equation (3.3), respectively.

- N (3.2)

_"% LA AN (3.3)

),

For standard BLO, the lattice constants equal to 0.3994 nm for a and b and

0.4038 nm for ¢ [24], respective-.Iy;. The la’gtlce constants of standard cubic CCTO
* ol ol ok

are a = b = ¢ = 0.73798 um [27]. “

......

3.2 Wavelength dispersive X-ray spectroscopy

A wavelength dispersive X-ray spectrometry (WDX) was the original micro-
probe spectroseopy technique’ developed to measure X-rayjintensities and deter-
mine chemical ¢ompositions of sample. The main point of the electron microprobe

is crystalsiwithspCeific 1attice spaciiig dsfshiowinyif table 371.

X-rays are produced after an accelerated electron beam collides with the
sample. All X-ray will emit at the angle (¢)) to enter the WDS spectrometer.
X-ray of each element has a distinct wavelength, and by adjusting the angle of the
crystal in the spectrometer, it will diffract the wavelength according to Bragg’s law
from equation 3.1. The diffraction of X-rays are directed into the detector (pro-

protional counter tube), which has a thin wire at a middle. The reflected X-rays
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Table 3.1: Several crystals used in the wavelength dispersive spectrometer.

Crystal Plane of crystal lattice spacing
LiF (200) 2d = 4.027A
Si0, (1011) 2d = 6.686A
PG (pyrolytic graphite) (002) 2d = 6.71A

PET (pentaerythritol) (002) 2d = 8.742A

ADP (ammonium dihyd 2d = 10.64A
. E——
KAP (potassium hydrogen.phtha ~ 2d = 26A
to the detector are difk of crystals relative to the
sample. The sample, ¢ a Rowland circle in order to
focus X-ray efficiently. gas molecules in the propor-
tional counter tube, photg rocess. Photoelectrons are
accelerated to a wire i s A i o general types of detectors
are used to seal and flow of gas S the o . 'The seal of proportional counters
. . J’T— -;‘ . .
have a thick window th@t,pmﬁﬁg{‘ig ¢ of gas in the detector. Another one is

. The X-ray intensities
of each element of Sﬁl e are W a specific beam current,

the count rates are Compared to those of standards containing known values of

e B INUNTNEIN
RINNIUUNIININY
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Thin wire
Gas

Rowland circle

S ATANRGI T I
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3.3 Energy dispersive X-ray spectroscopy

Energy dispersive X-ray spectroscopy (EDX) is an analytical technique used
for the elemental analysis or chemical characterization of a sample. It is one of
the variation of X-ray fluorescence spectroscopy which depends on the investiga-
tion of a sample through interactions between electromagnetic radiation and the
matter. Its characterization ability are exactly in large part to the fundamental
principle that each element has a uniquesatomic structure allowing X-rays that
are characteristic of an element’s atomic strueture to be identified uniquely from
one another. To stimulate the emissi(’)}n of eharacteristic X-rays from a specimen,
a high-energy beam of gharged partic}es such as electrons or protons, or a beam
of X-rays, is focused i -file sample l;eing studied. At rest, an atom within the
sample contains groun)(j,--étate electdréns-jf:l discrete energy levels or electron shells
bound to the nucleus. fThe incidcﬂt_bca_%n may excite an electron in an inner shell,
ejecting it from the shell while __cr_efatingj:iqp ;?lectron hole where the electron was.
An electron from an oufer thigher-energy/shell then fills the hole, and the differ-
ence in energy between the hi‘gh‘ég—energ@l and the lower energy shell may be

released in the form of an Xeray as shoﬁé‘i;ﬁ'ﬁr'F ig. 3.3. The number and energy

of the X-rays emit-té_éj_fmm_a_spﬁgimﬁnjan_bﬁ_mﬂasuégd by an energy dispersive
Y .

spectrometer. As the-energy of the X-rays are characteristic of the difference in

energy between the two shells, and of the atomic structure of the element from

which they weré emittedsthisrallows the-elemental compesition of the specimen

to be measured.
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3.4 Atomic force microscopy

Atomic Force Microscopy (AFM) is one of the most useful instruments for
characterizing surface morphology of materials. The force most commonly associ-
ated with atomic force microscopy is an interatomic force called the van der Waals
force. AFM process did not use lens and the sample preparation is not difficult.
The key of AFM is a cantilever arm, A laser beam is directed toward the back of
the cantilever. A sharp tip 1S on "lsl‘l\a / ) of the cantilever which has a spring
constant of the order of 1%:4 laser cts off the end of the cantilever

onto a photodetector. .di"""( _ i \“-\

cantilever
detector

Piezo drive

Figure 3.4: Schematic of the atomic force microscope.
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The photodetector senses the deflection of cantilever beam as the atom of
the sharp tip interacts with the surface atom of the sample. The process of AFM
is shown in Fig. 3.4. A piezoelectric scanner pulls the probe across the surface
to be imaged. The changes in surface topography cause the probe tip to move
up or down, the photodetector senses the motion, and the microscope’s computer

translates the deflection to surface information in three-dimension. Sample must

The interaction force between the can-
/ is too close to the sample surface

=

be cleaned before taking measurems

tilever and the sample is repl

as shown in Fig. 3.5.

0--_,_

Iﬂ - attractive force
AuEITIBIrWE NS
R AR SRHUAIIN AR 8
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Repulsive forces increase as the probe begins to contact the surface. The
repulsive forces in the AFM tend to cause the cantilever to bend up. In the non
contact regime, the cantilever is held on the order of 10-100 A at the resolution in
x-y plane range from 0.1 to 1.0 nm and the z direction is 0.01 nm known as atomic
resolution. The atomic force between the cantilever and the sample is attractive
when the the tip is too far to the sample surface. Attractive forces near the surface
are caused by a nanoscopic layer of contamination that is present on all surfaces
in surrounding air. The amount of contamination depends on the environment in

which the microscope is being operated. “luthe intermittent contact regime, the
J

vibrating cantilever tip is breught closer to the sample so that the tip just taps
the sample. Changing tips and techniques can alsoprovide difference information.

The intermittent contagt moedeaor tapp}ng mode was used in this thesis. In tapping

mode AFM the cantileyer is ()S(:illiitiIlg}:lose to its resonance frequency. The tips

mainly used for tappinggmode are silicéjq probes.

Fdd
y N

Fosrer | N
3.5 Optical transmission 4

: - ."'.'-,._"i
et r ST Ll o

The optical rpé_asurement method is mostly consi_ag_red to be quick, easy and

nondestructive. Th‘(;principle is based on the interfe;;ﬂce of two beams of light
which the optical path difference is related to the filins thickness [43, 44]. The
derivation of the thickness‘of thin film from'the transmission spectra was shown in
section 2.5. The filing need to bé grown on a transparent substrate such as glass

slices [41] and quartz [45] in orderfto detect thestransmitted beam.

The schematic diagrany of the optical system'is shown' in Fig:3.6. There are
two radiation sources, a deuterium lamp (DL) and halogen lamp (HL) to cover
the whole wavelength range of the spectrometer. The operation of optical system

can be described as the following.
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ﬂuaqwaﬂ%MHWﬂ

AN ANRIDINRIINLIN Y

28



29

For the operation in the near infrared (NIR) and visible (VIS) ranges, the
radiation from halogen lamp is reflected from mirror M1 to M2. At the same
time, it blocks the radiation from deuterium lamp. For operation in the ultraviolet
(UV) range, mirror M1 is raised to permit radiation from the deuterium lamp to
mirror M2. Radiation from the respective source lamp is reflected from mirror
M2 to mirror M3 through an optical filter wheel assembly (FW) to mirror M4.
The radiation is reflected through the entrance slit of monochromator I, which
collimates the radiation. The collimated radiation is reflected at the grating G1.
Depending on the current. wavelength rangt.the collimated radiation beam strikes

J
either the UV/VIS grating.erthe NIR grating.

The radiation issdispersed af the grating to produce a spectrum. The rota-
|
tional position of thesgrating elfcctively selects a segment of spectrum, reflecting

this segment to mirrowM5fand then thL:caough the exit slit serving as the entrance

slit of Monochromator M. Fhe rddiatioxi is reflected via mirror M6 to the grating

-

on grating table G2 and fhen back via _ﬁﬂrrbr M6 through the exit slit to mirror

' iy
M7. The rotational position of ‘orating table G2 is synchronized to that of G1.
T 2220
From mirror M7 the radiation-beam is reflccted via mirror M8 to the chopper

o

assembly (C). W Rl i

The chopper ééf)arates the radiation into two beajﬁl-s. As the chopper rotates,
especially, a mirror segment and a window segment, are brought alternately into
the radiation beam. When, a window segnient enters the beam, radiation passes
through to mirror M9 andgs then reflected via mirror M10 4o create the reference
beam (R). On the other hand, when a mirror segment enters, the beam of radiation

is refleeted Ada mifror, M10 td from the sample beamis (9).

In the sample compartment, a clean substrate is used as a reference and the
sample is thin film coated on one side of substrate. The radiation beam passing
alternatively through the sample and a reference are reflected by M11, M12, M13
and M11, M12, M13 of the optics in the detector assembly. Mirror M14 is rotated
to select the appropriate detector. A photomultiplier (PM) is used in the UV /VIS
range while a lead sulfide (PbS) detector is used in the NIR range.
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The optical transmission of the films were measured in the percentage ratio of
the intensity of the beam passing through the sample to the beam passing through
the blank substrate (Iy) as shown in Fig. 3.7. The incoming beam is incident
normally on the surface of the sample and the reference substrate. The detectors
measured the intensity of transmitted beam (I; and Ij), and the percentage of

optical transmission can be expressed as

(3.4)

Thin film ¥ \\\
== —

I

v 0

Ay N3

chematlc drawmg of optlcal transmission measurement

QW’]ﬂ\ﬂﬂ‘iﬂJ UA1AINYAY
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The absorbtion coefficient can be calculated directly from the transmission
of the films. The transmittance (T) and the reflectance (R) can be expressed
in terms of the intensity of transmitted wave Iy from blank substrate, intensity

of transmitted wave I; from thin film and intensity of reflected wave I, as the

followings;
(3.5)
(3.6)
where « is the abso of the film; n is refractive

ﬂ ﬁ' (3.7)
e BT miﬂﬁﬁﬂﬁmﬁ R
From equation 3.7, the absorbtiorf coefficient
ﬁiﬁ AT NI Nena
1

Iy
o= gIn()+0 (3.8)

where d is the thickness of the film and C is a constant.
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3.5.1 Complex refractive index (n and k) and absorption

coefficient

100 ey
90 | e i .
80 |
70}
60
50 |
40 |
30 |
20|
10}

ission

% Transm

Figure 3.8: Sche‘ atic drawing envelope of optical tra

7 T
When the film as a uniform thlckness the oscillation of transmission spectra

et v ﬁﬁm m szﬂ TR
AN FUAMINEIAY

(3.9)

where
n2+1 Toose — Toi
N _ s 92 2 max min
( 2 ) + nS( Tmamein )

ns is the refractive index of the substrate, T, and T',;, are the maximum and
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minimum transmittances see in Fig. 3.8. The extinction coefficient can be obtained

from

k== (3.10)

3.5.2 Band g of - ’ \ ,
The band gap was e fransmittance spectra using the

\
Tauc relation [42]. From t ansimittal pectra, the energy for the direct gap

Y (3.11)

1
iﬁﬁmﬁmﬁﬂ 31071 p——
Y F-E Vot T8 (3N 10TV I

is the energy gap of which value is determined by the extrapolation method. The
extrapolation of the linear segment of the spectrum or curve towards the x-axis

gives the value of energy gap.
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Conduction band

: Valence band
‘1I gure 3.9: Schematic of band ‘gram.

AU INENTNYINS
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Fig. 3.10 shows the band diagram of (a) n-type semiconductor and (b) p-type
semiconductor, respectively. When an impurity atom with more valence electrons
substitutes the atom in lattice inducing electron carriers as major carriers (n > p),
this material is so called n-type semiconductor. In Fig. 3.10(a), n-type semicon-
ductor yields electrons to the conduction band. While the p-type semiconductor
occurs when an impurity atom with less valence electrons substitutes the atom in

lattice. The state corresponding to the missing electrons is therefore the holes. The

edge.

U

AU INENTNYINS
RINNIUUNIININY
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EA ConduCﬁOn band

(a)

'f'f Y\N

72

Figure 3.10: The band diagram of (a) n-type semiconductor (b) p-type semicon-

ductor.



CHAPTER IV

EXPERIMENTAL METHODS AND

using a Perkin-Elmer Lambﬁﬁp V,

tance of a coplanarbpacitor made of calc tanate film was measured

1 S ARG 11 £))7) 3

RGN P MLl N 0

doped harium titanate, calcium copper titanate an oped calcium copper

titanate precursors and how to deposit the films by a spin-coating sol-gel method.
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4.1.1 Preparation of BTO and Fe-doped BTO precursors.

[ Barium acetate ] [ Acetic acid ]

<—[ Titanium butoxide }

Firstly, barium acetate acetic acid. Then, pure

titanium n—butox1de ~: d metha,nol were added to the solution. In this thesis,
10% by weigh ﬁ %d solying iron (II) sulphate
(FeSOy4) in th ﬂ ﬁﬁ g‘)ﬁ ﬁoaj}lid stirred in a beaker
with the aid of magnetic stirrer. This process was done on a liot plat at 60 °C.

ARINNIUARIINEIR Y
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BTO or Fe-doped BTO precursor solutions were dropped on the clean quartz
substrates as shown in Fig. 4.2 with the spinning speed of 1500 rpm to provide the
first layer of each film. We have chosen quartz to be the substrate for our films.
Quartz has been suitable substrates for studying the transmission of the materials

being supported due to its transparency and high temperature melting point [45].

(a)

(b)

film after preheated _@d anne

1
e 5751 9 S VRS Py TPy 12 2
phere of air at 800 °C f

before anneah@ in an atmos or 60 min in order to form
the crystalli tractur i e‘ 7 WM' ﬁt’ er preheating
and ann ﬁ;jba ﬁﬂmﬁnje ’ g ﬂer preheating
and annealing. Different film thicknesses can be obtained by varying the number
of deposition cycles. This process was repeated until the desired thickness was
obtained. In this thesis, denoted each film by the material formula followed by

the number of layers (L). Here, we have the BTO film with 2L, Fe-doped BTO
with 4L, 6L. and 8L, respectively.
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4.1.2 Preparation of CCTO and Fe-doped CCTO precur-

SOors.

[ Copper acetate ] [ Calcium acetate ] [ Aceticacid ]
| |

[ Titanium IV isopropoxide ]—>

[ Formamida—>

-

ﬂcﬁilu'ﬂon |<'"---[ Iron (ll) sulphate ]

1
I“ #

[_F{ gped quolutm

Figure 4.4: Flow c ar of pr;eparatrfl of CCTO and Fe-doped CCTO.

ﬂ—[ Ethyleneglycol ]
'/,
o’
-

)

Figure 4.4 shows the ﬂovr Chart ﬁrbreparatlon of CCTO and Fe-doped

CCTO. Copper acetqte (CU(COQCHg) ) and calcium aﬁetate (Ca(CyH304)2.H0)

were firstly dlssolvefﬂln acetic acid, and then tltamumiV isopropoxide was slowly
added. Ethylene glyggl and formamide were added _1_713to the solution in order to
increase solution stability,«In this step, the solution viscosity can be also controlled
to prevent the film gracking during the baking ‘and annéaling. In this thesis, 2% by
weight of iron (See Appendix B) was done by dissolving iron (II) sulphate (FeSOy)
in the golution. | The ‘solutioniwas stirred, with a magnetic stirser en a hot plat at
120 °C. €CTO and Fe-doped CCTO precursor solutions were doped on the quartz
substrates with the spinning speed of 1500 rpm to provide the first layer of the
film (see Fig. 4.2). The CCTO and Fe-doped CCTO films preheated at 120°C for
20 min and annealed at 800 °C for 60 min, respectively. Fig. 4.5(a) shows CCTO
thin film after preheating and annealing and Fig. 4.5(b) shows Fe-doped CCTO

thin film after preheating and annealing. The film with different thicknesses can
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be obtained by repeating this process. In this thesis, we have prepared the CCTO
thin film on Al;O3 with 6L and Fe-doped CCTO on quartz substrate with 2L,

respectively.

Figure 4.5: ( ﬂuﬁl E}%ﬂfﬂ]ﬂ iﬂ&d}ﬂo‘} b) Fe-doped COTO

film after anneq'!ed at 800°C.

ammmm NN Y
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4.2 Gamma ray irradiation

A %9Co put gamma radiation with an activity of 10 kCi (Gammacel 220 Ex-
cell) at a rate of 10 kGy /hr was used to irradiate our BTO, Fe-doped BTO, CCTO
and Fe-doped CCTO thin films. Gammacel 220 Excell has many *°Co cylinder
sources around the aluminium cylinder which we used to hold our samples. Con-

sequently, the positions in Gamma

220 Excell are not equal doses. A Red

¢ gamma rays doses at the positions

9.84 kGy

FUANYNIANE N1
461

Figure 4.6: The position of dosimeter for dose mapping.
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Note that the dose of gamma ray at the Point D was minimum because at
this position the sample was blocked by other samples which were placed at the
and the front positions. We avoided putting the samples in the middle position.
The table 4.1 shows the doses of gamma ray irradiation at different position for 1
hr. We average all three values except the dose value in the middle. The calculated
average radiation doses is 9.760 4+ 0.161 kGy. For the ease, we used the round

In this thesis, we used approximate doses
Mgi; The radiation doses were varied

oximately 15 kGy for about 90

number which is approximately 10 k

as shown in the right columu_\
via the exposure time up :

min. We avoided puttin S i i osition.

times (min) : pproximately doses (kGy)

6
18
30

Figure 4.7 shows fthewprocess of gafuma ray irradiation. Foam was used to

hotd the fim Bl Sfeht Qobhe. Vingedbl Jorlfabahe foam is because it

is a cheap 1nsu%tor and it is not difficult to machine. The foam which was used

o SR DTN R DI et o

Gammagel 220 Excell.



Figure 4.7: The 60‘00 gamma radlatlon source (Gammacel 220 Excell).
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4.3 UV-VIS-NIR preparation

A Perkin-Elmer Lambda 750 UV-Vis-NIR spectrophotometer was used to
determine transmission spectra of the film. The samples (quartz substrates and
the thin films) are held with a box acelic. Quartz substrate as a reference was
put at R position (shown in Fig. 3.6) and the thin film was put at S position
(shown in Fig. 3.6). The Wavelengtlhl used in the experiment was in the range of
300 nm to 1200 nm with the increlﬁexé/ .Linm. The light source is on the left
side and the detector is on the right side afﬁﬂ__;g 4.8, respectively. The results
of optical properties of Fe-dop d BT ‘] and Fé—goge'cl CCTO thin films before and

after gamma ray irraM

Ibeishown i section 5.2 and 5.4, respectively.

Light source
compartment

=Thin film =S

Figure 4.8: The set up process of UV-VIS-NIR spectrometer.
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RESULTS AND DISCUSSION

5.1 Structur TO and Fe-doped

_- X-ray diffraction result of
e morphology of the BTO film

In this section,

BTO and Fe-doped

with 6 layer compare/wif ” ,\ \

will \

BTO and Fe-doped BTO

with 8 layer. Finally, the

composition of Fe-dope sented.
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Figure 5.1: X-ray diffraction patterns of (a) BTO film with 2 layers (b) BTO film
="
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The X-ray diffraction patterns of BTO and Fe-doped BTO films were recorded
to determine their crystal structures. Figure 5.1 shows the XRD patterns of BTO
with 2 and 6 layers as well as that for Fe-doped BTO films with 8 layers, derived
from a sol-gel method. We denoted each film by the material formula followed by
the number of layers (L). The tetragonal phase of BTO was identified in our films
and it is indicated in Fig. 5.1 by the peaks with the indices of its crystallographic

planes. The diffraction peaks are per and more intense as the films grow

thicker through the deposition of . The peak positions slightly shifted
to higher diffraction ang film indicating that the lattice
E—

constants slightly decrea, 7 quati e peak position for (200) and
(101) was used to cal ttice, -axis and c-axis)of BTO and
Fe-doped BTO. The nt PO wi are 4.005 A and 4.021 A

with smaller size Fe? A "-' S Wi 1 size Ba®t (1.34 A). These re-
sults are consistent wit th work of ler' » , 46]. Figure 5.2 shows X-Ray

diffraction patterns of (a) O 1 r6 and after gamma ray dose of 1 kGy

(b) Fe-doped BTO ﬁlm befof&"é&‘:‘a{“‘é‘ o A ay dose of 1 kGy, respectively.

kGy. In Fig. 5.2, the ditfracti C per a . rmore intense and the peak
position slightly shlfted to hlgher dlffractlon angles see in Fig. 5.3) after BTO

d°pedw‘t”ﬂUEJ’WlEJ‘ﬂ‘§WEJ’]ﬂ‘§
’QW’WMﬂiﬂJ UAIAINYA Y
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Figure 5 2: X-ray diffraction patterns of (a) BTO film before and after gamma
ray dose of 1 kGy (b) Fe-doped BTO film before and after gamma ray dose of 1
kGy.
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5.1.2 Surface morphology of BTO and Fe-doped BTO thin
films

The surface morphology of the BTO and Fe-doped BTO films was observed
using a Veeco Nanoscope IV atomic force microscope (AFM). The estimated av-

erage grain size of the Fe-doped BTO 8L film is 40 nm which is smaller than the

T’%i concentrations [46]. Indeed, many

ncre opant concentration could re-

<

ition b fferent phase structures in the
my.
lw‘;\ =

54 nm grain size for the 6L film as seen in Fig. 5.4. Devan et al. observed similar

results with a decrease in grai

research groups have rep

duce the grain size due t
materials [2, 4]. :

1
e

um

(b) % 0.2

AU INYNTNENT

Figure 5.4: At(i‘hic force microscopy images (1 & x 1.0 pm) of @,e films comprised
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5.1.3 Composition of Fe-doped BTO thin films

The compositions of the films were obtained using a WDX equipped with an
electron probe microscopic spectrometer (EPMS: JEOL model JXA-8100). In the
beginning, we have planned to dope Fe with 10% by weight for BTO. However,
the quantity of Fe in our films was not the same as the calculation, and later is
confirmed from WDX experiment. The obtained concentration of Fe is 7% by
weight instead of 10% by weight. The substitution site for the dopant cation
depends more strongly on its concentration amd on the Ba/Ti molar ratio than
on its size. The ionic rading of Fe’+ (0.64 A)is eomparable with the ionic radius
of Ti** (0.68 A) but is_sigfifi¢autly different fiom that for Ba?* (1.34 A) [4].
However, the WDX shows'signals that .iixre consistent with Bag gFeg 2 T105 as shown
in Table 5.1 with the Ee¢ depihg Occurting by substitution of Ba sites in BTO
yielding a Ba/Ti ratio slightly; s_m&]ller?thﬁan 1. The oxidation state determined
from the energy of the X.ray absofptié@n ed_ge (7130.5 eV) corresponds to Fe3*.
The X-ray absorption experimé-rilp:;jbvas d@};iby Thidarat Supasai, a Ph.D student
at Department of physics,/Chufalengkorn University. In our case the Fe?*t dopant

acts as a donor when it substitutes the Ba_zjr site that means our doped BTO films

o i

are n-type semicon_dt_ictor. A similar result for this sul_f;s_titution was found in the
work of Battisha et"al, [1]. ol

Table 5.1: Mass(%), Atom (%), and Ratio of Fe-doped BTO.

Mass (%) Atém (%) Ratio
Ba 66:293 417159 08
Fe 4.552 6.9471 0.2
Ti 29.154 51.8939 1

100 100
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5.2 Optical properties of BTO and Fe-doped BTO
thin film

100

~a8% = |
~11%{ 80

X

o 90

o

c

8 40

= Film thickness ~ 220 nm

g } |L.-BTO

c 20} 4 <4 f= -BTO (15kGy)

© i | —-—Fe-doped BTO

- / ; || =+ —Fe-doped BTO (15 kGy)
0 . 48 & 8 i il

300 400 500 600 3700 800 900 1000 1100 1200
Wavelength (nm)
¥ ol

Figure 5.5: The transnlissioﬁ'speétra of BTO and FEe-dgped BTO thin films before
and after gamma irradiation-at-a dose ot 15 kGy

The optical transmittance spectra of the films using a Perkin-Elmer Lambda
750 UV-Vis-NIR spectrophotometer. were measured.after gamma irradiation im-
mediately. Figure'5:5'shows the optical transmission spectra in the 300 - 1200 nm
wavelength range of the BTO and Fe-doped BFO films of coiparable thickness
(ca. 220 nm) before and after gamma irradiation; at (15 kGyi ' The oscillation in
the transmission curve is due to interference between light reflecting from the film
surface and from the film-substrate interface. The depth of modulation indicates
good homogeneity of the films across the light beam (ca. 1 cm in diameter). The
transmittance of both BTO and Fe-doped BTO films were reduced after the irra-
diation, and a brownish tint could be seen by the naked eye in the irradiated films

(Fig. 5.6). It is believed that structural defects after gamma irradiation causes a



55

change in the color of films as well as the change in color observed in jewelry. This
phenomena is called color center. From the Section 2.4, the color center occurs
when the gamma ray kicks out Ba or Ti or O atoms leaving atom vacancies. The

atom vacancy are often occur at O site rather than Ba or Ti sites in BaTiOs.

Figure 5.6: Fe-doped BTO thin films before and after gamma irradiation at a dose
of 15 kGy.
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However, our results revealed that gamma irradiation causes a more marked
change on the transmittance of the Fe-doped BTO film than to the BTO film. For
comparison, following gamma irradiation at 15 kGy, the transmittance decreased
by 4% in the BTO film but by 11% for the Fe-doped BTO film. It seems that the
trapping process in the films after irradiation occurs more readily in the doped

films, presumably because they have more defects than in BTO films.

Fig. 5.7(a) shows the optical transimission spectra of Fe-doped BTO films
with 4L and 6L (denoted by Fe-doped BTO 4], and Fe-doped BTO 6L, respec-
tively) in the 300 - 1200 nm wavelength rangeand Fig. 5.7(b) shows the same trend
for the Fe-doped BTO#ilm with 81, (denoted by Fesdoped BTO 8L). As expected,
the thicker film showsnd/per Ob(‘lllatlijns in the transmission spectrum than the
thinner film. The transmittance alco depreased with the increasing gamma radi-
ation doses. The dosn/ g in thlb—study were 1, 5, 10 and 15 kGy, respectively.
We observed that the };ﬁransmlttance of" the films did not change any further for
gamma radiation doses hlgher than ca. Iﬂ kGy. The absorption edge shifted to a
lower energy as the films got thld{el (Flgf‘&?( )); because the films with a larger

e_—_.,

number of layers accumulated 1011gel heE‘EJ‘flg times (800 °C for 60 min for each

.l - -
e B

i3
layer) causing the growth of blgger grains. However, ‘rhere was little variation in

the absorption edge‘between the Fe-doped BTO 4L ﬁmﬁ annealed for four hours
and Fe-doped BTO 8L film annealed for eight hour_s_._ The film thickness of Fe-
doped BTO ranging frem. four to eight layers were calculated via the envelope

method derived by Swanepoel [47] and were approximately!220 nm (4L), 375 nm
(6L) and 520 nm (8L).
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Figure 5.7: The transmission spectra of (a) Fe-doped BTO films with 4L, 6L and
(b) Fe-doped BTO films with 8L, after exposure to different gamma radiation

doses.
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From the transmittance spectra, the energy for the direct gap could be cal-
culated by using the Equation 3.11: (ahv)? = B(hv - E,) where « is the absorption

coefficient, hv is the photon energy, £, is the energy gap and B is a constant.

5x10"

1.2 16 20 2.4 :-_‘:i

Figure 5.8: i@ﬂﬁﬁ&ﬁgrﬂ%ﬂﬁ Eﬁdeeﬁqsﬁo thin films with 41,

6L and 8L, r

AR RA T B DI s e

after gaﬁlma exposure to different gamma radiation doses as shown in Fig. 5.9.
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e Fe-doped BTO 220 nm 0 kGy
(a) « Fe-doped BTO 220 nm 15 kGy
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Figure 5.9: Plot between (ahv)? versus hv of Fe-doped BTO thin films before
and after exposure to different gamma radiation doses (a) 4L (b) 6L and (c) 8L

respectively.
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Figure 5.10, 5.11 and 5.12 show the plot between Ina versus hrv of Fe-
doped BTO with 4L, 6L and 8L, respectively. The measurement of the band
edge characteristic can be obtained from the so called Urbach rule. In general, an

exponentially increasing absorption edge can be seen in various types of materials;

(hV - Eo) hV - Eo

a= aoe( T = e —) (5.1)
where g and Ej are the J&@nce point coordinates, E, is the
absorption edge energ erp!ete - 1dth of the tails of localized

states in the band gap as_ shows 'on 3.5.2 and o is the steepness
parameter, k is the Bol i 4C 1t anc the temperature.

38

37

36

3 |
35

=l

34

| D( ]
33 j . Fe-doped BTO 4L 0kGy Eu=0.776
: - Fe-doped BTO 4L 15 kGy Eu = 0.878 1

hv y
Qﬁﬁﬂﬂﬂimﬂﬂ ’] et E

Figure 5.10: Determination of the Urbach energy for Fe-doped BTO 4L with

gamma irradiation doses of 15 kGy.

As the gamma radiation dose increased, the absorption edge energy width
of Fe-doped BTO with 4L increase from 0.776 to 0.878 eV after 15 kGy indicating

that the gamma ray induced more defects.
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Figure 5.8 shows a plot between (ahv)? versus hv of the Fe-doped BTO
thin films with 4, 6 and 8 layers. The resulting energy band gaps were 3.42 eV,
3.69 eV and 3.95 eV for Fe-doped BTO with 8, 6 and 4 layers, respectively. For
comparison, the energy band gap value of pure BTO powder, BTO single crystal,
and BTO thin films are 3.92 eV [48], 3.6 eV [49] and 3.72-3.77 eV [50], respectively.
The particle size in these films increases as the annealing cycle increases [51]. The
corresponding reduction in band gap energy with increasing particle size can be
explained by quantum confinement [37. /524 By way of comparison, we used the

quantum confinement prediction for energyeap.
o’

2m2h2 1 1
E i (od %) 2
9(7‘) g( u”’“) +Ll 7"2 (lmel - |mh|> (5 )
. 22 h?
E, (ry = 1,bulk) -+ ) (5.3)

¢ 1-‘ #F
a L :
where m., my, @ and r are the effective thass of electron, the effective mass of

#eslh

hole, the reduced mass and the diameter@f‘ﬂanoparticle, respectively. Normally,

if the particle size isssmaller than the corrgé,t;gﬂ&ing DeBroglie wavelength, the size

quantization effecté_ _f;:an be observed in the band gap.i’fhe theoretical calculated

DeBroglie wavelength -_for BTO is about 15 nm,

ane= (Amsge i)/ pe’

Analysis of the variation of the dispersion#@urves of Fe-doped BTO films after
different, gamma isradiation doges((0:15 kGy) reveal that thelrefractive index and
the extinction coefficient increase with the wavelength rising more rapidly toward
short wavelengths and following a typical dispersion curve shape (Fig. 5.13). When
measured in the 350 - 750 nm wavelength range, the refractive index (n) for the
Fe-doped BTO 4L increased from 2.17 - 1.88 range to 2.34 - 1.95 range upon
the gamma irradiation at a dose of 15 kGy, with a corresponding increase in

the extinction coefficient (k) (Fig. 5.13(a) and (b)). The value of the extinction
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coefficient for this film prior to gamma irradiation was in the order of 1072 and
this increase after the irradiation with higher doses, indicating that higher optical
losses result directly from the irradiation. With thicker films, the refractive index
is also increased due to the increased film density and better crystallinity as shown
in Fig. 5.14. While the extinction coefficient of BTO 4L, 6L and 8L films did not
change much. The extinction coefficient follows an approximately linear function

of the wavelength. The dispersion ¢ near the electronic band transition were

significantly altered by the One of the main results of these

experiments is that the of the films can be tuned by
exposure to various gam ‘observed phenomena could be useful
for the development o " on dosimeters based on simple optical

detection properties.

AU INENTNYINS
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Figure 5.13: (a,c,e) The refractive index of Fe-doped BTO thin films with 4L 6L

Refractive index (n)
N
N

q Wavelength (nm)

and 8L, respectively and (b,d,f) the extinction coefficient of Fe-doped BTO thin
films with 4L 6L and 8L, respectively.
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5.3 Structural properties of CCTO and Fe-doped
CCTO thin films

In this section, the XRD patterns of CCTO and Fe-doped CCTO thin films
were used to confirm the crystalline of the film and EDX used to confirm the

composition for Fe in the Fe-doped CCTO films.

5.3.1 X-ray dlﬁr& //&l CCTO and Fe-doped

CCTO thi;

The X-ray diffra
were recorded to deter
patterns of CCTO a
used to calculate the la

'U ;, ‘ -
is 7.3877 A while Fe-doped CTG}',W ) ant is 7.3799 A, respectively.
15:61-CCTO ! chtly change after doping Fe in
the film indicating that Fe substituting for Gu (see Section 5.3.2) and Fig. 5.16

films before and after

gamma ray dose of 1 ed CCTO films did not

change after gamma adiation dose of 1 kGy

ﬂummmwmm
QWW@Nﬂim URNINYA Y
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Figure 5.15: X-ray diffraction patterns of CCTO and Fe-doped CCTO thin films.
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5.3.2 Energy dispersive X-ray data of Fe-doped CCTO

The compositions of the films were obtained using a EDX equipped with
Field Emission Scanning Electron Microscopy (FSEM: HITASHI model S-4700).
Table 5.2 shows the ratio of intensity and weight (%) of each atom in CCTO.
The concentration of Fe doped 2% by weight for CCTO were choosed in this the-

sis. EDX experiment shown that Fe concentration of CCTO is 2.44%. Table 5.2
shows the intensity, weight (%

# each atom in CCTO. The ratio of
Ca:Cu:Ti:0O is 1:1.5:5.2:10. T1 and the insucient Cu and O

constitutions. The exc@tanﬂd fr@nsmtem with the TiO, phase

formation in XRD resul ens1ty, weight (%) and ratio of
each atom in Fe-doped e:Ti:O is 1:1.5:0.4:3.6:8.6 in-

dicating that Fe atoms bstitution of Cu sites in the

CCTO film. Howev at the amount of Cu was in-

sufficient in the film.

j. ‘Ja" zd’, ._:‘.‘ ~

Tablej 2: Intens1ty"VV6f§11 o
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5.4 Optical properties of Fe-doped CCTO
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Figure 5.17: The transmissiof spéctra of ,Fe,gio.ped CCTO thin films for different

gamma radiation dos’e j‘
Y \

Figure 5.17 shofz_\%,s the optical transmission spect_ta in the 300-1200 nm wave-
length range of Fe-doped £CTO films before and after gamma irradiation at 1, 3
and 5 kGy dase, respectively. The depth of modulation normally indicates that

the films are homogeneous.

We have found the redaction infransmittande décreasing to.2.5%, 4.8% and
5.0% after exposure with gamma irradiation dose of 1 kGy, 3 kGy and 5 kGy,
respectively. We observed that the transmittance of the films did not change after
the gamma radiation dose is higher than ca. 3 kGy. In another word, there was
not much change in the transmittance for the film exposed with 3 kGy and 5 kGy.
This could be due to the saturation of activity of color centers phenomena. There

were not much change in the percentage transmission of Fe-doped CCTO film as
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compared with BTO and Fe-doped BTO film. For example, BTO and Fe-doped
BTO with thickness 220 nm decrease 4% and 11% after gamma irradiation with
15 kGy, while CCTO films with thickness of 360 nm decrease 5%, after irradiation
with 5 kGy dose, respectively.

After gamma ray irradiation, the films became brownish tint. This color

changes can be seen by naked eye (see in Fig. 5.18) but with less change in color

ﬂ \‘\\‘“\

A :1\2\

el
e WA U BBRAINE A Bt o

dose of 5 kGy.
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5.4.1 Energy gap

From the transmittance spectra in Fig. 5.17, the energy gap for direct
gap could be calculated by using the equation 3.11. Figure 5.19 shows plot
between(ahr)? versus hr of Fe-doped CCTO thin films. The resulting energy
band gaps were 3.67 eV. The discrepancy will be further investigated. The re-

fractive index can be obtained using envelope method from equation 3.9. The
al %Jﬁ/) quation 3.10. However, we focused
e 11 @ as shown in Fig. 5.20
2 ,

—

extinction coefficient can be o

on absorption region to ex

AT - -
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Figure 5.20 show the plot between Ina versus hv of Fe-doped CCTO films.
As the gamma radiation dose increased, the absorption edge energy width in-
creased from 0.2298 to 0.2778 eV after 5 kGy indicating that the gamma ray

induced more defects.

16.4

16.2

16.0

In o

15.8

-',j—- oped CCTO 0 kGy Eu =0.2298 |

- @-doped.CCTO 1 kGy Eu = 0.2545
- Fe-doped CCTO 3 kGy Eu = 0.2653 |

15.4 D 5 kGy Eu = 0.2778

3.30 l6 354U 3.60 3.66 3.72

ﬂuﬂq%ﬂﬂfwyﬁni

Figure 5.20: Determmatlon of thefUrbach energy. for Fe-dopedsGCTO with differ-
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5.4.2 Complex refractive index (n and k) of Fe-doped CCTO

Figure 5.21 shows the refractive index and the extinction coefficient of the
Fe-doped CCTO film measured in the 450-700 nm wavelength range. The refrac-
tive index of the films measured in this wavelength range increased from 2.24 - 2.00
range to 2.30 - 2.00 range for Fe-doped CCTO film upon the gamma irradiation
with a 3 kGy dose with a corresponding increase in the extinction coefficient as
shown in Figure 5.22. There was not much change in the refractive index of the
films until the dose increased to 3 kGy. “The.ncreasing in the extinction coeffi-
cient with the irradiation dose indicates that hish optical losses causing by the
irradiation. The value of#hc extinetion coefficient of the films before and after
gamma irradiation Wasjst'ﬂ'l‘ onfthe or‘}_;ier of 10-%. The shape of refractive index

was similar to the resﬁlt___-of Raffaella ct.al.’s group [53].

’ - “I
e N
— 25 T r;,' P ".,_-’:“
c —  —s—Fe-doped CCTO 0 kGy
v 2.4 o2t ZdEFe-doped CCTO 1 kGy
5 B —s—Fe-doped-£CTO 3 kGy
© 2 3*: - 4
IE . 7
O 22 i
IZ
e
QO 2.1} . i
S =
o 2 i
14
1.9 1 i 1 i 1 i 1 i 1 i 1 i 1 i 1

450 500 550 600 650 700 750 800

Wavelength (nm)

Figure 5.21: The refractive index of Fe-doped CCTO thin films for different gamma

radiation dose.
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5.4.3 Capacitance of CCTO capacitor

CCTO film was grown on Al,O3 substrate which has insulator property. A
HEWELETT PACKARD (HP): Model 4192A LCR IMPEDANCE ANALYZER
was used to measure the capacitance of CCTO capacitor. When the electrodes are
on the top of the film and on the same plane, the capacitor is so called a coplarnar

capacitor. In general, the electrodes are in the form of interdigitate electrodes.

The processing of interdigitated elect"roé /or this film can be read form Yamairoh
Kasa’s thesis [54]. Fig. 5.23shows CCTO @_ﬁhns with interdigitated electrodes.

The gap width is 10pm and the overall size of ‘eapacitor is about 2x3 mm?.
_fz-_‘, i

ALOj substrate] - s (CCTO film 6 L
2 1208 i
y.. <_§—‘__5H
----- >
3000 um
> €
100 um

Au/Cr electrode

Figure 5.23: CCTO thin films with interdigitated electrode.
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Figure 5.24 shows (a) the capacitance (b) dielectric constant and (c) loss
tangent of the CCTO films before gamma radiation. Figure 5.25 shows (a) the
capacitance (b) dielectric constant and (c) loss tangent of the CCTO films after
gamma radiation dose of 5 kGy, respectively. From Fig. 5.24(a) and Fig. 5.25(a),
the capacitance of the film before gamma ray irradiation which increases from
1.36 - 1.22 pF to 1.62 - 1.36 pF in 10 kHz - 1 MHz frequency range after gamma
ray irradiation with 5 kGy doses. Oun

sults increasing of capacitance values are
consistant with other works p/ . [13] found that the capacitance for
Zn0 thick film exhibited fiom 21 F‘&

mGy dose and thick film 0 increase in the capacitance from

5.05 pF before irradiati 69/ F\ at a dose 0. Gy. However, our CCTO

of 1 mGy to 28.33 pF at 2.3

film based on the cha pacitance i : ‘ itive to gamma rays like as
| - 25(b) and (c), the dielectric
constant of the CCTO ifcren ; to 552 - 308 and loss tangent
of CCTO film increasing . .0 ,_ ‘,?:" .030. The observed increase
in dielectric constant values withifi reasilig v be attributed to a gradual

ily orientable dipolar molecules that

g o

Jra?r__ .,‘ . .
are capable of conducting t'}fe'-"'é}g’éffl?" arrent ese charge carriers or dipolar

irradiation [55, 56, 5@
AUEANENINEINS
RIAINTNUARINIAY
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Figure 5.24: The (a) capacitance (b) dielectric constant and (C) loss tangent of

CCTO films before gamma radiation.
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Figure 5.25: The (a) capacitance (b) dielectric constant and (C) loss tangent of

CCTO films after gamma radiation

dose of 5 kGy.



CHAPTER VI

CONCLUSIONS

In this thesis, we focus on the efléet of'camma ray irradiation on optical
properties of BTO, Fe-doped BTO aﬁ‘ld Fe-doped CCTO and electrical properties
of CCTO thin films. We prepared the BTO, Fe-doped BTO, CCTO and Fe-
doped CCTO thin filhus bysa sol-gel ‘Epin coating technique with the annealing
temperature of 800 °C. BTQ, Fe-dépe(i*BTO and Fe-doped CCTO thin films were
grown on the quartz substrate for —inve'dsrtigating the optical properties, while the
CCTO thin film were growison the A1203 in order to investigate the electrical

properties, respectively.sThe conehmon gf thls thesis is as follows:

For BTO and Fe- doped BTO theéNUX shows signals that are consistent
with Bag gFeg. 2T103 w1th the Fe doplng bccurrmg by substitution of Ba sites in

BTO. Gamma 1rradrat10n etfects were found to be m(-)re pronounced for the Fe-
doped BTO films than for the undoped BTO. The transmlttance in the UVvisible
range of Fe-doped BTO decreased by 11%, while that of BTO films decreased
to 4% after U5 kGy irradiation’ respectively. The refractive index of the films,
as measured in‘the 350 - 750 nm wavelength range was in the 2.24 - 2.00 range
to 2.30 % 2.00Tange Afterigainnia lirtaliation at)15,/kGy for £5-doped BTO. The
extinction coefficient of Fe-doped BTO films was in the order of 10~2 and increased
after gamma irradiation. These changes are due to the formation of colour centers

and the concomitant change in the complex refractive index for the irradiated

Fe-doped BTO films.
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The transmittance of Fe-doped CCTO films was reduced to 2.5%, 4.8%
and 5.0% after exposure with gamma irradiation dose of 1 kGy, 3 kGy and 5
kGy, respectively. The refractive index increased from 1.76 - 1.99 range to 1.91 -
2.08 range for Fe-doped CCTO upon the gamma irradiation with a 3 kGy dose,
respectively. The extinction coefficient of the Fe-doped CCTO film was in the
order of 1072 and increased after gamma irradiation. The capacitance of the

CCTO film before gamma ray irradiation which increases from 1.36 - 1.22 pF to

1.62 - 1.36 pF after gamma r ‘ of 5 kGy. The dielectric constant
of the CCTO film increa 308 after gamma ray irradiation

T—
dose of 5 kGy and loss t CCOTO filmiucrease from 0.020 - 0.013 to 0.138
- 0.030 after gamma r dose o "'\- pectively.

Effects of ga

1l properties of perovskite
thin films prepared es can be applied in design
of modern radiation d their optical and electrical

properties.
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Appendix A
XRD database

The XRD peak position of barium titanate, calcium copper titanate, contam-
ination substances (TiOy, CaTiOj3) thin films were confirmed by XRD database

from The International Centre for action Data (ICDD) which shown as fol-

lows:
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Pattern : 00-005-0626 Radiation = 1.540598 Quality : High

S.G.: P4mm  (99)

a= 3.99400

¢ = 4.03800

BaTiOa 2h| il m| k|
22.039| 12 0
22.263| 25 1
31.498| 100 1
Barium Titanium Oxide 31.647| 100 1
38.888| 46 1
44.856 12 0
45.378| 37 2
50.614 6 1
50.978 8 2
51.100 7 2
56.955| 15 1
56.253 2
65.755 2
6.123 2
Lattice : Tetragonal 0 3 0.869 2
" 3
1
3
3
1
3
2
2
3

4

Color: Colorless
Additionnal diffraction line(s): Plus 10 additiona
Sample source or locality: Sample fro ation,
Sample preparation: Annealed at 1450.C in Mg
Analysis: Spectroscopic analysis: <0:1% Bi,

Si; <0.001% Mn, Sn.
General comments: Inverts to cubic form & 0
Temp of data ion: X-ray p at
General comments: Merck Index, 8th Ed., p. 12,
Data collection flag: Ambient.

OW= O A NNOOON 22 NOON 2322000 2N0 2220000 22000
BOAW S WRONWEOR SNWONWN AWOCWORNORNANOAINON 20 20 =

NG W =

" ,,‘U‘E;‘?‘ﬂﬁfﬂ 1Aki)
qmmﬂimu 19

[ =1
e =
-

Radiation : CuKal Filter : Beta
Lambda : 1.54050 d-sp : Not given

SS/FOM : F30= 19(0.0490,32)
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S.G.: Im-3m (229)

a= 7.39300

Pattern : 01-075-1149 Radiation = 1.540598 Quality : Alternate
CaCusTisO12 2th il h| Kk I
16.947| 20 1 1 0
24.056 13 2 0 0
29.573 10 2 1 1
Calcium Copper Titanium Oxide 34.279| 999 2 2 0
Also called: Calcium tricopper tetratitanium oxide 38.475 4 3 1 0
42315 141 2 2 2
45.891 5 3 2 1
49.262| 406 4 0 0
52.470 2 4 1 1
55.545 1 4 2 0
58.512 1 3 3 2
4 2 2
5 1 0
5 2 1
Lattice : Body-centered cubic 4 4 0
5 3 0
4 4 2
5 3 2
6 2 0
5 4 1
6 2 2
6 3 1

ICSD collection code: 030592
Test from ICSD: No R value given.

Test from ICSD: At least one TF missing

Cancel:
Data collection flag: Ambient.

Deschanvres, A., Ra B.,Toll
page 4077 (1967)

Calculated from ICS| uﬁ P! -1

ARIAINTNIN

Radiation : CuKa1
Lambda : 1.54060

SS/FOM : F22=1000(0.0000,22)

Filter : Not specified

d-sp : Calculated spacings

e =
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Pattern : 03-065-1156

Radiation = 1.540598

Quality : Deleted

TiO2

Titanium Oxide

Lattice : Monoclinic

S.G.: P21/m (11)

a= 1217870
b= 374120
¢ = 6.52490
a/b = 3.25529

c/b = 1.74407

beta = 107.05

NIST M&A collection code: N 29
Temperature factor: 1B=0,Ti
Deleted and rejected by: Deleted: calc:
the given system, SK 2/02.
Data collection flag: Ambient.

T.P.Feist & P.K.Davi
Calculated from NIS

ARIAINTAIAY

Radiation : CuKa1

Lambda : 1.54060

Filter : Not specified

d-sp : Calculated spacings

SS/FOM : F30=1000(0.0000,34)
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60.903
61.40
61.6°
61.611
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Pattern : 00-042-0423

Radiation = 1.540598

Quality : High

CaTiO3

Calcium Titanium Oxide
Perovskite, syn

Lattice : Orthorhombic

S.G.: Pnma (62)

a= 544240
b= 764170
¢ = 5.38070
a/b= 0.71220 Z= 4

c/b = 0.70412

Sample preparation: Prepared fro 02 3 1100 C r:1
hours, reground, and then 1300 C for 16 hg
Analysis: Chemical analysis (wt.%): Ca
<0.002, Fe 0.044, Sr 0.013, Zr 0.533, Mo <0.004
0.008, Ba 0.011, Ce <0.03, Nd <0.03, U <0.07.
General comments: High resolution comparis
to obtain high accuracy cell parameters.
Optical data: B=2.38

Data collection flag: Ambient.

Al 0.103,461 <0:04
004, Ag 4,,G

= FHHINEN
ARIAINTAINY

Radiation : CuKa1 Filter : Not specified

Lambda : 1.54060 d-sp : Debye-Scherrer

SS/FOM : F30=169(0.0057,31)

2th i h
23230 10 1
23.260 5 0
26.030 3 1
32.900| 26 2
33.110| 100 1
33.270| 24 0
34.980 1 2
37.000 1 2
37.250 2 1
38.890 2 2
39.090 4 0

3 1
5 2
4 0
2 1
2 2
1 1
1 2
0
2
2
2
1
0

79.970
80.350
80.590
82.930
>'l
30 |
90
85241 !
88.090
88.910

89.380
92,
*92120

480
649

97.160
97.500
97.670
98.080
98.120
98.399
98.599
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107.290
107.490
108.520
111.620
111.790
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Appendix B

Fe-doping concentration

The concentration of Fe doped 10% by weight for BTO and Fe doped 2% by
weight for CCTO were choosed in this thesis. The process of calculation as shown

in equation 1. From WDX experiment, shown that Fe concentration of BTO is 7%

\\ 00 = ....% (1)

where gFe is weight o e i5 mioleeular weight of Fe, g(Ba/Ca) is weight of
Ba for Fe-doped BTO or'we vht of Gafor B ‘ ped CCTO, MW p,/cq is molecular
weight of Ba for BTO or (lu fer Fe-dopec

weight of BTO or CCTO, respoctively.

'O and MW groccro) is molecular

T ,—_—

S <y

S
AuEINENINYINg
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Appendix C

Definition

Gray (Gy) is the ST unit of energy for the absorbed dose of radiation.

Absorbed dose is defined as the deposited energy from incident radiation per

AU INENTNYINS
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Appendix D

Conference presentations

International Presentations:

Kongwut, O. , Kornduangkaéo, Ao, Jangsawang, N. and Hodak, S.K.
Influence of gamma irradiatien on refractive index of Fe-doped barium titanate
thin films. Poster presentation at Th(l, Fifth Mathematics and Physical Sciences
Graduate Congress, Fagtlty of Sciencél ’.Chulalongkorn University, Bangkok (7-9

December 2009) “} ¢

O. Kongwut, A. Korndhahgkaedﬂ,jNﬂ Jangsawang and S.K. Hodak, Influ-
ence of gamma irradiationon. refra(“rlve mdg};( of Fe-doped barium titanate thin
films. Oral presentation at TACT 2009 Infernatlonal Thin Films Conference, Na-

tional Taipei Unlver81ty of Technology, Talpel Talwan (14 16 December 2009)

Local Presentation:

O: Kongwut, W. Dharmavanij, A. Kornduangkaeo and S:"K. Hodak. Ef-
fects of gamma ray irradiation on optical properties of BaTiO3 thin films prepared
by a sol-gel methode. Oral presentation at The Science forum 2009, Faculty of
Science, Chulalongkorn University, Bangkok (12-13 March 2009)

O. Kongwut, W. Dharmavanij, A. Kornduangkaeo and S.K. Hodak. Ef-

fects of gamma ray irradiation on optical properties of BaTiOj3 thin films prepared
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by a sol-gel method. Poster presentation at Siam Physics Congress 2009, Cha am
beach, Phetchaburi (19-21 March 2009)

0. Kongwut, N. Jangsawang, A. Kornduangkaeo and S.K. Hodak. Optical
properties of Fe-doped calcium copper titanate thin films under gamma irradiation.
Poster presentation at The 16th national graduate Research Conference, Maejo

University, Sansai, Chiang Mai (11-12 March 2010)

Satreerat K. Hodak, O. Kong _Jangsawang and A. Kornduangkaeo.

Optical properties of Fe-doped bari nate thin films under gamma irradia-

tion. Oral presentation Sciet c ‘ 0] Faculty of Science, Chula-
longkorn University, 13 " ‘ls 10
Tk \
O. Kongwut, N oS, ‘; ~ kaco and S.K. Hodak. Optical
properties of Fe-doped calciti &p - ) . \\1 ms under gamma irradia-

tion. Oral presentation at/Siz & y Jongress 2010, River Kwai Village Hotel,

Kanchanaburi (25-27

ﬂ‘UEJ’J‘VIEWl’ﬁWEﬂﬂ‘i
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Appendix E

Publications

0. Kongwut, A. Kornduangkaeo, N. Jangsawang and S.K. Hodak, Influ-
ence of gamma irradiation on refractive index of Fe-doped barium titanate thin

films. (Thin Solid Films).

O. Kongwut, A. Korng : ) rkaco), A awang and S.K. Hodak, Optical
properties of Fe-doped la—mu pe itaélms under gamma irradiation.

(Proceeding).
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Available online 10 May 2010 thin films were grown by thermal decomposi-
ors.deposi rﬂ'\. 1‘ stem onto quartz substrates. The changes in the
Keywords: tragSmittance spe(‘tra 1 e Fe-doped BaTiO, thin films were quantified. The
Gamma irradiation e the aptical energ a : e ra 3.42-3.95 eV depending on the annealing time.
Fe-doped BaTi03 e ad five mfex.‘ asure he 350-750 nm wavelength range was in the 2.17-1.88
Sol-gel method ang ul"-ﬂle ared film 0 2.34-195 after gamma irradiation at 15 kGy. The
Refractive index ext ion euefﬁnt Y 10~2 and increased after gamma irradiation. We
ob ed runda le comp ..J v hy exposure to various gamma rays doses.
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1l . JIJ-" wdld R .

. Introduction flom 1.95eV to 1.76 eV after exposure to gamma irradiation with a
'inGy of gamma irradiation [13]. Fasasi et al. have reported the use
i dose gamma irradiation to study the thermoluminescence glow
e characteristic of BaTiOs ceramics and the dose dependence on the

. . b W
Recently, the effects of the inclusion of different
the structural, optical, electrical and magnetic properties-ef pe

(ABOs) thin films have been investigated. Vanuul Lypes ﬁw S and urve [14]. These radiation imparted changes in BaTiOs are ex-
cations of different sizes can be accommuodated in-tha sites| P’-ﬁ - or the effective design of modern radiation dosimeters.
Barium titanate (BaTiOs) is d ferroelectric material mﬂl a perovskite e efféct of gamma ray irradiation on the optical
structure [ Ba®™ as A and Ti*~#B) that has gained much interestdue to properties of Fe-doped*and dindoped BaTiO; thin films was investi-

its many potential applicatia SO a8 constant— gated. The™ smittance spectra induced by gamma
capacitors, dynamic randoi e prrespanding changes in the film refractive index
optical wave guide devices [5- oefficient, were measured as a function of the gamma
BaTiOs lattice leads to the a i on dose. !

ferroelectric properties [8]. T romagnetism of Fe-doped BallO; ajH
ceramics was reported to be dependent upon the annealing atmosphere 2. Experimental details
and Fe-doping concentration, with t ubsntunon by Fe*~ occurring in
Ti sites being conﬁﬁed by Mossba rﬁrements [9 ID] Herner et U BaTiO; and Fe- doped BaTiO; thin films were deposited on quartz

al. showed that ri i s Fe—dnping process was done by
could reduce th ean dl i 15 ll) at FeS ) in a mixture of barium acetate
properties compared to th ange and e c n, pure titanium n-butoxide and

fundamental propérties of these mater1a1515 byexp[)sure to high energy methannl were added to the snlunDn The precursor solution was
electromagnetic radiation or high energy particles, such#as X-rays, dropped onto the clean quartz substrate with a spinning speed of
gamn'la rays, elertan or neutan b[)mbardment The retained polariza- 1500 rp rmnde the first | ayer[)fth The film was preheated

it at ere of airat 800 °C
inc diation e materia for 60 min i e cl e. This process was
was ive t iation/[12 al repeated e de thickne: ed. Different film

ubseqed that the energy gap of a bismuth gern‘lanate film decreased thicknesses can be obtained by varying the number of deposition
cycles. A ¥Co gamma radiation source with an activity of 10 kCi

* Corresponding author. Department of Physics, Faculty of Science, Chulalongkorn (Gammac?l 220 Exeell) Wa? U_SEd toirradiate the _Bam_i and Fe-doped
University, Bangkok, 10330, Thailand. BaTiO; thin films. The radiation doses were varied via the exposure
E-mail address: satreerath@chulz.zc.th (K. Hodak). time up to 15 kGy at a rate of 10 kGy/h. The optical transmittance

0040-6090/$ - see front matter © 2010 Elsevier BV, All rights reserved.
doi: 10.1016/j.ts£.2010.05.023
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'§ ! j ! ' as a donor when it substitutes the Ba?~ site. A similar result for this
= substitution was found in the work of Battisha et al. [1].
e The crystallinity of the films was investigated using X-ray

diffraction. Fig. 1 shows the XRD patterns of undoped BaTiOs; with
two and six layers as well as that for Fe-doped BaTiOs films with eight
layers, derived from a sol-gel method. We denoted each film by the
material formula followed by the number of layers (L). The tetragonal
phase of BaTiO; was identified in our films and it is indicated in Fig. 1

; Lo (b)iBaTiog 6L [ the peaks with the indices of its crystallographic planes. The
i i : R i . iffraction peals are sharper and more intense as the films grow
i : | (a)BaTio, 2L , i rough the deposition of more layers. The peak positions

(001) (100)
112) (211)

(102)

(301)

- (202) (220)

Fe-doped; BaTi

“
e

)

fe

Intensity (a.u.)

d to higher diffraction angles after doping Fe in the film
he lattice constants slightly decreased. This could be
20 (°) bstitution of ions with smaller size (Fe*™) to ions

I 2% 7). These results are consistent with the work of

Fig. 1. X-ray diffraction patterns of (a) BaTiOs fiimgwith 2 layess (b} BaTiO; film \«* ather groups [418].

layers (c) Fe-doped BaTi0s film with 8 Iayeﬁ'f- F morphology of BaTiOs and Fe-doped BaTiOs films
/s 4 tigat mic force microscopy (AFM), where the

grain size of the BaggFepTiOs 8 L film at 40 nm is
a ain size for the 6 L film as seen in Fig. 2.
tion coefficient of the films before er ga pradia ; ar results with a decrease in grain size with
function of the gamma dose were ex ed fiy i i ions [18]. Indeed, many research groups have
spectra using the envelope me . dihe IC ] dopant concentration could reduce the
calculated from the transmittance felation F n between different phase structures in

50

e

dispersive X-ray spectrometer (WWE
probe microscopic spectromete

ray absorption spectroscopy near FE §Fe i . 1 ig. al transmission spectra in the 300-1200 nm
synchrotron source. ThE_X'rﬂY di (AR e doped BaTiO; and Fe-doped BaTiOs films of
Discover) ]:-uatterns-DfBaTllJ; and Fe s (ca. 220 nm) before and after gamma irradiation
to determine their crystal Structures ! s scillation in the transmission curve is due to
the films was observed using a Vee LA light reflecting from the film surface and from
microscopy (AFM). " e interface. The depth of modulation indicates good

3. Results and discussion e ittance of both undoped and Fe-doped films was reduced

3.1. Structural properties AT )
e e i g J es 4 Mor

e marked change on the transmittance of the
thai' to the undoped film. For comparison,

on its concentration and on th anwaf 15 kGy, the transmittance decreased
The ionic radius of Fe*~ (0.64[A; b 1% 10 the oped B Im but by ~ 11% for the BagsFepTiO3
Ti*~ (0.68 A) but is significantly diffe T g process in the films after irradiation
[4]. However, the WDX shows_Signals that are consist e dloped films, presumably because they have
BapgFep;TiO5 with the Fe dopi ccurring by s an in undaped films. There are two types of defects in

sites in BaTiO; yielding a Ba/Ti rafio slightly smaller than 1. The barlum titanate; the 3 1at preserves the stoichiometry (Schottky)
oxidation state determined from the energy of the X-ray absorption and the type that changes the stoichiometry that occurs at the dopant
edge (7130.5 eV) corresponds to Fej_#nur case the Fe*™ dopant acts substituted cells. Oxygen vacancy defects are commonly found in

293

Fig. 2. Atomic force microscopy images (1.0x 1.0 pm) of the films comprised of (a) BaTi04 with 6 layers (b) Fe-doped BaTiO; with 8 layers.
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100 100 @ —
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g 6or 1l o o} 4L~220 nm, 6L ~ 380 nm
5 g s —c—Bag gFeq TiOg 4L
E 40l § Film thickness ~ 220 nm E 4l —— Bag gFey ;TiO; 4L (15 kGy)
g § —+-BaTiO, ) ‘ g —~a—Bag gFey ;TiO; 6L
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Fig. 3. The transmission spectra of BaTiOs an
gamma irradiation at a dose of 15 kGy.

Film thickness 8L ~ 520 nm
—+—Bag gFey ;TiO; BL
—o—Bag gFeg ,TiO4 8L (1 kGy)
~~ Bag gFeg ,TiO, BL (5 kGy)
—+— Bag gFeq ,TiO BL (10 kGy)
—+«—Bag gFe ;TiO; BL (15 kGy)

e

BaBA+TT+3O=Vna+V

500 €00 700 800 900 100011001200

Wavelength (nm
and this ion vacancy can sub gth (nm)

constitutes the so-called F-center [14] 48 w_l isthe'sell Fig 4 ission spectra of (a) BaggFeo,TiOs films with 4 and 6 layers and
trapping of holes [22]. Fig. 4(a) s 155l Ims with 8 layers, after exposure to different gamma radiation doses.
spectra of Fe-doped BaTiOs films witl
Bap gFepTiOs 4L and BaggFep;TiOs 6L,

1200 nm wavelength range and Fig, 4(b ponding reduction in band gap energy with increasing

be explained by quantum confinement [28,29]. The

the Fe-doped BaTiO; film with eight layers (de ) . . . K

TiOs 8 L). As expected, the thicker film shows dEE ascillations in ve index can be obtained using an envelope method;

the transmission spectrum than the thinner fils f jnun"agt 197172

also decreased with the increasing gammarr. éﬁ%’nfh z—nf) ! 2

used in this study were , 10 and 15 kGy, respectively. We
observed that the transmittance of the films di ge

further for gamma radiatiou-doses=higher-than-ca10KGy=Thi
absorption edge shifted tgha J@wer energy as the
(Fig. 4(a)), because the ith a larger n
accumulated longer heating times (800 |

layer) causing the growth of biggér grains. However, there was little | (3)
variation in the absorption edge between the BaggFepTiOs 4 L film
annealed for 4h and Bag gFe ,TiO5 8L film annealed for 8 h. The ﬁlm

, N is the refractive index of

n
are the maximum and minimum trans-
oefficient can be obtained from

thickness of BaggFe, 2T103 rangin Iﬁ)ur to eight L ayers was 5%10"

calculated via =395¢eV
was approxim 22 75 ni & 103 Eg 369eV
From the transmittan tr fD th ap co ld FegpTi Eg=342eV

be calculated by lﬂg the Eq. (

(uhv) =B hv:g

Vher he abso
the photon entergy, E, i
shows a plot between (ahv)z versus hv (eV) of thE Fe- dnped BEIT]O;
thin films with 4, 6 and 8 layers of thin films. The resulting energy band
gaps were 342 eV, 3.69 eV and 3.95 eV for Bay sFe, >TiO5 with 8, 6 and
4 layers, respectively. For comparison, the energy band gap value of
pure BaTiOz powder, BaTiOs single crystal, and BaTiOs thin films are

392eV [24], 36eV [25] and 3.72-3.77 eV [26], respectively. The  Fig 5. plot between (ahv)? versus b (eV) of BaysFeq2TiOs thin films with 4, § and
particle size in these films increases as the annealing cycle increases 8 layers.

12 16 20 24 28 32 36 40 44
hv (eV)
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where N\ is the wavelength, o is the absurption coefficient
1, (== 1+ (T /Ty ]) )
o= -n mas o, and d is the film
( a4 )i +n)  [1-(Toae/ Toin) 7]
thickness.

Analysis of the variation of the dispersion curves of BaggFepzTiO5
films after different (0-15 kGy) gamma irradiation doses reveal that the
refractive index and the extinction coefficient increase with the
wavelength rising more rapidly toward short wavelengths and
following a typical dispersion curve shape (Fig. 6). Whenme
the 350-750 nm wavelength range, the refractive inde i
Fep,TiO; 4 L increased from the 2.17-1.88 range

0. Kongwaut et al. / Thin Solid Films 518 (2010) 7407-7411

increase in the extinction coefficient (Fig. 6(a) and (b)). The value of the
extinction coefficient for this film prior to gamma irradiation was in the
order of 1072 and this increased after the irradiation with higher doses,
indicating that higher optical losses result directly from the irradiation.
With thicker films, the refractive index is also increased due to the
increased film density and better crystallinity. The extinction coefficient
follows an approximately linear function of the wavelength. The
dispersion curves near the electronic band transition were significantly
altered by the gamma irradiation. One of the main results of these
- 1ment5 is that the complex refractive index of the films can be
exposure to various gamma rays doses. These observed
ould be useful for the development of gamma irradiation
on simple optical detection properties.

25
L(a —0—Bag gFep 4 TiO5 4L (0 kGy)
,.[@ 'ﬂ'\- 2 gFeg2TiOy 4L (0 kGy,
T Bag gFe,TiO; 4L (15 kGy)
5 23
5 |
2 22} -
e
g 21F J
£ | +
E 20 \+
N
19} +\+ i
b \1'
1.8 1 " 1 L
400 600 700 800
Vavelength (nm)
25
(c) e 6L (0 kGy)
24 —+—6L (10 KGy)
€ ,al s 6L (15 kGy)
g 2.2 \ ]
£ 2 M
2 b o
g 21
Ly o
k ]
19
18 -
400 600 700 800
Wavelength (nm) length (nm)
* ' . a1 { 8L (0 kGy)
b Y
2. ) ‘ S 8L (1 kGy)
- (8L (5 kGy)
T & - BL (10 kGy) z —+—8L (10 kGy)
- - BL(15kGy) S 003 +iws kGy)
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[ Q
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Fig. 6. (ac.e) The refractive index of Bag g Fe;TiOs thin films with 4, 6 and 8 layers, respectively and (bd,f) the extinction coeffidient of Bay gFe,TiOs thin films with 4, 6 and 8 layers, respectively,
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4. Conclusions

Gamma irradiation effects were found to be more pronounced for
the iron doped films (Bay zFeq ;TiO3) than for the undoped BaTiOs. The
transmittance of the films in the UV-visible range decreased after
gamma irradiation with doses in the 1-15 kGy range. The refractive
index and the extinction coefficient of the films were increased by
exposure to higher gamma ray doses. These changes are due to the
formation of color centers and the concomitant change in the lg
refractive index for the irradiated the BapsFep2TiOs
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Abstract
The Fe-doped UmEopper it ate. i,0.,) films were depaosited on quartz
substrates, wi {'spin“eeating technique. The “Co
-

(Gammacel tlfl |“ ﬂ 0 irradiate our film in order
to investigate tmang ay doses were varied in the range of 1-
3 kGy. The trafismittance measured at 500 nm veleng‘ths of films .1 eased to 2.5% under gamma
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Introduction
Calcium copper titanate (CaCu,Ti,O,,: CCTO) is a novel ferroelectric material with high dielectric
constant values and it does not show ferroelectric transition in the temperature range of 200K-600K. In

the past few decades, many applications such as high dielectric constant capacitors and dynamic RAMs
1

methods to modify the film g 3| d githe growth parameters, changing the growth

(Li et al, 2003; Fang and Shen, 2003; andiliu et a/, 2007) have been dealt with CCTO due to the

unchanged dielectric constant qve temperature and frequency. There are several
technigues and dopingui! arious types of doﬁ S s _beemvreported that doping Fe in the CCTO
films could cause e EMparatire L Cor t and the reduction in dielectric
constant (Grubbs 00 i oth ange the electrical and optical
properties of CCL@#after g fe “. Droce o e materials with high energy
electromagnetic radi . ma rays, electrons or neutron)
are consideree Sfocedsing. Eige ak etal. o at the energy gap of bimuth
germanate film waghfeduced fg . T > b : gamma irradiation with a 0.228

mGy dose (Arshzk et all 200

In this work, the'effeg ga réy irae it erties of Fe-doped calcium copper
titanate thin films were avesti eChanges s ectra induced by gamma irradiation,
and the comrespondigg cha i fracti o inct icient of the films were measured
as a function of gamma j@&di . i s ‘'gamma radiation is important to design

the modern dosimeters.

Experime &‘ Me

Fe-df ST oYV Y=Yl 11 YoEt W Yo 2 VY Vo (VoY 1=V Moy ,-_ bstrate by a sol-gel spin

coating tec U lHe"ransmission of the materials

W
being support ue to Iis transp X perature .[ﬂ g point. In the precursor

processing, iron (I1) sulphate (FeSO,), copper acetate and calcium acetate were firstly dissolved in acetic

acid, and_then tita nmso ropoxide was slowl ded. Ethylene glycol and formamide were added
in s Iu rder OW Iu n stabl |ty 9% Iy on 5005|ty can be also

Wd to prevem the film cracklng during the baking and annealing. The precursor solution was
dropped on the clean quartz substrat‘wnh the spinning sp“of 1500 rpm. The film @reheated at

A WIARI TR INEIRES

properties of CCTO and Fe-doped CCTO thin films. In this study, the activity of gamma ray was 10 kCi
and the exposure rate was 10kGy/hr. The films were placed in the centre of the reactor and the doses of

gamma radiation were varied up to 3 kGy. The optical transmittance spectra of the films were measured
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using Perkin-Elmer Lambda 750 UV-Vis-NIR Spectrophotometer. The refractive index and the extinction
coefficient of the films before and after gamma irradiation as a function of gamma dose were exiracted
from transmittance spectra using envelope method (Caglar et al,, 2008). The band gap was calculated

from the transmittance spectra.

Results and discussion
Fig. 1 shows the opticaliis s DEQL 3 0-1200 nm wavelength range of Fe-doped

CaCu,Ti,0., films befarg irradi kGy dose respectively. The depth of

3472

modulation normally . s areme have found the reduction in

transmittance decre@sing Yo' zad - EXPOS Uk irradiation dose of 1 kGy and 3
kGy, respectively, lid not change after the gamma
radiation dose is highg r as not much change in the transmittance
for the film exg i 3 This be ne s2 ion of activity of color centre

phenomena. Und i v ‘the d noved and this ion vacancy can

subsequently ch is s0-ca - ‘ \ et A 2007) or the self-trapping of

\\

n—T nV is photon energy, £, is energy

holes could occur r Pito; CO1) : = spectra, the energy gap for direct
!

Where CL is the absorption co

gap and B is a constant. Fig. rsus hV (eV) of Fe-doped CaCu,Ti,0,, thin

films. The e Ui : fie energy band gap value of
CaCu,Ti,0 ;".. e further investigated. The
2 .

refractive ind
"
|

iy @

wﬂ %Q%&M@W B e

|mum and minimum transmmar? The extinction coef‘ﬁment can be obtained fro

Qﬁﬁaﬁﬂ?ﬁ!mﬂﬂﬂﬂﬂﬁﬂ
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12
where QL is the absorption coefficient (@ = MM)
d (n+D)(n,+m)[1-(T,, /T..) "]

thickness. The film thickness was simply determined through the equation;

and dis the film

in

d=—— 222 (4)

Where n(A4,)and n(4,)are lices p jacent maximum at wavelength 4, and /,,

respectively. The calcula 360 na /
Fig. 3 shows the reff € X g i of the Fe-doped CaCu,Ti,0,, film

measured in the 350- ML . . = ""’-‘2"",.;___-_ the films measured in the 450-700
nm wavelength range é i ! N .08 range for Fe-doped CaCu,Ti,0,,

ing increase in the extinction
coefficient as shoug i . The@ was me ange ne cfra tive index of the films until the
t adiation dose indicates that
high optical lossegi€ausi . i - case in the stion coefficient with the irradiation

alue of the extinction coefficient of

-
the films before apd = 3 i afion Wa 107°. The shape of refractive index

Conclusions
. Ty ‘ R
The transmittance of & : i as reduced after gamma irradiation in the
dose range of 1-5 kGy. The :15 : ien of wavelength the Fe-doped CaCu,Ti,O,,
films can b 1ang S Y an 3 where as the change in
extinction de siiie ent could be obcerve
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Figure 1. The transmission spectra of Fe-doped CaCu,Ti 0., thin films for different gamma radiation dose.
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o Fe-doped CaCu4Ti 04, 0 kGy .
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Figure 3. The refractive index of Fe-doped CaCu,Ti,O,, thin films for different gamma radiation dose.
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—@— Fe-doped CaCu;Ti 04, 0 kGy

—%— Fe-doped CaCu,Ti,O0,, 1 kGy

—A— Fe-doped CaCu,Ti,0,, 3 kGy
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Figure 4. The extifittion g@effigient .awn {on vl \ or different gamma radiation dose.
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