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Scope of Symposium
This symposium is aimed at providing a forum for participants from academic, research and development, and industrial 
communities worldwide to exchange latest information and progress on functional ceramic materials, oxide thin films 
and heterostructures. It also addresses the future development of functional ceramic materials and oxide thin films for 
electrical, electronic, magnetic, optical, optoelectric and functional applications. Topical areas will cover all the new and 
rapidly developing areas of functional ceramic materials, oxide thin films and heterostructures, fabrication, physical and 
functional properties as well as their applications.

Symposium Topics
• Ferroelectric and piezoelectric ceramic materials 
• Electronic properties of complex oxide thin films and heterostructures 
• Multiferroics 
• High K and low K materials 
• Transparent conducting oxides 
• High-Tc superconductors 
• Magnetic materials and applications 
• Mesoporous materials, nanohybrids and thin films 
• Materials for photovoltaics and sustainable energy 
• Complex oxide thin film growth techniques with atomic control 
• Mott metal-insulator transition 
• Interface electronic effects 
• Defects and dopants 
• In situ diagnostics (e.g. RHEED at high oxygen pressures) 
• New characterization techniques 
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Abstracts

 A00005-01947 

Influence of A-site Modification on the Dielectric, 
Ferroelectric and Relaxor Behavior of Lead-Free 
BaBi4Ti4O15 Ceramics

Sunil KUMAR; Kalidindi B R VARMA
Materials Research Centre, Indian Institute of Science, 
Bangalore, India

Polycrystalline powders of lead-free BaLaxBi4-xTi4O15 
(x=0-0.8) and Ba1-(3y/2)LayBi4Ti4O15 (y=0-0.4) have been 
synthesized via the solid-state reaction route. X-ray powder 
diffraction analysis confirmed the above compositions 
to be monophasic and belonged to n = 4 member of the 
Aurivillius family of oxides. Dielectric properties of 
the ceramic samples (powders sintered in 1375 -1425 K 
temperature range) were measured in a wide frequency 
range (1 kHz–1MHz) at different temperatures (300–750 
K). The temperature of dielectric maximum (Tm) for 
BaLaxBi4-xTi4O15 ceramics was found to decrease from 696 
K for sample corresponding to x = 0 to 395 K for the sample 
corresponding to x=0.8 accompanied by a decrease in the 
magnitude of dielectric maximum (εm) with the increase 
in lanthanum content. The temperature variation of the 
dielectric constant on the high temperature slope of the 
peak (T > Tm) was analyzed by the Lorentz-type quadratic 
law and the diffuseness of the peak was found to increase 
with increasing x. Vogel-Fulcher modelling of dielectric 
relaxation showed a decrease in freezing temperature 
(TVF) (from 678 to 340 K) and an increase in the activation 
energy (from 5 to 24 meV) for frequency dispersion with 
increase in x. Strength of frequency dispersion of Tm 
increased with lanthanum content. Polarization (P)-electric 
field (E) hysteresis loops measured at 373 K showed a 
transition from square to slim loop hysteresis behavior 
with increasing lanthanum content.

On the contrary, substitution of La3+ for Ba2+ was found 
to decrease the frequency dispersion of Tm and the 
compositions corresponding to y ≥ 0.3 showed non-relaxor 
diffusive type phase transition. Remnant polarization (Pr) 
was improved from 5.5 μC/cm2 for pure BaBi4Ti4O15 to 
11.1 μC/cm2 for Ba0.7La0.2Bi4Ti4O15 ceramics. 

One of the authors (SK) is grateful to the Council of Scientific 
and Industrial Research (CSIR), New Delhi, India for the award 
of Senior Research Fellowship.

 A00007-00290 

Substrate Effects on the Characteristics of 
ZnO Thin Films Prepared by DC-Sputtering 
Technique

Nidhal JANDOW; Kamarulazizi IBRAHIM
School of Physics, Universiti Sains Malaysia, Penang, 
Malaysia

The sputtering techniques (RF and DC) are important 
methods for growth of ZnO films on different kinds of 
substrates.  It is a simple and low coast method which 
allows the growth of uniform films close to single crystal 
at low temperature. The structural, optical and electrical 
properties of ZnO thin films deposited by the DC-
sputtering on silicon, glass and Poly (propylene carbonate) 
(PPC) substrates have been studied and investigated. Our 
sputtering system consists of a conventional vacuum 
system which is a DC sputtering system operated with 
basic pressure of about 5x10-5 torr.  The chamber was 
back filled with argon. The target was pre-sputtered for 
few minutes to remove contamination, if any, from the 
surface and then the shutter was displaced to expose the 
PPC substrates in the sputtering plasma. The crystallinity, 
microstructure and surface morphology of ZnO thin films 
were investigated by X-ray diffraction (XRD) patterns 
scanning electron microscopy (SEM), atomic force 
microscopy (AFM) and photoluminescence (PL). The XRD 
spectra of all films show mainly the ZnO(0 0 2) diffraction 
peaks of hexagonal wurtzite type structure. This indicates 
that all films grew along c-axis orientation, perpendicular 
to the substrates. The films were an n-type semiconductor 
based on the results of Hall measurements.  The surface 
morphology shows that the grains become more uniform 
and bigger in size on PPC substrate as compare to that 
in silicon and glass. The effect of substrate types on the 
optical and electrical properties of ZnO films were related 
to their grain size, stress and carrier concentration confirm 
the proper phase formation of the material.

 A00013-00400 

Research on Fabrication and Characterization of 
Lithium Cobalt Oxide Thin Films

Feng XIULI; Meng FANMING; Liu XIAOJIANG; 
Cui YIXIU; Cui YANHUA
Institute of Electronic Engineering, Sichuan, China

With the development of the miniaturized electronic 
devices, thin-film batteries (TFBs) are of considerable 
interest as power sources. The all-solid-state thin film 
lithium ion rechargeable batteries have several attractive 
features including possible integration of battery fabrication 
with that of the microelectronic devices designed for 
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one specific purpose such as smart cards .An additional 
secondary lithium microbattery provides backup power 
and allows the digital memory states to remain unaffected 
during power failure or storage. So the all-solid-state 
thin film lithium ion rechargeable batteries are hot topic. 
The electrochemical performance of the all-solid-state 
thin film lithium ion rechargeable batteries is largely 
determined by the active electrode materials, especially 
cathode materials. Thin-film cathode materials consisting 
of LiMn2O4, LiCoO2,  LiNiO2 and so on have been studied 
by numerous researchers for theoretical study. Up to now, 
lithium cobalt oxide based electrodes exhibit superior 
properties in terms of voltage, cycle stability and energy 
density, no other material can substitute for LiCoO2. To 
date, many methods have been used to fabricate thin-film 
LiCoO2 electrodes, including electron beam evaporation, 
pulsed laser deposition(PLD), ratio frequency magnetism 
sputtering. Compared with other preparation methods, 
pulsed laser deposition technique has some advantages: 
oxidation environment, favorable stoichiometry and 
saving-time during preparation process. 

In this paper, LiCoO2 films were fabricated through PLD. 
The LiCoO2 ( rhombohedral, space group R3-m) target 
was mounted on a rotating holder. A KrF excimer laser 
(λ=248 nm, repetition rate of 2Hz) source was used to 
ablate the target. The laser beam was focused on the target 
to obtain beam intensity of 2–8 J/cm2. A Si(100) , Si(110) 
wafer or Al plate as substrate was placed parallel to the 
target at a distance of 50mm.At first, the vacuum chamber 
was evacuated down to less than 10-5 Pa, the substrate was 
room temperature, deposition time was not less than 1.0h. 
and then, the as-deposited films was sintered at 500°C 
for 0.5h. After cooling to room temperature the films 
were exposed to the ambient.The thickness of fabricated 
thin films was about 500nm, the roughness was less than 
30nm by sidestep apparatus. From X-ray photoelectron 
spectroscopy (XPS, XSAM800 with monochromatic Al-
Kα irradiation) indicated beam intensity has an effect 
on the ratio of Li to Co in the films. To obtain favorable 
stoichiometry, the beam intensity is 3 J/cm2, higher than 2 
J/cm2 from the reference. X-ray diffraction patterns (Philips 
X diffractometer with Cu-Kα radiation source ) of the as-
deposited films showed substrate structure has an influence 
on the film orientation. The electrochemical performance 
of the thin films was measured using the same method as 
described in reference, LiCoO2 film electrode exhibited 
better cycle behavior. Compared with the as-deposited 
films, the films morphology (AFM,S׀׀ SPA300HV) after 20 
circles changed from acicular to round and the roughness 
became bigger ,but the crystal structure kept stable.

 A00014-00014 

Colossal Dielectric Response In All-Ceramic 
Percolative Composite PMN-PT–Pb2Ru2O6.5

Vid BOBNAR1; Marko HROVAT2; Janez HOLC2; 
Marija KOSEC2

1. Condensed Matter Physics Department, Jozef Stefan 
Institute, Ljubljana, Slovenia
2. Electronic Ceramics Department, Jozef Stefan 
Institute, Ljubljana, Slovenia

Percolation theory predicts that the dielectric constant of 
a composite comprising a conductive filler embedded in 
a dielectric matrix diverges at the percolation threshold, 
where the insulator-metal transition occurs. The fact that 
the effective dielectric constant of a so-called percolative 
mixture is much larger than dielectric constants of 
individual constituents can intuitively be understood in 
terms that close to the percolation point there are many 
conducting particles isolated by thin dielectric layers. 
However, until very recently mainly organic percolative 
composites or composites with metal particles dispersed 
in an inorganic matrix have been developed. 

After a successful development of the lead-based Pb(Zr,Ti)
O3-Pb2Ru2O6.5 and lead-free (K,Na)NbO3-RuO2 all-ceramic 
percolative composites, an exceptionally high dielectric 
constant was obtained by making use of the conductive 
percolative phenomenon in the composite, comprising 
Pb2Ru2O6.5 with high electrical conductivity denoted as the 
conductive phase and ferroelectric 0.65Pb(Mg1/3Nb2/3)O3-
0.35PbTiO3 (PMN-PT) perovskite ceramic systems. The 
structural analysis revealed that there were no chemical 
reactions between the constituents during processing, which 
resulted in a uniform distribution of conductive ceramic 
grains within the PMN-PT matrix. Consequently, the 
dielectric response of the PMN-PT–Pb2Ru2O6.5 composite 
follows the predictions of the percolation theory. Thus, 
close to the percolation point exceptionally high values of 
the dielectric constant were obtained - values higher than 
105 were detected at room temperature at 1 kHz. Fit of 
the data, obtained for samples of different compositions, 
revealed critical exponent and percolation point, which 
reasonably agree with the theoretically predicted values.

Finally, not only structural and dielectric results, i.e., a 
successful synthesis of lead-based and lead-free systems 
exhibiting a stable giant dielectric response, but also 
electromechanical properties demonstrate the potential of 
developed all-ceramic percolative composites for use as 
high-dielectric-constant materials in various applications.
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 A00015-00410 

Thermoelectric Effect in Highly Doped SrLaTiO3, 
Quantum Wells and Heterostructure

Harry KWOK
University of Victoria, Canada

Thermoelectric effect has attracted much attention recently 
due to its potential application in cooling and power 
generation. The related theory (for bulk materials) is not new 
and the key parameter of interest, i.e., the thermoelectric 
power TEP or the Seebeck coefficient S can be derived 
based on charge transport and energy/heat transfer. Over 
the years, many thermoelectric materials have been 
identified and they exhibited high conversion efficiencies. 
Recent studies on thermoelectric effect in heterostructure 
and delta-doped layers also reported large thermoelectric 
power and it is of interest to find out if these selectively 
doped and/or interface layers (sometimes down to 1-2 unit 
layers) also exhibit thermoelectric properties as found in 
bulk materials. From the perspective of maximizing the 
thermoelectric power, the question would be whether 
one ought to favor the use of a quantum well structure 
or heterostructure. This work provides a comparative 
study on the performance of thermoelectric materials 
built on these structures.  Analyses have suggested that 
the thermoelectric effect in highly doped samples can be 
explained using conventional “metallic” model.  Such 
model when applied to doped SrTiO3 quantum wells and 
TiO2/SrTiO3 heterostructure also revealed major charge 
spread into the neighboring layers or the substrate. We 
are of the opinion this may be used to explain the “giant” 
thermoelectric power measured in doped SrTiO3 quantum 
wells and TiO2/SrTiO3 heterostructure recently reported in 
the literature.

 A00029-00031 

Can Aqueous Synthesized ZnO be Our Future 
Semicond 

Frederick F LANGE
Materials Department, University of California at Santa 
Barbara, Santa Barbara, United States

Interest in ZnO has increased due to the current and 
potential success of GaN in lighting our world.  Namely, 
ZnO shares many of the same properties.  For example, 
the band gap for ZnO is 3.4 eV relative to 3.5 eV for GaN.  
Both have the wurtzite structure.  Band gap engineering 
can be accomplished by substituting either Cd or Mg for 
Zn for production of all wavelengths for the solid state 
lighting industry. ZnO has an exciton binding energy 
that is approximately twice that of GaN.  Zn is relatively 
abundant and ZnO, inexpensive.  Although n-type ZnO 
can be synthesized by all vapor phase and a number of 
solution methods, p-type ZnO still needs to be consistently 
synthesized to enable light emitting diodes. Even so, ZnO 

is an important candidate for a wide variety of other energy 
related applications that include UV lasing, transparent 
conducting electrodes, gas sensors, solar cells, and 
varistors.  The provocative, ‘green’ title will be addressed 
with our current understanding and applications of n-ZnO 
synthesized in water at ≤ 90°C to form epitaxial films and 
3D structures.

 A00032-00305 

Low Resistivity and High Mobility of p-type  
Li-doped ZnO Materials

Yi-Wen KAO; Kuo-Chuang CHIU; Shan-Haw CHIOU
Materials Research Laboratories, Industrial Technology 
Research Institute, Hsinchu, Taiwan

Lithium doped zinc oxide polycrystalline bulks (LiZO) 
were prepared by soft-chemical route process. The quantity 
of lithium in the sol was varied from 0.05 to 0.3 mol%. The 
structural characteristics studied by X-ray diffractometry 
were complemented resistivity measurement by Hall 
Effect. Prepared under tartaric acid as chelating agents and 
sintered at 1400 oC was employed to elucidate the LiZO 
formulation for the bulk process. The lowest resistivity 
were obtained for the LiZO bulk containing 0.05 mol% 
of lithium. The Li-doped ZnO bulks prepared at 1400 oC 
possessed the lowest resistivity of  1.734 Ωcm with a Hall 
mobility of 32.7 cm2 V-1 s-1 and hole concentration of 1.1 
× 1017 cm-3.

 A00054-03976 

Electrical and Optical Properties of  ZnO:Ga Thin 
Films Fabricated via the Sol–gel Technique

Li-ling HUANG; Kuo-Chuang CHIU; Ren-Der JEAN
Industrial Technology Research Institute, Taiwan

Ga-doped ZnO (GZO) thin films were fabricated by 
a sol–gel process using zinc acetate dihydrate and 
2-methoxyethanol as starting precursor and solvent. The 
morphology, electrical and optical properties of GZO films 
were studied. The resistivity of 1.449 x 103 Ù was obtained 
after annealing in reduced atmosphere (20 %H2–80% Ar). 
The average transmission of the films were over 90% in 
the visible range.
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 A00063-00312 

The Temperature of Electrochromically-Colored 
WO3 Under Solar Radiation 

Saleh ALAMRI; Ahmed JORID
Physics Department, Taibah University, Madinah, 
Saudi Arabia

The temperature variations of electrochromically-colored 
WO3 thin films, the substrate (FTO on glass), and ambient 
air were investigated as a function of increasing incident 
solar radiation. Thin films of WO3 were deposited using 
an electron beam coating unit at a substrate temperature 
of 250oC, and produced amorphous films with mean 
roughnesses of approximately 15 nm. 

The electrochromically-colored WO3 increased the visible 
light absorbance of the substrate by more than a factor of 
four. As a result, the colored WO3 increased the maximum 
temperature of the substrate under solar radiation during 
the day by more than 10oC. 

The temperature of the electrochromically-colored WO3 
layer reached 88oC after peak solar radiation during the 
day and 23oC during the night. The rates of temperature 
increase as a function of incident power density were 
calculated to be 0.066, 0.056, and 0.01oC/W/m2 for the 
electrochromically-colored WO3, substrate, and ambient 
air, respectively.

 A00075-00431 

Studies on TIG Welded Monel 400 and 
Characterization of Oxide Film Formed on the 
Weldment Exposed Under Air Oxidation and 
Na2SO4 + NaCl (60%) at 700°C

Anand NATARAJAN1; 
Devendranath Ramkumar KASINATH1; 
Arivazhagan NATARAJAN1; 
Narayanan SOCKALINGAM1; 
Jayaganthan RENGASWAMY2

1. School of Mechanical & Building Sciences, 
VIT University, Tamil Nadu, India
2. Metallurgy and Materials Engineering Department, 
IIT Roorkee, Roorkee, India

Monel 400 is widely used in fixtures, pumps, valves and 
piping systems for marine application. Because of its 
good corrosion resistance it is also used in power plant 
equipment. The strength of the weldments is reported to 
be poor at molten salt environment. The weldments are 
characterized particularly by compositional gradients and 
microstructural changes, which yield large variations in 
metallurgical and mechanical properties across the weld. 

In the present investigation an attempt has been made 
to evaluate the mechanical properties include the 
microhardness, tensile strength TIG welded monel 400. 
The fractography of tensile fractured specimen shows 
the ductile fracture. It was found that the hardness was 
increased in weld interface as compared to base metals. 
High temperature corrosion tests were performed on weld, 
HAZ and base metal in molten salt of Na2SO4 + NaCl 
(60%) at 700 °C under cyclic condition and air oxidation 
environment.  Corrosion was extremely severe on the 
interface of the weldment after exposed 50 cycles. It was 
also observed that the corrosion across the weld interface 
was higher in the case of molten salt environment rather 
than air oxidation environment. Thin oxide film formed 
on the weldment was characterized using the combined 
techniques of optical microscopy, XRD, SEM/EDAX and 
EPMA analysis.

 A00082-00309 

The Effect of Process Parameters on Mullite 
Based Ceramic Nanocomposite Coatings

Raj VAIRAMUTHU; 
Mubarak Ali MUHAMATH BASHA
Department of Chemistry, Periyar University, Tamil Nadu, 
India

Thick mullite based ceramic nanocomposite coatings 
designed for corrosion protection, have been produced 
on aluminium under various conditions (electrolyte, 
processing time, temperature and current density) and 
their thickness, growth rate, hardness, microstructure and 
phase composition have been studied. The final coating 
thickness depends predominately on the processing time 
and the applied current density. A through thickness 
variation in the composition of the coating is observed. The 
concentration of silicate in the electrolyte has reasonable 
effect on the resulting coating thickness, Composition 
and porosity. The deterioration of the microhardness 
with increasing electrolyte temperature could mainly 
be attributed to the increase of the porosity in the outer 
region of the oxides since the rate of microhardness 
reduction is almost synchronous with the rate of porosity 
increase. Electrochemical impedance spectroscopy and 
potentiodynamic polarization methods are powerful 
techniques to investigate the corrosion protection of 
Al2O3 nanocomposite coatings. However, the oxygen 
atoms were not diffused into the unoxidized aluminium 
substrate, even near the coating/substrate interface. This 
facilitates maintaining mechanical properties of aluminium 
substrate after anodic oxidation treatment. Overall this 
paper highlights the important influence of the electrolyte 
temperature on the microstructure and mechanical 
properties of the anodic film and further emphasizes the 
significance that electrolyte convection and heat transfer 
of the anodizing process have in terms of influence on the 
mechanical properties of the anodic oxide coatings.
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 A00089-00568 

Size Effect of Ferroelectric Properties for 
Nanocgrain Barium Titanate Ceramics

Xiang Yun DENG1;2;3

1. College of Physics and Electronic Information, 
Tianjin Normal University, China
2. Materials and Chemical Engineering Institute, 
Hainan University, China
3. Department of Materials Science and Engineering, 
Tsinghua University, China

The bulk dense nanocrystalline BaTiO3 (BT) ceramics 
with the grain size range from 20 to 100 nm ceramics have 
been successfully prepared by the spark plasma sintering 
(SPS) method. The dielectric data were investigated by 
dielectric constant, hysteresis loop and piezoresponse force 
microscopy. Raman spectra and X-ray diffraction (XRD) 
were used in combination with electron microscopy to study 
the evolution of lattice structure and phase transformation 
behavior with grain growth from nanoscale to micrometer 
scale for BT ceramics. The results show that a broad ferro-
para phase transition with the decrease of the grain size. 
The dielectric constant decrease with the grain size going 
down, above 400Hz dielectric constant increase when the 
frequency going up and loss decrease with the frequency 
increase. The hysteresis loop demonstrated that 20 nm BT 
ceramics has a remanent polarization and is switchable by 
an electric field. Thus, if a critical grain size (GS) exists 
for ferroelectricity, it is less than 20 nm for polycrystalline 
BT ceramics.

 A00109-00389 

Multiferroic Behaviors in (Ni0.5Zn0.5)Fe2O4/
Pb(Zr0.53Ti0.47)O3 Composite Thick Films

Wei CHEN1; Xiaofeng CHEN1; Zhihong WANG2; 
Weiguang ZHU1; Ooi Kiang TAN1

1. School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore
2. School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, Singapore

(Ni 0.5Zn 0.5)Fe 2O 4/Pb(Zr 0.53Ti 0.47)O 3 (NZFO/PZT) 
multiferroic composite films with the thickness in the range 
of 1-5 µm are prepared using a hybrid sol-gel processing 
approach, which includes dispersion of modified NZFO 
and commercial PZT powders via a high energy ball milling 
method. Size-analysis indicates that there are two kinds of 
sub-micro-meter particles in the film. PZT perovskite phase 
is measured by x-ray diffraction (XRD) but no obvious 
XRD peaks of the NZFO spinel phase are detected because 
of the low mass fraction of NZFO and its buried distribution 
in the PZT matrix. Scanning Electron Microscope (SEM) 
micrographs reveal the important influence of PZT sol on 
the film densification. Dielectric permittivity is increased 
with increasing the mass fraction of PZT. The films exhibit 

both ferromagnetic and ferroelectric properties at room 
temperature. Furthermore, with decreasing the PZT mass 
fraction, ferromagnetic behavior is enhanced with a good 
ferroelectric behavior. A magnetoelectric effect is hence 
predicted. Detailed and systematic experimental results 
will be presented and discussed.

 A00112-00292 

Nanoparticles of the Giant Dielectric Ceramic, 
CaCu3Ti4O12, from a Complex Oxalate Precursor 
Route

P. THOMAS1;2; K. DWARAKANATH2; 
K. B. R. VARMA1; T. R. N. KUTTY1

1. Materials Research Centre, Indian Institute of Science, 
Karnataka, India
2. Dielectric Materials Division, Centre Power Research 
Institute, Karnataka, India

A complex oxalate precursor, CaCu3(TiO)4(C2O4)8.9H2O 
(CCT-OX), was synthesized and the phase singularity was 
confirmed by the wet chemical analyses, X-ray diffraction, 
FT-IR and TGA/DTA analyses. The thermal decomposition 
of this oxalate precursor led to the formation of phase-pure 
calcium copper titanate, CaCu3Ti4O12, (CCTO) at 680oC. 
The bright-field TEM micrographs revealed that the size of 
the as synthesized crystallites to be in the 30-80nm range. 
The powders derived from the oxalate precursor have 
excellent sinterability resulting in high density ceramics 
which exhibited giant dielectric constants upto 40,000 (1 
kHz) at 25oC, accompanied by low dielectric loss < 0.07.

 A00120-00726 

Sol-gel Synthesis, Structure and Magnetic 
Properties of CuxNa4-2xSiO4 [x= 0.0001, 0.002, 
0.005, 0.013] Composites

Bidhu Bhusan DAS; Siva Koteswar RAO; 
Murugesan YOGAPRIYA; Masilamani DEEPA; 
Palani VIMALA; Kuppan PALANISAMY
Department of Chemistry, Pondicherry University, 
Pondicherry, India

Synthesis of Cu-doped CuxNa4-2xSiO4 [K1-K4: x= 0.0001, 
0.002, 0.005, 0.013] is performed by sol-gel method. 
Powder x-ray diffraction studies show monoclinic unit cell 
with lattice parameters in K1-K4 : a= 11.9642,  9.2623, 
6.5197, 6.3834 Å; b= 5.4947, 5.5735, 3.4703, 5.5530 Å ; 
c= 3.5798, 3.2516, 6.3619, 3.4080 Å, respectively. The unit 
cell volumes in K1-K4 as  232.36, 166.78, 143.85, 116.17  
Å3, respectively show gradual increase with increase in x. 
IR spectra of samples at 300 K show peaks around 540 
cm-1, 705 cm-1,  755 cm-1 and 993 cm-1 due to  Cu-O, Na-O, 
symmetric and asymmetric mode of tetrahedral [SiO4/2]

4- 
unit, respectively. Calculated magnetic susceptibility ~ 
4.0x10-6 emu/gG in the samples from observed magnetic 
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moment data show fairly strong magnetic nature of the 
samples. The observed electron paramagnetic resonance 
(EPR) lineshapes of K1-K4 at 11, 77 and 300 K show 
axially symmetric features with well resolved 4-parallel 
lines and poorly resolved 4-perpendicular lines typical a 63 

or 65Cu(I=3/2) nucleus at a Cu2+(3d9) site. From the trends 
g||>g⊥>ge(ge=2.0023) obtained from the EPR lineshape 
simulations we conclude that the paramagnetic site in the 
specimen is Cu2+(3d9) which is in a tetragonally elongated 
octahedron [O1/2-CuO4/2-O1/2] exhibiting John–Teller 
distortion having D4h symmetry with orbital singlet 2B1g 
(|dX

2
-Y

2>) as the ground state. The calculated values of the 
molecular orbital coefficients, β2, α2, δ2 and κ with usual 
connotations are also found to be similar at 11, 77 and 
300 K, which shows that the geometry of the octahedron 
containing the paramagnetic site Cu2+ is fairly ‘rigid’ within 
the temperature range studied. The optical absorption 
spectra show a band in the range 567-575 nm due to the 
superimposed three d-d transitions as 2B1g→

2B2g, 
2B1g→ 2Eg 

and 2B1g→
2A1g of the octahedral splitting with tetragonal 

distortion of the Cu2+(d9) 3d-energy levels from the 2B1g 
(|dx

2
-y

2>) ground state.

 A00120-00757 

Sol-gel Synthesis and Structure-property 
Relations in Silver Nanoparticles – Dispersed on 
GeO2 Matrix

Bidhu Bhusan DAS; Jose JOSE
Department of Chemistry, Pondicherry University, 
Pondicherry, India

Synthesis of Ag nanoparticles dispersed in polycrystalline 
germanium dioxide matrix was performed via sol-gel route.  
Analysis of the powder xrd pattern shows cubic unit cell 
of Ag with lattice parameters: a= 4.0884 Ǻ, space group 
Fm3m and calculated density= 10.467 g/cc in the sample. 
EDX results show the presence of only GeO2 and Ag in 
the sample. The average crystallite sizes of Ag particles 
determined by Scherrer’s relation are found to be ~ 18-
47 nm. The calculated value of the magnetic susceptibility 
of 1.014×10-5 emu/gG due to reduced Ag atoms from 
the observed  magnetic moment data  show fairly strong 
paramagnetic nature of the sample. Calculated value of 
exchange integral is found to be  8.362×1012 Hz from 
the Weiss constant value of 200 K. Observed sharp EPR 
lineshapes at 8, 77 and 300 K with g-values  2.0036, 2.0036 
and 1.986, respectively shows that the Ag 6s1 electrons are 
localized in the Ag nano particles. The unit cell structure 
of Ag is developed in Fm3m space group with Ag atoms 
in 4(a) positions. The refinement of structure shows the 
agreement factors Rp=67.22%, Rwp=75.7%, Rexp=0.06%. 
The cell formula is found to be Ag4 and Ag-Ag bond 
length as 2.8909 Ǻ. Calculated density of states below 
Fermi energy  (EF )  from -2 to -8 eV are due to valence 
d orbitals of Ag. The observed and the calculated optical 
absorption spectra show close similarity and the intense 

absorption around 200 nm is attributed to the charge 
transfer transitions. The calculated value of refractive 
indices less than one at some frequencies may be due to 
the anomalous dispersion from core bound electrons in Ag 
particles. The calculated electrical conductivity plots show 
that below ~ 110000 cm-1 the real part is positive and the 
imaginary part is negative, and at higher frequencies both 
are positive.

 A00135-00643 

Thermoelectric Response Of Electron-doped 
CaMnO3 Perovskites 

Yang WANG1;2; Yu SUI1; Xianjie WANG1; Wenhui SU1; 
Hongjin FAN2

1. Department of Physics, Harbin Institute of Technology, 
Harbin, China
2. Division of Physics and Applied Physics, Nanyang 
Technological University, Singapore

Environmentaly-friendly thermoelectric materials have 
attracted widely interests. The figure of merit Z=S2/
ρκ, where S is thermopower, ρ resistivity and κ thermal 
conductivity, is used to characterize materials for 
their thermoelectric performance; ZT>1 (T is absolute 
temperature) is required for practical application. 
Compared with conventional thermoelectric materials 
(doped semiconductors and alloys), metal oxides are more 
suitable for practical application because of their structural 
and chemical stability, oxidation resistance and low cost. 
Recently, the discovery of large thermoelectric response in 
3d transition-metal oxides (manganites, cobaltites, titanates 
etc) attracted a renewed interest in studying thermoelectric 
oxides.

As one of the most typical 3d transition-metal oxides, 
perovskite manganites A1-xRxMnO3 (A=alkaline earth, 
R=rare earth) have been studied widely because of their 
rich physical properties such as colossal magnetoresistance, 
phase separation, charge ordering, orbital ordering, and 
spin glass behavior. In contrast to magnetic and transport 
properties, systematic studies on their thermoelectric 
properties are quite few. Especially, due to the complex 
interplay between spin, charge, orbital and lattice 
degrees of freedom, the thermopower behavior of these 
manganites still keeps unclear. But thermopower is crucial 
to understand the transport nature and thermoelectric 
performance of these systems. 

In this study, a series Ca1-xRxMnO3 perovskites in electron-
doped range were prepared. Skipping the details of phase 
diagram and magnetic properties, we direct attention to 
the properties relative to thermoelectricity and particularly 
focus on thermopower. 

Considering thermopower is a function of carrier 
concentration and configurational entropy, we first 



Symposium D - Functional Ceramic Materials, Oxide Thin Films and Heterostructures     25

investigate semi-theoretically thermopower of these 
perovskites based on the electronic structure of the 3d 
orbitals of Mn ions using metallic diffusion model, 
Boltzmann transport model and narrow band model. As 
temperature decreases, the evolution of the freedom degree 
of spin and orbital together with the change of phonon 
scattering mode can describe thermopower behavior 
satisfactorily. Besides, when the carrier concentration and 
site degeneracy are fixed, structural distortions have strong 
effects on thermopower. The phonon drag effects at low 
temperature are also discussed.

Furthermore, magnetic field has strong influence on 
configurational entropy and electronic effective mass, and 
thus induces remarkable magneto-thermopower effect. 
In high temperature range, configurational entropy tends 
to unit under magnetic field, giving rise to thermopower 
tends to zero, however, in low temperature range, the 
notable increase of electronic effective mass under field 
leads to the enhancement of thermopower whereas the 
variation of configurational entropy is slight. Such results 
found in manganites are in contrast to cobaltites in which 
spin entropy is the source of large thermopower, revealing 
intrinsic difference in the two electronic strongly correlated 
systems.

Finally, we test high temperature thermoelectric 
performance of these manganites and get the optimal ZT 
around 0.2 at 1000K. This ZT value is still too low far 
from the applied criterion (ZT >1). Using the dynamical 
mean field theory, we demonstrate that a ZT value larger 
than one in electron-doped CaMnO3 systems seems rather 
unlikely. Some strategies for searching new thermoelectric 
materials with high performance in transition-metal oxides 
are also proposed. 

 A00138-00291 

Effect of Heat Treatment on the Structure and 
Properties of Chemical Solution Processed 
Multiferroic Bi2CrFeO6 Thin Films

Alka GUPTA
Department of Material Science, IIT Kanpur, Kanpur, 
India

In this paper, we report on growth and characterization of 
polycrystalline Bi2CrFeO6 (BFCO) thin films deposited 
on indium tin oxide (ITO) coated glass substrates via 
chemical solution deposition technique. The coated thin 
films were crystallized by heat-treating the films at various 
temperatures for 1 h in flowing nitrogen. The structure 
of thin films was analyzed by grazing incidence X-ray 
diffraction (GIXRD) analysis. Hysteresis measurements 
on BFCO films showed that the films were ferroelectric in 
nature and ferroelectric nature was dependent on the heat 
treatment temperature. Magnetic hysteresis measurements 
suggest canted Antiferromagnet behaviour of the films. 

 A00153-02511 

Preparation of High-Activity Au/CeO2 Nanoneedles 
for CO Oxidation

Yu-Ling LIU; Ping-Jai LIN; Kao-Kan HSU; 
Huey-Ing CHEN
Department of Chemical Engineering, National Cheng 
Kung University, Tainan, Taiwan

Gold supported cerium oxide (Au/CeO2) nanoneedles were 
synthesized by the deposition-precipitation method for the 
catalytic CO oxidation. Experimentally, nanocrystalline 
CeO2 needles (length of 100-200 nm and diameter of 8-10 
nm) were firstly prepared by the two-stage precipitation 
method proposed previously. Then, Au nanoparticles were 
deposited on the prepared CeO2 nanoneedles starting from 
the HAuCl4 solution followed by aging, washing, and 
finally calcined in air at 400oC for 4 hours. The pH value 
of the Au precursor solution, in the range of 3 to 12, was 
adjusted by adding sodium hydroxide or hydrochloric acid 
solution. The morphology, crystalline structure, surface 
area, electronic states of Au, and oxidation ability of the 
resulting Au/CeO2 nanoneedles were characterized by using 
the TEM, HRTEM, XRD, BET, XPS and TPR techniques. 
In advance, catalytic activities of samples on CO oxidation 
were studied in a tubular reactor at temperatures of 303-673 
K. Moreover, particulate shaped Au/CeO2 nanoparticles 
were also synthesized for comparison.

The results showed that the pH value of the Au precursor 
solution played an important role on the deposited 
amount and dispersion of Au nanoparticles. The sample 
prepared at an optimal pH value of about 8, having 
largest deposition amount and highest dispersion of Au, 
exhibited a maximum catalytic activity on CO oxidation. 
As compare with the particulate sample, the Au/CeO2 
nanoneedles showed a higher catalytic activity due to the 
morphological effect of support. Since needle-like CeO2 
sample was characterized with relatively larger portion of 
high energy {100} and {110} facet on the exposed surface, 
it possessed higher activity than the particulate one. 
Even at room temperature, the CO conversion of the Au/
CeO2 nanoneedles reached 95% in the studied condition, 
indicating the studied samples showed a very promising 
development for catalytic uses.
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Synthesis and Field Emission Properties of Well-
Aligned ZnO Nanowires on Buffer Layer

Wei Li ONG1; Cha Yung YU3; Ying WANG3; 
Chorng Haur SOW2; Sharon Xiaodai LIM2; 
Andrew See Weng WONG4; Ghim Wei HO1 
1. Electrical and Computer Engineering, National 
University of Singapore, Singapore
2. Physics, National University of Singapore, Singapore
3. Engineering Science Programme, National University 
of Singapore, Singapore
4. Institute of Materials Research and Engineering, 
Singapore

Transparent conducting oxides (TCOs) with a remarkable 
combination of high electrical conductivity and optical 
transparency are used in many important technological 
applications. These include flat panel displays, solar 
energy devices and optoelectronic devices. Although 
indium-tin-oxide (ITO) has been in practical use for most 
such applications, the cost and scarcity of the principal 
material of ITO, indium, has resulted in the research and 
development of other TCOs as possible substitutes to ITO. 
Zinc oxide (ZnO) which has a wide bandgap of 3.37eV 
and large exciton binding energy of 60meV at room 
temperature has attracted considerable interest due to its 
inexpensive and non-toxic source materials.

A simple method involving thermal evaporation of a 
mixture of ZnO and graphite powders using a horizontal 
double-tube system is presented here. Well-aligned ZnO 
nanowires of uniform diameter and length were grown 
on Si (111) substrates pre-coated with a ZnO buffer 
layer. The peaks in the X-Ray Diffraction (XRD) pattern 
have been indexed to the wurtzite hexagonal ZnO phase, 
showing a preferential growth in the [0001] direction. 
Scanning Electron Microscopy (SEM) showed perfect 
hexagonal-faceted surfaces on the nanowires. Structural 
characterization of the ZnO nanowires by Transmission 
Electron Microscopy (TEM) showed that the nanowires 
have a uniform diameter with a smooth surface topology 
throughout their lengths. Clear lattice fringes as seen in 
the High-Resolution Transmission Electron Microscopy 
(HRTEM) indicated the single-crystalline structure of 
the ZnO nanowires, and the lattice spacing confirmed 
the [0001] growth direction. The Selected Area Electron 
Diffraction (SAED) pattern also verified the growth of the 
nanowires along the [0001] direction. Photoluminescence 
measurements at room temperature produced a strong 
ultraviolet emission and a suppressed green emission, 
affirming the presence of few defects in the product and 
the good optical properties of the synthesized nanowires. 
Field emission properties of the nanowire arrays were 
investigated and the measurements showed a high 
emission current density and a low turn-on voltage. The 
Fowler-Nordheim (F-N) plot of the data showed that 
the field emission behavior can be well described by the 

F-N mechanism. Electrical characterization of the ZnO 
nanowires was carried out via current-voltage, capacitance-
voltage and two-point measurements. Properties such as 
the resistance of the nanowires were obtained from these 
measurements. 

A simple method to synthesize well-aligned ZnO 
nanowires is presented here, where the growth process 
is easily controlled by the buffer layer. This allows ZnO 
nanowires to be grown on substrates other than silicon, as 
long as a buffer layer is pre-coated on the substrate. This 
development of a TCO provides a promising alternative to 
ITO, and it would be highly applicable for direct integration 
in TCO-related device applications.

 A00179-01037 

In-situ Detection of Porosity Initiation during 
Aluminum Anodizing by High-Resolution 
Curvature Measurements

Quentin VAN OVERMEERE1; Bernard NYSTEN2;3; 
Joris PROOST1

1. Division of Materials and Process Engineering, 
Universite Catholique de Louvain, Louvain-la-Neuve, 
Belgium
2. Unite de Physique et de Chimie des hauts Polymeres, 
Universite Catholique de Louvain, Louvain-la-Neuve, 
Belgium
3. Research Centre on Micro- and Nanoscopic Materials 
and Electronic Devices, Universite Catholique de 
Louvain, Louvain-la-Neuve, Belgium

Porous anodic aluminum oxide templates have been 
extensively used for the fabrication of nanostructures 
since the first report of the achievement of a regular 
porous structure by Masuda in 1995. However, the 
mechanisms underlying the porosity nucleation, growth 
and self-organization are not completely understood 
yet. Understanding these mechanisms could potentially 
provide a precise control of the templates morphology, or 
the achievement of self-organized porous growth for other 
materials.

Porous anodic films on aluminum are well-known to grow 
in two steps: the first one is the growth of a barrier layer; 
the second one is the growth of a porous layer on top of 
the dense barrier layer. When templates are fabricated, the 
porous layer growth stage is relatively long compared to 
the one for barrier layer growth. Nonetheless, the transition 
between the two steps has a critical influence on the porous 
layer morphology. Recently, experimental evidence and 
theoretical calculations have suggested that the porous 
layer grows by diffusional flow of oxide from the barrier 
to the porous oxide layer under the influence of internal 
stresses in the oxide.
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Inspired by this possible interplay between stress and porous 
oxide growth, we have performed in-situ stress-induced 
curvature measurements during aluminum anodizing. We 
observed a well-defined transition in the rate of curvature 
change when porosity appears. The onset of porosity 
appearance was confirmed by a quantitative analysis of 
the spectral density distributions of anodized surfaces, 
obtained by analyzing ex-situ atomic force microscopy 
images of surfaces anodized for different times.

The in-situ stress measurements further allowed performing 
a perturbation analysis of the oxide growth. The analysis 
consisted in evaluating the energy difference between a flat 
oxide layer and an oxide layer with an undulating surface, 
taking into account the contributions from changes in 
surface energy, mechanical energy and electrical energy. 
The analysis revealed that length scales involved in the 
creation of porosity are more likely to be selected from 
the competing effects of changes in the electrical energy 
stored versus surface energy, the mechanical energy 
changes being negligible at the length scales characteristic 
of porous aluminum oxide.

Quentin Van Overmeere gratefully acknowledges financial 
support of the Belgian Fonds pour la Recherche dans l’Industrie 
et l’Agriculture (FRIA). Bernard Nysten is a Senior Research 
Associate of the Belgian Funds for Scientific Research (FRS-
FNRS).
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TiO2 Composite Electrodes Fabrication for Hybrid 
Solar Cells 

Chung-Bo TSAI1; Rui-Ren WANG1; Tsung-Lung SHEN2; 
Lee-Yih WANG2

1. Taiwan Textile Research Institute, Taipei, Taiwan
2. Center for Condensed Matter Sciences, National 
Taiwan University, Taipei, Taiwan

A high efficiency hybrid solar cell was prepared by 
coating (benzylbutyl)(1,2-methanofullerene C60)-61,61-
dicarboxylate (BBMDC)/poly(3-hexylthiophene) (P3HT) 
mixed photovoltaic active layer on a composite TiO2 
electrode. A dense TiO2 film was first coated on a fluorine-
doped tin oxide (FTO) substrate. The high refractive TiO2 
film brought photon scattering for better light absorption. 
A mesoporous TiO2 film was then synthesized by 
evaporation-induced self assembly (EISA) method on the 
dense TiO2 film. The photovoltaic active layer adsorbed 
on the large specific surface of mesoporous TiO2 films 
therefore increased the donor-acceptor interface of the 
cells. Moreover, the good electron acceptor material of 
TiO2 thus enhanced the photovoltaic efficiency of the solar 
cells. The performance of the hybrid solar cell with TiO2 
composite electrode was with an open circuit voltage (Voc) 
of 0.59 V, a short circuit current (Jsc) of 4.22 mA/cm2, a fill 
factor (FF) of 47.2%, and an energy conversion efficiency 
(η) of 1.11%.

 A00184-04740 

Preparation and Characterization of p-type ZnO 
Thin Films by Ga and N Co-doping Process 

Juho KIM1; Sun Sook LEE1; Young Sung KIM2; 
Ki-Seok AN1

1. Device Materials Research Center, Korea Research 
Institute of Chemcial Technology, Daejeon, South Korea
2. Advanced Material Process of Information Technology, 
Sungkyunkwan University, Suwon, South Korea

Recently, p-type ZnO thin film has been importance for the 
opto-electronic application and has attracted considerable 
attentions. In this study, we have investigated the N-doping 
effects in ZnO-Ga thin films using high energy proton 
accelerator and thermal annealing. The ZnO-Ga (3 wt.%) 
thin films were prepared by pulsed magnetron sputtering at 
the substrate temperature of 300 °C and N ions were doped 
in ZnO-Ga thin films by proton accelerator at various 
conditions. The N dosing flux were varied from 1015 to 1018 
cm-3 and the films were annealed with the temperature of 
500 °C in vacuum atmosphere. The structural and optical 
properties of the thin films were measured by X-ray 
diffraction, X-ray photoelectron spectroscopy, scanning 
electron microscopy, and photoluminescence, etc. The 
electrical properties of N and Ga co-doped ZnO thin films 
were measured by Hall effect measurements using van der 
Pauw method. The corresponding carrier density, mobility 
and resistivity of the N-dosed ZnO-Ga film with the dosing 
flux of 1017 cm-3 were 2.6x1017 cm-3, 2 cm2/Vs, and 17.4 
Ωcm, respectively and thus is considered applicable to 
p-type ZnO thin film.

 A00193-00542 

Advanced Porous Ceramics through the 
Microstructure Control 

Kiyoshi OKADA1; Toshihiro ISOBE2; 
Yoshikazu KAMESHIMA2; Akira NAKAJIMA2

1. Materials and Structures Laboratory, Tokyo Institute of 
Technology, Yokohama, Japan
2. Metallurgy and Ceramics Science, Tokyo Institute of 
Technology, Tokyo, Japan

Microstructure control is very important to realize various 
giant properties for advanced materials. In this presentation, 
importance of control of porous microstructures was 
featured by showing three materials, which can be used 
for save-energy applications based on the excellent water 
vapor and/or water adsorbing and evaporating properties 
by advanced porous ceramics. To enhance such target 
properties, the important factors are size, distribution, 
arrangement and surface characters of pores. Pore size is 
classified into three groups, i.e. micro- (≤2 nm), meso- (2-
50 nm) and macro-pores (>50 nm). 
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Micro-pores show strong interaction with adsorbents by 
micro-pore filling or clustering because of the very narrow 
pore spaces. Micro-porous materials, such as zeolites, 
activated carbons and silica gels, show high adsorption of 
water vapor at low relative pressure (P/P0). Improvement 
of adsorption can be realized by control of pore size, pore 
volume and surface chemical coating. Some examples of 
micro-porous materials developed for chemical heat pump 
applications using water vapor adsorption-desorption 
heat energy in the range between P/P0=0.1 and 0.3 are 
introduced.   

Meso-porous materials show steep increase and decrease 
of water vapor at middle range of P/P0 by capillary 
condensation and evaporation with a hysteresis. We 
developed a meso-porous alumina with a unique 
microstructure of 5-6 nm in pore size using phase 
separation and selective leaching method. The ceramic 
boards used for wall materials showed an excellent effect 
to keep constant relative humidity at around 60% owing 
to the large amount of adsorption and desorption ability of 
water vapor. Due to the unique microstructure, this porous 
alumina had an excellent thermal stability maintaining the 
specific surface area >100 m2/g after heating at 1200oC.

Macro-porous materials show an excellent water absorption 
property because of the great pore volume. We prepared 
macro-porous materials with unidirectionally aligned 
pores by an extrusion method using flammable fibers as the 
pore formers. By controlling the pore size, distribution and 
alignment of this ceramics, microstructure similar to lotus 
was obtained with a pore diameter of about 15 µm. This 
porous ceramics show very high capillary lift ability up 
to 1400 mm, of which height is about 3 times higher than 
the ability of conventional ceramics. Due to this excellent 
capillary lift ability and evaporation of water vapor from 
the surfaces, this material shows lowering of temperature 
>10oC and is applicable to counteract heat island effect, 
contributing to save energy.

In this way, advanced porous ceramics prepared by 
controlling of their pore sizes, distributions, arrangement 
and surface chemical coating show various giant properties 
and are applicable to various save energy technologies.

 A00199-01303 

Synthesis, Crystal Structures and High-
Temperature Thermoelectric Properties of Spinel-
type Cobalt-Ruthenium Oxides 

Junichi TAKAHASHI1; Tetsuya KAWANO1; 
Takahiro YAMADA1; Takeshi OKUTANI2; 
Hisanori YAMANE1

1. Tohoku University, Japan
2. Yokohama National University, Japan

To accumulate basic data of the thermoelectric conversion 
oxide material, a thermoelectric characteristic of spimel-
type cobalt-ruthenium oxides, Co3−xRuxO4−y, were 
measured. A single phase of solid solutions of Co3−xRuxO4−y 
was prepared from Co3O4 and RuO2 powders by solid-state 
reaction at a limited temperature range of 1173–1273 K in 
air for 0.50≤x≤0.70 and 0.1<y<0.2. The crystal structures 
of the solid solutions were refined by Rietveld analysis of 
their powder X-ray diffraction patterns. The solid solutions 
crystallized in cubic cells with a space group of Fd¯3m 
having formal compositions of (Co)tet[Co2−xRux]

octO4−y, 
where tet refers to the tetrahedral site and oct the octahedral 
one. The electrical transport property of the solid solutions 
exhibited semiconducting behavior and positive Seebeck 
coefficient in the temperature range from 298 to 1073 
K. The thermal conductivity increased with increasing 
temperature. The maximum dimensionless figure of merit 
of 0.024 was measured for Co2.35Ru0.65O3.86 at 973 K.

 A00207-00613 

Diffraction Study of Thermal Decomposition of 
Ti2AlC in Vacuum

Wei Kong PANG1; It Meng LOW1; Brian O’CONNOR1; 
Andrew STUDER2; Jens-Petter PALMQUIST3

1. Department of Applied Physics, Curtin University of 
Technology, Perth, Australia
2. Bragg Institute, Australian Nuclear Science and 
Technology Organisation (ANSTO), NSW, Australia
3. Heating Systems R&D, Kanthal AB, Hallstahammar, 
Sweden

Titanium aluminum carbide (Ti2AlC) demonstrates 
interesting combination of properties of both metals and 
ceramics, such as good machinability, thermally shock 
resistant, thermally and electrically conductive, damage 
tolerant, lightweight, excellent oxidation resistance and 
elastically stiff. In this research, the effect of high vacuum 
annealing on the phase stability and phase transition of 
Ti2AlC up to 1550 °C was studied using in-situ neutron 
diffraction. The decomposition of Ti2AlC into TiC was 
observed from the change of phase abundances as a function 
of temperature. Furthermore, the activation energy for the 
decomposition of Ti2AlC was determined by Arrhenius’ 
equation to be 85.7kJ mol-1. Moreover, depth profile of 
vacuum annealed Ti2AlC was performed by secondary-
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ions mass spectrometry (SIMS) and synchrotron radiation 
diffraction (SRD) experiments. The depth-profiling results 
of vacuum annealed Ti2AlC will also be presented and 
discussed.

 A00207-02854 

Diffraction Study of Thermal Decomposition of 
Ti3Si0.95Al0.05C2 in Vacuum

Wei Kong PANG1; It Meng LOW1; Brian O’CONNOR1; 
Andrew STUDER2

1. Applied Physics, Curtin University of Technology, 
Perth, Australia
2. The Bragg Institute, Australian Nuclear Science and 
Technology Organisation (ANSTO), NSW, Australia

Ti3SiC2 has been widely recognized to be an excellent 
functional ceramic material due to its unique combination 
of salient properties of both metals and ceramics. The 
thermal stability in various atmospheres, i.e. vacuum 
and argon atmosphere, of Ti3SiC2 is of great concern in 
engineering applications. Ti3SixAl1−xC2 solid solutions can 
be formed via doping Al in Ti3SiC2. It has been shown 
that even a small amount of Al dopant can significantly 
improve the oxidation resistance of Ti3SiC2 attributing 
to the formation of α-Al2O3 layer during oxidation. 
However, the thermal stability of Ti3SixAl1−xC2 has not 
gained too much attention from research scientists. In this 
paper, a comprehensive study of the thermal stability of 
Ti3SixAl1−xC2 up to 1550 °C was carried out using in-situ 
neutron diffraction. The decomposition of Ti3SixAl1−xC2 into 
TiC was observed from the change of phase abundances 
as a function of temperature. Furthermore, the activation 
energy for the decomposition of Ti3SixAl1−xC2 determined 
from the Arrhenius’ equation was 76.7 kJ mol-1. Moreover, 
depth profiling of vacuum annealed Ti3SixAl1−xC2 was 
performed by secondary-ions mass spectrometry (SIMS) 
and synchrotron radiation diffraction (SRD) experiments. 
The depth-profiling results of vacuum annealed Ti2AlC 
will also be presented and discussed.

 A00212-00918 

Weak Ferromagnetism and Magnetoelectric 
Coupling in Multiferroic CuCr0.95Ni0.05O2

Shijun LUO; Kefeng WANG; Junming LIU
National Laboratory of Microstructures and Department 
of Physics, Nanjing University, Nanjing, China

We have performed magnetism, dielectric constant and 
electric polarization measurements on the delafossite 
multiferroic CuCr1-xNixO2 with x=0.05, and investigated the 
correlation between electric polarization and magnetism 
with the different magnetic fields. We found the electric 
polarization P in the CuCr0.95Ni0.05O2 (CCNO) sample 
has the relatively large value of ~50μC/m2 compared 

with P(~30μC/m2) in the CuCrO2 (CCO) polycrystalline 
ceramic and P(~95μC/m2) in the CCO single crystal, and 
the value in magnetization for CCNO is roughly one power 
of magnitude larger and shows weak ferromagnetism., 
which is different from the spiral antiferromagnetic order 
in CuCrO. This indicates that Ni ion substituting for Cr3+ 
ion results in enhance magnetism, probably results in 
CCNO with a conical spin magnetic structure.

 A00212-00921 

Disorder Enhanced Magnetoresistant Effect in 
Manganites 

Kefeng WANG; Shuai DONG; Chengliang LU; 
Junming LIU
National Laboratory of Microstructure and Department 
of Physics, Nanjing University, Nanjing, China

The effects of A-site cational size-mismatch (A-site 
disorder) on the stability of charge-ordered states and 
phase separated phase in a series of manganites with 
constant A-site ionic average radii <rA>=1.18Å but 
different A-site ionic size mismatch σ2 are experimentally 
investigated. It is revealed that the charge/orbital ordered 
antiferromagnetic ground state becomes destabilized and 
eventually collapses into coexisting of the predominant 
ferromagnetic metal (FMM) state and short-rang charge/
orbital ordered state with increasing σ2, resulting in 
enhanced colossal magnetoresistance. However, further 
increasing A-site disorder will suppress the FMM state 
and seem to favor a cluster-glass insulating state due to the 
severe electronic localization. 

 A00250-00469 

Domain Reorientation Dynamics of Sol–gel 
Derived Strontium Doped PLZT (8/65/35)

Kanhaiya Lal YADAV; Md Ahamad MOHIDDON
Department of Physics, Indian Institute of Technology 
Roorkee, Roorkee, India

Polycrystalline samples of PLSZT with the composition 
Pb0.92-xLa0.08Srx(Zr0.65 Ti0.35)O3 (where x = 0, 0.02, 0.04, 0.06, 
0.08, and 0.10) have been synthesized by sol–gel technique. 
DTA analysis confirms that all the organic constituents get 
decomposed and final PLZT is formed at 545 oC. The XRD 
analysis confirms the formation of single rhombohedral 
perovskite phase with decreasing unit cell parameter. 
Crystallite size calculated, using Scherrer’s equation, was 
found to decrease with Sr doping due to smaller ionic 
radii of Sr than Pb. Compact uniform grain distribution 
was observed from SEM micrographs. The ferroelectric 
to paraelectric phase transition temperature, maximum 
dielectric constant and remnant polarization (Pr) were 
found to decrease with Sr doping along with increasing 
diffuse nature of phase transformation. Detailed domain 



30     Symposium D - Functional Ceramic Materials, Oxide Thin Films and Heterostructures

reorientation dynamics study suggests that Sr doping 
increases the percentage backswitching and decreases the 
normalized coercivity by decreasing the viscous nature of 
composition, which facilitates ferroelectric switching and 
can be used for making switching devices.

 A00254-00680 

Synthesis of Sol-gel Derived Mesoporous Silica 
Nanoparticles

Vorrada LORYUENYONG1;2; 
Suppakit KITTAMMAGOONNIJ1; 
Koontanee PINWEHA1; Sirichai KANKING1

1. Materials Science and Engineering, Silpakorn 
University, Nakorn Pathom, Thailand
2. National Center of Excellence for Petroleum, 
Petrochemicals and Advanced Materials, Bangkok, 
Thailand

The synthesis of mesoporous materials has recently 
attracted a lot of interest, owing to their unique and 
excellent properties. Much attention has been paid to the 
fabrication of inorganic materials such as mesoporous 
silica. Mesoporous silica is widely used in various optical 
and sensing applications. With the simple approach based 
on sol-gel method, silica nanoparticles with high specific 
surface area and controlled pore size and distribution could 
be obtained. 

In addition, by incorporating hollow structures in 
silica nanoparticles, the synthesized products would 
exhibit properties substantially different from their solid 
counterparts. These include lower density, higher specific 
surface area and lower thermal conductivity. Several 
researches have been reported for the synthesis of hollow 
silica nanoparticles. One example is the use of sacrificial 
templates to form core-shell particles consisting of cores of 
template materials and all sorts of shells. After the removal 
of the templates, hollow structures could be obtained. 

In this work, mesoporous silica nanoparticles were 
obtained through a sol-gel method, employing tetra-
ethylorthosilicate (TEOS) as a precursor and HCl as a 
catalyst. Processing parameters affecting the properties 
of silica particles were also investigated. High specific 
surface area of silica particles was enhanced with the 
formation of hollow structures, using calcium carbonate as 
a template material. The samples were characterized with 
TEM, SEM, BET and FTIR.

A00260-02412 

Effect of Fluorine Content in FTO Electrodes 
Prepared by Spray Pyrolysis on Dye Sensitized 
Solar Cell Efficiencies

Chanipat EUVANANONT1; Sirichai SUPAPON2; 
Chanchana THANACHAYANONT1

1. Materials of Electronic Devices, National Metal and 
Materials Technology Center, Pathumthani, Thailand
2. Department of Electronic Engineering, Mahanakorn 
University of Technology, Bangkok, Thailand

FTO or fluorine-doped tin oxide (SnO2:F) is widely used 
as a transparent conducting oxide (TCO) especially in 
dye-sensitized solar cell industries. Various deposition 
techniques have been used to grow SnO2 thin films. 

In this investigation, thin films of fluorine-doped tin oxide 
were prepared on glass substrates using ultrasonic spray 
pyrolysis technique. Air zero gas was used as a carrier 
gas. Solution of tin chloride (SnCl2) in methanol 90% 
and 10% of DI water were used as precursors. Fluorine 
doping was achieved by adding ammonium fluoride 
(NH4F). The effect of fluorine doping concentration was 
investigated by varying F:Sn molar ratios of 0:1, 0.5:1 and 
1:1, respectively. All of FTO films with the varied molar 
ratios were deposited at 500oC. 

The effect of doping concentration and substrate 
temperature were related to morphologies and 
microstructural information characterized using glancing 
angle X-Ray Diffraction (GAXRD: Rigaku TTRAX III), 
Scanning Electron Microscopy (SEM: JEOL6301F). The 
4-point probe measurement (Prometrix OmniMap model 
RS35) and UV-VIS spectrophotometer (JASCO V-530) 
were used to identify electrical and optical properties of all 
films, respectively. 

The results indicated that the films were polycrystalline 
having different grain sizes and shapes. The minimum 
electrical resistivity of 1.86 Ohm●square was obtained. 
This value is comparable to commercial ones.

All of the in-house FTO electrodes prepared and a 
commercial FTO electrode were fabricated for dye 
sensitized solar cells having the same cell structure. 
The best dye sensitized solar cell from in-house FTO 
demonstrated only 0.91% efficiency compared with 
3.64% from the commercial FTO due to its inferior optical 
transmission properties. 
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 A00265-00500 

Luminescent enhancement with tunable emission 
in Sr2SiO4: Eu2+ phosphor for white LEDs 

Chia-Hao HSU; Chung-Hsin LU
Chemical Engineering, National Taiwan University, 
Taipei, Taiwan

Europium doped strontium silicate (Sr2SiO4: Eu2+) 
phosphors were synthesized via the solid-state method 
using different sizes of silica precursors. It shows 
remarkable enhancement in luminescence characteristics 
when nano-sized silica was used. This phenomenon is 
ascribed to the improving reactivity through the reaction, 
leading to the increase in crystallinity and the formation 
of enlarged particles. In addition, as nano-sized silica 
was used, the emission wavelength blue-shifted (from 
orange to yellow) with prolonged heating duration. This 
feature is attributed to microstructural changes, eventually 
leading to the decrease of the non-radiative energy transfer 
between Eu2+ ions. In this study, color-tunable Sr2SiO4: 
Eu2+ phosphors with improved emission intensity were 
successfully prepared via using different sizes of silica 
particles.

 A00292-00532 

Fabrication and Characterization of Sb-doped 
ZnMgO Thin Films by rf magnetron reactive 
sputtering

Sung Mook CHUNG1; Jae Heon SHIN1; Min Ki RYU1; 
Woo-Seok CHEONG1; Chi-Sun HWANG1; 
Hye Yong CHU1; Jun Seong LEE2; Young Jin KIM2

1. New Devices & Materials Research Department, 
Electronics and Telecommunications Research Institute, 
Daejeon, South Korea
2. Materials Science and Engineering, Kyonggi 
University, Suwon, South Korea

We report on the fabrication and characterization of 
Sb-doped ZnMgO thin films by radio frequency (rf) 
magnetron sputtering for the application of p-type channel 
transparent TFTs. The target was fabricated by high-purity 
MgO mixed ZnO with Sb2O5 as the doping agent. The 
films were prepared on glass substrates by rf magnetron 
sputtering. Effects of working gas (Ar/O2) ratios and 
annealing conditions on the structural and electrical 
properties were investigated. Atomic ratio of Zn/Mg in 
films and accordingly the film properties depended on the 
post-annealing conditions as well as the oxygen partial 
pressure in sputtering gas during sputtering. The change 
in the physical properties like electrical resistivity and 
energy band gap with Zn/Mg composition in the films was 
evaluated.

 A00299-00999 

Synthesis of Nanotube Photocatalytic TiO2 
Powders via a Hydrothermal Process

Shin-Hom LIN; Chung-Hsin LU
Chemical Engineering, National Taiwan University, 
Taipei, Taiwan

The nanotube TiO2 photocatalysts were prepared 
successfully using a hydrothermal method. Several 
commercial titanium oxide powders as starting materials in 
aqueous alkaline solution were treated by a hydrothermal 
process. With different basic concentrations and different 
heating durations, the rod-like TiO2 nanoparticles were 
synthesized. The obtained single-phased trititanate 
H2Ti3O7 powders were characterized by X-ray diffraction. 
The hydrothermal treated powders with one-dimensional 
structure were observed from transmission electron 
microscopy. Through the hydrothermal reaction, the 
enlarged band gap and specific surface area were achieved. 
The photocatalytic performance of the hydrothermal 
modified particles showed a significant enhancement in 
the photodegradation reaction under UV illumination. 
This result can be attributed to the larger band gap and 
the higher specific surface area than the raw commercial 
powders.

 A00308-00968 

Preparation of Gd2O2S:Tb X-ray Phosphors Using 
a Solution Combustion Method

Piched ANURAGUDOM1; Suwit CHAISUPAN2; 
Suranan NOIMANEE3; Sukon PHANICHPHANT1

1. Department of Chemistry, Chiang Mai University, 
Chiang Mai, Thailand
2. Department of Physics, Chiang Mai University, 
Chiang Mai, Thailand
3. Departments of Computer Engineering, 
Chiang Mai University, Chiang Mai, Thailand

Fine Gadolinium oxysulfide powder doped with Tb3+ was 
prepared by a solution combustion method using gadolinium 
acetate, terbium acetate and 1-(phenyl sulfonyl) benzene 
as precursors. The mixed solution was evaporated using 
the chemical evaporation. The powder was dried at 120 0C 
for 24 h and calcined at 1000 0C for 4 h. The structure was 
characterized by X-ray powder diffraction. Single phase 
Gd2O2S:Tb was observed (JCPDS 41-683) without Gd2O3 
impurities. The analysis of different functional groups 
present in precursor was carried out by Fourier Transform 
Infrared spectroscopy (FT-IR) in the range 200-4000 cm-1. 
The mean particle size of fine Gd2O2S:Tb powder was 
determined by scanning electron microscopy (SEM). The 
SEM micrograph showed that the mean particle size was 
about 2.5- 4 nm. Thermogravimetric analysis (TGA) showed 
three main regions, namely the first region was attributed to 
dehydration, the second was due to degradation and third 
was due to organic carbon bonds breaking.



32     Symposium D - Functional Ceramic Materials, Oxide Thin Films and Heterostructures

 A00311-02539 

Effect of Fe Diffusion in MgO/Fe Seedlayers to 
Attain (100) Oriented Pt Underlayer for Perrovskite 
Films with c-axis Orientation

Tatsuro MATSUMOTO1; Kazuhiro TAMAI1; 
Yuji MURASHIMA2; Kazuki KOMAKI2; 
Shigeki NAKAGAWA1

1. Department of Physical Electronics, Tokyo Institute of 
Technology, Tokyo, Japan
2. Components Development Center, Panasonic 
Electronic Devices Japan Co., Ltd., Osaka, Japan

Perovskite type oxide thin films with high dielectric 
constant have been paid much attention as a key material 
for functional devices. In order to apply them to capacitive 
devices, such as ferroelectric random access memory and 
tunable filter devices, bottom electrode layer for the oxide 
films are very important, since they play a role to affect 
the crystallinity of the oxide films. Pt is one of the well 
known bottom electrode materials for oxide films. Since 
dielectric properties of ferroelectric films are originated 
from the displacement of ions in a crystal along the c-axis 
direction, c-axis oriented ferroelectric thin films are 
required to attain better dielectric properties. In order to 
attain c-axis oriented Perovskite type ferroelectric films, 
(100) oriented Pt layers are required. However, it is often 
that (111) orientation of crystallite is observed in Pt thin 
films prepared by conventional methods. In this study, 
(100) oriented Pt films can be successfully deposited on 
the (100) oriented MgO layer prepared on very thin seed 
Fe layers deposited on SiO2/Si substrates. It has been also 
observed that the diffusion of Fe from the bottom seed layer 
to the surface of the MgO layer played an important role to 
attain (100) oriented Pt layer at low substrate temperature 
Ts around 250 °C.

All the films were prepared by facing-targets sputtering 
(FTS) method. Crystallographic properties were 
determined by X-ray diffraction (XRD) analysis. The 
X-ray photoelectron spectroscopy (XPS) was used to 
analyze the depth profile of the films.

(100)-oriented MgO thin films can be prepared on 
(100)-oriented Fe seed layer at Ts of room temperature. 
The Pt thin films deposited on the MgO(100)/Fe(100) 
underlayers at Ts above 400 °C revealed (100) preferential 
orientation. We have found that the mechanism of the 
growth of (100) oriented Pt layer is related not only with 
an epitaxial effect from the (100) oriented MgO layer, but 
also with the surface of the MgO layer covered with Fe-rich 
oxide layer, which was formed by the diffusion of the Fe 
atoms from the bottom Fe layer to the top of the MgO layer. 
The XPS depth profile of the Pt/MgO/Fe films clarified 
that the diffusion of Fe occurs at Ts above 350 °C. We 
considered that there is a possibility to attain (100) oriented 
Pt layer can be deposited at lower Ts, if the Pt would be 
deposited on the MgO layer where the Fe had been already 

piled-up to the MgO surface. We developed a new process 
to confirm the hypothesis. The ordinary process was that 
the substrates were heated to the designated temperature 
for the deposition. On the other hand, the new process 
is that the substrates are heated to 500 °C to enhance the 
diffusion process of the Fe bottom layer and cooled down 
to the designated deposition temperature. The new process 
causes that Pt thin films with (100) preferred orientation 
can be grown at Ts around 250 °C.

 A00315-00581 

Influence of Annealing Temperature on the 
Physical Properties of ZnO Thin Film

Mohd Zainizan SAHDAN1; Mohamad Hafiz MAMAT1; 
Maria Alfah MOHD ABDULLAH KOI1; 
Zuraida KHUSAIMI2; Uzer MOHD NOOR1; 
Azni ZAIN AHMED3; Saifollah ABDULLAH2; 
Mohamad RUSOP1

1. Faculty of Electrical Engineering, Universiti Teknologi 
MARA, Shah Alam, Malaysia
2. Faculty of Applied Sciences, Universiti Teknologi 
MARA, Shah Alam, Malaysia
3. Research Management Institute, Universiti Teknologi 
MARA, Shah Alam, Malaysia

Zinc Oxide (ZnO) thin films were prepared on glass 
substrate using catalytic thermal chemical vapour 
deposition (CVD). The influence of annealing temperature 
on the surface morphology, crystal growth orientation 
and photoelectrical response has been investigated. A 
conversion on the surface morphology from ZnO islands 
to nanowires has been confirmed by scanning electron 
microscope (SEM) observation. An increased on the 
crystallinity with the increasing of annealing temperatures 
from 400oC to 600oC has been measured using x-ray 
diffractometer (XRD). Finally, highest quantum efficiency 
(QE) for sample annealed at 550oC has been measured 
by using solar simulator system. In this paper, details on 
the influence of annealing temperature on the physical 
properties of ZnO thin film will be discussed.
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Synthesize and Characterize ZnO Nanowires on 
ZnO Microcage Using Catalytic Thermal Chemical 
Vapour Deposition

Mohd Zainizan SAHDAN1; Mohamad Hafiz MAMAT1; 
Uzer MOHD NOOR1; Azni ZAIN AHMED3; 
Saifollah ABDULLAH2; Mohamad RUSOP1

1. Faculty of Electrical Engineering, Universiti Teknologi 
MARA, Shah Alam, Malaysia
2. Faculty of Applied Sciences, Universiti Teknologi 
MARA, Shah Alam, Malaysia
3. Research Management Institute, Universiti Teknologi 
MARA, Shah Alam, Malaysia

Zinc Oxide (ZnO) nanowires on ZnO microcage have 
been synthesized using catalytic thermal chemical vapour 
deposition (CVD). Gas blocker has been introduced at the 
end of high temperature alumina tube to control the Ar 
gas flow. Observation using scanning electron microscope 
(SEM) has found that ZnO nanowires of approximately 7 
um length and 60 nm in diameter has been synthesized on 
ZnO microcage. The x-ray diffractometer (XRD) indicates 
that the ZnO nanowires were preferentially grown at 
(002) direction. The luminescence property indicated by 
Photoluminescence (PL) spectrometer shows that ZnO 
nanowires has very high emission at UV wavelength (<400 
nm). In this paper, detail of the nucleation and formation of 
ZnO nanowires on ZnO microcage will be explained.

 A00320-00676 

The Fabrication of an Al/MgCaTiO3 /Si(100) MIS 
Device and its Characteristics of Photo-sensitivity

Sheng Tsung CHEN; Ming Chang SHIH
Department of Electrical Engineering, National 
University of Kaohsiung, Kaohsiung, Taiwan

We demonstrate the fabrication of an Al/MgCaTiO3 MIS 
device in which using pulse laser deposition (PLD) to 
deposit MgCaTiO3 (MCT) thin films on p-type Si (100) 
substrate.  Deposition rate of 0.34 Å/pulse has been achieved 
with laser fluences of 416 mJ/cm2.  Dielectric constant of 
15.6 has been achieved of a film with 100nm thickness, 
and it is increase with the thickness of the films.  Raman 
spectroscopy, X-ray diffraction (XRD), Scanning electron 
microscopy (SEM), Energy dispersive spectrometer 
(EDS), and Transmission/Reflection spectroscopy are used 
to study the effect of crystal properties of the deposited 
MCT films on process parameters; such as laser fluences 
and annealing temperature.  It shows that the transparency 
is improved and dielectric constant increases after 
annealing the deposited MCT films at 600 C for 5 minutes.  
In addition, I-V and C-V measurements are also used to 
characterize the dielectric performance and the photo-
sensitivity of the MIS device with various thicknesses of 
the MCT layers.  A maximum responsivity of 2.52×10-1 

A/W at 950nm is achieved with 10V bias.

 A00325-00598 

Effect of Spraying Sequence on Physical 
Properties of SiO2 on Silicon Deposited by 
Ultrasonic Spray Pyrolysis 

Cahyo B. NUGROHO; Kuan Yew CHEONG; 
Ahmad Fauzi MOHD NOOR; Zainovia LOCKMAN
School of Materials & Mineral Resources Engineering, 
Universiti Sains Malaysia, Penang, Malaysia

Silicon dioxide (SiO2) thin film was deposited on Si 
substrate by ultrasonic spray pyrolysis method. Precursor 
used in this method was based on Tetraethoxysilane 
(TEOS) and was prepared by sol-gel technique. The 
precursor was first atomized to transform into mist and 
the mist was then sprayed to the substrate using Argon 
gas. The substrate temperature and nozzle-substrate were 
fixed at 150oC and 3.0 cm, respectively. The duration of 
on (1 to 5 min) and off (1 min) sequence of the spraying 
process was varied. The total turn on time for the spraying 
process was fixed for 15 min. The effect of the spraying 
sequence on the physical properties of the deposited oxide 
has been studied. Oxide thickness and refractive index 
was determined by Filmetrics. Surface morphology was 
characterized by scanning electron microscopy (SEM). 
Chemical structural was determined by Fourier transforms 
infrared (FTIR) spectroscopy and elemental composition 
was determined by X-ray energy dispersive (EDAX) 
analysis. By increasing the spraying turn-on time, chemical 
bonding in the deposited layer can be changed and obvious 
cracks can be seen. A fully pyrolysized SiO2 layer was 
obtained using a 5-min spraying turn-on time. 

 A00325-00916 

Effects of Annealing Temperatures on Cerium 
Oxide (CeO2) Gate Based on N-Type Silicon 

Hock Jin QUAH1; Faraf A. JASNI1; 
Kuan Yew CHEONG1; Zainoriah HASSAN2; 
Zainovia LOCKMAN1

1. School of Materials & Mineral Resources Engineering, 
Universiti Sains Malaysia, Penang, Malaysia
2. School of Physics, Universiti Sains Malaysia, Penang, 
Malaysia

This work presents the effects of annealing temperatures 
(600, 700, 800, 900 and 1000°C) on the quality of CeO2 
film. CeO2 film was successfully deposited onto silicon 
(Si) substrate as a dielectric layer using metal organic 
decomposition (MOD) technique. X-ray diffraction (XRD) 
results indicated that (111), (200), (220) and (311) planes 
had been obtained from the deposited film. Electrical 
properties of CeO2 thin film had been characterized using 
a semiconductor parameter analyzer. Current-voltage 
results showed that the lowest leakage current had been 
recorded by the oxide annealed at the highest temperature. 
This results were in agreement with the interface and near-
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interface traps density as well as the effective oxide charge 
that had been deduced from high frequency capacitance-
voltage measurement. 

 A00347-00657 

Mesoporous 3D Ceramic Structure Synthesis 
from Oxide Powder Compositions Via DMLS

Igor SHISHKOVSKY1; Yuri MOROZOV2; 
Maxim KUZNETSOV2

1. Laboratory of Laser Technologies, P.N. Lebedev 
Physics Institute of Russian Academy of Sciences, 
Samara, Russian Federation
2. Institute of Structural Macrokinetics and Materials 
Science, Russian Academy of Sciences, Chernogolovka/
Moscow, Russian Federation

The 3D mesoporous part fabrication with wide electro 
physical characteristics via Direct Metal Laser Sintering 
process from the next exothermal oxide powder mixtures, 
traditionally used in Self-Propagated High-Temperature 
Synthesis (SHS), had been realized: ceramoplastic 
(PZT+ PVDF or SiO2 additives) with ferroelectric 
properties; biocompatible Al(Al2O3) + Zr(ZrO2) ceramics; 
ferromagnetic Ba+M and Li+M systems (M ~ Fe, Cr) 
for Li0.5Fe2.52xCrxO4 and BaFe12-2xCrxO19 ferrites; high 
temperature superconductive ceramics YBa2Cu3O7, 
SrFe12O19. Such materials have promised potential to be 
applied to the synthesis of smart micro devices (Micro 
Electro Mechanical Systems, or MEMS devices): 
ultrasonic sensors; filters; piezoelectric detectors, drug 
delivery systems and pumps and etc. To describe the 
arrangement of the component phases within a composite 
could be through the concept of structure connectivity. 
The physical properties of the 3D parts can be tailored 
by changing the phase–structure connectivity (by results 
of SEM-EDX, X ray analysis), volume fraction of the 
main phases or pores in the composite and those special 
distributions. Optimal regimes laser synthesis 3D parts 
and some their electro physical features were determined 
depend of a laser influence parameters.

 A00353-00655 

Self-assembling Nanotechnology of Pinning 
Centres in Thick Superconducting Films for High-
field Power Applications 

Adrian CRISAN1;2; Pavlo MIKHEENKO1; 
Asis SARKAR1; Van Son DANG1; 
Mohammed Mustafa AWANG KECHIK1; 
John Stuart ABELL1; Nandendla HARI BABU3; 
David A CARDWELL3; Petriina PATURI4; 
Hannu HUHTINEN4

1. School of Metallurgy and Materials, University of 
Birmingham, Birmingham, United Kingdom
2. National Institute of Materials Physics, Bucharest, 
Romania
3. Department of Engineering, Cambridge University, 
Cambridge, United Kingdom
4. Wihuri Physical Laboratory, Department of Physics 
and Astronomy, University of Turku, Turku, Finland

For power applications of superconducting films, the 
critical current density (Jc) and the thickness of the film 
(d) should be as high as possible. Jc decreases with both 
thickness (for films thicker than a few hundred nanometers) 
and magnetic field, so artificial pinning centres in addition 
to natural ones are required. The earliest cost-effective 
method used for introducing artificial pinning centres was 
the so-called substrate decoration, i.e., growing nanoscale 
islands (nano-dots) of certain materials on the substrate 
prior to the deposition of the superconducting thin film. 
Later on other two approaches proved to be successful: 
bulding up a layered distribution of a second phase 
using a multilayer deposition (quasi-superlattices), and, 
respectively, by distribution of a secondary phase as a result 
of a compositional change in the target. Several materials 
have been used till now for the creation of artificial pinning 
centres. Here we report on the artificial pinning centres 
induced in YBa2Cu3O7 (YBCO) thick films by substrate 
decoration and quasi-superlattices approach using Au, 
Ag, Pd, LaNiO3, Pr Ba2Cu3O7 and non-superconducting 
YBCO. In addition, we will present the properties of thick 
superconducting films grown from a nano-crystalline 
YBCO target doped with 4 wt.% BaZrO3 and from a YBCO 
target containing 1 mol% Gd2Ba4CuWOy nanoinclusions. 
The films were characterized by frequency-dependent 
AC susceptibility, DC magnetization, field-orientation-
dependent transport measurements, XRD, SEM (EDX) and 
TEM. The effect of film thickness and nano-dots induced 
pinning centres on the critical current density, pinning 
force and pinning potential will be discussed. 
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 A00362-00663 

Hydrothermal Epitaxy of ZnO Films in Water 

Yuebin ZHANG1;2; Sean LI1; Gregory GOH2

1. School of Materials Science and Engineering, The 
University of New South Wales, New South Wales, 
Australia
2. Institute of Materials Research and Engineering, 
Singapore

Epitaxial ZnO films have been hydrothermally grown in 
water at 90 °C on MgAl2O4 (111) substrates.  A lateral 
epitaxial overgrowth (LEO) method was utilized to reduce 
threading dislocations at the boundaries of crystal mosaic 
in the epitaxial films.  In the optimized ZnO LEO with a 
ratio of window to wing (3:10), dislocations arose from 
two regions, i.e. unmasked window and coalescence of 
masked wings while they were seldom present in the wing 
area.  The average dislocation density was significantly 
reduced from 1.4 x 109 to 2.3 x 108 cm-2.  A double LEO was 
applied for further dislocation reduction with the 3µ-wide 
unmasked regions centered on the coalesced wings regions 
from the first LEO.  The average dislocation density was 
found not to decrease by another order of magnitude but 
only to 1 x 108 cm-2 because new threading dislocations are 
created at the coalescence of wings from the first LEO.

 A00364-04382 

The Electrical and Structural Analysis of Al 
Doped ZnO Deposited at Low Temperature Using 
a MOCVD System

Do Young KIM; Won Mo LEE; Jong Yeog SON; 
Hyungjun KIM
Material Science and Engineering, Pohang University of 
Science and Technology, Pohang/Kyungbuk, South Korea

Zinc oxide (ZnO) is an II–VI semiconductor oxide with a 
direct band gap of 3.3 eV. Besides the wide band gap, ZnO 
has several interesting properties, such as large exciton 
binding energy, high chemical stability, good piezoelectric 
properties and non-toxicity, which have greatly considered 
since a few decade years ago. Especially, ZnO has been a 
subject of research to acquire the low resistivity and high 
transmittance. Most important devices include transparent 
electrodes for optoelectronic devices, such as solar cells, 
thin film transistor, and gas sensors. The Al doped ZnO 
thin films which can be used as transparent conducting 
oxide for Si thin film solar cells have been deposited on 
Corning E2K glass substrates by low pressure chemical 
vapor deposition(LPCVD) technique. DEZ(diethyl 
zinc), H2O and TMA(trimethyl aluminum) was used as 
zinc, oxygen source and Al doping source, respectively. 
It was found that the resistivity of undoped ZnO thin 
films changes dramatically with the DEZ/H2O flow ratio 
during LPCVD, ranging from 30 ohm-cm to 0.01 ohm-
cm, despite the same crystallographic orientation of ZnO 

thin films. The surface roughness of as-deposited ZnO thin 
films changed with the amount of Al dopant from 42nm to 
57nm, resulting in the change in the diffuse transmittance, 
and hence the change in the haze factor of ZnO thin films 
from 18% to 35%, which is a critical factor because the 
energy conversion efficiency of Si thin film solar cells can 
be largely influenced by the haze factor of ZnO thin films. 
The resistivity of ZnO thin films was decreased by the Al 
doping, showing the minimum resistivity of 1x10-3ohm-
cm. The optimization of electrical, optical properties of 
Al doped ZnO thin films has been investigated in order to 
make them suitable for transparent conducting oxide for Si 
thin film solar cells.
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 A00365-00807 

Annealing Effect on the Structural and Optical 
Properties of SnO2 Thin Films Prepared by Pulsed 
Laser Ablation

Chang KE1; Zhen YANG1; Zhi-peng LI2; Wei-guang ZHU1

1. School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore
2. School of Materials Sciences and Engineering, 
Nanyang Technological University, Singapore

Tin oxide (SnO2) thin films were deposited on optically 
flat quartz substrate by pulsed laser ablation. The 
influence of annealing temperature on the structural 
and optical properties of these post annealed SnO2 films 
were systematically investigated by the X-ray diffraction 
(XRD), atomic force microscopy (AFM), Uv-Vis-NIR 
spectroscopy, and photoluminescence spectroscopy (PL). 
A gradually growth of crystal grains with the increase of 
annealing temperature was observed from XRD patterns 
and confirmed by the AFM images. The optical properties 
were determined with Uv-Vis-NIR transmittance 
spectroscopy based on the Lorentz-Drude (LD) model. It 
is shown that the dielectric function of the annealed SnO2 
is dominated by the band-to-band transition, for which the 
critical point is shifted to higher energy with the annealing 
effect. The analysis of the dielectric function based on 
evolution of the LD parameters can provide an insight into 
the structural change in the SnO2 films. The observation 
of defects related PL emissions and their blue shifting 
with annealing temperatures suggested the evolution of 
electronic structure caused by the annealing.
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 A00367-00811 

Nano-scaled Fully Strained La0.8Sr0.2MnO3/
BaTiO3 Perovskite Super-lattice 

Zhen YANG; Chang KE; Wei-guang ZHU
Microelectronics Center, Nanyang Technological 
University, Singapore

The coexistence of ferroelectricity and magnetism in solid 
state has attracted great attention and generated intensive 
study in recent years aiming for various electronic device 
applications, such as memory storage, transducers, sensors, 
and actuators, etc., and it has obvious advantage of one 
more additional degree of freedom on polarization switch 
by applied magnetic field. However, there only are few 
¡®multi-ferroic¡¯ materials in nature that simultaneously 
exhibit both ferroelectric (FE) and ferromagnetic (FM) 
properties. But the two-phase composite approach can 
be used to overcome the obstacle in nature and enhance 
ferroelectromagnetic properties in materials, with each 
phase independently optimized for its desired properties 
and performance. In this work, colossal ferromagnetic 
La1-xSrxMnO3 (LSMO) and ferroelectric BaTiO3 (BTO), 
which are representatives of the FM and FE materials, 
were epitaxially grown on SrTiO3 (001) single crystal 
substrate into various nano-scaled LSMO/BTO super-
lattices to realize the strong coherence between FE and 
FM properties. In-situ mono-layer growth was monitored 
by reflection high energy electron diffraction (RHEED) 
and crystal structure of super-lattices was characterized 
by high resolution X-ray diffraction (XRD). The fully 
strained epitaxial structure was obtained with evidence of 
asymmetric reciprocal space mapping and with the growth 
direction parallel to [100]. The full width at half maximum 
(FWHM) of X-ray rocking curve measurement around the 
satellite peak of super-lattice was only 0.005?, indicating 
the almost perfect crystal plane and sharp interface in 
super-lattices.

 A00373-00691 

Effects of Sputtering Parameters on Optical 
Properties of ZnO:Mn Thin Films

Kok-Wan TAY1; Chun-Wei CHANG2; Yen-Pei FU3

1. Department of Electrical Engineering, Wu-Feng 
Institute of Technology, Chiayi, Taiwan
2. Graduate School of OptoMechatronics and Materials, 
Wu-Feng Institute of Technology, Chiayi, Taiwan
3. Department of Materials Science and Engineering, 
National Dong-Hwa University, Hualien, Taiwan

This research using the RF magnetron sputtering 
technique to deposited ZnO:Mn thin films on glass 
substrates from 1 mol % Mn-doped ZnO (ZMO) target, 
and study the effect of correlated sputtering parameters, 
include substrate temperature and O2 flow ratio, in order to 
achieve the optical characteristics demand. The crystalline 

structure, surface roughness and optical transmittance 
measurements were carried out using a XRD, AFM and 
UV-VIS spectrophotometer. From the experimental 
result, we confirm that the sputtering ZnO:Mn thin films 
prepared at higher substrate temperature of 250°C and 
30% of O2 flow rate having a preferred orientation with 
c-axis perpendicular to the substrate were obtained; it also 
has a fine crystal structure, uniformity of smooth surface 
roughness and an optical transparency of over 85% in the 
visible wavelength region are achieved. So ZnO:Mn thin 
films can used as transparent conducting film for actual 
optical devices.

 A00376-00695 

Analysis of Brittle Ceramics Experiencing High 
Velocity Impact

Yu-Liang CHEN1; Chia-Shih LIN2

1. Department of Power Vehicle and Systems 
Engineering, Chung Cheng Institute of Technology, 
National Defense University, Taiwan
2. School of Defense Science, Chung Cheng Institute of 
Technology, National Defense University, Taiwan

In this paper, both Tate penetration theory and cavity 
expansion theory were used to derive a general model to 
predict the ballistic limit of ceramic plates experiencing 
high velocity impact. The general model can deal with 
finite thickness of ceramic plates, in stead of infinite 
thickness assumed in most papers. It was shown that the 
analytical results from the model compared well with 
simulation and experimental values when plates are thick. 
Normally, response regions of the damaged ceramic plates 
are divided into four zones: cavity-pulverized-cracked-
elastic. However, it was also discovered that the cracked 
zone diminishes when the plates are thinner. 

 A00379-00840 

Electronic Structure and Crystallinity of HfO2-TiO2 
Thin Films 

Yew Von LIM; Shi Jie WANG; Ten It WONG
Materials Growth, Institute of Materials Research and 
Engineering, Singapore

The advancement of electronic devices has resulted in 
the vigorous downscaling of device dimensions to the 
nanotechnology regime. Hafnium dioxide, or HfO2, is 
one of the most promising candidates to be utilized as a 
replacement for conventional gate dielectric materials 
due to its thermal stability in contact with silicon, high 
dielectric constant and large band offset, compared to other 
high-κ materials. By incorporating with TiO2 in the form 
of composite films, it is possible to produce equivalent 
oxide thickness (EOT) at nano-scale regime. In this study, 
the effect of the TiO2 incorporation on the band structure 
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and the crystallinity of the HfO2 thin films have been 
studied by X-ray diffraction, UV-VIS spectroscopy and 
X-ray photoelectron spectroscopy. The bandgap energy 
decreases with increasing TiO2 concentration. The shift 
in the valence band edge and the conduction band edge 
are due to the changes in electronic structures, induced 
by the concentration of the incorporated of TiO2, and the 
microstructure. The electronic structures were also studied 
by first principle electronic structure calculations. Our 
experimental results confirmed the theoretical studies.

 A00389-00714 

Deposition of Bi4Ti3O12 Thin Film on the Etched 
Aluminum Foil by Self-Assembled Method to 
Increase Capacitance 

Xianfeng DU; Xiuhong REN; Youlong XU; Lei ZOU; 
Jie WANG
Department of Electronic Science and Technology, School 
of Electronic and Information Engineering Xi’an Jiaotong 
University, Xi’an, China

Bismuth titanate precursor thin films were deposited on 
the etched aluminum foils by self-assembled method in an 
aqueous solution at 40-60 °C. We have investigated the 
film growth rate, mechanism, and influencing factors. The 
film microstructure and thickness can be controlled by 
appropriate self-assembled method and solution conditions, 
such as the concentration of starting materials, pH, and 
deposition temperatures. Uniform, smooth, and adhesive 
films could be successfully prepared on the surfaces of 
etched aluminum foils. The films were composed of 
closely packed particles of 20-50 nm. After anodizing, 
a Bi4Ti3O12-Al2O3 composite film was formed and its 
capacitor properties were examined. It was shown that the 
capacitance, the product of capacitance and withstanding 
voltage increased dramatically compare to those without a 
Bi4Ti3O12 deposition film.
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 A00397-00751 

Dependence of Water Emission Rate and 
Microstructure upon Flux Layer Coated on the 
Surface of Porous Functional Ceramics

Kangduk KIM; Seunggu KANG; Yootaek KIM; 
Kigang LEE; Junghwan KIM
Materials Engineering, Kyonggi University, Kyonggi-Do, 
South Korea

The various fluxing agents such as alkali and alkaline earth 
metal-contained precursor were coated selectively on a 
surface of porous ceramics composing of clay and carbon 
to modify the shell structure, then the bloating tendency, 
microstructure, water emission rate for the sintered porous 
specimens were analyzed. The surface coating on green 
ceramic body by powder type precursor was relatively easy 
but the coating layer was not uniform and loosely stuck 
while the solution type precursor offered homogeneous 
coating layer and resisted against peeling-off even at high 
temperature sintering. The fluxing precursors containing 
metals of larger ionic radius and higher valence showed 
enhanced a liquid forming ability on ceramic surface at 
sintering due to the stronger electrostatic ion field strength 
over oxygen ion. For example, the porous ceramics coated 
with 0.8wt% of 10 M NaOH solution and sintered at 
1150oC for 10min had a uniform 30μm-thick vitreous shell, 
and the bloated pores ranged few hundred nm ~ few tens 
micrometer generated in core part of the specimen. Also the 
specimen showed a porosity 25% and initial water emission 
rate (WER) 0.21%/hr, terminal WER 0.12%/hr within one 
month experimental period which is lower than that of as 
received specimen. The water emission rate in an initial 
step depended on a void content of porous ceramics filled 
in a container rather than a shell structure. But, after 7 days 
where the water emission rate of the porous ceramics with 
a flux layer coat decreased because the vitreous dense shell 
of porous ceramics suppressed the water emission. It could 
be concluded that the uniform coating of proper fluxing 
agent on ceramic surface induces an adequate bloating 
phenomenon which increases porosity and decreases 
water emission rate of porous sintered body, so the porous 
ceramics fabricated in this study could be applied to the 
smart soils with slow water emission rate function.
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The Preparation of Hybrid TiO2 Electrode for the 
Dye-Sensitized Solar Cell Applications 

Wen-Hsien HO1; Chi-Sheng JLANG1; Ching-Fei LI2 
1. Taiwan Textile Research Institute, Taiwan
2. National Chung Hsing University, Taiwan

A hybrid TiO2 electrode was prepared on ITO/PEN substrate 
at room temperature by using sputtering and compressing 
methods. In this study, the sputter-deposited TiO2 coating 
acted as compact layer was found to be outstanding for 
improving the performance of the dye-sensitized solar cells. 
It attained the open-circuit voltage of 770 mV, short-circuit 
photocurrent of 13.1 mA/cm2, fill factor of 0.32, and solar-
to-electric energy conversion efficiency of 3.22% under 
irradiation of white light (100 mW/cm2). Compared with 
non compact layer, the solar-to-electric energy conversion 
efficiency was enhanced for about 30 %. This suggested 
that it not only achieves a desirable thickness, but also 
enhances photoelectric conversion efficiency by using a 
hybrid TiO2 electrode.

 A00424-00882 

Effects of Electrolytic Mg(OH)2 Coating on 
Corrosion Resistance of AZ91D Magnesium 
Alloy

Ching-Fei LI1; Wen-Hsien HO2; Shiow-Kang YEN1

1. National Chung Hsing University, Taiwan
2. Taiwan Textile Research Institute, Taiwan

The electrolytic deposition of Mg(OH)2 on AZ91D 
magnesium alloy was conducted in Mg(NO3)2 solution at 
constant applied voltage.  The influence of applied voltages 
as well as deposition time on the corrosion resistance 
of coated specimens was investigated.  The surface 
morphology and phase structure were analyzed using 
scanning electron microscope (SEM) and grazing angle 
X-ray diffraction (XRD). Polarization curves, immersion 
test and electrochemical impedance spectroscopy were used 
to evaluate the corrosion resistance of coated specimens. 
More OH- ions were produced and the migration of Mg2+ 
was further enhanced at more negative applied voltage, 
leading to higher nucleation rate of Mg(OH)2 on the 
specimen and resulting in the (001) preferred orientation. 
The results indicated that the coating film carried out at 
-1.8 V, and condensed into MgO with thickness 16 μm at 
350°C.  At more negative than -1.8 V, massive H2 bubbles 
were formed, making some Mg(OH)2 float away.  The 
weight gain of coatings was obviously increased with 
increasing deposition time for the initial 40 min, and the 
increasing rate was slow down due to H2 bubble formation 
and the increasing resistance of coating film after 40 min.  
The best corrosion resistance of the coating film was carried 
out at -1.8 V for 3600s which showed corrosion current 
density 0.79 μA/cm2 and passive range from -1.52 to -1.25 

V.  Compared with AZ91D magnesium alloy substrate, the 
corrosion resistance was improved more than two orders 
by MgO ceramic coating. 

 A00431-00877 

Structural and Optical Properties Comparison 
between Single and Binary Metal Oxide Based on 
Zinc Oxide for Solar Cell Application

Madzlan AZIZ; Abdull Rahim MOHD YUSOFF; 
Noor Jannah AWANG
Department of Chemistry, Universiti Teknologi Malaysia, 
Johor, Malaysia

Single and binary metal oxides ZnO, ZnO-TiO2 and ZnO-
RE (rare-earth) thin films for solar cell application were 
prepared by using dip coating sol-gel technique. In this 
study, important deposition parameters were thoroughly 
investigated in order to find appropriate procedures to grow 
large area thin films of high crystalline and transparency. 
The content of doping in sols was varied between 5 to 15 at 
wt percent and annealing temperature was conducted from 
300oC to 500oC. The coatings have been characterized 
by X-ray diffraction (XRD), field emission scanning 
electron microscopy (FESEM), photoluminescence (PL) 
and diffuse reflectance ultra violet (DRUV). Experimental 
result indicated that the annealing temperature affected the 
crystallinity of the thin films. The higher the temperature, 
the more crystalline oriented is will be. Band gap energy 
of rare-erath doped ZnO point out the absorption edges 
moves to the longer wavelength with increasing the amount 
of doping, simultaneously the optical band gap of films 
were decreased. From the structural and optical properties, 
the results point out that rare-earth doped ZnO has high 
potential in solar cell applications.

 A00431-02667 

Sol-Gel Preparation and Optical Properties of 
Rare-earth Doped Zinc Oxide Thin Films Suitable 
for Solar Cell Application

Madzlan AZIZ; Abdull Rahim MOHD YUSOFF; 
Noor Jannah AWANG
Department of Chemistry, Universiti Teknologi Malaysia, 
Johor, Malaysia

Owing to the superior chemical stability, ZnO has a 
potential as a host lattice for doping several luminescence 
centers and show versatile application. In this study, the 
optical properties of rare-earth doped ZnO were studied. 
Europium doped zinc oxide (ZnO:Eu) and terbium doped 
zinc oxide (ZnO:Tb) thin films were prepared by sol-gel 
dip-coating process on glass substrates. The content of 
terbium and europium in the sol was varied from 5% to 15%. 
Synthesis parameters such as annealing temperature and 
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concentration of doped ions on the highly oriented crystal 
growth were studied. The coating was characterized by 
deffuse reflectance UV-visible (DRUV) and fluorescence 
spectrophotometer. The crystalline ZnO thin films were 
obtained following an annealing process at temperatures 
between 300 oC to 500 oC for 2 h. ZnO:Eu and ZnO:Tb 
thin films are transparent in near ultraviolet and visible 
region. From luminescence analysis, energy transfer from 
the ZnO host to the doped Eu3+ and Tb3+ has occurred. 
Band gap energy of rare-erath doped ZnO suggest that the 
absorption edge has moved to the longer wavelength with 
increasing amount of doping, hence decreasing the optical 
band gap of films. From the optical properties, lowering of 
band gaps of the rare-earth doped ZnO has high potential 
in solar cell applications.

 A00433-00827 

Relaxation Dynamics in Epitaxial BiFeO3 Thin 
Films

Lang CHEN; WeiGang CHEN
School of Materials Science and Engineering, Nanyang 
Technological University, Singapore

BiFeO3 is the most studied among many multiferroic thin 
films due to its high spontaneous polarization and anti-
ferromagnetism at room temperature. There are intense 
discussions and researches about using BiFeO3 as non-
volatile ferroelectric memory or into other applications. 
Hence the studies on the relaxation of BiFeO3 thin films 
are quite crucial to understand the switching and relaxation 
dynamics in nanoscale. We present some relaxation results 
about BiFeO3 thin films on a SrRuO3/SiTiO3 substrate 
and show that it may follow a different behavior with the 
relaxation of conventional PZT ferroelectric thin films. 

 A00451-00851 

The Thickness-dependent Stripe Domains in 
BiFeO3 Thin Films 

Chuanwei HUANG; Lang CHEN; Junling WANG
School of Materials Science and Engineering, Nanyang 
Technological University, Singapore

The thickness-dependent stripe domain width has been 
studied, taking into account the elastic energy at the film/
substrate interface and the electrostatic energy on the 
surface in the epitaxial rhombohedral BiFeO3 films. It is 
shown that the classical domain width scaling law with 
an exponent 0.5 in ferroic materials is not applicable after 
the reduction of the film thickness D to a critical thickness 
Dcrit approximate 100 nm. In the region of D < Dcrit, the 
domain width W experiences an inflexion point and 
begins increasing dramatically inversely. The theoretical 
dependence of domain width W on film thickness D agrees 
well with experimental results and indicates that the 

domain equilibrium structures are determined dominantly 
by minimizing the elastic energy and domain wall energy 
in epitaxial BiFeO3 film.

 A00457-00847 

Fabrication of Nd3+:Y2O3 Transparent Ceramics 
for Laser Application

Jian ZHANG1; Hua GONG1; Dingyuan TANG1; Jan MA1; 
Liqiong AN2; Shiwei WANG2

1. School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore
2. Shanghai Institute of Ceramics, Chinese Academy of 
Sciences, Shanghai, China

Cubic Y2O3 crystal has been investigated for a long time as 
a laser-host material due to its high thermal conductivity, 
broad spectral region, chemical stability, strong Stark-
splitting and relatively low phonon energies. However, it 
is extremely difficult to grow large-size Y2O3 single crystal 
with high quality because of its very high melting point 
(≈2430°C) and structural phase transition at ≈ 2280°C. In 
present work, transparent Nd3+:Y2O3 ceramics with different 
doping concentration were fabricated by using the powder 
synthesized from co-precipitation method using ammonia 
as the precipitant. After calcined at 1000oC degree for 2 h, 
cubic phase of Y2O3 with the crystallite size around 60-80 
nm was presented. The as-prepared nanocrystalline powders 
were cold isostatically pressed into 18-mm diameter pellets 
under 200 MPa pressure. After the powder compacts were 
sintered at 1850°C for 3 h in flowing hydrogen atmosphere, 
highly transparent Nd3+:Y2O3 ceramics were obtained  The 
sintering temperature is about 600oC lower than its melting 
temperature. SEM investigation revealed the average 
grain size of prepared ceramics was about 7-8 µm. The 
transmittance of 1 mm thickness samples reached 80%, 
which is close to the theoretical value of Y2O3. The optical 
spectroscopic properties of Nd3+:Y2O3 transparent ceramics 
with the doping concentration from 0.2-3.0at% were also 
investigated. Under the excitation of a 808 nm diode laser, 
three main emission bands centered around 870-950 nm, 
1047-1137 nm and 1310-1460 nm were observed, which 
were corresponding to the transition from 4F3/2 energy 
level to 4I15/2, 

4I11/2 and 4I9/2 energy levels of Nd3+ ions, 
respectively.  With the doping concentration increased from 
0.2at.% to 3.0at.%, the fluorescence lifetimes of Nd3+:Y2O3 
transparent ceramics sharply decreased from 321 µs to 65 
µs. From the investigation results, it can be clear seen that 
the optical spectroscopic properties of Nd3+:Y2O3 is quite 
different than that of Nd3+:YAG.
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Enhanced Multiferroic Properties in Gd-doped 
BiFeO3 Thin Films

Zuhuang CHEN; Lang CHEN; Junling WANG; 
Thirumany SRITHARAN
School of Material Science and Engineering, Nanyang 
Technological University, Singapore

We have investigated the influence of Gd substitution 
on the ferroelectric and magnetic properties of epitaxial 
BiFeO3 thin films (GdxBi1-xFeO3, x=0, 0.05) by pulsed 
laser deposition on (001)-oriented SrTiO3 substrates. The 
X-ray diffraction results show that the films are single phase 
perovskite structures. Well-saturated ferroelectric hysteresis 
loop and large piezoelectric coefficient were observed 
in 5% Gd-doped BiFeO3 thin films at room temperature. 
Vibrating sample magnetometry measurements show that 
Gd-doped BiFeO3 films possess larger room temperature 
remnant magnetization than the undoped samples. It was 
found that Gd substitution can successfully suppress the 
leakage current density, lower the electric coercive field 
and destruct the space-modulated cycloid spin structure of 
pure BiFeO3. 

 A00459-00852 

Structure and Microstructure of EB-PVD yttria 
Thin Films Grown on Si (111) Substrate

Mária HARTMANOVá1; Matej JERGEL1; 
Juan Pedro HOLGADO2; Juan Pedro ESPINOS2; 
František KUNDRACIK3 

1. Intitute of Physics, Slovak Academy of Sciences, 
Bratislava, Slovakia
2. Institute of Material Science, Universidad de Sevilla – 
C.S.I.C., Sevilla, Spain
3. Department of Experimental Physics, Comenius 
University, Bratislava, Slovakia

Yttrium oxide, Y2O3, belongs to a relatively large group 
of sesquioxides with the C-type cubic structure, which is 
similar to the fluorite structure. For many applications the 
thin film form of this material is important for which a 
close connection between structure and microstructure/
morphology is typical. These properties are basically 
determined by the conditions under which the films 
were prepared and treated. The present study deals with 
investigation of the effect of preparation conditions during 
the electron-beam physical vapour deposition (EB-PVD), 
in particular the deposition temperature (Tdep), on the 
structure and morphology of Y2O3 thin films as well as with 
their comparison with the single crystalline and ceramics 
forms of this material. The X-ray diffraction  (XRD), 
X-ray photoelectron spectroscopy (XPS) and scanning 
electron microscopy (SEM) techniques were applied. The 
films exhibit polycrystalline structure for all deposition 
temperatures. Sequence of the XRD peaks corresponds to 

the most intense peaks of the Y2O3 body-centered cubic 
(bcc) phase, space group 206. Peak shifts indicate a lattice 
expansion by ~ 1% in comparison with the well developed 
crystalline phase. With increasing deposition temperature, 
the grains of  the bcc grow to 14.1 nm for 660oC and 23.7 
nm for 820oC while the lattice parameter approaches the 
database value of 1.0604 nm. Relative peak intensities 
suggest a preferential grain orientation (texture) for 
660oC. In addition to the bcc phase, small traces of the 
Y2O3 base-centered monoclinic phase, space group 12, 
are observed for 820oC. The gradual growth of the bcc 
grains and improvement of their crystalline structure with 
the deposition temperature is in a full agreement with the 
surface morphology/microstructure and step coverage 
as well as with the columnar grain cross-sectional 
morphology/microstructure. The microscopic details of 
the cross-sections exhibit a well defined columnar growth 
(collinear elongated columns are actually elongated grains) 
for both 660oC and 820oC deposition temperatures. At room 
temperature, the columnar structure is developed only 
partly with a lower degree of perfection which affects also 
the surface morphology. In comparison with rotationally 
deposited Y2O3 layers, our stationary deposited layers are 
more dense with the less porosity between the columns. 
Therefore the feather-like structure usually observed for 
rotationally deposited layers is obscured in our case.

 A00459-00858 

Electro-mechanical Properties of Sm2O3-doped 
Ceria Films 

Mária HARTMANOVá1; Vojtech NáDAžDY1; 
Vilma BURšíKOVá2; Vladislav NAVRáTIL3; 
Catina MANSILLA4;6; František KUNDRACIK5 
1. Institute of Physics, Slovak Academy of Sciences, 
Bratislava, Slovakia
2. Department of Physical Electronics, Masaryk 
University, Brno, Czech Republic
3. Department of Physics, Masaryk University, Brno, 
Czech Republic
4. Institute of Material Science, Universidad de Sevilla – 
C.S.I.C., Sevilla, Spain
5. Department of Experimental Physics, Comenius 
University, Bratislava, Slovakia
6. Departement Science et Analyse des Materiaux 
(SAM), Centre de Recherche Public – Gabriel Lippmann, 
Belvaux, Luxembourg

In the field of oxygen ion conducting materials there is 
a special need of the compounds with a low activation 
enthalpy for migration, and a high mobile oxygen vacancy 
concentration. And from this point of view,  just oxides 
with the fluorite-type structure doped with trivalent 
cations are of a technological importance due to their 
potential applications in the intermediate temperature 
solid oxide fuel cells (IT-SOFCs) and oxygen sensors. 
Interesting are also their applications as effective coating 
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layers. Especially ceria doped with rare-earth oxides, e. 
g. Sm2O3, is suitable for this kind of applications, namely 
its film form due to the improvement of efficiency and 
reduction of operating temperature. In the present study 
were investigated the electrical conductivity, dielectric 
permittivity as well as microhardnes and effective elastic 
modulus of CeO2 - x . Sm2O3 (x = 0, 10.9 – 15.9 mol% 
) films  prepared by electron beam-physical vapour and 
ionic beam assisted (EB-PVD+ IBAD) depositions on 
the Si(111) and Si (100) substrates, in  dependence on 
their structural characteristics and microstructure. The 
special attention was devoted to the influence of Ar+ ion 
bombardment (IBAD) on the investigated properties and 
to the quality of interface Sm2O3-CeO2 film / Si substrate. 
The methods used for the investigation, such as impedance 
spectroscopy (IS) and isothermal charge deep level transient 
spectroscopy (DLTS)  as well as C-V technique, classical 
Vickers indentation method and depth - sensing indentation 
(DSI) technique have shown the close connection between 
investigated properties and conditions under which films 
were prepared, treated and measured. According to the 
results obtained, the investigated Sm2O3 – doped CeO2 
films could be utilized in various applications such as IT-
SOFC, planar-type SOFC and protective coatings on the 
metals as well as optical coatings in the optical devices 
depending on their phase composition , structure and 
microstructure.

 A00480-00889 

Optical Phenomena in Ferrimagnetic/Piezoelectric 
Composite Strustures in External Electric and 
Magnetic Fields

Vadim KORONOVSKYY
Department of Radiophysics, Taras Shevchenko Kiev 
National University, Ukraine

An external electric field applied to a crystal induces in 
it the optical phenomena, which depends of the magnetic 
field H. The effect of light polarization plane rotation in 
crystals is one of such phenomenon induced by the electric 
field, termed by authors as the electromagneto-optical 
(EMO) effect (EMOE).

The EMO effect as a magnetoelectric response for 
yttrium iron garnets (YIG)/lead zirconate titanate (PZT) 
(ferrimagnetic/piezoelectric(ceramic)) composite structure 
by applying an external electrical field E was registered 
by using high-sensitive optical polarimetry method. The 
sample represented the hybrid structure with stuck together 
thin magnetostriction and a piezoelectric plates. The 
measurements have been fulfilled on small areas of sample 
(laser probing D < 2 mm). A He-Ne laser (λ =0.63 µm) was 
used in the experiment. EMO characterization (changes of 
the magneto-optical Faraday rotation) as a magnetoelectric 
response for YIG film by applying an external electrical 
field to both YIG and PZT phases was carried out as a 

function of the variable electric field E (0-6 kV/cm), 
which was applied perpendicular to the sample plane and 
static magnetic field H (0-1.2 kOe), which was applied 
parallel to the sample plane. Piezoelectric phase in given 
structure carries out amplifier function for EMOE already 
induced by electric field in a YIG film. The EMO effect for 
investigated structure went up by a factor approximately of 
eight than for separate ferrimagnetic phase (epitaxial YIG 
film) that was measured by us earlier. The value of EMO 
effect is expected an author to be dependent sensitively 
on the volumes of the magnetostrictive and piezoelectric 
phases. EMOE can be interesting from the applied point 
of view as a basis for creation of devices with two-channel 
management, on electric and magnetic fields. We consider 
magnetoelectric effect in an optical range as a new degree 
of freedom in designing magnetoelectric devices.

 A00487-00898 

Crystallization Behavior of SiO2-Al2O3-Li2O-CaO 
Glasses by Nonisothermal Analysis

Seunggu KANG; Woo Hyoung KIM
Materials Engineering, Kyonggi University, Suwon, 
South Korea

The glass-ceramics produced from coal bottom ash 
with flux agents 10 wt% Li2O and 0~10wt% CaO, and 
nucleation agent 2~8 wt% TiO2 has a major crystal phase 
β-spodumene at interior of sample but simultaneously 
crystallization initiates from the surface nucleation sites 
too which could be harmful to mechanical properties.

The mechanism for the surface nucleation and crystallization 
of SiO2-Al2O3-Li2O-CaO glass-ceramics was studied by 
examining an activation energy, an Avrami constant which 
were calculated as a function of composition and size of 
specimen and heat treatment condition.

As the added TiO2 decreased, the activation energy for 
crystallization increased and Avrami constant came close 
to 1. For the bulk sample, on the contrary, the activation 
energy was low as 307 kJ/mol and Avrami constant high 
as 2.5. 

The crystals in glass-ceramics having Avrami constant 
over 3 growed 3-dimensionally and showed spherolite 
shape while in specimens of less than 2, 1-dimensionally 
and  acicula shape. The nucleation agent addition to 
specimen increased the activation energy and decreased 
Avrami constant, depressing a surface crystallization, in 
consequence, the glass-ceramics containing a nucleation 
agent showed a higher degree of crystallization, higher 
3-point strength as 45 MPa·s, and lower thermal expansion 
as 78×10-6K-1, compared to the sample without nucleation 
agent.
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Enhancement of Ferromagnetic and Dielectric 
Properties in Lanthanum Doped BiFeO3 
Nanopowders

Yi DU1; Zhenxiang CHENG1; Mahboobeh SHAHBAZI1; 
Shi Xue DOU1; Xiaolin WANG1; Michael SUSNER2; 
Michael SUMPTION2; Edward COLLINGS2 
1. Institute for Superconducting and Electronic Materials, 
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2. Laboratories for Applied Superconductivity and 
Magnetism, The Ohio State University, Ohio, United 
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Bismuth ferrite,BiFeO3, is an excellent candidate for use in 
ferroelectric non-volatile memories and high performance 
electronics because of the coexistence of ferromagnetism 
and ferroelectric polarization also is known as multiferroic. 
As one of very few existing single- phase multiferroics, 
BiFeO3 with a perovskite structure has high electrical 
polarization, high Curie temperature (~820oC), and G-type 
antiferromagnetic Néel temperature (TN~ 475oC). 

In previous work, BiFeO3 in the forms of bulk, thin film 
and particles was prepared by diverse routes. However, 
pure BiFeO3 is characterized by serious current leakage 
problems, making it difficult to attain high resistivity 
due to defects as well as nonstoichiometry. In order to 
overcome this disadvantage, many attempts have been 
made including doping different elements into BiFeO3 and 
depositing multi-layer thin films. It is proved that lanthanum 
doping is an efficient way to improve its ferroelectric 
properties. However, it should be noted that much of the 
work reported so far has usually focused on the thin films. 
Because the features of thin films often depend on the film 
thickness and strain caused by mismatch of the lattice 
parameters between the film and the substrates, it is hard 
to separate the impact of elements substitution from the 
interaction between the film and the substrate. Therefore, it 
is necessary to study the magnetic and electrical properties 
of lanthanum doped BiFeO3 particles. 

In this work, lanthanum substituted BiFeO3 samples were 
prepared by the hydrothermal method at 200oC. X-ray 
diffraction (XRD) and scanning electronic microscope 
measurements revealed the crystal structure and 
morphologies of the samples. XRD refinement showed 
that the lattice parameters were strongly affected by 
lanthanum doping levels. Measurement of the zero- field 
cooled magnetization, as well as magnetization versus 
field loops, verified that the ferromagnetic properties 
were enhanced with increasing La doping level in the 
samples thus produced. It was also found that both the 
dielectric constant and the dielectric loss were dependent 
on the La content. The enhancement of the ferromagnetic 
and dielectric properties was attributed to lanthanum 
substitution in the BiFeO3, which also agreed with the 
XRD refinement results.

 A00510-00937 

Copper Catalyze the Formation of Zinc Oxide 
Nanowires via Thermal Evaporation

Sabar D. HUTAGALUNG; Shi W. TUNG
School of Materials and Mineral Resources Engineering, 
Universiti Sains Malaysia, Penang, Malaysia

The one-dimensional ZnO nanostructures (nanowires, 
nanotubes, etc.) have been attracted much attention due 
to their potential application in many areas, such as field 
emission displays, dye-sensitized solar cells, gas sensors 
and nanomachines. Various growth methods to prepare 
these types of ZnO have been reported, e.g. laser ablation, 
chemical vapor deposition, electrodeposition, and vapor 
phase transport methods. In this work, thermal evaporation 
method is use to synthesize ZnO nanostructures using 
copper catalyst. The pre-cleaned p-type silicon (100) 
substrate was cut into small size then spin-coated with thin 
layer copper catalyst. Zinc powder and substrates were put 
inside a quartz tube and inserted into a horizontal furnace 
tube for thermal evaporation process at 700–900 °C for 1 
to 3 h. From SEM and TEM observations obtained ZnO 
nanowires with diameter as small as 10 nm and the length 
up to 10µm. The photoluminescence anaysis give a band 
to band transition at 381 nm wavelength.

 A00521-00949 

Piezoelectric Coefficient Study of Spray Dried  
Iron Doped Lead Zirconate Titanate Ceramics

Sanjay Kumar SINHA
Department of Applied Physics, Birla Institute of 
Technology, Bihar, India

Lead Zirconate Titanate  (PZT) material is a ferroelectric 
material being exploited for different sensor application. 
Effect of ferromagnetic dopant in varying concentration  in 
ferroelectric PZT material has been studied and presented 
in present paper. Nitrate solution of Lead, Zirconium and 
titanium has been taken based on stoichementy of formula. 
These properly mixed transparent solution has been feed 
in spray drying machine and spray dried nitrate powder 
of PZT has been collected. DTA/TG characterization of 
green powder reveals the calcinations temperature as well 
as the lead loss during calcinations. XRD test of powder 
calcined  at 800 degree centigrade conforms the presence 
of PZT phases.  Iron doping from 0.5 atomic percentage 
to 2.5 atomic percentage has been done at Zr/Ti ratio 
54/46 before spray drying the solutions. Peletization  of  
calcined powder is done at 250 Mpa of pressure followed 
by sintering of pellets at 1150 degree centigrade.sintered 
pellets has been poled at different D.C poling field varing 
from 10 Kv/cm to 100 Kv/cm. Piezoelectric coefficient 
(d33) measurement of Iron doped PZT materials reveal 
that at low concetration of dopant d33 value increases but 
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at higher value of dopant concentration d33 valu decreases. 
This can be interpreted as the lower value of ferromagnetic 
dopant contributes increases  in domain wall motion of 
material while at higher concentration pinning effect in 
domain wall motion  starts dominating. This can also  be 
found  experimentally true.

 A00524-00955 

Fabrication and Luminescence Behavior of 
Neodymium Doped Yttrium Aluminum Garnet 
Transparent Ceramics

Hua GONG1; Jian ZHANG1; Dingyuan TANG1; 
Hui HUANG1; Jian MA2

1. School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore
2. School of Material Science and Engineering, Nanyang 
Technological University, Singapore

Polycrystalline Nd:YAG transparent ceramics are 
currently studied to replace their single crystals as a solid-
state laser host material, owing to their attractive thermal 
properties, excellent chemical stability, unique optical 
properties and high efficient laser oscillations. In our work, 
spherical Nd:Y2O3 nanopowders were synthesized by co-
precipitation method from a mixed solution of yttrium and 
neodymium nitrate using ammonium hydrogen carbonate 
as a precipitant. The thermal decomposition behavior of 
the carbonate precipitate, phase evolution, microstructure 
and sinterability of the powders were studied.  Pure phase 
Nd: Y2O3 nanopowders appeared by calcining at 700 oC 
for 4 h. The nanocrystalline Nd:Y2O3 particles calcined 
at 1100 oC were well dispersed with average diameter of 
about 60 nm. Transparent fully dense Nd:YAG ceramics 
were fabricated from as-prepared Nd:Y2O3 powders and 
commercial Al2O3 powders using TEOS as a sintering 
additive by solid-state reaction under vacuum sintering 
at 1750 oC for 6 h. The phase evolution, microstructures 
and optical properties of the transparent ceramics were 
investigated. The results show that the grain boundary of 
the sample was clean and no second phase was observed. 
The fluorescence lifetime decreases dramatically with an 
increase of Nd concentration.

 A00528-00960 

Observation of High Dielectric Constant 
in Polymer/AlCuFe-Nanoquasicrystalline 
Composites

Srinivas VEETURI; Venkatesh CHANDRAGIRI
Department of Physics and Meteorology, Indian Institute 
of Technology, Kharagpur, India

An improvement in average dielectric constant value is 
expected if a low and high dielectric constant materials 
blended to develop a composite. But interestingly an 

abnormal increase in effective dielectric constant (εeff) near 
the percolation threshold or critical volume fraction of 
conductive component (ϕC) with low dielectric loss (Tanδ) 
has been recently reported in metal-polymer composites. 

Recent reports suggest that by reducing the filler particle 
dimensions ϕC can be lowered to retain the flexibility of the 
polymer matrix as well as superior dielectric properties. In 
an effort to understand the phenomenal enhancement in 
εeff and to develop a low cost polymer-based composite 
with high conductivity or high dielectric constant at low 
percolation threshold a variety of ferroelectric polymers 
like polyvinylidene fluoride based composites with 
different filler materials have been investigated. New 
interesting results continue to appear even now with novel 
filler materials to understand the effect of filler materials 
and processing conditions on percolations threshold. In this 
regard thermodynamically stable quasicrystalline alloys 
(QC) have unique properties that include lower values of 
coefficient of friction, thermal and electrical conductivity 
and high hardness, thermal stability with a major drawback 
of brittle nature. On the other hand, dielectric/QC/dielectric 
thin film multilayers are reported to be excellent solar 
selective absorbers. Therefore, in the present article for 
the first time we report on nanocrystalline Al65Cu23Fe12 QC 
particles embedded in ferroelectric-PVDF matrix.

In the first step fine powders of Al65Cu23Fe12 alloy have 
been prepared through mechanical alloying process. 
Subsequently well-ordered quasicrystalline Al65Cu23Fe12 
(~20 nm-30 nm) powders were obtained by annealing (800° 
C) the powder under inert gas atmosphere for 2 hrs. The QC 
phase and properties have been confirmed through XRD 
and temperature dependence of resistivity measurements. 
The PVDF and QC powders were blended together in the 
form of disks of diameter 13 mm and thickness 2 mm under 
10 MPa. Series of polymer based composites with varying 
volume fractions of QC were prepared in order to reach the 
percolation threshold as closely as possible. The dielectric 
properties were measured using an Agilent precision 
impedance analyzer (4294A) in the frequency range of 
40 Hz-10 MHz, with a 16451B dielectric text fixture. It is 
shown that at the percolation threshold, dielectric constant 
of the composite exhibits a remarkable enhancement with 
moderate loss. The εeff rises from ~300 to 3800 when ϕQC 
increases from 0.22 to 0.228 at 100 Hz. Similarly σeff 
clearly demonstrates an Insulator-Metal transition (IMT) 
in the vicinity of ϕQC=0.22 . The large enhancement in εeff 
in the neighborhood of ϕC can be understood on the basis 
of ‘boundary layer capacitor effect’. 

Financial assistance from CSIR New Delhi, India is gratefully 
acknowledged. One of the authors (Ch.V) would like to thank 
Profs. V. V. Rao and A.K. Thakur for the encouragement and Mr. 
Maheswar Panda for the technical help.
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of HfO2 Gate Dielectric on SiC
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The integration of high dielectric constant (high-k) 
oxides with SiC has attracted much attention for the 
applications in high temperature, high power, and high 
frequency devices because of accelerated degradation with 
traditional SiO2 gate insulator at high temperature and high 
electric field. In this work, we studied the integration of 
HfO2/SiC system for nanoelectronics devices using x-ray 
photoelectron spectroscopy. The interface stability and 
band offsets at the interfaces of HfO2/SiC and the effect of 
nitrogen on the electronic structures and thermal stability 
of HfO2 thin film have been investigated. It was found 
that The valence- and conduction- band offsets at HfO2/
SiC interfaces were measured to be 1.02 eV and 1.53 
eV, respectively. The atomic source nitridation improves 
interface thermal stability with nitrogen passivation for the 
oxygen vacancies in dielectric films and for the defects on 
SiC surface, but induces band gap reduction for the HfO2 
dielectric layer and band alignment shift at the interface. 
Furthermore, Post-nitridation annealing helps to improve 
the band offsets of dielectric film to have sufficient 
injection barrier. The results show that HfO2 is a promising 
high-k gate dielectric integrated on high-performance SiC 
for high-power and high-temperature devices.

 A00534-00971 

Fabrication and Photocatalytic Activities in Visible 
and UV light Regions of Ag@TiO2 and NiAg@TiO2 
Nanoparticles 

Haw-Yeu CHUANG; Dong-Hwang CHEN
Department of Chemical Engineering, National Cheng 
Kung University, Tainan, Taiwan

In this study, we prepared the highly dispersible core-shell 
type of phototcatalysts, with Ag nanoparticles or NiAg 
alloy nanoparticles as the metal cores and TiO2 as the oxide 
shells. Ag cores may trap photogenerated electrons or holes 
and are expected to extend the absorption to visible light 
region and enhance the photocatalytic activity. NiAg alloy 
cores not only can achieve the same effects as Ag cores but 
also possess magnetic property which makes it possible 
to recover the photocatalysts from the treated solutions by 
magnetic force without further treatment. TEM analysis 
revealed that they were found to be completely discrete 
with core diameters of 6.55 ± 1.20 and 7.57 ± 1.33 nm as 
well as shell thicknesses of 2.59 and 2.80 nm for Ag@TiO2 

and NiAg@TiO2, respectively. Their core-shell structure 
has also been recognized by the analyses of EDX and FTIR 
spectra. XRD analysis indicated that Ag and NiAg cores 
were not oxidized after TiO2 coating and the TiO2 shells 
were amorphous. Noteworthily, the resultant Ag@TiO2 
and NiAg@TiO2 nanoparticles not only showed significant 
characteristic absorption in the visible light region owing to 
the surface plasmon resonance of Ag as expected but also 
had lower zeta potentials than TiO2 nanoparticles, which 
favored the adsorption of cationic dye Rhodamine B on the 
particle surface and thereby enhanced their photocatalytic 
activities. Under visible light illumination, Ag@TiO2 and 
NiAg@TiO2 nanoparticles exhibited significantly higher 
photocatalytic activities than TiO2 nanoparticles. A novel 
mechanism based on the formation of Schottky barrier 
banding at the core-shell interface as well as the excitation 
of photogenerated electrons from the surface of Ag or 
NiAg cores to the conduction band of TiO2 shells has 
been proposed. In contrast with the photocatalytic reaction 
under UV light illumination, Ag@TiO2 and NiAg@TiO2 
nanoparticles showed lower photocatalytic activities than 
TiO2 nanoparticles. This could be attributed to the lower 
TiO2 content as well as the transfer of photogenerated 
electrons from TiO2 shells to Ag or NiAg cores where the 
photoinduced electrons might recombine with holes and 
hence led to the decrease in the photocatalytic activity. The 
Ag@TiO2 and NiAg@TiO2 nanoparticles were expected 
to be useful as the effective photocatalysts in the visible 
light region. In particular, NiAg@TiO2 nanoparticles 
could be recovered magnetically even though their 
photocatalytic activity was lower as compared to Ag@
TiO2 nanoparticles.

 A00541-01003 

Study on Moisture Adsorption Principle of Porous 
Mineral Materials 

Zhijiang JI
China Building Materials Academy & National Lab of 
Green Building Materials, Beijing, China

Porous mineral materials, such as diatomite, sepiolite 
and attapulgite, have been selected as samples, and their 
morphology and structures also have been detected by 
SEM and XRD. Then the theory of moisture sorption for 
porous mineral materials has been analyzed. The adsorption 
properties of three samples are tested in the constant 
temperature and humidity chamber with same temperature 
but different humidity. It is founded that the major factors 
affecting the moisture adsorption properties of porous 
mineral materials, are specific surface area, pore volume, 
pore size distribution and pore structure of materials. At 
the range of middle and low relative humidity (≤50% RH), 
the larger specific surface area leads to higher moisture 
adsorption. The moisture adsorption properties increases 
with the pore volume at middle and high relative humidity 
(≤50% RH). At the same time, the capillary condensation 
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is influenced by the pore size distribution of materials. 
When the material’s pore size distribution is at the range of 
3.10nm to 5.66nm, the equilibrium humidity for moisture 
adsorption is in a scope of 40% - 60%. And the internal 
pore structure of materials is one of the important factors 
of moisture desorption. 
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2. Institute of Materials Research & Engineering, 
Singapore

BiFeO3 is the only known single phase multiferroic material 
that show both ferroelectric and magnetic orderings at 
room temperature. The growth window of BiFeO3 thin 
films is very small. Both temperature and oxygen pressure 
will affect the film quality and phase purity significantly. 
We demonstrate here that even within the window where 
phase pure BiFeO3 thin films can be obtained, oxygen 
partial pressure still leads to variation of Bi/Fe ratio in the 
film. As oxygen pressure decreases, Bi/Fe ratio decreases 
and remanent polarization also drops. Bi2O3 phase is 
observed in films deposited under high oxygen partial 
pressure, which leads to higher leakage current, consistent 
with previous report. Piezoelectric force microscopy also 
reveals significant difference in the domain structures of 
these films, possibly due to the influence of Bi and oxygen 
vacancy defects in film growth.

 A00568-01035 

Fabrication of ZnO Thin Films by Atomic Layer 
Deposition Using Flow-rate Interruption Method 

Ching-Shun KU1; Jheng-Ming HUANG2; 
Chih-Ming LIN2; Hsin-Yi LEE1

1. Scientific Research Division, National Synchrotron 
Radiation Research Center, Hsinchu, Taiwan
2. Applied Science, National Hsinchu University of 
Education, Hsinchu, Taiwan

High quality of crystalline ZnO films has been 
successfully grown on c-plane sapphire substrate by 
atomic layer deposition (ALD) technique at extremely 
low temperature. In this work, we obtained the ZnO thin 
films by ALD method using flow-rate interruption method 
at extremely low temperature with diethylzinc and D. I. 
water as precursors. The ALD growth window was found 
to be 60-160oC by using flow-rate interruption method 
(FIM). It’s effectual to decrease the growth temperature 

about 100 oC for ALD with general continuous flow rate 
method. X-ray reflectivity and high-resolution x-ray 
diffraction measurements were employed to characterize 
the microstructure of these films. The results show the low 
growth temperature result higher crystalline quality and to 
agree with thermodynamically blocked self-compensation 
processes.

 A00575-01103 

Synthesis and Characterization of Cu2O Thin 
Films Deposited by Magnetron Sputtering

Guobo DONG; Ming ZHANG; Hui YAN
The College of Materials Science and Engineering, 
Beijing University of Technology, Beijing, China

Cuprous oxide (Cu2O) is a direct-gap semiconductor 
with band gap energy of around 2.1 eV and is regarded 
as one of the most promising materials for application in 
photovoltaic cells. In addition, it is known that Cu2O is an 
abundantly available material and exhibits multifunctional 
advantages, such as non-toxicity, high absorption 
coefficient and low-cost producibility. Thus, Cu2O films 
are becoming a multifunctional material.

In this paper, Cu2O thin films were deposited by radio-
frequency (rf) magnetron sputtering at different substrate 
temperatures. The crystal structure, the optical and 
the electrical properties were characterized. The x-ray 
diffraction patterns show that the Cu2O pure phase is 
achieved for all films and present a preferred growth 
orientation [111] with increasing substrate temperatures 
from 500 to 800 K. The electrical conductivity measured 
at room temperature increases with the increase of the 
substrate temperature, so do the optical band energies 
(Eg). The biggest Eg, 2.58 eV, is achieved for the sample 
prepared at 800 K.

 A00605-01628 

Photoluminescence of Manganese-doped ZnAl2O4 
Nanophosphors

Mu-Tsun TSAI; Yu-Xiang CHEN; Pei-Jane TSAI; 
Yen-Kai WANG
Department of Materials Science and Engineering, 
National Formosa University, Yunlin, Taiwan

Manganese–doped zinc aluminate spinel (ZnAl2O4:Mn) 
phosphor nanopowders were prepared by the sol-gel 
process. The sol-gel transition, crystallization processes 
and photoluminescent properties of the powders were 
investigated. The manganese doping concentration 
had a large impact on the sol-gel transition and 
photoluminescence intensity of the processed gel powders. 
X-ray diffraction revealed that the dried powders were 
amorphous and converted into ZnAl2O4 structure followed 
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firing at above 600 oC. On firing at 600 o–1000 oC, the 
doped ZnAl2O4 powders had the average crystallite sizes 
of 12~20 nm. SEM investigation exhibited the phosphor 
powders had primary particle size of around 20~25 nm and 
narrow size-distribution after calcining at 1000 oC. The 
luminescence properties of doped ZnAl2O4 nanophosphors 
were characterized by excitation and emission spectra. 
Photoluminescence spectra exhibited prominent green 
emission bands centered at 512 nm, corresponding to the 
typical 4T1(

4G)—6A1(
6S) transition of Mn2+ ions under 

an excitation wavelength of 458 nm. The luminescence 
intensity increased with increasing the Mn content up 
to 3.0 mol %, but decreased significantly as doping of 
above 4.0 mol%. The emission intensity was also highly 
dependent on the conditions of heat-treatment.

Acknowledgments: 
This work was supported by the National Science Council of 
Taiwan under Contract No. NSC 97-2221-E-150 -002.

 A00607-02262 

Deposition and Characterizations of ZnO Thin 
Films on Al2O3 (0001) Substrates with III-arsenide 
Intermediate Layers

Hongfei LIU1; Soo Jin CHUA1; Guang Xia HU2; 
Hao GONG2

1. Institute of Materials Research and Engineering, 
Singapore
2. Department of Materials Science and Engineering, 
National University of Singapore, Singapore

ZnO and its related alloys have attracted increasing 
research interest because they may provide an alternative 
approach to III-nitride semiconductors with lower cost for 
the fabrication of short-wavelength optoelectronic devices. 
However, effective and repeatable p-type doping of ZnO is 
still remaining the challenge in any semiconductor growth 
technologies. Growth of ZnO on III-V semiconductor 
substrates, such as GaAs and InP, followed by thermal 
annealing has been reported as a possible method that 
diffuses group V atoms from the substrate into the ZnO 
epilayer, forming p-type doping wherein. However, the 
diffusion of atoms, either group V or group III, is still 
on debate in the literature. The p-type doping of ZnO is 
camouflaged by the conduction of the substrate due to atom 
interdiffusions. On the other hand, the small bandgap of the 
substrate material also limit the characterization method 
where optical transparent is needed. Growth of ZnO on 
sapphire substrate with a thin III-V intermediate layer could 
be a promising method to solve the mentioned problems. 
In this study, GaAs and InAs thin films of about 500-nm 
thick were grown on Al2O3 (0001) substrates, respectively, 
by using molecular beam epitaxy. ZnO thin films were 
then deposited on the arsenide-layer intermediated 
sapphire substrates, with a comparison to the growth on a 
GaAs epi-ready substrate, in a radio-frequency magnetron 
sputtering reactor. Structural and optical properties of the 

grown structures were characterized by x-ray diffraction, 
Raman scattering and photoluminescence. The obtained 
results will be presented at the time of meeting.

 A00627-01148 

The Effects of Carbon Nano Tubes (CNT) 
and Carbon on Y-123 High Temperature 
Superconductors

Sedigheh DADRAS1; Vahid DAADMEHR1; 
Kee Hoon KIM2

1. Physics Department, Alzahra University, Tehran, Iran
2. School of Physics and Astronomy, Seoul National 
University, Seoul, South Korea

In this research, the effects of carbon nano tubes and 
carbon on the crystal structure and superconducting 
properties of YBa2Cu3O7-δ (Y-123) compound were 
studied. Samples were synthesized using standard solid 
state reaction technique by adding CNT and carbon up to 
1wt %. The x-ray diffraction data confirm the single phase 
orthorhombic structure for all samples.

We obtained changes in critical temperature Tc, the pinning 
energy UJ and critical current density Jc by changing CNT 
doping value in Y-123 samples (0.0–1 wt %). We find that 
while Tc doesn’t change much with the CNT doping (91-
92 K), both UJ and Jc increase systematically up to 0.7 wt 
% CNT doping in a broad magnetic field ranges between 
0.1 and 9 T and Jc in the 0.7 wt % CNT doped sample is 
at least 10 times larger than that of the pure Y-123. The 
scanning electron microscope image shows that CNTs 
are forming an electrical-network between grains. These 
observations suggest that the CNT addition to the Y-123 
compounds improve the electrical connection between 
superconducting grains to result in the Jc increase.

In addition, we prepared samples with different carbon 
percentage doping (0.05-1 wt %) and found that 
superconductivity disappears in compounds containing 
more than 0.3 wt % carbon doped value. Increasing carbon 
in Y-123 samples decreases the critical temperature Tc. 

 A00638-01149 

Tribological Behavior of Si3N4-hBN Ceramic 
Materials with Water Lubrication 

Wei CHEN; Yimin GAO
School of Materials Science and Engineering, 
Xi’an Jiaotong University, Xi’an, China

The main objective of this paper is to clarify the tribological 
behavior of Si3N4-hBN composites with different hexagonal 
boron nitride (hBN) volume fraction under distilled water 
lubrication. Water-lubricated sliding tests were carried out 
on a pin-on-disc tester. Si3N4 ceramics were used as the disc 
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specimens and Si3N4-hBN composite with five different 
hBN content, i.e. 0, 5, 10, 20 and 30 vol.%, were used as 
the pin specimens. The results showed that the addition of 
hBN to the Si3N4 matrix can result in a severe decrease of 
the friction coefficient, from 0.35 for Si3N4 against Si3N4 to 
0.01 for Si3N4-20% hBN against Si3N4. The wear rates (K) 
of Si3N4-hBN composites decrease greatly with the increase 
of hBN content, and the lowest wear rate of 10-7 mm3N-1m-1 
or less order of magnitude is obtained while the volume 
fraction of hBN is near to 20%. Subsequently, the wear rates 
showed an increasing tendency while the volume fraction 
of hBN is higher than 20%. The morphological analysis 
and chemical characterization of the worn surfaces, which 
were made by scanning electron microscopy (SEM) and 
X-RAY photoelectron spectroscopy (XPS), revealed that 
the oxidation and hydrolysis of hBN and Si3N4 occurred 
on the wearing surfaces during the wear tests. For Si3N4- 
hBN/Si3N4 pairs, the reaction products could accumulate 
on the wearing surface, forming a tribochemical film 
composed of B2O3, SiO2 and their hydrates, and hence the 
friction coefficients are lower compared with Si3N4/Si3N4 
pair. However, the reaction products are too difficult to 
accumulate on the wearing surface and form an efficient 
tribochemical film for Si3N4/Si3N4 pair, so the friction 
coefficient is relatively high. 

 A00639-01150 

Effect of Doping of Cobalt and Lanthanum 
(Independently and Simultaneous) on Nature of 
Ferroelectric to Paraelectric Transition 

Om PARKASH1; Sindhu SINGH1; Devendra KUMAR1; 
Prabhakar SINGH2

1. Department of Ceramic Engineering, Institute of 
Technology, Banaras Hindu University, Varanasi, India
2. Department of Applied Physics, Institute of Technology, 
Banaras Hindu University, Varanasi, India

Effect of lanthanum on barium site, cobalt on titanium site 
independently and simultaneously (La and Co on Ba and 
Ti site) respectively has been investigated on dielectric 
properties of technologically important BaTi0.85Sn0.15O3 
composition. Powder X-ray diffraction, scanning electron 
microscope, measurements of hysteresis loop and dielectric 
properties (as a function of temperature and frequency) are 
used to characterize the resulting single phase solid solution 
samples. In all the cases the diffuseness of ferroelectric 
(FE) to paraelectric (PE) transition increases with increase 
in concentration of dopants. Lanthanum doped samples 
i.e. Ba1-xLaxTi0.85Sn0.15O3 (x=0.01 and 0.03) exhibit relaxor 
ferroelectric behavior. Variation of dielectric constant as 
a function of temperature show that these are suitable as 
Z5U category of thermally stable capacitors. In all the 
cases FE to PE transition occurs below 300K. Samples in 
the systems, BaTi0.85-xCoxSn0.15O3 (x=0.01 and 0.03) and 
Ba1-xLaxTi1-xCoxSn0.15O3 (x=0.01 and 0.03) exhibit diffuse 
phase transition unlike La doped samples. All the samples 

exhibit hysteresis loop at 300K which is considerably 
higher than FE to PE transition temperature. This is 
supported by observation of domains in scanning electron 
micrographs. These results show that these materials 
contain nanopolar regions considerably able FE to PE 
transition temperature. Hysteresis loop has been found 
to be asymmetric which has been explained on the basis 
of internal bias present in these materials due to different 
charge on La at Ba ions which occupy random sites.

 A00639-02789 

Immittance Analysis: A Tool to Probe 
Electroceramics 

Om PARKASH; Devendra KUMAR
Department of Ceramic Engineering, Banaras Hindu 
University, Varanasi, India

Immitance analysis has been used to study electroceramics 
by separating the contribution of grains (bulk), 
grainboundaries and electrode-specimen interface to 
the total measured electrical and dielectric parameters. 
The result so obtained are utilized to control the over all 
electrical behavior of the materials by varying processing 
parameters such as cooling rate after sintering, annealing, 
after sintering, diffusion annealing, during electroding and 
by using different routes  to prepare the same composition 
etc. This is illustrated by taking a few examples in the 
system Sr1-xTi1-xCoxO3 (0.20≤ x ≤ 0.40). All the above 
mentioned parameters have been shown to influence the 
electrical properties significantly. 

 A00641-01155 

Panoscopic Assembling of Ceria Nanoparticles 
using Plate-like Titanate for UV-shielding 
Application via Solution Processes

Tsugio SATO; Xiangwen LIU; Shu Y
IMRAM, Tohoku University, Sendai, Japan

Because of the damaging effects of UV-rays, many 
kinds of UV-shielding materials have been developed. 
Semiconductor nanoparticles are generally used as 
inorganic UV-shielding materials, however, the comfort 
and covering capability on skin of inorganic nanoparticles 
are generally modest due to agglomeration of nanoparticles. 
In order to improve the comfort and UV-shielding ability 
of calcia-doped ceria nanoparticles, the composites 
consisting of plate-like potassium lithium titanate 
(K0.8Li0.27Ti1.73O4) micro particles coated with calcia-
doped ceria (Ce1-xCaxO2-x) nano particles were prepared 
by solution processes such as co-precipitation process and 
sol-gel process and the UV-shielding performance of the 
products were evaluated. Co-precipitation method: after 
putting plate-like potassium lithium titanate particles in 
deionized water at 40oC, appropriate quantities of 3 M 
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NaOH aqueous solution and 0.8 M CeCl3-0.2 M CaCl2 
mixed aqueous solution were simultaneously dropped, 
followed by adding desired amount of 2 M H2O2 solution 
to oxidize Ce3+ to Ce4+, where the solution was stirred and 
pH was kept at desired values through the reaction. Sol-gel 
process: after adding glacial acetic acid in Ce(NO3)3·6H2O-
Ca(NO3)2·4H2O mixed absolute ethanol solution at 40°C 
under vigorous stirring with an HAc/(Ce+Ca) molar ratio 
of 10, desired amounts of palte-like K0.8Li0.27Ti1.73O4 micro 
particles dispersed in absolute ethanol were dropwise 
added, then, the solution was heated at 60oC for ca. 2 h 
to get gel-like substance, followed by drying in a vacuum 
oven at 333 K for 5 h and calcination at 1073 K for 2 h. 
The microstructure, comfort when applied on skin and 
UV-shielding ability of the sample changed depending on 
the solution pH, ratio of K0.8Li0.27Ti1.73O4/Ce1-xCaxO2-x, etc. 
and the sample prepared by the sol-gel method showed 
superior UV-shielding performance. 

 A00650-01234 

Samarium (III) Oxide Pulsed Laser Deposited 
Thin Films: Morphological, Optical and Electrical 
Properties

Catalin-Daniel GOLDNER-CONSTANTINESCU; 
Nicu SCARISOREANU; Maria DINESCU 
Lasers, INFLPR - National Institute for Laser, 
Plasma and Radiation Physics, Bucharest, Romania

Exhibiting high resistivities and high dielectric constants, 
wide band-gap semiconducting rare earth metal oxides 
(REO) have recently been extensively investigated for 
applications including photoelectric devices, electrical 
switches and optoelectronic devices. This paper reports 
on the preparation of samarium oxide thin films by 
pulsed laser deposition (PLD) and radiofrequency plasma 
discharge assisted PLD (RF-PLD), in oxygen atmosphere 
without substrate heating. The influence of the deposition 
parameters (substrate type, oxygen pressure, laser fluence, 
and RF power) on the structure and morphology of the thin 
films were studied; the losses, dielectric constant and the 
leakage currents were measured.

 A00661-01195 

Abrasion Behavior of Al2021 Alloys Treated 
by Plasma Electrolytic Oxidation in Different 
Electrolytes

Kai WANG; Young Joo KIM; Sigi SANG; 
Chan Gyu LEE; Bon Heun KOO
School of Nano & Advanced Materials Engineering, 
Changwon National University, Gyeongnam, South Korea

Al2021 is an aluminum alloy, with copper and magnesium 
as the alloying elements, which is used in applications 
requiring high strength to weight ratio, as well as good 

fatigue resistance. Due to poor corrosion resistance, it 
is often clad with Zn for protection, although this will 
reduce the fatigue strength. Plasma electrolytic oxidation 
has been proved to be an effective surface protection 
technique without harm to its fatigue strength, which 
could significantly increase the wear resistance of Al 
alloys. However, the abrasion resistance of Al2021 
alloy PEO-treated in different electrolytes was seldom 
reported. In this work, Al2021 alloys were prepared by 
PEO method in different electrolytes, such as aluminate, 
silicate and phosphate, under a hybrid voltage of AC 200V 
(50Hz) combined with DC 260V value. Moreover, the 
process was controlled in a short time span of 5-15 min. 
A combined composition and structure analysis of surface 
and cross section layer was carried out by XRD, OM, and 
SEM&EDS for the PEO-treated specimens. The abrasion 
behavior was tested by dry ball on disk wear tests were 
carried out by a PD-102 wear test machine. The results 
showed that Double-layer and pancake structural alumina 
coatings grew on Al2021 alloy surfaces, the phases of 
which were consisted of α- and γ-Al2O3. It is possible to 
generate high property ceramic coatings on Al2021 alloys 
in the condition of low voltage within short reaction times 
in all electrolytes.

This research is financially supported by Changwon National 
University in 2008. This work was supported by the Korea 
Research Foundation Grant (KRF - 2006 - 005 - J02703).

 A00666-01592 

Synthesis and Luminescence of YNbO4:Eu3+ by a 
Flux Method

Eun Young LEE; Young Jin KIM
Materials Science & Engineering, Kyonggi University, 
Suwon, South Korea

YNbO4 powders have been recognized as x-ray phosphors 
that show high energy emissions around 256 nm. In this 
work, YNbO4 powders were prepared by a flux method, 
and luminescent properties were investigated by doping 
Eu3+ ions. The stoicheometric mixtures of starting materials 
were fired under air and N2 atmosphere, respectively using 
LiCl, H3BO3, and NH4Cl as a flux. A single phase YNbO4 
could be achieved with LiCl under N2 atmosphere, while 
the other flux and air atmosphere caused the formation of a 
secondary phase Y3NbO7. PL (Photoluminescence) spectra 
of YNbO4 powders exhibited a blue emission at 412 nm 
due to niobate self-excitation, while Eu3+ doped powders 
emitted a strong red light at 613 nm under ultraviolet 
excitation due to the charge transfer from niobate group to 
Eu3+ ions. The increase of a flux content contributed to the 
increase of particle sizes, leading to the enhancement of 
the emission intensity at 1 – 7 wt% LiCl, but at 10 wt% the 
particle size significantly enlarged, resulting in the abrupt 
drop of PL intensity.
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 A00668-01577 

The Deposition and the Photoluminescence of 
SrAl2O4:Eu2+ Thin Films

Jun Seong LEE; Young Jin KIM
Materials Science and Engineering, Kyonggi University, 
Suwon, South Korea

M-Al2O4:Eu2+ (M: alkaline earth metals) powders are well-
known phosphors for lighting lamps. For example, emission 
spectra of SrAl2O4:Eu2+ powders show a green emission 
under near UV excitation. In this work SrAl2O4:Eu2+ thin 
films were prepared on c-plane sapphire substrates by 
rf magnetron sputtering. The effects of oxygen partial 
pressure in the sputtering gas, rf power, and the substrate 
temperatures on the structure and luminescent properties 
were investigated. O2 / (Ar+O2) ratios varied in the range 
of 10 - 50 % at the constant working pressure of 5 mTorr. 
As-deposited thin films were amorphous and non-radiative, 
but they were recrystallized and radiative after post-
annealing in the electric tube furnace under 5 % H2 (95 
% N2) atmosphere. Textured films could be achieved by 
annealing, of which PL spectra exhibited a green emission 
around 530 nm under 340 nm excitation.

 A00674-01216 

Optical Emission and Absorption Spectra of Zn 
Embedded ZnO Nanostructure and Zn-ZnO Core-
shell Nanostructure

Avijit GHOSH; Ram Naresh Prasad CHOUDHARY
Department of Physics and Meteorology, Indian Institute 
of Technology Kharagpur, Kharagpur, India

The Zn embedded ZnO nanostructure thin films were 
prepared using a cost-effective novel vacuum-carbon-
arc combined with vacuum annealing technique. The 
photoluminescence spectra of the samples exhibit a 
strong near-band-edge emission around 377 nm and weak 
defect band in visible range accompanying with some 
multiphonon peaks at higher energy. The shift of optical 
absorption band arises due to potential fluctuation of the 
carrier density. The core-shell Zn-ZnO nanostructures were 
fabricated from carbon-encapsulated Zn-nanoparticles in 
thin-films form by an inexpensive vacuum arc technique 
followed by laser ablation. The emission characteristics 
of laser ablated (with different powers) samples showed a 
strong exciton peak at 388 nm, and a few weak peaks due to 
weak defect states in the visible range. Optical absorption 
spectra evolved from the excitonic peaks (from 344 nm 
to 317 nm) with decreasing the laser power. These peaks 
occur due to coupling between exciton absorption (from 
ZnO shell layer) and core metal interband absorption.

 A00677-04702 

Nanostructure MgO Formation on Si Substrate by 
256 nm YAG Laser Deposition 

Satoru KANEKO1; Kensuke AKIYAMA1; Takeshi ITO1; 
Manabu YASUI1; Yasuo HIRABAYASHI1; 
Hiroshi FUNAKUBO2; Mamoru YOSHIMOTO2

1. Kanagawa Industrial Technology Center, Kanagawa 
Prefectural Government, Kanagawa, Japan
2. Tokyo Institute of Technology, Yokohama, Japan

None of functioning oxide materials usually grow on 
silicon (Si) substrates due to interfusion, chemical 
reactions or in the case of epitaxial growth of oxide films 
lattice mismatching between those functioning oxides and 
silicon substrates. Buffer layers is one of choice to grow 
such oxides epitaxially on Si substrates. A variety of oxide 
films have been explored as candidates for the buffer layer, 
and among those candidates, magnesium oxide (MgO) is 
one of most popular substrates to grow functional oxide 
films. Epitaxial MgO(001) film is prepared on Si(001) 
substrate using pulsed laser deposition (PLD), sputtering 
method or molecular beam epitaxy (MBE) even with a 
large mismatching between the MgO and Si Substrate. 

Despite lattice mismatching of ~10% between MgO[110] 
and Si[100] (45° rotation), MgO film epitaxially grows 
with cubic on cubic relation with the mismatching of more 
than 25%. Epitaxial growth with large lattice mismatching 
is often explained by domain mismatching, which consists 
of several unit cells rather than one unit cell defining lattice 
mismatching; the domain of (m x n) lattices in film grow 
on domain of (k x l) lattices in substrate as Coincident Site 
Lattices (CSL), and the domain mismatching is defined as 
difference of domain size rather than lattice size defining 
lattice mismatching. The CSL is usually shown on a table 
with some of combinations of (k x l) and (m x n). To 
visualize all the combinations of k, l, m and n, the domain 
mismatch was expressed on polar coordinates as a “polar 
CSL figure’’, which can well describe the epitaxial MgO 
film with cubic on cubic growth. The lattice constants of 
MgO film was contracted in deposition of high oxygen 
atmosphere, and the contraction of lattice increased the 
domain matching for cubic on cubic growth. Interestingly 
deposition in higher oxygen atmosphere grow litterally 
cubic structure, and cubic size was estimated less than 100 
nm by Atomoic Force Microscopy (AFM). After a post-
annealling the samples, the crystallinity showed broad in-
plane symmetry on an X-ray pole figure. To investigate the 
effect of defect on crystal structure, a method of ab initi 
was employed with varying oxygen content in the crystal. 
The code used in this study was the abinit project [URL 
http://www.abinit.org].
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Growth and Characterization Of ZnO Quantum 
Dots by Chemical Vapor Deposition Utilizing Zinc 
Acetate

Chung-Chi LIAU; Liang-Chiun CHAO
Department of Electronic Engineering, National Taiwan 
University of Science and Technology, Taipei, Taiwan

ZnO quantum dots are promising candidates for high 
efficiency UV light emitting applications. Due to 
quantum confinement effect, the exciton binding energy 
is increased while exciton-longitudinal-optical phonon 
coupling strength is reduced. Besides, exciton radiative 
lifetime is shortened due to exciton superradiance effect. 
Zinc acetate is a convenient metal organic source that it 
has been widely used in the deposition ZnO thin films and 
nanostructures. ZnO thin films or nanostructures prepared 
by sublimation of zinc acetate usually exhibit weak UV 
emission or multiple UV emission peaks, and strong defect 
related deep level emission. Improvement of the optical 
properties of ZnO is essential toward the realization of 
ZnO QD based light emitting devices.   

We have prepared ZnO by sublimation of zinc acetate 
in a vertical cold wall reactor using oxygen and water 
as the source of oxygen. 0.5 g of zinc acetate dihydrate 
(Zn(CH3COO)2•2H2O), Aldrich, 99.999%) was positioned 
in a quartz crucible at 90 mm downstream of a Si substrate. 
Zinc acetate dihydrate was first baked at 120°C for thirty 
minutes to remove water. The crucible was subsequently 
raised to 180°C while the Si substrate was maintained at 
400°C. Water or oxygen was released into the reactor via a 
mass flow controller to maintain a growth pressure of 100 
mTorr. A shutter was positioned between the crucible and 
the substrate to control deposition time.       

ZnO deposited in oxygen ambient exhibit a weak UV 
emission band centered at 3.444 eV and a strong visible 
emission band centered at 2.254 eV at room temperature. 
However, ZnO deposited in water ambient exhibit a strong 
UV emission band also centered at 3.444 eV and negligible 
defect related visible emission. Low temperature 10 K PL 
emission of ZnO deposited in water ambient show UV 
band tail emission up to 3.594 eV, which is higher than free 
exciton emission of bulk ZnO at 3.377 eV. This indicates 
that the UV emission band is due to quantum confinement 
effect and confirming the formation of ZnO QDs. The free 
exciton energy difference of ZnO QDs deposited in water 
ambient between 10 and 300 K is 25 meV, suggesting 
reduced exciton-longitudinal-optical phonon coupling 
strength. Raman spectroscopy analysis results indicate 
that the improved PL quality of ZnO QDs deposited in 
water ambient is related to reduced carbon contamination. 
Analysis results using FTIR and TEM will be presented.  

This research work was supported by the National Science 
Council of Republic of China under contract number NSC 97-
2112-M-011-002.  

 A00694-01248 

Electrical Properties of BiFeO3 Derived 
Multiferroic

Sunanda Kumari PATRI; 
Ram Naresh Prasad CHOUDHARY
Department of Physics and Meteorology, Indian Institute 
of Technology Kharagpur, West Bengal, India

Bismuth ferrite (BiFeO3) is a prototype multiferroic 
material with high ferroelectric Curie temperature (1100K) 
and antiferromagnetic Neel (630K) temperature. The 
smart ferroelectromagnetic bismuth layered materials of 
Aurivillius family can be derived by combining BiLa3Ti3O12 
with n mole (n = integer) of BiFeO3. In view of this, we 
have synthesized and studied the electrical properties of 
an 8 layered complex Aurivillius oxide, Bi6La3Fe5Ti3O27. 
The compound was prepared by a high-temperature 
solid-state reaction technique. The phase formation and 
microstructure of the sample were examined by X-ray 
diffraction (XRD) and scanning electron microscopy (SEM) 
techniques. The electrical properties of the compound 
were studied by complex impedance spectroscopy. The 
impedance spectroscopy data of the compounds provide 
the contribution of both grain and grain boundary on the 
electrical properties of the materials. A general feature of 
the impedance pattern suggests a decrease in bulk resistance 
with rise in temperature. Negative temperature coefficient 
of resistance (NTCR) behavior of the compound exhibits 
that Bi6La3Fe5Ti3O27  has semiconducting nature. The bulk 
response, in terms of localized, i.e., defect relaxation or non-
localized conduction, i.e., ionic or electronic conductivity 
was determined by the impedance and modulus spectral 
analysis. The combined analysis of impedance and 
modulus spectroscopy explains about the contribution 
to the relaxation process of different microregions in the 
polycrystalline ceramics, such as grains, grain boundaries, 
and surface-electrode interfaces. The appreciable deviation 
of the activation energy calculated from Z” and M” plots 
indicated both localized and non-localized conduction in 
Bi6La3Fe5Ti3O27.

 A00696-01250 

Design and Development of Pb/Bi based 
Multifunctional Materials

Ram Naresh Prasad CHOUDHARY; 
Sunanda Kumari PATRI
Department of Physics and Meteorology, Indian Institute 
of Technology Kharagpur, West Bengal, India

Promising technological developments emerge from the 
discovery of new compounds, and new materials with 
specific functions. Despite the already existing variety 
of compounds, the number of processing techniques, 
and the known diversity of properties and applications 
of the materials finding new compounds with improved 
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specific properties, increasing knowledge of fabrication 
processes gives a better understanding of materials 
behavior. The development of the enormous potential 
of functional ceramics based on unique dielectric, 
ferroelectric, piezoelectric, pyroelectric, ferromagnetic, 
magnetoresistive, superconducting, and electro-optical 
properties etc have been going on for several decades. 
Various attempts have been made to increase the knowledge 
of economical and ecological production processes for 
materials, components, devices, miniaturization and 
integration, and modeling with numerical simulation. A 
combined approach of different functional properties in 
a single material has become the subject of our research 
program, which focuses on the multifunctional behavior 
of ceramics. In order to achieve multifunctionality in the 
ceramic materials, we have synthesized and characterized 
(structural, microstructural, electrical and magnetic) some 
Pb/Bi based multiferroic materials like Pb(Fe1/2Nb1/2)O3 
(PFN), BiFeO3 (BFO) etc. However, for device application, 
we need stable properties in a single phase with large 
magnetoelectric coupling coefficient, low leakage current 
at room temperature. On modifying the structure of PFN 
and BFO by suitable substitution at different atomic sites, 
many interesting dielectric and magnetic results were 
obtained. In addition to this, some composites with BFO 
and PFN have been synthesized and characterized to 
induce the multifunctionality in these materials. In this 
lecture, the design, development or research activities of 
some Pb/Bi based functional materials and their possible 
device applications will be discussed.

 A00710-01330 

Synthesis and Structural Characteristics of 
PbZrxTi1-xO3 Ceramics

Vijendra CHAUDHARI; Govind BICHILE
Department of Physics, Dr. Babasaheb Ambedkar 
Marathwada University, Maharashtra, India

Polycrystalline samples of PbZrxTi1-xO3 [referred as 
PZT] where x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 have 
been synthesized by a high-temperatures solid-state 
reaction technique. One of the objective of this work 
was to optimize carefully the process variables which 
influence the structural and microstructural properties of 
the samples prepared. Structural phase evolution studies 
of PbZrxTi1-xO3 (PZT) system have been carried out as 
function of Zr/Ti ratio using room temperature X-ray 
powder diffractometric studies. The analysis of the X-ray 
diffraction patterns for the sample with 0.0 ≤ x ≤ 0.4 
confirmed the tetragonal phase formation and no impurity 
peaks were observed. With increase in Zr content i.e. for 
x = 0.6 and 0.8 the observed diffraction peaks indicate the 
presence of rhombohedral phase in this composition range. 
With further increase in Zr content i.e. x = 1.0 the observed 
diffraction pattern confirmed the presence of single phase 
orthorhombic structure. The average linear particle sizes 

for all the compositions estimated using Scherrer’s formula 
lie in the rang 400-500 nm. Microstructural studies for all 
the samples have been carried out using SEM. The SEM 
analysis of the samples also showed nearly uniform grain 
distribution i.e. uniform microstructure with no abnormal 
grain growth. The values of average grain size were 
obtained using mean intercept method and the value of 
grain size lie between 1-2 μm. Vibrational spectroscopy 
data obtained in the wavenumber region 350 to 800 cm-1 

for the samples showed characteristic peaks corresponding 
to the vibrational modes of perovskite structure and a shift 
in the frequency of the peaks towards the lowered side 
with the increase of Zr content has been observed.

 A00712-02326 

Upgrading the Efficiency and Reliability of 
Piezoelectric Sensors Made of Ultradispersion 
(nano-) Powders of ZTL-19 Piezoceramics 
Produced by Mechanoactivation 

V MALINOV; G SAVKIN; A RACHKOVSKY; 
G SMORCHKOV; Yu POZDIAEV
Russian Federal Nuclear Center - VNIIEF, Sarov, 
Russian Federation

Many instruments and devices of various purposes are 
based on implementation of the piezoelectric effect created 
by piezoceramic converters. Small sizes of piezoceramic 
elements make it possible to solve successfully the tasks of 
miniaturization of electronic components. Piezoceramics 
on the basis of solid solutions of a zirconate – titanate of 
lead (ZTL) are widely used lately. 

It is found out that piezoceramics is a structurally 
sensitive material – with the reduction of the grain size the 
piezoelectric properties improve. To reduce the sizes of the 
grain in the finished ceramics ultra dispersion powders of 
piezoceramic materials are necessary. Such powders can 
be made by mechanoactivation of commercial powders of 
ZTL piezoceramics in mechanical activators - planetary 
vapart mills (PVM). 

The drawback of mechanoactivation is a considerable 
amount of impurities in the powder being activated from 
the material of the grinding garniture. Piezoceramics is a 
material, which is very sensitive to the metal admixtures, 
that is why implementation of metal grinding garniture 
here is completely prohibited. There were worked out 
technological techniques that allow avoiding impurities 
during mechanoactivation process for the commercial 
ZTL-19 powder in «Pulverisette 6» planetary vapart 
mill. A technology to make piezoelectric cells using 
mechanoactivated commercial ZTL-19 powder was 
worked out; basic properties of piezoelectric cells were 
determined.  
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It was found out that implementation of mechanoactivation 
made it possible to reduce the grain size in piezoceramics 
by 19 %, and enlarge d33 piezomodules by 20.7 %, and 
d31 by 44.4 %, it also allowed increasing the limit of the 
working temperature of piezoceramics by 50.4оС. The 
strength of piezoceramics under compression has grown 
by 30 %. 

The results produced show that implementation of 
mechanoactivation makes it possible to upgrade 
considerably the piezoelectric properties and the strength of 
ZTL-19 material, and that will have a positive effect on the 
reliability of piezoelectric cells and electronic equipment 
where they are used. The method of mechanoacivation 
can be also used for other types of piezoceramic materials 
as it allows producing low-porosity ceramics with a fine 
uniform grain.

 A00728-01291 

Hydrothermal Synthesis of Alumina Microfibers 
with Mesoporous Structures and its Adsorbing 
Ability

Zhenfeng ZHU; Hui LIU; Hongjun SUN; Dong YANG
School of Materials Science and Engineering, Shaanxi 
University of Science and Technology, Xi’an, China

The abatement of nitrogen oxides generated by diesel 
engines is a matter of both scientific and technological. 
Since Iwamoto and Hamada shown independently that 
hydrocarbon could be used as reducing agents to reduce 
NOx in oxidizing atmosphere, many possible catalyst 
formulations have been extensively studied to found 
suitable catalysts and reductants, which are effective 
for the selective catalytic reduction (SCR) of NOx in the 
exhaust gases from numerous applications, working under 
oxygen excess and lower temperatures. Although the NOx 
reduction efficiency by means of SCR technology depends 
on both catalysts and reductant agents, the properties of 
the catalysts support, which gives the shape and most of 
the mechanical resistance properties and provides high 
surface area, and the adsorption efficiency between the 
reductant agents and catalysts support is also important. 
In this paper, the alumina microfibers with mesoporous 
structures were prepared by using the surfactant directed 
hydrothermal method and then the thermal decomposition 
of the as-synthesized precursor at 773K. The experimental 
results show that the morphology of the obtained alumina 
microfibers with mesoporous structures is the same as 
as-synthesized precursor after thermal decomposition, 
the length and diameter is about 10μm and 300-500nm 
respectively. These alumina microfibers have a high 
surface area more than 350 m2/g, and the SCR experiment 
results show that these alumina microfibers have stronger 
absorbing ability to NH3, which is used as the reductant 
agent to reduce NO in oxidizing atmosphere, compared 
with the commercial alumina materials.

 A00745-01322 

Photocatalytic Behavior for the Composite of 
TiO2-Coated Phosphorescent Material

Jang-Young KWAK; Jin-Ho YOON; Jung-Sik KIM
Department of Materials Science and Engineering, 
University of Seoul, Seoul, South Korea

TiO2 is an ideal photocatalyst due to their chemical stability, 
nontoxicity, and high photocatalytic reaction decomposing 
various toxic gases and oxidizing organic compounds such 
as harmful dioxins into harmless compounds under the 
UV-irradiation. The addition or doping of small amounts of 
noble (Pt, Rd, Ag, Au, etc.) and transition metals (V, Cr, Mn, 
Fe, Ni, etc.) enhanced the photocatalytic reactivity of TiO2. 
Also, the coupling of TiO2 with other inorganic oxides such 
as SiO2, SnO2, WO3, In2O3, (Sr,La)TiO3+δ, and ZnFe2O4 can 
change the photocatalytic efficiency and the energy range 
of photo-excitation. This study has investigated on the 
photocatalytic behavior of the TiO2-coated phosphorescent 
materials. Nanocrystalline titanium dioxide layers 
were directly deposited on the alkaline earth aluminate 
phosphors of CaAl2O4:Eu2+,Nd3+ and SrAl2O4:Eu2+,Dy3+ by 
a sol-gel processing and chemical vapor deposition (CVD) 
and their photocatalytic behaviors were examined with 
the degradation of methylene blue (MB) aqueous solution 
under UV and visible light irradiations. TiO2-coated 
phosphorescent materials showed different photocatalytic 
mechanism, compared with pure TiO2. At UV-irradiation, 
TiO2-coated phosphorescent materials showed slow 
photocatalytic reactivity in the early stage and fast in the 
latter, compared with that of pure TiO2. However, at visible 
light irradiation TiO2-coated phosphorescent materials 
showed much faster photocatalytic reactivity under 
visible irradiation than that of pure TiO2 which is almost 
negligible. The mechanism of photocatalytic reactivity for 
the hetero-junction of TiO2-phosphors will be discussed in 
points of energy band structure and phosphorescence. In 
addition, the characterization of the TiO2-coated phosphor 
composites was done by X-ray diffractometer (XRD), 
scanning electron microscope (SEM), transmission electron 
microscope (TEM) and energy dispersive spectroscopy 
(EDS). 
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Electrical Properties of a-IGZO Thin Film 
Transistor with ZrO2 Gate Dielectric Depending 
on Source/Drain Contact Resistance

Jae Sang LEE1;2; Seongpil CHANG1; Sang-Mo KOO2; 
Sang Yeol LEE1

1. Center for Energy Materials Research, Korea Institute 
of Science and Technology, Seoul, South Korea
2. Department of Electronic Materials Engineering, 
Kwangwoon University, Seoul, South Korea

In this work, we report on the effects of contact resistance 
in a-IGZO thin film transistor with ZrO2 gate dielectric. The 
a-IGZO TFTs have been fabricated with various channel 
widths at a fixed channel length. In the real a-IGZO TFTs, 
source/drain contact on a-IGZO channel is non-ideal ohmic 
contact and source/drain contact resistance (RSD) exists 
which is varied by changing the contact area. The contact 
area of source/drain electrode on a-IGZO channel with W/
L=150 µm/30 µm is relatively small compared with W/
L=450 µm/30 µm. The channel W/L=150 µm/30 µm has 
relatively higher contact resistance than channel W/L=450 
µm/30 µm. The on-currents of a-IGZO TFTs are 5.12, 3.49 
and 2.02 mA at the channel widths of 450, 300 and 150 
µm, respectively. The reduction of on-current for narrow 
channel width is mainly due to the increase of RSD. The 
field effect mobility is calculated 61.44, 64.27 and 79.64 
cm2 /Vs with the channel widths of 450, 300 and 150 µm, 
respectively. As the channel widths decrease, the estimated 
field effect mobility increases. Because, in the field effect 
mobility equation, the field effect mobility is inversely 
proportional to channel width. For a high on-current, it 
is necessary to increase the channel width, whereas for 
high field effect mobility, it is necessary to decrease the 
channel width. These results show that on-current and field 
effect mobility have trade-off and very important for the 
consideration of the applications.

 A00780-01545 

Origins of Multiferroicity in Rare-earth Manganites 
of Spiral-spin Order: Monte Carlo Simulation 

Junming LIU1;2; Shuai DONG1;2; Qichang LI1;2

1. Department of Physics, Nanjing University, 
Nanjing, China
2. International Center for Materials Physics, 
Chinese Academy of Sciences, Shenyang, China

Recently, the multiferroic materials, in which the 
ferroelectric (FE) and magnetic orders coexist and are 
intimately coupled, have attracted much attention due to 
their technological relevance and fundamental science 
challenges. Among the single phase multiferroic materials, 
the undoped ABO3-type manganites with small size R 
(rare-earth) cations (like Tb, Dy, Ho and so on) are one 
of the most fascinating family. The physics and materials 

science issues of multiferroics manganites are twofold 
interesting: 1) various mechanisms are involved; 2) these 
mechanisms can be applicable to other analog system.

In this report, we overview our recent work on the origin of 
multiferroicity in rare-earth manganites of spiral-spin order 
using Monte Carlo technique. We address two substantial 
issues: one is how the microscopic Hamiltonians with 
the Dzyaloshinskii-Moriya (DM) interaction can explain 
related experiments in the quantitative sense, and the other 
is what is the microscopic origin of spiral-spin order in 
those ABO3-type rare-earth manganites. The two issues 
allow us to have a comprehensive estimation of the role of 
DM interaction in determining the ferroelectricity, and a 
comprehensive understanding of the multifold interactions 
which eventually have impact on the magnitude of 
ferroelectric polarization.

 A00783-01375 

Detection of NO2 Gas Using MWCNT/W-Doped 
SnO2 Thin Films  

Vibha SRIVASTAVA; Kiran JAIN
Electronic Materials Division, National Physical 
Laboratory - Dr. K. S. Krishnan Marg, New Delhi, India

Metal oxide gas sensors are widely used to detect reducing 
gases such as in gas leak alarms, in pollution emission 
control and in alcohol concentration monitoring. The 
working principle of gas sensors is based on the buildup 
of Schottky barriers between adjacent grains caused 
by ionosorbed oxygen. Increasing the surface area or 
decreasing the particle size can improve the gas sensitivity. 
Recently, nanostructures such as nanotubes, nanowires 
etc have been widely studied for high gas sensitivity as 
they would provide more surface sites for more oxygen 
to be adsorbed and contacted with the gases. NO2 is a 
common pollutant in the atmosphere and is difficult to 
decompose at room temperature. Air pollution by NO2 
gas has become a critical issue and the development of 
techniques for monitoring NO2 gas is urgent. Recently, 
composite films based on tin or tungsten oxide and carbon 
nanotubes have been introduced as new gas sensitive 
materials with improved sensitivity. These results indicate 
that the detection at ambient temperature of toxic gases 
such as nitrogen dioxide, carbon monoxide and ammonia 
or ethanol vapors can be highly improved by dispersing an 
adequate quantity of carbon nanotubes into a metal oxide 
matrix. In the present work, we studied and compared the 
gas sensing performance of a composite SnO2-MWCNT 
with and without doping with WO3. 

Composite thin film sensors, MWCNT mixed with W-doped 
SnO2 were fabricated using sol gel process. The changes 
on the morphology and structure on addition of MWCNT 
were investigated using x-ray diffraction and scanning 
electron microscope (SEM). The addition of nanotubes 
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during synthesis resulted in a highly porous structure. The 
effect of MWCNT addition on sensor response towards 
ammonia and nitrogen dioxide gas was investigated. A 
high surface area and small crystallites present in the sol 
gel synthesized W-SnO2 films were attributed to this high 
sensitivity. Low concentrations of NO2 could be detected 
even at room temperature using these composite films 
which was not possible without CNT addition.

 A00812-01649 

Synthesis and Characterization of Piezo Ceramics 
Based Materials for Sensor Applications

Shrabanee SEN; Suman MISHRA
Material Science and Technology, National Metallurgical 
Laboratory, Jamshedpur, India

Among many techniques used for evaluation and testing, 
ultrasonic technique (UT) has gained much importance 
as it does not have any environmental or health risk and 
can be designed to test complex geometries. Ferroelectric 
materials are the material of choice and interest for 
UT as they exhibit highest piezoelectric constant and 
electromechanical coupling factors necessary to achieve 
large force and displacement efficiently. Among all 
piezoceramics, lead zirconate titanate (PZT) based 
materials have played an important role till date but it has 
poor figure of merit and efficiency in lower frequency 
range, which is required for applications in specific device 
applications such as sonar and hydrophone. This problem 
has been overcome by the advent of piezocomposites. They 
are considered to be important as they show low acoustic 
impedance, better compliance and echo mode. Few groups 
have already studied the properties of PZT-PVDF, PZT-
PVA, PZT-PVDF/TrFe systems. Research activities are 
going on globally but optimization at the required level 
and understanding is yet not achieved. Pioneer work has 
been done by R.E Newhmann on polymer-PZT composite. 
Although much work has been focused on PZT ceramics 
but recently solid solution of lead magnesium niobate 
and lead titanate (PbMg1/3Nb2/3O3-PbTiO3) abbreviated as 
PMN-PT has gained attention as they have the advantage of 
negligible hysteresis, lower creep and lack of high voltage 
compared to PZT. They also have the added advantage 
that their piezo-properties can be tailored by changing the 
ratio of both solutions of PMN and PT. This system has a 
morphotropic phase boundary between 0.65PMN-0.35PT 
and this composition exhibits good piezoproperties as both 
sensor and actuator applications. The study of electrical 
properties like piezoelectricity and strategy for poling are 
dependent on the nature and magnitude of conductivity of 
these materials. So in order to have knowledge about their 
performance as sensors, it becomes important to know the 
carrier transport mechanism.

Here an attempt was made for the detail study of 0.65PMN-
0.35 PT-PVDF nano-composites in different weight 

percentage (10, 30 and 50) and study their structural, 
micro-structural and electrical properties. The synthesis of 
the nanosized ceramic powders was made by a modified 
citrate gel method. This technique has an added advantage 
as it uses laboratory based reagents which are less 
expensive and moisture insensitive. The composites were 
prepared by hot-press technique.  XRD pattern showed 
that both the polymer and ceramic phase are present in 
the prepared composites. The average crystalline sizes of 
PVDF and PMN-PT were estimated between 40 nm and 55 
nm respectively.  Thermal analysis showed that the peak 
corresponding to the crystallization of PVDF peak was 
prominent for 10% composite while the crystallization of 
pyrochlore phase of PMN-PT powder was prominent for 
30 and 50% composite.  The value of activation energy 
calculated from Arrhenius plot was maximum for 50% 
PVDF-PMN-PT composite because the oxygen vacancies 
present in the perovskite structure of the ceramic phase has 
played a dominant role. 

 A00820-01428 

Crystal Structure and Electrical Property of 
Ferroelectric Thin Film Deposited under Magnetic 
Field by Pulsed Laser Deposition 

Naoki WAKIYA1; Naonori SAKAMOTO1; Desheng FU1; 
Hisao SUZUKI1; Kazuo SHINOZAKI2

1. Materials Science and Chemical Engineering, 
Shizuoka University, Japan
2. Metallurgy and Ceramics Science, Tokyo Institute of 
Technology, Japan

Pulsed laser deposition (PLD) is widely used as one of 
promising method to prepare functional ceramic thin 
films. In PLD, plume, i.e., a kind of plasma generates by 
the irradiation of focused laser beam on the target. We 
developed a unique PLD apparatus that in-situ magnetic 
field can be applied for the plume. Application of magnetic 
field during deposition brings about electron temperature 
in the plasma and may enhance nonequilibrium state.

We applied this technique for the deposition of ferroelectric 
materials such as Pb(Zr,Ti)O3 (PZT), BaTiO3 (BT) and 
SrTiO3 (ST). PZT thin film deposited at 400oC without 
application of magnetic field showed low remanent 
polarization of 12.7 µC/cm2. On the other hand, the film 
deposited under magnetic field of 2kG showed high 
remanent polarization of 30.5 µC/cm2. 

ST is known as a quantum paraelectrics and it does not 
show ferroelectric property. The film deposited without 
application of magnetic field showed paraelectric 
properties. On the other hand the film, deposited under 
magnetic field of 2kG showed ferroelectricity. However, 
opposite phenomenon was observed in case of BT. The 
ferroelectricity of BT was decreased by the application 
of magnetic field during deposition. These results suggest 
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that the property of dielectric thin film can be modified 
by the application of magnetic field. The reason why such 
phenomenon was brought about was discussed.

 A00822-01438 

Growth and Characterization of ZnO Thin Films 
Prepared by Reactive Ion Beam Sputtering 
Deposition with External Electric field 

Syuan-Jhih LIN; Liang-Chiun CHAO
Department of Electronic Engineering, National Taiwan 
University of Science and Technology, Taipei, Taiwan

ZnO is a promising semiconductor material that has 
found various applications in UV light emitting, surface 
acoustic wave (SAW) and transparent conducting thin film 
applications. Ion beam sputtering deposition (IBSD) is a 
convenient deposition method that large area ZnO thin 
film with atomically flat terrace surface quality can be 
achieved which make it suitable for the fabrication of SAW 
and quantum well devices. Capillaritron is a versatile and 
economic ion source that does not require sophisticated 
power supply systems. Argon and oxygen can be passed 
through the same capillary nozzle to produce ions and 
atoms for sputtering and reactive deposition, respectively. 
Due to the asymmetric structure of wurzite ZnO, a strong 
electric field exists along the c-axis so that the polarity 
of ZnO can be controlled via external electric field. ZnO 
deposited by capillaritron IBSD with externally applied 
electric field may produce high quality ZnO thin films at 
reduced temperatures.           

We have deposited ZnO thin films on Si (100) substrate at 
300°C by reactive IBSD utilizing a capillaritron ion source. 
A metallic zinc target (99.99%) was positioned at 30 mm 
downstream of the capillaritron ion source. A Si substrate 
was positioned at 45 mm away from the target. The relative 
angle of the Si substrate and the target were adjusted so 
that the deposition rate is optimized. The base pressure and 
growth pressure were 3×10-6 and 2×10-3 Torr, respectively.  
ZnO thin films were deposited with a capillaritron anode 
voltage of 10 kV and an argon/oxygen ratio of 3:2. Films 
deposited under these conditions show lowest integrated 
photoluminescence intensity ratio of defect related deep 
level emission to that of near band edge emission, while 
the film is almost strain free (-0.3×1010 dyne/cm2) and the 
grain size reaches 10 mm. The crystalline quality of the 
ZnO film is greatly improved as a DC bias voltage of +20 
V is applied to the substrate. Under identical deposition 
conditions and the applied field, the grain size increases 
to ~ 16 nm and the film exhibits a columnar structure. 
No improvement was observed as a negative bias of -20 
V is applied to the substrate. These results indicate that 
the substrate biased with positive voltage can enhance the 
polarity along the c-axis to improve the crystalline quality 
of the film. Micro Raman spectroscopy analysis shows 
strong E2 (high) mode of ZnO at 436 cm-1, indicating high 

quality wurzite ZnO structure.  XPS analysis shows that 
the film is close to stoichiometry, while 75 % of oxygen 
ions are located at fully oxidized ZnO matrixes.

This research work was supported by the National Science 
Council of Republic of China under contract number NSC 97-
2112-M-011-002.

 A00825-01435 

Solution-based Synthesis of Functional ZnO 
based Radial Heterostructure Nanowires

Gongping LI; Tom WU
Division of Physics and Applied Physics, Nanyang 
Technological University, Singapore

Radial core/shell nanowires (NWs) consisting of two 
important functional materials represent an important class 
of one-dimensional (1D) nanostructures for developing 
potential nanoelectronic and optoelectronic devices with 
enhanced performances. The one or more shells can 
passivate surface states, enable new interface properties, 
and create unique electronic and photonic functionalities. 
As a wide direct band gap semiconductor material, 
ZnO has been studied extensively due to its promising 
applications in many technologically important areas. 
Although there has been notable progress in preparation 
for ZnO 1D homogeneous system, to form desired 1D 
heteronanostructures with well-defined interfaces using 
facile and controllable approaches is still an enormous 
challenge.

Herein, we report an effective solution-based chemical-
bath deposition (CBD) route to prepare ZnO-based radial 
core/shell heterostructured NWs. The heterostructures can 
be obtained in two steps comprising nanowire preparation, 
solution-based coating and post-synthesis calcinations.  
Compared with vapor-based physical routes, this synthesis 
approach is a low temperature process (≤100°C), and can 
realize large scale uniform coating on NWs. We have 
successfully coated several transition metal oxides (like 
NiO, Co3O4) and MgO on ZnO NWs to produce core/
shell heteronanostructures. The shell thicknesses along 
whole nanowires (>30 μm) are uniform and can be easily 
controlled by reaction solution concentrations. After HCl 
vapor etching or post-heat treatment by 10% H2, MgO or 
NiO nanotubes were obtained, and the shells outside ZnO 
NWs are homogeneous. Transition metals or Mg doping 
into ZnO lattice introduced by subsequent annealing core/
shell heterostructures can help to modulate their electrical, 
optical, and magnetic properties.
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Nitrogen Doped ZnO Prepared by Capillaritron 
Ion Beam Sputtering Deposition

Yu-Ren SHIH; Liang-Chiun CHAO
Department of Electronic Engineering, National Taiwan 
University of Science and Technology, Taipei, Taiwan

ZnO is a wide band gap semiconductor material that has 
found various applications in UV light emitting, surface 
acoustic wave (SAW) devices and chemical sensing.  Due 
to intrinsic defects (oxygen vacancy and zinc interstitial) 
and impurities, the development of p-type ZnO is hindered 
by low reproducibility, low hole mobility and low hole 
concentration.  Nitrogen is one of the most promising 
candidates as a shallow acceptor in ZnO.  The ionic radius 
of nitrogen is close to that of oxygen, besides, unlike P or 
As, nitrogen does not form Zn antisite defect.  Ion beam 
sputtering deposition (IBSD) is a convenient deposition 
method that large area ZnO thin film with atomically 
flat terrace surface quality can be achieved which make 
it suitable for the fabrication of SAW and quantum well 
devices.  Capillaritron is a versatile and economic ion 
source that does not require sophisticated power supply 
systems.  Argon and nitrogen can be passed through 
the same capillary nozzle to produce ions and atoms 
for sputtering and doping, respectively.  By using high 
purity gases, the presence of carbon and hydrogen can be 
controlled.  Controlling these impurity concentrations is 
essential for the production of high quality p-type ZnO 
since both hydrogen and C-N complex are known to form 
shallow donors in ZnO.

We have deposited nitrogen doped ZnO thin films by 
capillaritron IBSD at 300˚C on Si substrates.  A ZnO target 
(99.99%) was positioned at 30 mm downstream of the 
capillaritron ion source.  A Si substrate was positioned at 
45 mm away from the target.  The relative angle of the Si 
substrate and the target were adjusted so that the deposition 
rate is optimized.  The base pressure and growth pressure 
were 3×10-6 and 1×10-3 Torr, respectively.  Nitrogen 
doped ZnO thin films were deposited with a capillaritron 
anode voltage of 10 kV and an argon/nitrogen ratio of 
8:0.1 and 8:5.  The as-deposited nitrogen doped ZnO thin 
film exhibits a smooth surface with a root-mean-square 
roughness less than 3 nm.  Micro Raman spectroscopy 
analysis of the as-deposited film shows strong nitrogen 
related local vibration mode at 275, 582 and 640 cm-

1, while the E2 mode of ZnO at 436 cm-1 can barely be 
identified.  Annealing at 500 ~ 800˚C causes decrease of 
275, 582 and 640 cm-1 and increase of 436 cm-1 intensity, 
indicating out diffusion of nitrogen and improvement of 
ZnO crystalline quality.  Unlike un-doped samples, the 
surface roughness of nitrogen doped ZnO deteriorates after 
annealing, which is also attributed to the out diffusion of 
nitrogen.  Low temperature photoluminescence and Hall 
Effect measurement results will be presented.

This research work was supported by the National Science 
Council of Republic of China under contract number NSC 97-
2112-M-011-002.

 A00844-01467 

Gas Sensor Characterization of Chemical Bath 
Deposited CuxS Films with Rapid Thermal 
Treatment

Yung-Tang NIEN1; Yu-Hsuan CHANG2; In-Gann CHEN2 
1. Center for Micro/Nano Science and Technology, 
National Cheng Kung University, Tainan, Taiwan
2. Department of Materials Science and Engineering, 
National Cheng Kung University, Tainan, Taiwan

CuxS can form five stable phases at room temperature from 
the ‘copper-deficient’ side to the ‘copper-rich’ side of the 
phase diagram of the Cu–S system: covellite CuS, anilite 
Cu1.75S, digenite Cu1.8S, djurleite Cu1.95S, and chalcocite 
Cu2S. It is a p-type semiconductor in which copper vacancies 
act as acceptors, indicating the strong dependence of 
electrical as well as gas detecting properties upon the deficit 
amount of copper atoms in CuxS. Thin films of amorphous 
copper sulfide (CuxS, x = 2) with a thickness of around 40 
to 50nm deposited at room temperature for 4h on glass 
and silicon substrates from a solution containing copper 
complex and thiourea, showed a homogeneous distribution 
of copper and sulfur, based on their elemental mapping 
images. Scanning electron micrographs presented Cu2S 
films exhibiting strong condensation after rapid thermal 
annealing at temperatures of >200 °C, which is believed 
to result from the decomposition of solvents or films. 
Meanwhile, the as-deposited Cu2S was found to convert 
to CuS at 200–300 °C by referring to the shifting of their 
Raman (472 cm−1 → 474 cm−1) and X-ray photoelectron 
spectrum (Cu 2p3/2: 932 eV → 934 eV) peaks. Optical 
transmission spectra also revealed the phase transformation 
of the as-deposited CuxS film from Cu2S to CuS at 200–
300 °C. Details about the gas detecting properties and 
electrical resistance in different gas concentration will also 
be presented in this study.
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 A00851-02483 

ZnO, Al-doped ZnO/PEDOT:PSS Hetrojunctions: 
Diode Like Behavior

Bhupendra K SHARMA; Neeraj KHARE
Department of Physics, Indian Institute of Technology 
Delhi, New Delhi, India

Zinc Oxide (ZnO), a direct wide band gap (≈3.3 eV) 
semiconducting material having large exciton binding 
energy (≈60 meV) at room temperature, is a very 
promising material for optoelectronic devices and 
transparent electronics. High quality Schottky junctions or 
p-n junctions are required for realizing the efficient ZnO 
based optoelectronic devices. Fabrication of ZnO based 
homojunctions is difficult due to the lack of availability of 
p-type ZnO. There are several reports for the fabrication 
of Schottky contacts using high work function metals 
(Au, Pd, Pt etc.) and n-type ZnO. Presence of high donor 
concentration at the surface region due to native defects 
(oxygen vacancies/zinc interstitial) quite often poses 
problem to realize good quality metal-semiconductor 
Schottky junctions. Alternatively p-type polymer can be 
used for fabricating high quality ZnO based p-n junctions 
or Schottky junctions. 

poly (3,4 ethylenedioxythiophene): poly (styrenesulfonate 
(PEDOT:PSS) is one of the most widely studied 
electroactive polymers because of its excellent film 
forming ability and high conductivity. PEDOT: PSS has 
been used widely as a hole transport layer between Indium 
Titanium Oxide (ITO) anode and absorption/emissive 
layer in polymer solar cells and LEDs. 

In the present study we report the formation of inorganic/
organic hetrojunction by depositing p-type polymer 
PEDOT:PSS on n-type ZnO films. 

ZnO and Al-doped (3wt%) ZnO films have been deposited on 
patterned ITO coated glass substrate at 450°C. The as deposited 
pure ZnO film is annealed in vacuum (∼ 4×10-5 torr) at 450°C 
using ultrasonically assisted chemical vapor deposition 
technique. Both the films have been characterized by x-ray 
diffraction, photoluminescence, optical absorption and 
atomic force microscopy. The p-type polymer PEDOT:PSS 
has been spin coated (2000 rpm, 60 s) on vacuum annealed 
ZnO and Al-doped (3wt%) ZnO films. The film was then 
slowly heated at 80°C for one hour and then left over night 
to cool gradually to avoid craks. Gold was deposited on top 
of the PEDOT:PSS by thermal evaporation technique to 
make a contact. The current-voltage (I-V) characteristics of 
both hetrojunctions: vacuum annealed ZnO/PEDOT:PSS 
and Al-doped ZnO/PEDOT:PSS showed diode like 
behavior. The I-V characteristics of both the devices have 
been examined in the frame work of  thermionic emission 
model. A comparative studies of the formation of interfaces 
of PEDOT:PSS with vacuum annealed ZnO and Al-doped 
ZnO have been carried out.

 A00864-01499 

Zero Gap Materials: A New Platform for 
Spintronics, Electronics and Optics

Xiao-Lin WANG
Institute for Superconducting and Electronic Materials, 
University of Wollongong, NSW, Australia

Materials with zero band gap, namely gapless 
semiconductors, have unique physical properties compared 
to conventional semiconductors, insulators and metals. 
Their band structures are extremely sensitive to external 
influences such temperature, pressure, electric or magnetic 
field. An overview on the physical properties will be given 
for some typical zero gap materials with either quadratic 
or linear dispersion between energy and momentum. 
A concept of the spin gapless semiconductor in which 
both electron and hole can be fully spin polarized with 
tuneable carrier density is proposed, and its possibility 
is presented on the basis of first-principles electronic 
structure calculations. A new class of gapless materials 
in which the spin polarization can be easily achieved will 
also be presented. Possible new physics and potential 
applications in spintronics, electronics and optics based 
on the spin gapless semiconductors and the new class of 
zero gap materials will be addressed. Some experimental 
data on the observation of colossal electroresistance and 
giant magnetoresistance in some zero gap materials will 
be presented in this talk.

This work is supported by the Australian Research Council. 

 A00867-01507 

Investigation of the Super-hydrophilic Property 
and the Self-cleaning Function of Amorphous 
and Anatase Titanium Dioxide (TiO2) 

Fern NG1; Xuan Tung NGUYEN2

1. Singapore Institute of Manufacturing Technology, 
Singapore
2. Victoria Junior College, Singapore

Self-cleaning glasses can be produced by utilizing the 
super-hydrophilic property and the oxidation ability of 
titanium dioxide (TiO2) coatings. This project aims to 
compare the super-hydrophilic property and also the 
self-cleaning function of two types of TiO2: amorphous 
and anatase. Some amorphous TiO2-coated samples 
were annealed in oven at 450°C to promote the anatase 
crystallinity for a more in-depth discussion. The effect 
of the different thicknesses of the TiO2 coatings was also 
investigated.

Spray pyrolysis deposition (SPD method) was used to 
deposit water based TiO2 onto glass substrates and silicon 
wafers. All samples were located strategically outdoor 
for 6 months under rainfall and sunlight exposure. 
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Measurements and characterization of samples were done 
periodically every 3 months using water contact angle 
goniometer, haze gard plus system, X-ray Diffraction 
(XRD) and Atomic Force Microscope (AFM). 

The results show that contact angles close to super-
hydrophilic range were successfully achieved on anatase 
coatings throughout 6 months while high contact angles 
were observed on amorphous coatings. It is also found 
out that increasing the thickness of coatings enhances the 
super-hydrophilic property of TiO2 coating.

 A00871-02707 

Superconductivity, Critical Current and Flux 
Pinning in LaFeAsO1-xFx Compounds 

Mahboobeh SHAHBAZI1; Germanas PELECKIS1; 
Zhenxiang CHENG1; Xiaolin WANG1; 
Satyabrata PATNAIK2; Karan SINGH2

1. Institute for Superconducting & Electronic Materials, 
University of Wollongong, Wollongong, NSW, Australia
2. School of Physical Sciences, Jawaharlal Nehru 
University, New Delhi, India

The discovery of the Fe-based new superconductors 
ReFeAsO with critical temperature (Tc) up to 56 K has 
attracted great interests due to their exotic unconventional 
superconductivity. Here we report our studies on the 
crystal structures, morphologies and superconductivity in 
the LaFeAsO1-xFx compounds which were fabricated by 
solid state reaction. The crystal structures are refined using 
Rietveld refinement. Superconducting properties such as 
Tc, crtical current density Jc and upper critical field Hc2 
were determined using magneto-transport and magnetic 
measurement over a wide range of temperature below and 
above Tc, and in magnetic fields up to 14 T. Our results 
show that the Jc is sensitive to the fluorine concentration. 
The Jc of the x=015 are almost three times higher than that 
of the x=0.05 sample. A peak effect in the Jc versus field 
is observed at T<15 K for both samples. The LaFeAsO1-
xFx samples exhibit a superior Jc field performance in 
high field compared to MgB2 superconductors. The Hc2 
of both samples could be as high as 100 T. Flux pinning 
behaviour is also discussed in terms of thermal activation 
and mean free path fluctuation pinning models.  

 A00872-01519 

Fabrication of Aluminum-Sheathed Bi2Sr2CaCu2Ox 
Superconducting Tape 

Katherine CALAMBA; Teodorick Barry MANGUERRA; 
Marvin HERRERA
Institute of Mathematical Sciences and Physics, 
University of the Philippines Los Banos, Philippines

Polycrystalline Bi2Sr2CaCu2Ox (Bi-2212) superconductor 
was synthesized via solid-state reaction  method. This Bi-
2212 precursor was fabricated into tapes using calendering 
method. In this technique, the superconducting material is 
subjected to rolling and annealing in order to promote the 
connectivity of the Bi-2212 grains. Aluminum was the 
used cladding material for the superconducting tape. The 
magnetic susceptibility test showed the superconducting 
property of the Bi-2212 tape. The critical temperature (Tc) 
of the sample is 76 K. The existence of Bi-2212 in the 
sample was verified using x-ray diffraction.  Scanning 
electron microscopy showed the microstructure of the 
fabricated tape.   

 A00883-01535 

Modeling and Simulation of Ultrasonic 
Piezoelectric Transducers 

Tao LI; Jan MA
Nanyang Technological University, Singapore

A one-dimensional modeling of piezoelectric transducer 
was developed and compared with ANSYS simulation. 
The transducer is a composite sandwich structure with 
piezoelectric stacks clamped by metal blocks. It has many 
applications from cleaning, semiconductor to the medical 
devices. The transducer performs one-dimensional 
longitudinal vibration in the ultrasonic range. The method 
of equivalent circuit was used for the modeling. In this 
method, the piezoelectric stacks and metal blocks were 
considered to be lossless and represented using a two-
port network circuit individually. The circuits were then 
connected in series. The resonant frequency, mode shape, 
mechanical quality factor, impedance and vibration 
velocity of the transducer were solved from the circuit. 
The results were also compared with the 2D ANSYS finite 
element simulation and consistent results were obtained.
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 A00894-01558 

Mechanical Strength of Nanosize MgO Added 
Dip-Coated Bi2Sr2CaCu2O8 Superconductor Tape 
at Cryogenic Temperature

Nasri A HAMID; Noor Fairuz SHAMSUDIN; 
Kat Meng CHIN; Khay Wai SEE
Department of Engineering Sciences and Mathematics, 
Universiti Tenaga Nasional, Selangor, Malaysia

In our initial study, 3 % to 8 % weight percentage of 
nanosize MgO particles was added to Bi2Sr2CaCu2O8 
(Bi-2212) high-temperature superconductor in view of 
fabricating Bi-2212 superconductor elements with superior 
mechanical strength. The Bi-2212/MgO compounds were 
palletized and heat treated through partial-melting and 
slow-cooling processes. The mechanical strength of the 
samples was studied by conducting the compression test at 
room temperature, and the addition of 5 % MgO particles 
produced the highest strength when compared with the 
other samples. The Bi-2212 powder with 5 % nanosize 
MgO addition was used to fabricate Bi-2212 tapes through 
the dip-coating-then-stacking process. In the process, the 
tapes were prepared by stacking layers of single side dip-
coated silver strips, and then wrapping them with silver 
foil. The tape samples were rolled and pressed to increase 
the packing density of the superconductor core, and heat-
treated with partial-melting temperature of 865°C for 
about 6 minutes. At cryogenic-temperature (77 K) and zero 
fields, the transport critical current density (Jc) of more 
than 10,000 A/cm2 was obtained for each sample. Tensile 
tests for the tapes at 77 K showed that the Bi-2212 tapes 
with nanosize MgO addition have significantly higher 
strength compared with the non-added samples. As such, 
a strengthening effect was observed in the nanosize MgO 
added Bi-2212 superconductor tapes.

 A00908-03919 

Reducing Gas Response Kinetics of 
Nanostructured Indium Oxide Thin Films

Seetha MAHALINGAM1;2; Bharathi SHIVA1;2; 
Mangalaraj DEVANESAN2;3; Nataraj DEVARAJ1;2 
1. Physics, Bharathiar University, Tamil Nadu, India
2. DRDO-BU Centre fro LifeSciences, Bharathiar 
University, Tamil Nadu, India
3. Nanoscience and Technology, Bharathiar University, 
Tamil Nadu, India

Indium oxide is a wide band gap n-type semiconductor. It 
has been widely exploited as an ultra sensitive gas sensor for 
the detection of variety of gases. In our laboratory, we have 
synthesized nanostructured, semiconducting, transparent 
In2O3 thin films on glass substrates using indium chloride 
as precursor. Scanning electron microscopic image of the 
thin film showed that the surface of the prepared sample 
was found to contain nano-sized sphere-like grains. The 

Structure of the prepared sample was body centered cubic 
and its average particle size is found to be 12 nm (from the 
XRD pattern using Scherrer’s formula). In2O3 thin films 
also showed nearly 90% of transparency to visible and 
ultraviolet lights. Gas sensing property of nanostructured 
In2O3 thin films was tested by depositing aluminium 
electrodes over the surface and observing changes in the 
resistance of the material to the incoming ammonia and 
ethanol vapours. It was found that the nanostructured In2O3 
thin films show a good response to both of the reducing 
gases even at ambient conditions. In particular, sensor 
response for ammonia and ethanol at room temperature 
for indium oxide thin films was found to be around 1.5 and 
1.3 respectively.

 A00916-01607 

Synthesis and Characterizations Studies 
on YxAgyBa2Cu3O7-δ Composite High Tc 
Superconducting 

Nurulhawa ALI HASIM; Mohd Rafie JOHAN
Mechanical Engineering, University of Malaya, 
Kuala Lumpur, Malaysia

The preparation, processing and characterization of the 
composite materials on high Tc superconductor (HTS) 
basis, YBa2Cu3O7 and YxAgyBa2Cu3O7-δ, where x = (0.10, 
0.30, 0.50, 0.70, 0.90) and y = (0.12, 0.36, 0.60, 0.84, 
1.09) is reported. The initial component YBa2Cu3O7 was 
prepared by the standard solid state reaction technique. The 
microstructures of the samples were observed by scanning 
electron microscope (SEM) whilst the XRD patterns of the 
composite HTS + Ag revealed the Y123 superconducting 
phase and the Ag structure. The chemical compositions of 
the powders were found by employing energy dispersive 
x-ray (EDX). 

 A00919-01612 

Preparation and Characterization of Al-doped 
ZnO by Radio Frequency Magnetron Sputtering

Lai Mun WONG; Shijie WANG
Material Growth, Institute of Materials Research and 
Engineering, Singapore

Aluminum doped Zinc Oxide (AZO) films were deposited on 
silicon and quartz substrates by radio frequency magnetron 
sputtering method in an argon/oxygen mixture. The surface 
morphology was characterized by atomic force microscopy 
(AFM) and scanning electron microscopy (SEM). The 
crystallinity was examined by X-ray diffraction (XRD) 
and the optical properties and electrical properties were 
examined using UV-VIS spectrometer, Hall measurement 
and photoluminescence (PL) measurement. Microscopic 
analysis and composition analysis was investigated by 
transmission electron microscopy (TEM) and scanning 
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transmission electron microscopy (STEM). From our 
AFM results, it is shown that there is dependence on the 
RF power, whereby at lower power deposition, the root-
mean-square roughness of the films is lower. Based on our 
cross-section TEM, we also observed our AZO layer has 
lower dislocation defect density. The resistivity of these 
AZO thin films is measured to be as low as 6.0e x 10-4 ohm 
cm and its transmittance is measured to be greater than 
80% in the visible range.

 A00924-01622 

Efficient Photocatalytic Hybrid Low-Dimentional 
TiO2 Nanostructures Utilizing Cooperative Self-
Assembly

Dinakaran KANNAIYAN; Dong Ha KIM
Department of Chemistry and Division of Nano Sciences, 
Ewha Womans University, Seoul, South Korea

Titanium dioxide (TiO2) photocatalysis has been widely 
utilized in recent years for environmental issues such as 
photodegradation and complete mineralization of organic 
pollutants. TiO2 nanostructures have high catalytic 
performance due to the large specific surface area onto 
which numerous reactions take place. Along the line of this 
application, the large band gap (3.2eV) of TiO2 has been 
recognised as one of the crucial limitations to be resolved 
since such an inherent property significantly restricts the 
broad applications of the TiO2 nanostructures under visible 
light. Thus, the development of TiO2 photocatalyst with 
visible light activity has attracted much attention over the 
past several years. As facile attempts to make visible light 
active photocatalytic nanostructures, we have prepared 
noble metal/TiO2, quantum dot/TiO2 and Ag decorated 
SiO2/TiO2 mesoporous materials via self-assembly of 
block copolymers and sol-gel chemistry.

Ag/TiO2 hybrid nanodot array: Well defined, ordered 
arrays of hybrid Ag/TiO2 hetero nanodots were fabricated 
on solid substrates using amphiphilic poly(styrene-
block-ethylene oxide) diblock copolymer (PS-b-PEO) 
micelles loaded with AgNO3 and TiO2 sol-gel precursors 
as templates. The inorganic precursors were selectively 
incorporated into PEO domains due to specific chemical 
affinity. The conversion of AgNO3 to metallic Ag was 
induced by UV irradiation and confirmed by the presence 
of surface plasmon band in the UV-Vis absorbance 
spectra. The organic matrix has been removed by deep 
UV irradiation, leading to arrays of Ag/TiO2 composite 
NPs. The morphology and photocatalytic activities 
of the resulting hybrid nanoparticle (NP) arrays were 
studied. Markedly enhanced photocatalytic degradation 
of methylene blue has been observed for Ag/TiO2 nanodot 
arrays compared with pure TiO2 NP arrays.

CdS/TiO2 nanostructures: We prepared CdS and TiO2 
NPs embedded PS-b-PEO block copolymer thin-films 

on silicon substrate by self-assembly technique. The 
addition of CdS quantum dot into BCP/TiO2 sol-gel 
mixture changes the morphology from mixed wire/
hexagonal packing to well ordered hexagonal packing 
arrangement. PS-b-PEO/TiO2/CdS showed enhanced 
and red shifted absorption in UV-visible with increasing 
CdS concentration. Photoluminescence studies showed a 
quenching of CdS emission in the presence of TiO2. An 
enhanced photocatalytic degradation of methylene blue 
has been observed in the hybrid PS-b-PEO/TiO2/CdS thin 
film. 

SiO2/TiO2/Ag mesoporous materials: Titania-silica 
mixed oxide materials with highly ordered mesoporous 
structure have been prepared by sol-gel process involving 
simultaneous hydrolysis of TTIP and TEOS, using 
P123 as structure directing agent. The structure of the 
prepared materials was characterized by TEM, XRD, and 
FTIR. Regular ordered hexogonally packed mesoporous 
arrangement was confirmed from TEM analysis and no 
separate TiO2 domains were found in the silica matrix. 
FTIR analysis reveals the presence of Ti-O-Si and Ti-O-Ti 
vibration bands, evidending that TiO2 was incorporated in 
the framework of SiO2.  Further, silica/titania mesoporous 
materials were decorated with Ag NPs and its enhanced 
photocatalytic properties are explored.

 A00930-01646 

Study of Ferroelectric Properties of Spray 
Pyrolysis Deposited Cesium Nitrate Films

Arvind NAUTIYAL1; Kopple Chandera SEKHAR1; 
Nagendra Prasad PATHAK2; Rabinder NATH1

1. Department of Physics, Indian Institute of Technology 
Roorkee, Uttarakhand, India
2. Department of Electronics and Computer Engineering, 
Indian Institute of Technology Roorkee, Uttarakhand, 
India

Cesium nitrate (CsNO3) films were prepared by ultrasonic 
spray pyrolysis technique at different substrate temperatures 
(Ts) and their structural and ferroelectric properties were 
examined. The crystal structure of the film was analyzed 
by X-ray diffraction method. The morphology of the 
deposited films was studied using FESEM. The ferroelectric 
properties were optimized based on remanent polarization 
as a function of substrate temperature. The butterfly 
curves of capacitance-voltage (C-V) characteristics were 
observed and attributed to the ferroelectric polarization 
switching. The switching response was studied using 
pulse width technique. The switching parameter such as 
effective dimensionality, switching time, nucleation rate, 
and domain wall velocity were extracted using finite 
grain model (FGM). The width of reading pulse shows 
significant effect on switching transients.

Acknowledgements: The authors Arvind Nautiyal and K. C. 
Sekhar acknowledge the financial support provided by Council 
of Scientific and Industrial Research (CSIR), India.
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 A00931-01633 

Energy Transfer and Luminescent Properties of 
Er3+-doped YBO3 and (Y,Gd)BO3 Phosphors

Rachamadugu BALAKRISHNAIAH1; Dong Woo KIM1; 
Soung Soo YI1; Sung Hoon KIM2; Kiwan JANG3; 
Ho Sueb LEE3; Jung Hyun JEONG4

1. Department of Electronic Materials Engineering, 
Silla University, Busan, South Korea
2. Engineering in Energy and Applied Chemistry, 
Silla University, Busan, South Korea
3. Department of Physics, Changwon National 
University, Changwon, South Korea
4. Department of Physics, Pukyong National University, 
Busan, South Korea

Recently, Yttrium and lanthanide (Ln) orthoborate 
phosphors have attracted much attention due to their 
high stability, low synthesis temperature, high VUV 
absorption and exceptional optical damage threshold. 
Among Ln ions, Er3+ is one of the most popular and 
efficient ions to obtain infrared eye-safe emission 
at 1.5 µm as a result of 4I13/2 → 4I15/2 transition of Er3+ 
ions, which is useful for optical amplification at the third 
telecommunication window, in addition to the possible 
NIR to VIS upconversion emission. Also, it has strong 
absorption bands in the UV–VIS–NIR regions where 
efficient pumping sources are available. 

In our present work, Er3+-doped YBO3 and (Y,Gd)BO3 
phosphors have been prepared by solid state reaction method 
with 3 mol % of Er3+ and 0, 1, 3, 5 and 7 mol % of Gd3+ 
ions using high purity chemicals of Y2O3, H3BO3, Gd2O3 
and Er2O3. The synthesized materials were characterized 
by X-ray diffraction (XRD), scanning electron microscopy 
(SEM), excitation, emission and lifetime measurements. 
The dependence of various optical, morphological and 
energy transfer properties of the prepared materials on the 
Ln ion concentration has been discussed and the results are 
compared with those reported in earlier literature.

 A00931-01653 

Photoluminescence Properties of Li+-doped 
Knbo3:Eu3+ Phosphors

Rachamadugu BALAKRISHNAIAH1; Dong Woo KIM1; 
Soung Soo YI1; Sung Hoon KIM2; Kiwan JANG3; 
Ho Sueb LEE3; Jung Hyun JEONG4 
1. Department of Electronic Materials Engineering, 
Silla University, Busan, South Korea
2. Engineering in Energy and Applied Chemistry, 
Silla University, Busan, South Korea
3. Department of Physics, Changwon National 
University, Changwon, South Korea
4. Department of Physics, Pukyong National University, 
Busan, South Korea

Research interest on lanthanide (Ln)-doped materials 
is rapidly growing in the coming new generation due 
to their potential applications in the fields such as non-
linear optical (NLO) materials that are widely useful in 
the development of plasma display panels (PDP), field 
emission displays (FED) and electro-luminescent panels. 
Potassium niobate (KNbO3) is recognized to be one of 
the best host matrix for Ln ions as it is a useful candidate 
for ferroelectric materials with excellent electro-optic and 
nonlinear optical coefficients which have attracted a great 
amount of interest for applications in optical waveguides, 
frequency doublers and holographic storage systems. Eu3+ 
is one of the most interesting Ln ions due to its simple 
lower energy levels scheme as well as applications in the 
fields such as red emitting phosphor because of its intense, 
narrow, monochromatic and hypersensitive red emission 
around 610 nm as a result of 5D0 → 7F2 transition. Li+ ion 
having small ionic radius is found to be one of the best 
modifier ions as it affects the luminescence properties of 
various phosphor materials to a better interesting extent. 

In our present work, Li+-doped KNbO3:Eu3+ phosphors 
have been prepared by solid state reaction method with 
0.05, 0.10, 0.15 and 0.20 mol concentration of Li+ ions 
and 0.03 mol % of Eu3+ ions using high purity chemicals 
of Li2CO3, K2CO3, Nb2O5 and Eu2O3. The synthesized 
materials were characterized by X-ray diffraction (XRD), 
scanning electron microscopy (SEM), excitation, emission 
and lifetime measurements. The dependence of various 
optical and morphological properties of the prepared 
materials on Li+ ion concentration has been discussed and 
the results are compared with those reported in earlier 
literature.
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 A00941-01973 

Characterization of Glass-clay Lightweight 
Aggregates with CaCO3 Coating

Yu Gwang RYU; Yoo Taek KIM
Department of Materials Engineering, Kyonggi 
University, Suwon, South Korea

The surface characteristics of artificial lightweight 
aggregates coated with CaCO3 powder have been 
investigated. The aggregates made of clay and glass powder 
were coated with CaCO3 powder by pelletizer. Slagging 
and fouling indices calculated from various compositions 
and surface melting temperatures were compared for each 
artificial lightweight aggregates. The specific gravity, 
absorption rate, percent of black core area were measured 
at various sintering temperatures. By observing porosity 
and microstructure of sintered bodies, it was found that 
percent of black core area depended on the contents of 
CaCO3. When artificial lightweight aggregates(clay : glass 
powder = 1:1) coated with CaCO3 were sintered at 1100°C 
for 10 min, a new phase between aggregate surface 
and coating materials seemed to be formed by crystal 
growth and this phase was further studied by using EDS, 
SEM, XRD. Consequently, CaCO3 was considered as a 
governing coating material on aggregates surface melting 
temperature.

 A00949-01675 

Lead Hydroxide Single-Crystalline Nanorods 
Structure Precipitates from Lead Nitrate Solution 

Jin CHENG1;2;3; Xiaoping ZOU1;3

1. Research Center for Sensor Technology, Beijing Key 
Laboratory for Sensor, Beijing Information Science and 
Technology University, Beijing, China
2. School of Electronic Engineering, Beijing University of 
Posts and Telecommunications, Beijing, China
3. Ministry-of-Education Key Laboratory for Modern 
Measurement and Control, Beijing, China

In this paper, we report the synthesis of lead hydroxide 
nanorods by solution-phase reaction of Pb(II) ions and 
hydroxide ions.

The typical precipitation procedure to obtain lead oxide 
nanorods is as follows. A 50ml of 0.01M lead nitrate aqueous 
solution precursor (0.166g of lead nitrate hydrate with a 
purity 99.5% dissolved in 50ml distilled water in a 50ml 
glass beaker) was heated to about 80°C. For synthesizing 
rod-like lead hydroxide nanostructures, a little sodium 
chloride (about 0.06g) was added into lead nitrate aqueous 
solution precursor. When about 0.084g of KOH pellets was 
added at the same time with vigorously magnetic stirring, 
white (but not pure white) flocculent precipitate separated 
out in less than a minute. The precipitate was washed many 
times (more than 8 times) with distilled water, filtered and 

dried naturally for overnight. The concentration ratio of 
Pb2+ : Cl- : OH- is 1:2:3. 

We have characterized the precipitate by employing 
scanning electron microscopy, transmission electron 
microscopy, high-resolution transmission electron 
microscopy, energy dispersive X-ray spectroscopy and 
XRD.

Our results indicate that, by adding chloride ions into lead 
nitrates aqueous solution, the lead hydroxide nanorods 
can be obtained when an alkali is put into the precursor 
solution. The chloride ions are the key factor for the 
formation of rod-like morphology. The as-prepared lead 
hydroxide nanorods are single crystals with hexagonally 
crystalline structure.

 A00965-01683 

Lead Oxide Plate Precipitates from Lead Nitrate 
Solution 

Gangqiang YANG1;2; Xiaoping ZOU1;2; Jin CHENG1;2;3 
1. Research Center for Sensor Technology - Beijing Key 
Laboratory for Sensor, Beijing Information Science and 
Technology University, Beijing, China
2. Ministry-of-Education Key Laboratory for Modern 
Measurement and Control, Beijing, China
3. School of Electronic Engineering, Beijing University of 
Posts and Telecommunications, Beijing, China

In this paper, we report the synthesis of lead oxide plate by 
solution-phase reaction of Pb(II) ions and hydroxide ions.

The typical precipitation procedure to obtain lead oxide 
nanorods is as follows. A 50ml of 0.01M lead nitrate 
aqueous solution precursor (0.166g of lead nitrate hydrate 
with a purity 99.5% dissolved in 50ml distilled water in 
a 50ml glass beaker) was heated to about 80°C. When 
about 0.084g of KOH pellets was added at the same 
time with vigorously magnetic stirring, yellow or red 
flocculent precipitate separated out in less than a minute. 
The precipitate was washed many times (more than 8 
times) with distilled water, filtered and dried naturally for 
overnight.

We have characterized the precipitate by employing 
scanning electron microscopy, transmission electron 
microscopy, high-resolution transmission electron 
microscopy, energy dispersive X-ray spectroscopy and 
XRD.

Our results indicate that the yellow precipitates are beta-
phase lead oxide and the red precipitates are alpha-phase 
lead oxide. The crystal structure of the precipitates is 
dramatically affected by the temperature of the precursor 
solution and the additive.
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Synthesis of β-PbO Plate Films by Electrochemical 
Deposition 

Xueming LU1;2; Xiaoping ZOU1;2; Jin CHENG1;2;3 
1. Research Center for Sensor Technology - Beijing Key 
Laboratory for Sensor, Beijing Information Science and 
Technology University, Beijing, China
2. Ministry-of-Education Key Laboratory for Modern 
Measurement and Control, Beijing, China
3. School of Electronic Engineering, Beijing University of 
Posts and Telecommunications, Beijing, China

It is well known that physical and chemical properties 
of materials are related with their shapes and structures, 
especially for micro/nano-materials. Synthesis of various 
shapes and structures of micro/nano-materials is very 
interesting and important for various applications. 
Lead oxide as a metal oxide has various applications in 
industry and technology, such as a potential application 
in developing new-style electrode materials. It is reported 
that the microstructure and morphology of lead oxide have 
an important affection on its electronic properties.

We developed a simple and effective method to fabricate 
lead oxide plate by electrochemical deposition. The 
electrolyte was lead nitrate aqueous solution. Stainless 
steel plate was employed as both cathode and substrate, 
and graphite plate as anode. The controlled current that 
was supplied by a direct current power supply passed 
through the electrolyte to deposit lead oxide plate on the 
surface of stainless steel to form a film at room temperature. 
The obtained deposits on cathodic substrate are β-phase 
lead oxide plates, which morphology and structure are 
confirmed by scanning electron microscopy, transmission 
electron microscopy and X-ray diffraction.

 A00997-02601 

Thermal Effects on the Percolative Behavior of 
Polyvinyledene Fluoride/Nickel Composites

Maheswar PANDA; Srinivas VEETURI; 
Awalendra THAKUR
Physics and Meteorology, Indian Institute of Technology, 
Kharagpur, India

It is well known that insulator/conductor composites (ICC) 
undergo a metal insulator transition (MIT) at a critical 
concentration of the metal in the composite. While the 
percolation theories predict the ideal percolation threshold 
(PC) i.e. the critical volume fraction for any 3D random 
ICC to be 0.16, experimentally the PC value is found to be 
at variance. It appears that the value of the PC depends on 
various parameters, such as, size, shape, spatial distribution, 
adhesiveness, viscosity, wetting of the polymer and also 
on the process conditions. However, recently a PC of 
0.16 has been reported for hot molded (200°C) PVDF/

micron sized Ni composites, while composites prepared 
through cold compact method exhibited a PC value of 
0.57. These results suggest that the thermal effects do play 
an important role in lowering the PC.  It is important to 
lower the PC using various processing conditions, so that 
the flexibility of the polymer matrix can be retained and at 
the same time additional functionality could be introduced 
in the composite through the fillers, which can serve as 
candidates for multifunctional applications. In this work 
through a systematic study we demonstrate isothermal 
treatment strongly alters the value of PC.

The composites of polymer PVDF/Nickel were prepared 
with different volume fractions of nickel (fNi) in the 
composite. The constituents were thoroughly mixed with 
the help of agate mortar and pestle for 90 minutes. The 
samples with different fNi were hot molded at a temp of 
200ºC and 10 MPa pressure for 12 minutes. Alternatively, we 
have studied isothermal effects on one of the compositions 
fNi =0.22, which is reported to be above the ideal PC by 
earlier workers. This is done by increasing the hold time 
during hot molding of the cold compacted sample under 
same temperature and pressure conditions. The electrical 
properties were measured using a precision impedance 
analyzer (Agilent 4294A) in the frequency range of 40 
Hz–10 MHz with Agilent 16451B dielectric text fixture. 
Contrary to earlier reports percolation was not observed up 
to PC=0.4 in hot molded samples. While with increase of 
molding time duration the effective dielectric constant and 
ac conductivity are found to increase from 17 to 45 and 
10-8 Ω-1m-1 to 10-7 Ω-1m-1respectively at 1kHz for fNi =0.22 
and these values tend to saturate, but did not under go MIT 
as a function of molding time. These observations suggest 
that the experimentally observed percolation threshold for 
PVDF/Ni composites should be greater than fNi =0.22. We 
attempt to explain the increase of dielectric constant by 
using boundary layer capacitor effect and also due to the 
polarization of accumulated charges at the interfaces. The 
increase of ac conductivity can be explained by percolation 
theory and due to leakage of charge carriers across the 
insulating barrier.
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 A01016-01771 

Synthesis and Characterization of Nano-cupric 
Oxide by Using a High Gravity Process

Pao-Chi CHEN; S. I. LIN; K. L. CHANG
Department of Chemical and Materials Engineering, 
Lunghwa University of Science and Technology, Taiwan

In order to find the operating conditions to prepare desired 
nano-cupric oxide particles, synthesis of CuO was carried 
out by feeding of CuCl2 and NaOH solutions simultaneously 
into a high gravity apparatus. Precursors obtained here were 
Cu(OH)2 and Cu2Cl(OH)3, depending on the concentration 
of CuCl2. The decomposition temperature of precursor was 
determined by TGA instrument analysis. The precursor was 
obtained first and later it was put into an oven for three-
hours calcinations at temperature of 100°C and 350°C, 
respectively, to obtain CuO. Subsequently, the cupric oxide 
was characterized by XRD, SEM, and BET instruments. 
The results showed that specific surface areas obtained at 
the decomposition temperature of 100°C were in the range 
of 11.31 to 50.36 m2/g, while at the temperature of 350°C 
the specific surface areas were in the range of 7.49 to 18.78 
m2/g. Therefore, the average diameters of CuO estimated 
here by specific surface areas were between 18.9 to 127.1 
nm. Due to this, we can adjust operating conditions more 
flexible to synthesis desired nano-cupric oxide.

 A01029-01794 

Post-annealing Influence on Conductivity 
Behavior of ZnO:Li Thin Flims Prepared by r.f. 
Magnetron Sputtering 

Shu-yi TSAI1; Yang-Ming LU2; Min-Hsiung HON1

1. Department of Materials Science and Engineering, 
National Cheng Kung University, Tainan, Taiwan
2. Graduate Institute of Electro-Optics, National 
University of Tainan, Tainan, Taiwan

In this work, Li-doped ZnO films were prepared on glass 
substrates by r.f. magnetron sputtering. The influence of 
post-annealing temperature on the structure, electrical, 
and optical properties of ZnO:Li was investigated. The 
results show that the ZnO:Li films show (002) preferred 
orientation and high average transmittance about 85% in 
the visible region after temperature at 550©. A conversion 
from n-type conduction to p-type in a range of temperature 
was confirmed by Hall measurement. The as-grown ZnO:Li 
film was insulating but behaves as p-type conduction with 
lowest resistivity of 0.12 ohm-cm, a carrier concentration 
of 2.48×1018 cm-3 and Hall mobility of 0.22 cm3/Vs after 
annealing at 450© for 3 hr.

 A01031-01898 

Synthesis and Characterization of Carbon Doped 
Molybdenum Oxide Nanoneedles by Reactive RF 
Sputtering 

Anurat WISITSORAAT1; Chaiyan OROS2; 
Dissayuth PHOKHARATKUL1; Pichet LIMSUWAN2; 
Adisorn TUANTRANONT1

1. National Electronic and Computer Technology Center, 
Thailand
2. Department of Physics, King Mongkut’s University of 
Technology Thonburi, Thailand

Molybdenum oxide (MoOx) is an interesting metal oxide 
with promising properties for applications in the field of 
catalysts and chemical sensors. Its characteristics could 
be significantly enhanced by forming nanostructures. 
Recently, MoOx nanostructures prepared by sputtering, 
thermal evaporation and chemical syntheses have been 
reported. Sputtering is a practical method for MoOx 
nanostructure synthesis because it is a low temperature, 
well-controlled and IC-compatible process. MoOx 
nanostructures should be incorporated with foreign atoms 
to modify and improve its properties. However, there have 
been few reports on doping study of MoOx nanustructures. 
In this work, molybdenum oxide nanoneedles is prepared 
by reactive sputtering under suitable conditions and the 
structure is doped with carbon by acetylene (C2H2) gas 
addition while sputtering. The carbon doped chromium 
oxide was deposited on silicon substrates by reactive 
sputtering under a mixture of Ar, O2 and C2H2 gases. The 
carbon content is controlled by varying acetylene/oxygen 
flow ratio from 0.05 to 0.25 while sputtering pressure and 
radio frequency (rf) power are varied in the range of 4 x 
10-3 -8 x 10-3 mbar, 150-200 W, respectively. The surface 
and chemical structure of the materials are characterized by 
means of scanning electron microscopy, energy dispersive 
X-ray spectroscopy, transmission electron microscopy, 
and X-ray diffraction (XRD). Structural characterization 
shows that MoOx nanoneedles are formed with different 
length and width ranging from 2-5 um and 50-200 nm, 
respectively. In addition, as-deposited MoOx nanoneedles 
are highly crystalline with MoO3 Orthorhombic crystal 
phase and carbon dopant is successfully incorporated in 
the structure with controllable concentration. Moreover, 
carbon doping considerably affects crystal quality and 
crystallographic orientation. Optical characterizations 
including ellipsometry and photoluminescencehave been 
performed. It was found that carbon doping significantly 
modifies optical constants and photoluminescent spectra.
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 A01032-01799 

Preparation and Characteristics of Y2O3-doped 
SrTiO3 by Reaction-Sintering Process 

Wen-Chou TSAI; Tsung-Hsien TU; Yi-Cheng LIOU
Electronic Engineering, Kun Shan University, Tainan 
Hsien, Taiwan

We prepared Y2O3-doped SrTiO3 ceramics (YST) by 
reaction-sintering process. YST is a promising candidate as 
the anode for solid oxide fuel cell. The preparation began 
with mixing raw powders, followed by uniaxially pressed 
into bars, and sintering in air at 1250°C~1400°C for 2 h, 4h, 
6h and 8h, respectively without calcination process. X-ray 
diffraction patterns of the sintered YST ceramics show 
a main perovskite structure. The YST sample exhibited 
a higher density with a higher sintering temperature. A 
maximum density of 4.9g/cm3 is observed for samples 
sintered at 1300°C for 8h. The average grain size is around 
0.9 to 1.2μm. A longer sintering duration does not change 
the surface morphology of the YST samples but the grain 
size slightly increased with temperature. The samples do 
not show an expected conductivity. Mostly, it is below 1 
S/cm, which may be attributed to the sintering atmosphere 
and the minor second phase in the bulk. 

 A01043-01823 

The Effect of Mn and Co Doping on the Structures, 
Optical and Magnetic Properties of SnO2 
Nanoparticles

Limei FANG1;2; Xiaotao ZU1; Xiaolin WANG2; 
Huakun LIU2

1. Department of Applied Physics, University of 
Electronic Science and Technology of China, Chengdu, 
China
2. Institute for Superconducting and Electronic Materials, 
University of Wollongong, Fairy Meadow/NSW, Australia

Mn or Co doped SnO2 nanoparticles were synthesized 
at low temperature using hydrothermal method with 
SnCl4·5H2O and MnCl2·4H2O,  CoCl2·6H2O as starting 
materials, respectively. Samples are characterized by 
X-ray diffraction (XRD), high-resolution transmission 
electron microscopy (HRTEM), diffuse reflectance spectra 
(DRS), UV-Visible spectra and magnetic measurements. 
Well dispersed spherical particles with narrow size 
distribution are observed for both doped SnO2 samples. 
The grain size decreases from 6 nm to 2 nm when the 
doping level increases 0 to 20%. A considerable red shift 
in the absorbing band edge was observed for the doped 
samples. Magnetic measurements indicate that both Mn 
and Co doping leads to paramagnetism in the nano-SnO2. 
The absence of ferromagetism is discussed in terms of first-
principles calculations and the particle size effect. We will 
also show our results on the water splitting performance of 
the doped and undoped SnO2 nano-particles.
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Influence of Potential Barrier Height of the 
Interface Glass on Electrical Performance of 
Screen Printed Ag Thick-film Contacts of Si Solar 
Cells 

Yaping ZHANG1; Yunxia YANG1; Jianhua ZHENG1; 
Guorong CHEN1; Chen CHENG2; James C.M. HWANG2; 
Boon S. OOI2; Andriy KOVALSKIY3; Himanshu JAIN3

1. School of Materials Science and Engineering, 
East China University of Science and Technology, 
Shanghai, China
2. Department of Electrical Engineering, Lehigh 
University, PA, United States
3. Department of Materials Science and Engineering, 
Lehigh University, PA, United States

Screen printed Ag thick-film contacts are widely used for 
the front side metallization of crystalline Si solar cells. 
Although glass holds the minimum weight percentage in 
Ag thick-film pastes (1-5 wt %), it plays important role 
during etching through the antireflection coating (ARC) 
and for ensuring a stable mechanical contact. It serves 
as a transport medium for Ag to re-crystallize on the Si 
emitter surface and guarantees the formation of Ag/Si 
ohmic contacts. In addition, it also dissolves Ag powders 
and affects the Ag powder sintering kinetics. Therefore, 
glass is a key factor that determines the Si surface etching, 
contact resistance, and ultimately the overall performance 
of cells.

We have attempted to investigate the influence of potential 
barrier height on the electrical performance of screen printed 
Ag thick-film contacts by indirectly determining it from the 
effective bandgap of glass. The glass samples in the PbO-
ZnO-B2O3-SiO2 system with 5, 10, 15 and 20 mol% ZnO, 
designated as PZ-1, PZ-2, PZ-3 and PZ-4 were prepared 
by conventional melt quench technique. Screen printed 
patterns were fabricated on polycrystalline Si substrates 
using carefully controlled Ag pastes and by rapid thermal 
processing (RTP). The thermal properties of powdered 
glass samples were measured using a differential scanning 
calorimeter, and the crystalline phases of powdered 
glasses after RTP were identified by X-ray diffraction. 
Transmission line model (TLM) was employed to measure 
the electrical performance of the electrodes. The linear 
I-V curves indicate ohmic property of contacts. With the 
increase of potential barrier height of glasses from PZ-1 
to PZ-3, we find that specific contact resistance (ρc) of Ag 
electrodes stays almost constant at around 0.94 Ω·cm2, but 
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increases significantly to 1.45 Ω·cm2 for PZ-4 that has the 
largest effective bandgap. The constant ρc might be caused 
by the crystallization in the melt which makes the flow and 
deposition of glass more difficult, resulting in thin glass 
layer that counteracts the increase of potential barrier 
height. However, over-crystallization decreases both the 
amount and size of reformed Ag crystallites, and leads to 
an increase in ρc. The decrease in conductivity from PZ-1 
to PZ-4 is due to the decrease of PbO concentration since 
PbO is essential for the sintering of Ag powders.

The electrical properties of Ag thick-film consisting of 
PbO-Al2O3-B2O3-SiO2, PbO-Sb2O3-B2O3-SiO2 and Bi2O3-
Sb2O3-B2O3-SiO2 systems have also been investigated and 
will be presented at the conference. 

 A01062-01843 

Formation and Characterisation of Cuprous Oxide 
Film via Oxygen Plasma Treatment of Metallic 
Copper

Chin Chun OOI; Gregory GOH
Institute of Materials Research and Engineering, 
Singapore

Cuprous oxide is a direct bandgap semiconductor material 
(bandgap 2.0eV), that has been studied for a long period 
of time relative to other semiconductor materials. It has 
garnered increased attention recently for its potential in 
photoltaic cells, as it is non-toxic and has a high absorption 
coefficient in the visible region, with relatively inexpensive 
constituents. There have been numerous reports on devices 
incorporating cuprous oxide, such as heterojunction solar 
cells. The synthesis methods reported thus far have usually 
involved the more expensive and complicated methods 
like electrodeposition, reactive radio frequency magnetron 
sputtering and anodic or chemical oxidation. A relatively 
simpler method that is commonly used is thermal oxidation. 
However, high temperatures are required for pure cuprous 
oxide formation, with lower temperatures often yielding 
a mixture of cuprous and cupric oxide, or purely cupric 
oxide. 

Here, we present a means of obtaining a layer of cuprous 
oxide film via a relatively simpler method. Copper was 
converted to cuprous oxide after being exposed to oxygen 
plasma treatment in a Trion Reactive Ion Etching (RIE) 
machine. This thin copper film was first deposited onto 
a cleaned glass substrate via DC magnetron sputtering, 
before being placed in the RIE. 

The structure of the cuprous oxide formed was 
subsequently characterised with X-ray diffraction, and a 
scanning electron microscope. XRD results suggested the 
formation of a film of cuprous oxide with a strong (111) 
orientation, and the absence of cupric oxide. Electrical and 
optical characterisations obtained by using a UV/Visible 

Spectrometer such as the optical bandgap and absorption 
coefficient will also be presented here. The method 
presented here is a potentially simpler and faster means of 
obtaining cuprous oxide film that could be of use in further 
enhancing the ease of incorporation of cuprous oxide into 
various semiconductor devices such as the aforementioned 
solar cells.

 A01068-01968 

Physical and Electrical Properties of Hafnium 
Oxide (HfO2) Films Deposited on AlGaN/GaN 
Heterostructure by Pulsed Laser Deposition 

Feng TIAN; Eng Fong CHOR
Electrical and Computer Engineering, National 
University of Singapore, Singapore

Good quality insulators with high dielectric constant 
(high-k) are desirable as the gate dielectric in AlGaN/GaN 
metal-insulator-semiconductor heterostructure field effect 
transistors (MIS-HFETs), as the high-k property helps 
alleviate the reduction in transconductance and negative 
shift in threshold voltage in comparison to Schottky 
gate HFETs (SG-HFETs). Hafnium oxide (HfO2), which 
has been extensively investigated in the Si MOSFET 
technology, has also attracted interest to be used in 
AlGaN/GaN MIS-HFETs owing to its high-k property. 
In this report, we investigate the physical and electrical 
properties of HfO2 films grown by pulsed laser deposition 
(PLD) technique and the device performance of PLD-
grown HfO2 AlGaN/GaN MIS-HFETs, where HfO2 is 
used not only as the gate dielectric, but also to passivate 
the device surface. X-ray diffraction spectra confirm that 
the HfO2 film grown at 50°C in a 100 mTorr, O2 ambient, 
using HfO2 target (99.95% purity), is amorphous. This 
is important because polycrystalline HfO2 has increased 
grain boundary leakage that can pose as reliability issues. 
X-ray photoelectron spectroscopy results have shown the 
stoichiometric atomic ratio of Hf and O (~1:2) in the film. 
Moreover, secondary ions mass spectroscopy reveals the 
uniformity of the HfO2 film component from the surface 
to the HfO2/GaN interface. The dielectric constant of the 
amorphous HfO2 is ~20, as determined by the capacitance-
voltage measurement. The resulting interface state density 
of HfO2/GaN is estimated to be ~1.0×1012 eV-1cm-2. Room-
temperature Hall effect measurements have revealed 
a 5 % increase in the 2DEG conductivity (ns×µ) of the 
PLD-grown HfO2 passivated AlGaN/GaN heterostructure 
compared to that of the reference unpassivated one. As 
a result, the fabricated MIS-HFETs exhibit better device 
performance than the reference unpassivated SG-HFETs. 
The maximum drain current and gate voltage swing have 
increased by ~31.5 % and 8.5 %, respectively, over that of 
the reference devices. Both the off-state drain current and 
the gate leakage current have reduced by more than 1 order 
of magnitude relative to that of the SG-HFETs, indicative 
of the higher breakdown voltage of the PLD-grown HfO2 



Symposium D - Functional Ceramic Materials, Oxide Thin Films and Heterostructures     67

MIS-HFETs. In addition, the dc characteristics of the two 
types of devices were studied at elevated temperature up 
to 200°C. MIS-HFETs exhibit a smaller degradation rate 
in device performance upon the increase of operation 
temperature, compared to the SG-HFETs, suggesting a 
lower temperature sensitivity of the former. It is worth 
mentioning that even at 200°C, the gate leakage current 
(Vg = -5 V) of HfO2 MIS-HFETs remains at ~ 42 % lower 
than that of the reference SG-HFETs. All these results 
manifest the good quality of PLD-grown HfO2 film and 
its potential as the gate dielectric in MIS-HFETs for high 
power and high temperature operations.

 A01074-01856 

Mechanochemical Synthesis of MoSi2 for 
Applications in Ultra High Temperature and 
Oxidizing Conditions

Projjal BASU; Hiew JIE SU; Marwa LIWA KH ALFARIS
School of Materials and Mineral Resources Engineering, 
Universiti Sains Malaysia, Penang, Malaysia

Molybdenum disilicide (MoSi2) has a high melting 
point (2030°C) coupled with extremely high resistance 
to oxidation and corrosion, high electrical and thermal 
conductivities, and moderate density. Such a combination 
of properties enables its extensive applications in high 
temperature and highly oxidizing conditions. However, 
its conventional synthesis involves high temperatures 
and simultaneous formation of glassy SiO2 that make 
the synthesis considerably difficult with deteriorating 
properties coupled with the extremely brittle product. An 
alternate synthesis technique involving mechanochemical 
processing route is thus proposed towards the synthesis 
of MoSi2 with the required properties. The mechanical 
activation of powders of Mo, and Si were done in a 
planetary ball mill with ball-to-powder ratio (BPR) of 
10:1 and 20:1 at a speed of 400rpm. Milling time was 
varied from 8 to 32 hours with intermittent sampling. The 
as milled powders were characterized with XRD, SEM-
EDX, BET, and density measurements. The powders 
were then heat treated at various temperatures from 500 
to 600°C and characterized in the same way as that with 
the as milled powders. The as milled powders milled for 
8 hours indicated the formation of MoSi2, clearly showing 
the possibility of its synthesis at a temperature far lower 
than that used in conventional practice. Extended milling, 
however, showed decreasing surface area of the powders 
as a result of agglomeration as confirmed by the SEM 
images even though individual particles of size 400nm 
or less were noticed. The formation of MoSi2 was found 
more pronounced with extended milling time. The study 
systematically presents the effects of various process 
parameters on the formation of MoSi2 through mechanical 
activation. Thus the mechanochemical route has been used 
as a successful alternate towards the synthesis of MoSi2. 

 A01082-02100 

Synthesis, Characterization and Electric 
Properties of Sol-gel Derived CaCu3Ti4O12 
Ceramics

Wenxiang YUAN; Suikong HARK
Department of Physics, The Chinese University of Hong 
Kong, Hong Kong

CaCu3Ti4O12 (CCTO), an unusual perovskite-like ceramic, 
is known for its extraordinarily high (often reaching 105) 
and relatively frequency independent dielectric constant. 
Recently, it has drawn a lot of attention, because of its 
potential applications in microelectronics and microwave 
devices.

In this investigation, CCTO powders were synthesized by 
a sol-gel route from calcium nitrate tetrahydrate, copper 
nitrate hemipentahydrate and titanium isopropoxide. 
This route allows very fine (tens of nanometers) and 
uniform grains of CCTO be obtained in considerably 
shorter times and at much lower temperatures than the 
conventional solid state route. It also allows us to study 
the correlation between the micro-structural evolution and 
dielectric properties of CCTO systematically and in an 
extended range of grain sizes. The structure, composition 
and morphology of CCTO samples sintered at different 
temperatures were characterized by X-ray diffraction, 
energy dispersive X-ray analysis and scanning electron 
microscopy. Their dielectric properties were measured by 
impedance spectroscopy. 

In general, we found that the dielectric constant tends to 
increase with average grain size. In particular, we found 
that it can still be as high as 31,000 for 300 nm grains 
and reaches 105 for 30 µm grains at low frequency 40 Hz. 
Furthermore, there is a maximum size of several tens of 
micrometers above which it does not increase significantly 
anymore. We also found that both the dielectric loss 
and conductivity depend on grain size. Because the loss 
shows strong dependence on frequency, lowest loss must 
be optimized according to desired applications. For large 
grains, the lowest dielectric loss occurs at frequencies 
lower than 105 Hz, but for small grains, it occurs at 
frequencies higher than 105 Hz. On the other hand, the 
conductivity is always small for small grains, regardless 
of frequency. These observations may be explained by 
the internal-barrier-layer capacitor (IBLC) model with 
Maxwell-Wagner (MW) relaxation. The internal barriers 
were revealed to be grain boundaries and domain/sub-
grain boundaries.

This work is supported by a grant from the Research Grants 
Council of the Hong Kong Special Administrative Region, China 
(Project No. 411807).



68     Symposium D - Functional Ceramic Materials, Oxide Thin Films and Heterostructures

 A01086-01885 

Optical and Structural Properties of Fe-TiO2 Thin 
Films Prepared by Sol-gel Dip Coating

Nam Jin KIM; Young Hoon LA; Sang Hyeok IM; 
Bong Ki RYU
Division of Materials Science and Engineering, Pusan 
National University, Busan, South Korea

In this study, the optical and structural properties of Fe-
TiO2 sol were investigated. TEOT[Ti(OC2H5)4] and Ferric 
nitrate[Fe(NO3)3•9H2O] were used as precursors to make 
Fe-TiO2 sol. Samples for measurement were prepared 
on a glass substrate by using sol-gel dip coating method. 
The annealing temperature (Ta) was varied in the range of 
400~600°C in intervals of 50°C.

 The cut-off points of the samples were red-shifted with 
increasing Fe contents. Simultaneously, the optical 
band gap decreased from 4.03 to 3.64eV. A change of 
the crystalline phases as the Fe contents increased was 
observed from X-ray diffraction measurements. 

 Combined with the X-ray diffraction analysis, the observed 
variations in both the cut-off points and optical band gap 
have been directly correlated with the structural change of 
the composite films. 

 A01088-02118 

Properties and Structure of ZnO-Bi2O3-P2O5 
Glass

Young Hoon NA; Nam Jin KIM; Sang Hyeok IM; 
Bong Ki RYU
Division of Materials Science and Engineering, Pusan 
National University, Pusan, South Korea

Thermal and chemical properties were studied on ternary 
zinc bismuth phosphate glasses(ZBP glasses). Glasses 
along four composition tie line, I: xBi(PO3)3·(1-x)
Zn(PO3)2, II: xBiPO4·(1-x)Zn(PO3)2, III: xBi2O3·(1-x)
Zn(PO3)2 and IV: xZn(BiO2)2·(1-x)Zn(PO3)2, have been 
prepared. Particularly to examine the effect of structure 
and properties in phosphate glass system by change of 
Bi2O3 composition, the present work studied about ZnO-
Bi2O3-P2O5 glass. As a method to expect the relation 
between structural change and compositional change, the 
structure was measured by FT-IR analysis. And the glasses 
were respectively confirmed to density, glass transition 
temperature (Tg) and chemical properties through 
structural change of glasses. Tg and chemical property 
(water-resisting qualities) increases with increase in 
metaphosphate phase in glass due to increase in the number 
of bridging oxygens. The glass properties are dependent 
on the O/P ratio. Compositional variations that change 
the dominant phosphate structure from a metaphosphate 
to a pyrophosphate, or from a pyrophosphate to an 

orthophosphate, are accompanied by a transformation in 
the dominant Bi coordination, complicating the effect that 
Bi2O3 has on glass properties. Bi3+ cations incorporated 
in the glass network and suggested difference in Bi-O 
bonding state in the glasses.

 A01098-01896 

Structure and DC Conductivity Studies of Sm3+ 
Substituted Ni-Zn Ferrites

Gowdra Jayadevappa SHANKARAMURTHY1; 
Halepoojar Siddalingappa JAYANNA2; 
Eshwarappa MELAGIRIYAPPA2

1. Departement of Physics, Bapuji Institute of 
Engineering and Technology, Davangere, India
2. Departement of Physics, Kuvempu University, 
Shankaraghatta, India

Polycrystalline ferrites having the general formula NixZn1-

xFe2-ySmyO4 (x = 0.00, 0.25, 0.50, 0.75, 1.00; y = 0.00, 
0.05, 0.10) were prepared by standard ceramic method. 
The samples were characterized by XRD, IR, SEM, and 
EDAX techniques. The single-phase spinel formation of 
ferrites was confirmed by X- ray diffraction technique. 
IR spectrum of ferrite samples has shown the two strong 
bands. The band ν1 near 6m-1 arises due to tetrahedral 
complexes and band ν2 around 4m-1, due to octahedral 
complexes. The difference in the two strong bands ν1 and 
ν2 could be related to difference in Fe3+-o2 - distances for 
A and B sites. From the scanning electron micrographs 
average grain size was measured by counting the number 
of grain boundaries intercepted by a measured length of 
a random straight line drawn on the micrographs and it is 
observed that the grains are spherical in shape smaller in 
size and no exaggerated grain growth has taken place in 
the sample during sintering. The grain growth mechanism 
is compromised between driving force for grain boundary 
movement and retarding force of pores and inclusions 
during the sintering process. The strength of the driving 
force generated due to thermal energy, depends upon 
sintering temperature and diffusivity of constituent ions. 
The DC electrical conductivity of the palletized samples was 
measured by two-probe method in the temperature range 
300K to 840K. The electrical conductivity in ferrites can 
be explained on the basis of exchange of electrons between 
ions of the same element that are present  in more than 
one valence state, distributed randomly over equidistant 
crystallographic lattice sites. The electrical conductivity in 
ferrites to be due to the simultaneous presence of both Fe2+ 
and Fe3+ ions and due to electron hopping between Fe2+ and 
Fe3+ ions on octahedral sites. The electrical properties of  
ferrites are affected by the distribution of cations in sites 
by magnetic and non magnetic substitutions, the amount 
of Fe2+ ions present, sintering conditions, grain size and 
grain growth. The experimental results reveal that the 
DC conductivity increases as temperature increases and 
as the Zn2+ and Sm3+ ion content decreases. The electrical 
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conduction mechanism in these ferrites is on octahedral 
sites. The activation energy for ferrimagnetic region is 
lower than in paramagnetic region. The addition of Sm3+ 

impedes conduction in samples. Thus, the activation energy 
is higher for Sm3+ substituted samples than those for the 
corresponding undoped samples in both the regions.

 A01103-02648 

Preparation and Characterization of (Ba,Sr)
TiO3/Ba(Zr,Ti)O3 Heterostructures Grown on 
(LaAlO3)0.3(Sr2AlTaO6)0.7(001) Single Crystal 
Substrates

Ngai Yui CHAN; Yu WANG; Helen Lai Wa CHAN
Department of Applied Physics, The Hong Kong 
Polytechnic University, Hong Kong

BaTiO3 is one of the most important perovskite-type 
ferroelectric oxides. The introduction of substitutional 
elements to the perovskite lattice sites (Sr as A-site and Zr 
as B-site) can lead to significant changes in the properties 
of the materials. For example, in bulk form (Ba, Sr)TiO3 
the Curie temperature is linear to the content ratio of Ba 
and Sr (Ba/Sr). For thin films, due to substrate effects, 
the relationship between physical properties and structure 
is more complicated. In this work, we investigated the 
structural, morphological, and dielectric properties of 
(Ba,Sr)TiO3/Ba(Zr,Ti)O3 heterostructures grown on 
(LaAlO3)0.3(Sr2AlTaO6)0.7 [LSAT(001)] single crystal 
substrates. The compositions we chose are (Ba0.7Sr0.3)TiO3 
(BST) and Ba(Zr0.2Ti0.8)O3 (BZT) respectively, both of them 
have Curie temperature around room temperature. BST/
LSAT and BZT/LSAT are also studied for comparison.

The thin film samples were prepared by pulsed laser 
deposition and the film thicknesses were controlled by 
growth time. X-ray diffraction was used to characterize 
the structures of the heterostructures. The morphology of 
the sample was measured by atomic force microscopy. The 
ferroelectric properties of all the samples were examined 
using  a TF analyzer 2000 (aix ACCT). Comparing 
the heterostructures, we found that the structure and 
morphology of the BZT/BST/LSAT(001) has improved 
significantly, which may due to the good lattice-match 
between BZT, BST and LSAT(001) substrate. This may 
have a positive effect on the dielectric, ferroelectric 
properties of the multilayered heterostructures which will 
be investigated in detailed later.

 A01118-01943 

Electronic Band Structures, Thermoelectric 
Properties and Magnetism in the Newly Discovered 
Fe-based REFeAsO Superconductor

Aihua LI; Chao ZHANG; Shixue DOU; Xiao-Lin WANG
Institute for Superconducting and Electronic Materials, 
University of Wollongong, NSW, Australia

We have performed ab initio LDA and LSDA+U 
calculations of electronic structure of newly discovered 
high-temperature superconducting series ReO1–xFxFeAs 
(FeAs-1111, Re=rare earth) and ReTmSbO (TmSb 1111, 
Tm=transition metals). For FeAs-1111, electronic spectrum 
is very similar in both energy dispersions and the densities 
of states, being unable to account for the large difference 
in Tc for various Re elements. It is proposed that magnetic 
interactions with rare-earth spins may lead to possible 
changes in spin-fluctuation of FeAs layers. We also found 
that the intralayer chemical bonding present a significant 
part of covalency, whereas the interlayer bonding is 
almost completely ionic. Negative and positive U valves 
have been used to calculate the magnetic moment of both 
systems. We will discuss the effect of the U on electronic 
structures and magnetic moments in both systems. Some 
exotic electronic structures will be address for some of 
the TmSb-1111 compounds. Experimental results on the 
valences of Fe, Seebeck coefficient, thermo conductivity 
and figure of merit on some ReAs1111 compound will be 
presented. 

This work is supported by the Australian Research Council.

 A01118-01950 

Electronic Structure, Phase Formation and 
Thermoelectric Properties of Doped Mg2Si and 
Bi2Te3

Aihua LI; Mahboobe SHAHBAZI; Chao ZHANG; 
Shihai ZHOU; Shixue DOU; Xiao-Lin WANG
Institute for Superconducting and Electronic Materials, 
University of Wollongong, NSW, Australia

High temperature thermoelectric material Mg2Si doped with 
Al or Sn are studied in terms of structures, phase formations, 
thermoelectric properties and first-principles calculations. 
It is found that a short time sintering is enough to form a 
highly pure phase sample with small particle sizes. Highly 
dense samples can be easily achieved in Sn added Mg2Si 
under ambient pressure. The crystal structures are refined 
using Rietveld refinement. We will report our results 
on the phase formation, surface morphology, Seeback 
coefficients, thermal conductivities, resistivity and figure 
of merit of these materials. The experimental data will be 
discussed in comparison with band structure calculations. 
The difference in the thermoelectric performance between 
Mg2Si and Bi2Te3 will also be addressed.

This work is supported by the Australian Research Council.
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 A01119-01929 

Luminescent Enhancement in Ba2+∙Mg2+ Co-
doped Sr2SiO4:Eu Yellow Phosphors Coated with 
Titania 

Jung Whan YOO1; Hyeong Seok LEE1;2; 
Dong Shin YUN1;3; Ock Hee JEONG1

1. Composite Materials Team, Korea Institute of Ceramic 
Engineering and Technology, Seoul, South Korea
2. Chemical Engineering, HanYang University, Seoul, 
South Korea
3. Chemistry, Korea University, Seoul, South Korea

In recent years, surface modification, i.e., the fabrication 
of core-shell structure, has attracted extensive attention 
which a suitable bandgap material was grown to increase 
the quantum efficiency by suppressing the energy-loss 
processes at the particles surface. This strategy has been 
extended to the inorganic luminescent systems which 
indicate that the formation of core-shell structure is an 
effective way to improve the photoluminescence (PL) 
efficiency. In this study, in order to improve the PL 
efficiency of yellow emission of the phosphors, Ba2+·Mg2+ 
co-doped Sr2SiO4:Eu phosphors were synthesized and were 
coated with TiO2. The TiO2 layer with 20 nm was uniformly 
coated over the phosphor surface. The PL properties of the 
TiO2-coated phosphors showed improved yellow-emission 
intensity compared to the uncoated phosphors. This seems 
to be due to the increase of the excitation light which occur 
the effective absorption of the phosphor surface via TiO2.

 A01119-02228 

Enhancement for UV-shielding and Hydrophilicity 
for Protective Film

Jung Whan YOO1; Dong Shin YUN1;2; 
Hyeong Seok LEE1;3; Seung Ho LEE1

1. Composite Materials Team, Institute of Ceramic 
Engineering and Technology, Seoul, South Korea
2. Chemistry, Korea University, Seoul, South Korea
3. Chemical Engineering, HanYang University, Seoul, 
South Korea

Colors for advertisement pictures exposed by sun light are 
quickly degraded due to UV light. To enhance lifetime and 
clearness for advertisement picture, protective film is very 
effective, which has dual functions of UV-shielding ability 
and hydrophilicity. Titanium dioxide (TiO2) has been 
considered as good photocatalyst and absorbent of UV. 
However, strong photocatalytic TiO2 gives negative effect 
on the protective film because the TiO2 degraded organic 
components including resin used in protective film. Finally, 
colors for protective film gradually changed to yellow. So, 
controlling photocatalytic activities for TiO2 are need. 
In this study, surface modification of TiO2 particles with 
silane coupling agents, hydrophilicity effect of resin, UV-
resin/TiO2 ratio were investigated. UV-shielding ability 

is enhanced up to 98% as increasing TiO2 concentration. 
Hydrophilicity measured by contact angle show various 
trend depending upon UV-resin type and UV-resin/TiO2 
ratio. Contact angle was observed below 10° when using 
very hydrophilic resin or 3/7 ratio of UV-resin/TiO2. 

 A01128-01936 

Effect of N-incorporation on the Electronic 
Structure of Rutile TiO2

Jian Wei CHAI1; Ji Sheng PAN1; Zheng ZHANG1; 
Shi Jie WANG1; Ming YANG2; Qian CHEN2

1. Institute of Materials Research and Engineering, 
Singapore
2. Department of Physics, National University of 
Singapore, Singapore

N-doped TiO2 for photocatalysis has gained great interests 
in these years because it can extend catalytic activity of 
TiO2 from ultraviolet light (λ< 387nm) to visible light, 
and hence more energy from radiation of solar light can 
be utilized in photocatalytic and photoelectrochemical 
applications1. X-ray photoelectron spectroscopy (XPS) 
has been employed to investigate the effects of high 
concentration N incorporation into TiO2 by direct N atom 
source doping.  High resolution core-level spectra indicate 
that N intends to substitute O in Ti-O bonds to form Ti-N 
bonds. Ti cations show different state when N concentration 
is different. The valence band structure shows that band 
narrowing effect is weak although the shape of the valence 
spectra varies significantly. First-principle calculation 
further proved that Ti 3d gap state can be formed when the 
N concentration exceeds 1 at.% (atomic percent), which 
also leads to a pinging of N 2p state in the band gap. 

 A01129-01941 

Novel Nanostructured Vanadium Phosphate 
Phases

Arunabha DATTA
Analytical & Catalysis Division, Indian Institute of 
Petroleum, Dehra Dun, India

Catalytic selective oxidation, particularly of hydrocarbons 
is an area of tremendous research and industrial importance. 
Vanadium phosphates (VPO) are used commercially for 
the selective oxidation of butane to maleic anhydride and 
are also promising catalysts for the selective oxidation 
of propane to acrylic acid, pentane to maleic and pthalic 
anhydride and in the oxidative dehydrogenation of ethane, 
propane etc.

The catalytic activity of the vanadium phosphates is known 
to be very sensitive to its structural and morphological 
characteristics and consequently there has been great 
interest in the preparation of modified VPO phases for 
their potential use as improved or novel catalysts.  
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In this context, novel nanostructured vanadium phosphate 
phases ranging from lamellar to tubular have been 
synthesized using long chain alkyl amines as templating 
agents.  Different synthetic approaches such as intercalation, 
organization from solution and exfoliation of a VPO 
solid followed by reorganization from its solution, using 
different surfactants have been adopted.  These phases have 
been characterized using a combination of XRD, SEM, 
TEM, NMR, FTIR and thermal studies.  In particular a 
nanotubular vanadium phosphate has been synthesized for 
the first time in which the inorganic walls are crystalline 
and are made up of a catalytically important VPO phase.  
It may be pointed out here that all the mesostructured VPO 
phases reported so far have amorphous inorganic walls and 
this is the first instance of the synthesis of a nanostructured 
phase in which the inorganic matrix is not only crystalline 
but corresponds to one of the well known and catalytically 
important VPO phases.

 A01133-01948 

Microwave-Hydrothermal Synthesis and Sintering 
Behavior of Lead Titanate Fine Powders

Saowalak TAPALA1; Pitak LAORATTANAKUL2; 
Apinpus RUJIWATRA1

1. Department of Chemistry, Faculty of Science, 
Chiang Mai University, Chiang Mai, Thailand
2. National Metal and Materials Technology Center, 
National Science and Technology Development Agency, 
Pathumthani, Thailand

The effects of acoustic wave and microwave on 
hydrothermal synthesis and characteristics of lead titanate 
powders were investigated. The application of ultrasonic 
wave apparently favors the formation of the other oxide 
phases rather than the desired PT, while the microwave on 
the other hand results in a reduction in both hydrothermal 
temperature and time providing phase pure lead titanate 
powders. The phase pure lead titanate powders can be 
achieved at water boiling temperature in a very short 
reaction time depending on the employed microwave 
power. The composing lead titanate particles are of 0.1-1.7 
micron in size, and mostly present as hard aggregates. The 
densification of the obtained powders is rather poor, and 
can be rationalized by the particle morphologies.

The TRF, PERCH-CIC and TGIST are acknowledged for financial 
support.

 A01140-01951 

The Study on the Improvement of Physical 
Characteristics with Eco Artificial Lightweight 
Aggregates Using Surface Treatment Method

Yujin KIM; Ki Gang LEE; Yoo-Teak KIM; 
Seung-Ku KANG; Jung-Hwan KIM
Department of Materials Engineering, Kyonggi 
University, Suwon, South Korea

This research aims to reduce the water absorption rate of 
Eco artificial lightweight aggregates recycled by coal-fly-
ash. Eco artificial lightweight aggregates possess several 
disadvantaged compared to the natural aggregates in 
terms of a water absorption rate and low packing density 
which cause reduction in compressive strength of the 
final products. To improve the physical characteristics 
through surface treatment : treatment solution’s viscosity, 
impregnation time, size of the aggregates was varied. Water 
absorption rate of aggregates was measured by Archimedes 
method, surface morphology of treated aggregates was 
observed by SEM. The mean particle size of colloidal 
silica depended on the viscosity of that. It was found that 
the surface treatment of aggregates was effective when 
the mean particle size of colloidal silica was similar to 
the mean pore size of aggregates. Surface treatment using 
the colloidal silica solution with 100cP decreased water 
absorption rate down to 2.80% compared to 11.2% for 
untreated aggregates of which the size was over 4mm.

 A01144-01953 

Ga2O3 Thin Film Growth by Plasma-assisted 
Molecular Beam Epitaxy

Min-Ying TSAI1; Mark E. WHITE2; James S. SPECK2

1. Electrical and Computer Engineering, University of 
California - Santa Barbara, CA, United States
2. Materials Department, University of California - 
Santa Barbara, CA, United States

Gallium oxide (Ga2O3), with a very wide-bandgap around 
5.0 eV, has the potential to be an important transparent 
conducting oxide (TCO) due to its distinct optical and 
electrical properties. Ga2O3 is transparent to the visible and 
ultraviolet (UV) wavelength spectrum and has a highly 
conductive surface. These properties make Ga2O3 an ideal 
candidate for device applications such as UV light emitting 
diodes, UV laser diodes, deep UV photodetectors and gas 
sensors. Similar to the Al2O3 system, Ga2O3 is well-known 
to exhibit various polymorphs including α (rhombohedra) 
and β (monoclinic) phases. β-Ga2O3 is considered the most 
stable form and high quality single crystalline β-Ga2O3 
substrates are commercially available. However, current 
β-Ga2O3 research does not correlate the growth parameters 
to fundamental material properties such as the film 
structural quality or the epitaxial relationship of Ga2O3 on 
different substrates. In this work, the epitaxial relationship 
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of single crystalline Ga2O3 polymorphs on selected c- and 
r-plane sapphire substrates by plasma-assisted molecular 
beam epitaxy (PAMBE) is presented. Detailed information 
on the dependence between Ga2O3 films and varied growth 
parameters is also reported.

Heteroepitaxial Ga2O3 thin films were grown in a 
Varian/Veeco 620 MBE system. The film was grown by 
controlling the impinging gallium or oxygen flux as well 
as the substrate temperature to determine optimized growth 
parameters. Co-loading c- and r-plane sapphire substrates 
facilitated the comparison of Ga2O3 film properties on 
various substrates grown under the same conditions. The 
Ga2O3 surface morphology and film roughness on both 
substrates was studied by a tapping-mode atomic force 
microscope (AFM). The in-plane epitaxial relationships of 
single crystalline (-201) β-Ga2O3 on c-plane sapphire and 
(102) α-Ga2O3 on r-plane sapphire were establish using 
high-resolution x-ray diffraction (HRXRD). A correlation 
between Ga2O3 film quality and substrate temperature 
was determined. The films were transparent and colorless 
independent of the substrate temperature. By applying 
various impinging gallium fluxes at a fixed oxygen 
pressure, two growth regimes were identified on which 
the growth rate and film quality depended. Beginning in a 
low gallium flux regime, the Ga2O3 growth rate increased 
as the gallium flux increased. Reductions in growth rate 
and film quality were observed at high gallium fluxes. We 
associate this behavior with phase transitions and gallium 
sub-oxide (i.e. Ga2O) formation.

This current study has shown plasma-assisted MBE as a 
remarkable tool for providing phase-pure single crystalline 
Ga2O3 layers on various sapphire substrates. Understanding 
material properties at different growth regimes will 
also benefit future investigation for high quality Ga2O3 
homoepitaxy.

This work was supported by the MRSEC Program of the National 
Science Foundation under Award No. DMR05-20415.

 A01148-02735 

Optimised Deposition Processes for Doped Lead 
Zirconate Titanate Thin Films

Sharath SRIRAM; Madhu BHASKARAN; 
Arnan MITCHELL
Microelectronics and Materials Technology Centre, 
School of Electrical and Computer Engineering, 
RMIT University, Melbourne, Australia

New deposition regimes for strontium-doped lead 
zirconate titanate (PSZT) thin films on silicon substrates 
are outlined in this presentation. Optimised conditions 
for RF magnetron sputtering have been identified, which 
has enabled three significant results: (i) crystal structure 
control of films with unit cell parameter modification, 

(ii) low temperature deposition at 300ºC, and (iii) direct 
deposition on thermal silicon dioxide without intermediary 
(seed) layers.

PSZT belongs to the family of doped lead zirconate titanate 
(PZT) compounds, and is reputed to exhibit relatively 
high levels of piezoelectric response. To maximise the 
level of piezoelectric response from PSZT (or PZT) 
thin films, preferential perovskite orientation is desired. 
This presentation discusses the results from detailed 
characterisation of PSZT thin films deposited on a variety 
of single-layer/multi-layer coatings on silicon. The films 
were deposited by RF magnetron sputtering and have been 
analysed using a suite of materials characterisation tools 
such as scanning electron microscopy (SEM), atomic force 
microscopy (AFM), transmission electron microscopy 
(TEM), X-ray diffraction (XRD), and secondary ion mass 
spectrometry (SIMS). This work highlighted the influence 
that the bottom electrode architecture and temperature of 
deposition exerts on the microstructure and of the deposited 
thin films.

Sputtering of PZT thin films is most commonly carried 
out at temperatures above 650°C on platinised silicon 
substrates. This presentation reports on results obtained 
from deposition carried on two common bottom electrode 
configurations using platinum, and discusses the presence 
of an elongated rhombohedral unit cell. This presentation 
will also discuss an alternative choice of deposition 
temperature and bottom electrode architecture to obtain 
crystalline and perovskite PSZT thin films. Gold, with 
lattice spacings close to that of PSZT, was found to have 
a guiding effect of orientation of PSZT thin films and this 
was achieved for the first time at a much lower temperature 
of 300°C. The study of PSZT thin films on two different 
bottom electrode architectures (incorporating gold) has 
been carried out using TEM, XRD, and SIMS. The ability 
of gold to exert a guiding effect on PSZT was verified by 
crystal structure simulations.

The presentation will also discuss the first instance of 
deposition of preferentially oriented PSZT thin films 
directly on thermal silicon dioxide (SiO2). No intermediate 
seed or activation layers were used between PSZT and 
SiO2. Microstructure analysis confirms the presence of 
a nanocolumnar microstructure with preferential c-axis 
orientation.
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 A01148-02736 

Localised Field Enhancement in Nanocolumnar 
Piezoelectric Thin Films

Sharath SRIRAM; Madhu BHASKARAN
Microelectronics and Materials Technology Centre, 
School of Electrical and Computer Engineering, 
RMIT University, Melbourne, Australia

This presentation highlights the presence of localised 
electric field enhancement in nanocolumnar piezoelectric 
thin films. Failure to account for field enhancement, in the 
case of polycrystalline thin films with high aspect ratio 
columnar nanostructure, will result in significant errors 
in piezoelectric response coefficient measurements. The 
influence of field enhancement is experimentally verified 
for thin films with a columnar structure, showing that 
not accounting for this contribution overestimates the 
piezoresponse coefficient.

Piezoelectric materials are used in multidisciplinary 
applications, and in the quest for miniaturisation, 
piezoelectric crystals are being replaced with thin films. 
While in special cases, these films can be epitaxial, they 
are predominantly polycrystalline with a preferential 
orientation. To maximise the piezoelectric response, films 
with a preferential c -axis orientation are desired, often 
resulting in a columnar grain structure. The grain widths 
can range from tens of nanometers to a few microns.

It is experimentally shown that anomalous results are 
obtained during piezoelectric response of polycrystalline 
thin films, with a nanocolumnar grain structure. Large 
variations in film thickness (or strain percentages) were 
obtained for low electric fields. This can be effectively 
explained using localised electric field enhancement 
phenomena. Using field enhancement factor calculations 
used for electron emission and the ‘hemisphere on a post’ 
model, the dependence of piezoresponse measurements on 
grain size in nanocolumnar films can be established. For 
a 1200 nm thick film with grain widths of 100 nm, this 
enhancement factor is shown to be between 22 and 26.

 A01149-02734 

Island-Structured Piezoelectric Thin Films by 
Scalable Self-Assembly 

Madhu BHASKARAN1; Sharath SRIRAM1; 
David MITCHELL2;3; Arnan MITCHELL1

1. Microelectronics and Materals Technology Centre, 
School of Electrical and Computer Engineering, 
RMIT University, Melbourne, Australia
2. Institute of Materials Engineering, Australian Nuclear 
Science and Technology Organisation (ANSTO), Menai, 
Australia
3. Electron Microscopy Unit, University of Sydney, 
Sydney, Australia

Piezoelectric and ferroelectric thin films have been shown 
to exhibit increased response in the form of islands, due 
to reduced clamping. This work presents a novel and fully 
scalable process for the formation of island-structured thin 
films.

Platinised silicon samples incorporating a reactive adhesion 
layer of titanium were used as substrates for deposition. 
On being subject to a temperature ramp, grain growth in 
platinum occurs with the creation of boundaries and voids, 
enabling the out-diffusion of titanium. Platinum reacts with 
silicon to form silicide islands. The silicide islands serve as 
a template for subsequently deposited piezoelectric films, 
acting as preferential deposition sites.

The self-assembly process to form silicide islands and the 
existence of island structure in the films was studied using 
transmission electron microscopy (with in situ heating 
in some cases). These micrographs, in combination with 
energy dispersive X-ray analysis, were used to identify the 
mechanism of island formation. The process is scalable 
as the size and distribution of the islands depends on a 
combination of process variables (primarily deposition 
duration and platinum thickness).

This self-assembly process to synthesise island-structured 
films will enable the study of size dependent physical, 
electronic, and electrochemical parameters on one 
sample. It also has the ability to serve as a process for 
the development of piezoelectric sensors with increased 
surface area.
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 A01165-02131 

The Role of a Non-Planar Surface Morphology 
on Polarization Switching in Ferroelectric Thin 
Films

Rajeev AHLUWALIA1; Nathaniel NG1;
David SROLOVITZ2

1. Institute of High performance Computing, Singapore
2. Yeshiva University, New York, United States

The role of a non-planar surface geometry on the 
polarization switching process in ferroelectric thin films is 
investigated using a real-space time-dependent Ginzburg-
Landau model that incorporates electrostatic interactions. 
We consider a two dimensional uni-axial ferroelectric 
film with a thickness that varies sinusoidally. Polarization 
switching, starting from a single-domain remnant state is 
simulated for several amplitudes and wavelengths of the 
surface modulation. It is found that the non-planar surface 
introduces inhomogeneous electric fields inside the film. 
These inhomogeneities are responsible for nucleating 
reverse domains, even without defects and thermal noise, 
indicating the importance of surface geometry in the 
switching process. This domain nucleation results in a 
reduction of the coercive field compared to the ideal flat 
film, even for very small amplitude modulations in the 
thickness. For high amplitudes and small wavelengths 
of the surface modulations, it is observed that complete 
switching is not possible as the domains get pinned in 
regions with larger thickness.

 A01168-01996 

Mechanical Properties of Si3N4/SiC Composites 
by Spark Plasma Sintering

Zeynep TASLICUKUR1; Filiz Sahin CINAR2; 
Nilgun KUSKONMAZ1

1. Department of Metallurgical and Materials 
Engineering, Yildiz Technical University, Istanbul, Turkey
2. Department of Metallurgical and Materials 
Engineering, Istanbul Technical University, Istanbul, 
Turkey

Si3N4/SiC are ceramic materials that exhibit excellent 
performance for technical and engineering applications. In 
this study, a novel sintering method, spark plasma sintering 
was applied to produce Si3N4/SiC composites. 0 wt %, 10 
wt %, 20 wt %, 30 wt % SiC particulate reinforced Si3N4 
matrix composite were succesfully prepared by spark 
plasma sintering. Y2O3 and AlN were added as sintering 
additives. The open porosity was completely eliminated by 
SPS in 15 min heating to 1650°C and 5 min dwell time. 
The effects of sintering temperature and pressure on the 
mechanic properties and morphology of Si3N4 ceramic 
composite  were determined.. Microstructures of the 
sintered samples were observed by SEM images and phase 
compositions were analysed by XRD. 

 A01195-02213 

Prepartion and Characterization of 
Nanoferroelectrics by High Energy Ball Milling

S K S PARASHAR
Department of Physics, Konark Institute of Science and 
Technology, Orissa, India

The control of physical properties and structure /
microstructure by restricting the particle size at the 
nanoscale is one of the novel approaches that has 
evolved as the new trend setter for achieving novelty in 
the performance characteristics of a material system and 
the devices based on it. The present work aims at the 
study of the effect of crystallite size on properties having 
perovskite structure ABO3 based on lead zirconate titanate 
Pb(Zr0.53Ti0.47)O3 (PZT) and its various modified forms by 
different dopants (Sm+3, Gd+3, and Zn+2) at the  A site.

The observed change in physical properties of nanosystems, 
when compared to their bulk counterparts, is a phenomenon 
that has been attributed primarily to size effect. The basic 
reason for an overall change in physical properties of 
nanosystems, on reduction of crystallite dimension, is 
attributed to the increase in the ratio of surface area to 
volume. This change brings significant modification in 
the arrangement of atoms, ions and density of states in 
the system that in turn modulates the material structure/
microstructure. This modification ultimately manifests 
in significant changes in the system’s physical properties 
predominately governed by crystallite size lying below a 
specific critical length (i.e., crystallite size ≤ 50 nm).

The size effect mechanism developed here gives insight 
into the complex  behavior of ferroelectrics (dielectrics, 
complex impedance spectroscopy, electrical conduction, 
mechanical etc.) and provides a starting-point for the 
development of different functional materials for high 
dielectric materials and device applications.

 A01198-02044 

Monodomain to Multidomain Transitions Induced 
by Depletion Layers in Ferroelectric Thin Films

Nathaniel NG1; Rajeev AHLUWALIA1; 
Srolovitz DAVID2

1. Materials Theory and Simulation Laboratory, Institute 
of High Performance Computing, Singapore
2. Physics, Yeshiva University, New York, United States

The stability of the remnant state is a key issue in the 
development of ferroelectric thin films for memory device 
applications. For films below a certain critical thickness, 
the electrical boundary conditions can strongly influence 
the stability of this monodomain state, and this has often 
been explored through the introduction of non-ferroelectric 
“dead” layers at the film surface. However, in this model 
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we show that depletion layers in ferroelectric thin films 
can play an equally important role in inducing a mono to 
multidomain transition in ferroelectric thin films. In these 
films, charge-depleted layers form due to the difference 
in work functions between the ferroelectric and the 
metallic electrode. This results in a built-in electric field, 
which, if strong enough, will cause the system to split 
into a multi-domain state. Here, we apply the Ginzburg-
Landau-Devonshire framework in a phase field model to 
investigate the stability of a remnant mono-domain state 
in fully and partially-depleted films of BaTiO3 using grid 
sizes of up to 128x128x128. Our results show the reduction 
in the remnant polarization as a function of space charge 
and film thickness, as well as the formation of cone-like 
domain structures in the depletion layers and 180° striped 
cylindrical domain structures in the bulk. We show that 
during the switching process, domains preferentially 
“nucleate” from such regions, and that the presence of 
these domains lowers the nucleation barrier for switching.

 A01207-02060 

X-ray Photoemission Spectroscopy Study of Ni/
TiO2(001) Interfaces

Jisheng PAN1; Junguang TAO2; Alfred HUANG1;2; 
Zheng ZHANG1; Daniel LI1; Jianwei CHAI1; 
Shijie WANG1; Changqing SUN3

1. Institute of Materials Research and Engineering, 
Singapore
2. Division of Physics and Applied Physics, Nanyang 
Technological University, Singapore
3. Division of Microelectronics, Nanyang Technological 
University, Singapore

The interfacial properties of Ni clusters deposited on the 
stoichiometric and reduced rutile TiO2(001) surfaces were 
investigated by means of X-ray photoelectron spectroscopy 
(XPS). Regardless of the TiO2 surface stoichiometry, the 
Ni 2p3/2 binding energy (BE) moves monotonically toward 
lower value with the increase of Ni thickness due to the 
cluster size effect. However, the Ni 2p3/2 BE shift is much 
smaller on reduced TiO2(001) surfaces compared to that 
on the stoichiometric annealed one because of difference 
in charge transfer between Ni clusters and substrates. 
The binding energies (BE’s) of elements from substrates 
were found to be affected by the deposition of Ni too. For 
stoichiometric annealed and slightly reduced TiO2 surfaces, 
O 1s BE’s exhibit an unexpected upward shift with 
increasing Ni thickness below 2 Å, and then downward 
shift to lower BE’s when the Ni thickness increases further. 
However, for heavily reduced surface, only monotonically 
downward shift of the O 1s binding energy was observed 
with the increase of Ni thickness. This behavior can be 
well elucidated by collective contribution of chemical 
state change of the surface oxygen and formed interfacial 
dipoles due to charge transfer between Ni clusters and 
substrates, with their strength and direction changing upon 

surface stoichiometry. Our experimental results present 
firm and direct XPS evidences for the reversible charge 
transfer at the metal-oxides interface when the oxide 
surface stoichiometry is altered.

 A01263-02183 

Effect of Sr Substitution on Transport Properties 
of Ba5DyTi3V7O30  Ceamics

Priyadharsaini Sanghamitra SAHOO1; 
Sunanda Kumari PATRI2; Anuradha PANIGRAHI3; 
Ram Naresh Prasad CHOUDHARY2

1. Department of Physics, Betnoti College, Orissa, India
2. Physics & Meteorology, Indian Institute of Technology 
Kharagpur, West Bengal, India
3. Physics, D.N. College Itanagar, Arunachal Pradesh, 
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The polycrystalline samples of Ba5-xSrxSmTi3V7O30 (x = 0-2) 
were prepared using a high-temperature solid-state reaction 
technique with AR (Analytical Reagent) grade precursors 
(i.e., oxides and carbonates). Analysis of structural data (i.e., 
crystal system, cell parameters, particle size etc.), using 
room temperature X-ray diffraction patterns taken over 
a wide range of Bragg’s angles (200≤2θ≤800) with CuKα 
(λ=1.5405Å) radiation, exhibits the formation of single-
phase orthorhombic structures. The surface morphology of 
the compounds obtained by scanning electron microscopy 
shows that the grains are distributed more or less uniformly 
throughout the surface of the samples. The electrical 
properties of the materials are tailored by substituting Sr at 
the Ba-site. Detailed studies of electrical properties using 
impedance analysis technique exhibit, (i) the presence of 
negative temperature coefficients of resistance behavior, 
(ii) presence of temperature dependent polydispersive 
and non-Debye type of electrical relaxation phenomena 
and (iii) an enhancement in the barrier to the mobility of 
charge carriers on Sr-substitution. A significant change in 
the transport properties (ac conductivity) of the materials 
was observed on temperature and frequency.

 A01267-04492 

Interesting Dielectric and Magnetic Characteristics 
of Sr2TiMnO6 Ceramics 

Preethi MEHER; Kalidindi. B. R VARMA
Materials Research Centre, Indian Institute of Science, 
Bangalore, India

Manganite-like double perovskite Sr2TiMnO6 (STMO) 
ceramics have been studied in detail for its dielectric and 
magnetic properties. Well sintered STMO pellets exhibited 
dielectric constants as high as ~ 10^4 in the low frequency 
range (100 Hz - 10 kHz) at room temperature. The 
Maxwell-Wagner type of relaxation mechanism was found 
to be more appropriate to rationalize such high dielectric 
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constant values akin to that observed in CaCu3Ti4O12. 
The impedance studies (100 Hz – 10 MHz) in the 180 – 
300 K temperature range revealed the presence of two 
dielectric relaxations corresponding to grain boundary and 
electrode. However the low temperature dielectric data (< 
180 K) reflects the intrinsic response of STMO. The DC 
conductivity at low temperatures (100 K-190 K) followed 
a variable range hopping (VRH) behavior owing to the 
polaronic conduction. 

DC Magnetization (M) measurements on STMO powder 
samples were carried out from 5 K to 300 K under both 
Zero-Field cooled (ZFC) and Field-cooled (FC) conditions 
in an applied field (H) of 100 Oe. The ZFC curve exhibits a 
cusp at 70 K and coalesces with FC curve at slightly higher 
temperature (~ 80 K). Such features in DC magnetization 
could be attributed to a typical spin glass behavior. 
Hysteresis loop (M Vs H) (-30 kOe to 30 kOe) of STMO 
exhibited a coercive field of 1 kOe and M (remnant) value 
of 0.199 emu/g at 5 K. X-ray photoemission spectrum 
(XPS) of STMO was studied in order to establish the 
oxidation state of cations especially Mn which can exist 
in both Mn3+ and Mn4+ states depending on the synthesis 
conditions of STMO. The dielectric and magnetic 
characteristics exhibited by STMO make it a potential 
candidate for magnetocapacitance applications where in 
the capacitance can be tuned with respect to magnetic 
field. 

 A01279-02227 

Structural and Electrical Properties of La3+/Mn4+ 
Modified Lead Titanate

Archana SHUKLA; Ram Naresh Prasad CHOUDHARY
Department of Physics and Meteorology, Indian Institute 
of Technology Kharagpur, Kharagpur, India

A plenty of attempts are being made to obtain 
multifunctional materials with optimum properties for 
device applications. With the purpose of fabricating 
ceramics where ferroelectric and magnetic order coexit, 
nanoceramics of Pb0.88La0.12MnxTi1-xO3 (PLMT) where x 
=0, 0.04, 0.07, 0.10 have been prepared by high-energy 
ball-milling followed by heat treatment. Optimised value of 
lanthanum has also been substituted to increase the density 
and stability of system. A preliminary structural analysis 
of XRD data indicates a tetragonal crystal structure as 
the best fit for both pure and modified lead titanate.The 
surface morphology investigated by field effect scanning 
electron micrographs (FESEM) show homogeneous 
granular microstructure separated by grain boundaries. 
Detailed studies of electrical (dielectric and impedance 
properties) properties of the compounds in a wide range 
of temperature (35°C to 500°C) and frequency range (1 
kHz -1 MHz) exhibit that (i) the Curie temperature (Tc) and 
tetragonality (c/a) were found to decrease with increase in 
La/Mn content. and (ii) presence of negative temperature 

coefficient of resistance (NTCR) behaviour that is also 
retained on doping (iii) the temperature dependent plots 
reveal the presence of both bulk and grain boundary effects 
at high temperatures. Conductivity spectrum analysis 
suggests the hopping of charge carriers among localized 
site as the possible mechanism or electrical conduction. 
Modulus analysis also indicates the possibility of hopping 
mechanism for electrical processes in the system with a 
nonexponential type of conductivity relaxation.

 A01284-02238 

Effect of Annealing Temperature on the Properties 
of ZnS Thin Film Grown by Chemical Bath 
Deposition (CBD) Technique for PV Application 

Norhabibi Saadah MUSA1; Huda ABDULLAH1; 
Sahbudin SHAARI1; Nowshad AMIN1; 
Kamaruzzaman SOPIAN2

1. Department of Electric, Electronic and System 
Engineering, Universiti Kebangsaan Malaysia, Malaysia
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Kebangsaan Malaysia, Malaysia

Adherent and uniform films of zinc sulfide have been 
deposited reproducibly by chemical bath deposition 
(CBD), onto glass slides from solutions containing zinc 
acetate dehydrate, thiourea, ammonia and sodium citrate. 
The effect of annealing temperature on the deposited 
films has been studied at different temperatures from 
100°C, 150°C, 200°C and 250°C. The optical, structural 
and morphological characteristics of films have been 
investigated by UV–Vis spectrophotometer, Fourier 
Transform Infrared (FTIR), X-ray diffraction (XRD) and 
Scanning Electron Microscope (SEM) analysis. UV–vis 
spectrophotometer measurement showed good optical 
properties with high transmittance in the visible region 
(around 80% in the wavelength range 350–800 nm) of 
the film with a direct allowed band gap estimated varied 
from 3.60 to 3.70 eV and the band gap decreases with the 
increase of annealing temperature. The FTIR spectrum of 
films revealed no peaks due to impurities. XRD shows 
development of well-crystallized film with pure-wurtzite 
structure after annealing. Scanning electron micrographs 
suggest that as the reaction proceeds, uniform film growth 
is associated with increasing particle size, rather than 
continuous nucleation and deposition of new primary 
particles. EDAX spectra of the films are typical of thin 
CBD deposited layers of ZnS attributable to elements 
within the glass substrate are also detected.
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Influence of Post-annealing Temperature on the 
Properties Exhibited by In doped ZnO Thin Films 
for Anti-reflecting Coating Application 

Norazia MOHD NOR1; Huda ABDULLAH1; 
Nughoro Pratomo ARIYANTO1; Abd. Amir KADHUM2; 
Sahbudin SHAARI3; Chang Fu DEE3 
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2. Department of Chemical and Process Engineering, 
Universiti Kebangsaan Malaysia, Malaysia
3. Institute of Microengineering and Nanoelectronics 
(IMEN), Universiti Kebangsaan Malaysia, Malaysia

In this work we present a study on the effect of annealing 
temperatures on the structural, morphological and optical 
characteristics of indium doped zinc oxide films. Indium 
zinc oxide films were deposited at room temperature by sol-
gel method. As a starting material, zinc acetate dehydrate 
was used. 2-methoxyethanol and monoethanolamine were 
used as the solvent and stabilizer, respectively. The dopant 
source was Indium chloride. The atomic percentage of 
dopant in solution were Zn1-xInxO (x = 0, 5 and 10 at.%). All 
films were annealed at temperatures of 400, 500 and 600°C 
in nitrogen gas for 1 h. Structural investigation including 
surface morphology and microstructure was carried out by 
XRD and SEM measurements. From the results of these 
experiments it was established that the In built into the 
crystal lattice of the ZnO and the surface of the particles 
enriched in In ions. It was found in the morphology that 
the primary particle size decreased with the increasing 
In3+/Zn2+ molar ratio and with the increasing zinc 
precursor concentration and the primary particles formed 
aggregates. Also, optical properties were determined by 
photoluminescence and UV-VIS spectrum analyses. Due 
to the presence of the In3+ ions the optical properties of 
the nanocrystals also changed. Blue shift was found in the 
absorbance spectra of the nanoparticles compared to the 
spectrum of the pure ZnO, and a new broad emission band 
centered appeared in the emission spectra of the doped 
samples, which could be caused by the generation of more 
interstitial Zn defects in the crystal lattice. The chemical 
bonding were studied by FTIR spectra. Value of band gap 
were obtained is slightly increased as concentration of In 
increase. It was proposed that annealing temperature plays 
a key role in the formotion of defects, which is strongly 
related to the nonradiative recombination centers. The 
increment of the band gap is acceptable as a requirement 
for good anti-reflecting coating element. Therefore these 
films can be applied on silicon solar cells.

 A01287-02242 

The Effect of Surface Modification TiO2 with 
Silane Coupling Agent on Physical Properties for 
Protective Film

Dong Shin YUN1;2; Hyeong Seok LEE1;3; Gyn Min LEE1; 
Jung Whan YOO1
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Colors for advertisement pictures exposed by sun light are 
quickly degraded due to UV light. To enhance lifetime and 
clearness for advertisement picture, protective film is very 
effective, which has dual functions of UV-shielding ability 
and hydrophilicity. Titanium dioxide (TiO2) has been 
considered as good photocatalyst and absorbent of UV. 
However, strong photocatalytic TiO2 gives negative effect 
on the protective film because the TiO2 degraded organic 
components including resin used in protective film. Finally, 
colors for protective film gradually changed to yellow. So, 
controlling photocatalytic activities for TiO2 are need. 
In this study, surface modification of TiO2 particles with 
silane coupling agents was performed with different silane 
coupling agents and loading amounts and characterized 
the modified TiO2 samples by FT-IR, TGA, TEM, and BET 
to understand bonding and loading amounts between TiO2 
and silane coupling agents. And UV-shielding effect and 
color change for protective film is measured using UV-VIS 
and color spectrometer.

 A01310-02504 

Synthesis and Photoluminescence Properties of 
Continuous Freestanding SiC(Al) Films Derived 
from Aluminum-containing Polycarbosilane 

Rongqian YAO1;2;3; Zude FENG1;2; Bingjie ZHANG1;2; 
Yuxi YU1;2; Siwei LI1;2;3; Lifu CHEN1;2
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Continuous freestanding SiC(Al) films with high 
performance were fabricated by the technique of melt 
spinning the aluminum-containing polycarbosilane (Al-
PCS) precursor. An experimental apparatus including 
spinneret, mandril, tank, seal cover and seal groove was set 
up for melt spinning of films under heating condition. The 
spinneret which was made of carbon steel contained four 
adjustment screws, spinneret mouth and double special-
shaped spinneret blocks. The thickness of freestanding 
films was controlled by adjusting the spout size of the 
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spinneret mouth and spinning speed. Al-PCS samples 
were deaerated, melt spun, cross-linked for 3 h and pre-
pyrolyzed at 900°C, then the films were continuously 
pyrolyzed in an argon up to 1600°C, 1700°C and 1800°C 
to convert the initial Al-PCS into SiC(Al) ceramic films, 
respectively. The as-received films could avoid mismatches 
of thermal expansion coefficient and lattice constant at 
the interface between SiC coatings and substrate. The 
morphology, microstructure and composition of the films 
were characterized to provide a detailed understanding 
of technique and products. And the possible origin of 
the photoluminescence (PL) of the samples was also 
investigated. 

The X-ray diffraction, Raman spectroscopy, X-ray 
photoelectron spectroscopy and transmission electron 
microscopy measurements provided the evidences that 
continuous freestanding SiC(Al) films contained β-SiC 
crystals, α-SiC crystals, C clusters and small amount of 
Al4O4C and Al4SiC4 which might appear in the grain 
boundaries and enter the crystal lattice, respectively. The Al 
in the SiC(Al) films mainly existed in two manners: Al–C 
bonds connected with the surfaces of the β-SiC grains and 
Al–O bonds. The Al4O4C and Al4SiC4 could greatly inhibit 
the SiC grain growth. The electron probe microanalysis 
observations displayed that the films pyrolyzed at 1800°C 
with nearly stoichiometric composition (C:Si = 1.03) were 
confirmed as chemical composition of SiC1.03O0.013Al0.024. 
And the scanning electron microscopy showed that the 
films pyrolyzed at 1800°C were also smoother and denser 
than others. The PL spectrum showed a wide luminescence 
band from 320 nm to 440 nm, and PL intensity increased 
with increasing sintering temperature. The origin of PL 
centered at 385 nm might be related to the α-SiC nano-
crystals using quantum size effects, whereas the peak 
at 412 nm was ascribed to the C clusters, and there was 
an optimal size for efficient luminescence. The obtained 
results are expected to have important applications such 
as microelectromechanical systems (MEMS) for the 
environment of high temperature, advanced optoelectronic 
devices and such complex shaped-materials.
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Properties of La0.7Ca0.3MnO3 and 
Pr0.5Ca0.5MnO3 Thin Films Deposited on SrTiO3: 
An Electron Microscopy Study 

Mauro PORCU1; Christianne BEEKMAN2; Jan AARTS2; 
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Physical properties of La0.7Ca0.3MnO3 (LCMO) and 
Pr0.5Ca0.5MnO3 (PCMO) can be altered by growing the 
film on misfit substrates. In this work we show Transmission 

Electron Microscopy (TEM) data concerning LCMO and 
PCMO film grown on SrTiO3 (STO). From the structural 
point of view the different thickness films show relevant 
differences: thin films (7 nm) are fully strained and no 
dislocations appear; thicker films of LCMO (50 nm) are 
again fully strained. On the other hand PCMO films, 80 nm, 
are relaxed as misfit dislocations appear at the interface. 
Using Nano-Beam Electron Diffraction (NBED), the 
structure of the film is carefully analysed, with particular 
attention to the interface. As the double exchange is 
influenced by the Mn valence, Electron Energy Loss 
Spectroscopy (EELS) is carried out to retrieve information 
on the Mn Valence across the films: the data reveal clear 
differences between interface, middle and surface; indeed, 
at the interface results indicate a valence close to 3.25 
for all the films, while moving away it changes to 3.5. 
At the surface, it points always towards 3 as it is possible 
for oxygen atoms to be easily removed, with Mn valence 
changing accordingly. 
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A low-temperature Solution Combustion 
Synthesis, Characterization and Luminescence 
Studies of Orange CaSiO3: Pb, Mn Phosphor
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Calcium silicate (CaSiO3) phosphor has excellent chemical 
and thermal stability. It is one of the promising host materials 
for Photoluminescence and Cathode ray luminescence 
phosphors. In the present studies. We synthesized orange 
phosphor of CaSiO3: Pb, Mn by simple, low-temperature 
initiated, self propagating and gas producing solution 
combustion process. The properties of the phosphors were 
characterized by powder X-ray diffraction method (PXRD) 
and confirmed the single phase of β-CaSiO3. The particle 
size was calculated using Scherrer’s formula and found in 
the range 30-50nm. The microstructure and morphology 
was studied using Scanning electron microscopy (SEM). It 
is observed that, the product is foamy with large voids. The 
IR spectroscopic data confirms that the peaks at ~ 471, 508, 
680, 904 and 964cm-1 are due to β-CaSiO3. The absorption 
at 1640 and 3450cm-1 is due to –OH. Photoluminescence 
(PL) spectra of β-CaSiO3: Pb, Mn phosphor excited by 
UV light. The spectrum shows two well resolved emission 
peaks at 350 and 650nm corresponds to Pb2+ and Mn2+ 
(4T1à

 6A1) transitions.
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Multifunctional Oxide Nanodot Arrays Derived 
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Well-ordered nanodot arrays of the magnetic spinel 
ferrite CoFe2O4 (CFO) and the ferroelectric perovskite 
PbZr0.4Ti0.6O3 (PZT) as well as specifically designed 
multiferroic CFO/PZT composites have been deposited by 
pulsed laser deposition (PLD) through porous anodizing 
alumina (AAO) shallow mask membranes. Using AAO 
masks, we are able to deposit nanostructures directly by 
pulsed laser deposition at high temperature up to 550°C, 
hence enable the further in-situ control of nanodot 
crystallinity, e.g. epitaxial growth. After deposition and 
mask removal, well-ordered nanodot arrays of ~30 nm to 
300 nm diameter with interdot distances of ~60 nm to 600 
nm were obtained. 

Magnetic properties were confirmed by well-defined 
magnetic domain-like contrasts in MFM micrographs as 
well as by hysteresis loops measured by SQUID. More 
interestingly, unique complex magnetic domains such as 
bubble and stripe domains which usually are not found 
in polycrystalline dots were observed inside the epitaxial 
CFO spinel oxide dots. They are switchable by applying 
a perpendicular external field. For PZT, the polarization 
configurations were investigated using in- and out-of-plane 
piezoresponse force microscopy (PFM). The presence 
of an in-plane polarization component in nominally 
(001)-oriented PZT dots allows the formation of complex 
core-polarization states, probably facilitated by the vicinity 
of the morphotropic phase boundary. Core-polarization 
states may indicate the presence of quasi-toroidal 
polarization ordering. The experimental observations are 
compared with a theoretical model, and the fingerprint of a 
vortex polarization state is found. 

When the two materials are combined to form 
nanostructured composites, they exhibit both magnetic 
and ferroelectric properties, thus confirming their 
multiferroicity. For the CFO dots covered by PZT film, the 
MFM image shows apparent magnetic domains which can 
be reoriented by applying a external magnetic filed. PFM 
also clearly shows an out-of plane piezoelectric response, 
and the polarization can well be switched by applying an 
electric field. Further multiferroicity and magnetoelectric 
couplings are still under investigation. 

Surprisingly, we also observe the formation of nanoring 
structures of PZT in annealed samples deposited through 
an AAO mask, which may be a result of a surface 
reconstruction process. If the fabrication parameters are 
controlled carefully, the ring structures can also be obtained 
through a direct deposition through the AAO mask without 
a further post-annealing, likely due to a different deposition 
and diffusion mechanism. 
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Properties of Atomic Layer Deposition Using 
Ozone for Flexible DSSCs
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The characteristics of an aluminum oxide layer were 
deposited on polyethylene naphthalate (PEN) substrates by 
atomic layer deposition (ALD) using ozone as precursors 
by varying deposition temperature at low-temperature for 
the plastic DSSC are investigated. Experimental results 
show that the ultrathin Al2O3 films 50-100nm deposited 
on PEN substrate exhibit high-density and lowest water 
permeation rate. Consequently, the amorphous phase of 
Al2O3 film showed water vapor transmission rate <1×10−2 
g/m2/day, high transparency(T~ 85%), surface rougness 
is 1.0 nm and the power conversion efficiency of DSSCs 
50% of the initial values after 600hrs. The ALD method 
is a promising technique for flexible dye-sensitized solar 
cells.
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Theoretical Study of Zirconia Nanstructures

Natalia SKORODUMOVA
Uppsala University, Sweden

The ion mobility and electronic properties of  zirconia 
and yttria stabilized zirconia in bulk, thin films and cluster 
structures have been investigated by ab initio techniques.  
We show that strain has a notable effect on the properties 
and, therefore, the performance of such structures can be 
tuned by choosing appropriate substrates. To study the role 
of grain boundaries for the ionic mobility in the films we 
“grew” a grain boundary from the melt by means of ab 
initio molecular dynamics simulation. Our results indicate 
that the ion mobility is essentially promoted along the 
grain boundaries.
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Structures and Magnetic Properties of Pulsed 
Laser Deposited Cobalt Ferrite Films

Hui DING; Thirumany SRITHARAN
MSE, Nanyang Technological University, Singapore

Cobalt ferrite (CoFe2O4) thin films were fabricated 
on strontium titanium oxide (SrTiO3) single crystal 
substrates and Pt/Ti/SiO2/Si polycrystal substrates. Their 
crystal structures and growth rates were characterized as 
functions of the deposition conditions such as the substrate 
temperature and oxygen partial pressure. For the thin 
films deposited on polycrystal substrates, the processing 
conditions were restricted to a smaller range because of 
large roughness of the surface. Magnetic hysteresis loops 
of the CoFe2O4 thin films obtained at room temperature 
in a vibrating sample magnetometer showed that the 
saturation magnetization correlates systematically to the 
deposition conditions. Probable reasons for the correlation 
are discussed.  
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and Conventionally Processed NiO-YSZ
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A cheaper and   faster  method has been developed to prepare 
NiO-YSZ composite from the precursor prepared by 
mixed oxide method by mixing NiO, Y2O3 and monoclinic 
ZrO2. The precursors of mNiO-(1-m)YSZ composites  
of compositions m = 0.2,0.3,0.4,0.5 and 0.6 have been 
prepared by the mixed oxide method. The YSZ component 
has Zr0.9Y0.1O1.95 (x = 0.10) composition.  The precursor 
of each composition have been microwave processed at 
1400ºC for 20 minutes and also conventionally processed 
at 1400ºC for 4 hrs. Subsequently, the microwave processed 
and the conventionally processed composites have been 
reduced in 5% H2 + 95% Ar atmosphere to produce Ni-
YSZ cermets. Microwave processing leads to the formation 
of mNiO-(1-m)YSZ composite of all compositions (m = 
0.2,0.3,0.4,0.5 and 0.6) having cubic phase NiO and single 
cubic phase YSZ. The same result has not been found in 
the case of all corresponding products obtained by the 
conventional processing. In the conventionally processed 
mNiO-(1-m)Zr0.9Y0.1O1.95 composites for m = 0.2 and 0.3, 
the single cubic phase YSZ is not formed and monoclinic 

phase of zirconia remains in the sample however for m = 
0.4, 0.5 and 0.6 the single cubic phase of YSZ has achieved. 
The non-existence of monoclinic phase of zirconia in the 
microwave processed composites of the same composition 
suggests that during the  microwave processing an 
additional driving force (due to anisothermal heating) 
works which leads to the faster diffusion of ions and also 
higher dissolution  of NiO in YSZ matrix resulting in the 
formation of cubic zirconia.  This has been confirmed by 
EDAX.

The study of  variations in the bulk electrical conductivity 
of microwave processed and conventionally processed 
mNiO-(1-m)YSZ show  that two types of conduction 
mechanism are working in these composites i.e. one due 
to YSZ phase and another due to NiO phase.    The value 
of the activation energy of the microwave processed and 
the conventionally processed mNiO-(1-m)YSZ calculated 
in the temperature range of 400 to 700ºC found to be in 
the range of  0.97 eV to 1.21 eV. The observed value of 
the activation energy for the microwave processed mNiO-
(1-m)YSZ composites in higher temperature range (700 to 
900ºC)  is lower than YSZ and decreases with the increase 
in  the concentration of NiO. The minimum value of the 
activation energy has been found to be 0.37 eV for mNiO-
(1-m)YSZ composite having m=0.6. The decrease in the 
value of the activation energy indicates   that the NiO-YSZ 
composites are behaving like mixed conductors i.e. ionic 
and p-type in the higher temperature range.  The values of the 
activation energy of the conventionally processed mNiO-
(1-m)YSZ in the higher temperature range are higher than 
those of the microwave processed composites. Further, the 
concentration of NiO does not have any pronounced effect 
on the activation energy in the conventionally processed 
mNiO-(1-m)YSZ composites,  as it has been found in the 
microwave processed composites. 

 A01360-02373 

Fabrication of PLZT Dielectrics on Base-Metal 
Foils for Embedded Capacitors

Utham BALACHANDRAN; Manoj NARAYANAN; 
Beihai MA
Energy Systems Division, Argonne National Laboratory, 
Argonne/Illinois, United States

Development of power electronic devices with higher 
performance, improved reliability, and smaller size and 
weight requires the passive components to be embedded 
within a printed wire board (PWB). This technology could 
free up surface space, increase device reliability, and 
minimize electromagnetic interference and inductance 
loss. Although the technology has primarily received 
attention for decoupling capacitors in microelectronic 
applications, it can also be extended to high-power 
applications at higher voltages, such as plug-in hybrid 
electric vehicles. However, the integration of high-
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permittivity films into PWBs is a difficult task because 
of the incompatibility in the processing conditions for the 
different materials involved.  Polymer layers in a PWB 
cannot withstand the high temperatures (600-800°C) 
required for processing the ceramic film dielectrics to 
obtain the desired crystalline structures. Development of 
these crystalline structures becomes extremely challenging 
at reduced processing temperatures. However, success 
has been demonstrated through a film-on-foil approach 
where the ceramic dielectrics are first coated on a thin 
base metal foil and then crystallized at high temperature. 
These coated foils can subsequently be embedded into 
a PWB for power electronic applications. We have 
deposited high-permittivity lead lanthanum zirconate 
titanate (PLZT) ceramic dielectric films on base metal 
foils by a chemical solution deposition technique. Among 
the many challenges in fabricating PLZT on base metal 
foils is avoiding a reduction in capacitance density due to 
formation of a parasitic, low-permittivity, interfacial base 
metal oxide layer during thermal processing of the PLZT. 
Two approaches were taken to overcome this problem. 
In the first approach, a conductive oxide buffer layer was 
inserted between the PLZT film and the metal foil to hinder 
formation of the deleterious interfacial oxide and act as a 
bottom electrode. The second approach employed high-
temperature processing under a controlled atmosphere that 
prevented formation of a deleterious interfacial oxide. By 
these approaches, we have grown high-quality PLZT films 
on Ni and Cu foils. We have measured a dielectric constant 
≈1300 (at 25°C) and ≈1800 (at 150°C), leakage current 
density of 6.6 x 10-9 A/cm2 (at 25°C) and 1.4 x 10-8 A/cm2 
(at 150°C), and breakdown field strength of 2.5 MV/cm 
on PLZT films deposited on conductive lanthanum nickel 
oxide-buffered Ni foils. With PLZT deposited directly on 
Cu foils, we observed dielectric constant ≈1100, dielectric 
loss ≈0.06, and leakage current density of 7.3 x 10-9 A/cm2 
when measured at room temperature. In this talk, we will 
discuss the effects of fabrication method, film structure, 
and film thickness on the dielectric properties of film-on-
foil PLZT samples.

Work supported by the U.S. Department of Energy, Office of 
Vehicle Technologies Program, under Contract DE-AC02-
06CH11357.

 A01372-02391 

Transparent Thin Film Transistors Using Co-
sputtered Amorphous Zn-In-Sn-O Channel 

Saji KACHIRAYIL; Sanal KOZHIPARAMBIL; 
Jayaraj MADAMBI
Department of Physics, Cochin University of Science and 
Technology, Kerala, India

There is an emerging interest in the field of transparent 
electronics, wherein electrical devices comprising optically 
transparent materials. Among these, transparent thin film 
transistors (TTFTs) are getting more attention since it is a 

key device for realizing transparent circuits. Transparent 
amorphous oxide semiconductors (TAOSs) are preferred 
over polycrystalline ones for active layers in TTFTs 
because of a low processing temperature and uniformity 
of device characteristics. 

Transparent thin film transistors were fabricated by room 
temperature co-sputtered amorphous zinc indium tin oxide 
(ZITO) channel layer. ZITO thin films were deposited via 
a DC–RF co-sputtering technique. A glass substrate coated 
with 200 nm thick layer of sputtered ITO and 220 nm 
thick layer of aluminium-titanium oxide (ATO) was used 
as the substrate. High purity ZnO powder was used as the 
target for RF source and commercial In2O3:Sn (10 wt% 
tin doped, ITO) target was used for DC source in a sputter 
up configuration. Targets were two inch in diameter and 
the sputtering power of RF and DC sources were kept at 25 
and 60 W respectively. For source and drain contacts, RF 
sputtered ITO layer was deposited over the channel layer 
using a shadow mask. The channel width and length were 
1200 and 1000 μm, respectively. 

X-ray diffraction analysis of the channel layer material 
shows only halos of amorphous structures. The 
compositional analysis using energy dispersive x-ray 
spectroscopy shows Zn/(In+Sn) atomic ratio 0.59 in the 
channel layer. Optical transmission studies of device 
shows greater than 70% transmission in the visible region. 
Devices show typical n-channel transistor action with field 
effect mobility ~6 cm2 V-1s-1 and on-off ratio 105 without 
any kind of thermal treatment. Threshold voltage of the 
device is around 6 V with a subthreshold voltage swing of 
0.3 V/dec.

 A01375-02395 

Laser Induced Thermoelectric Voltage from ZnO 
Thin Films 

Xiaofang ZHOU; Hui ZHANG; Jie SHANG; 
P.X. ZHANG
Institute of Advanced Materials for Photoelectronics, 
Kunming University of Science and Technology, 
Kunming, China

Laser induced thermoelectric voltage (LITV) were 
measured from Zinc oxide epilayer films grown on 
vicinal cut sapphire and silicon single crystal substrates. 
Pulsed laser deposition was used to prepare the thin films. 
The high-crystal-quality ZnO thin films on the lattice-
mismatched substrates were achieved by adjusting substrate 
temperature and the annealing oxygen pressure during the 
deposition, and proved by  Russerford backscattering, 
X-ray diffraction (XRD), photoluminescence (PL), and 
Raman Spectroscopy.

Laser induced voltage were observed when irradiating 
the pulsed KrF excimer laser of 248nm on the films. 
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The observed signals are identified as the laser induced 
thermoelectric voltage (LITV), since the signal intensities 
are directly related to the tilting angle of the substrate 
orientation. It was found that the highest signals were 
measured from films grown at a proper annealing oxygen 
pressure, and substrate temperature. It corresponds to 
the best crystalline quality of the grown films. All the 
measurements show that there are induced voltages, which 
proved that ZnO films grown on vicinal cut substrates are 
an atomic layer thermopile material. The LITV properties 
makes ZnO films promising light detector materials.

According to measured LITV signals, Seebeck anisotropy 
were evaluated, which ranging from 3~12µv/k for ZnO 
films annealed at different oxygen pressure from 2 to 
1×104 Pa. Experimental results indicate that Zinc oxide 
films can be used at ultraviolet wavelength with higher 
resistence of laser irradiation damage.

 A01394-02673 

Surface Plasmon Enhanced Visible Light Active 
Photocatalytic Activities of Hybrid Pt/TiO2 
Nanomaterials Fabricated by Self-Assembly 
Processes

Yu Jin JANG; Dong Ha KIM
Department of Chemistry and Nano Science, Ewha 
Womans University, Seoul, South Korea

One of the most useful semiconductors, titanium dioxide 
(TiO2) is known as promising and extensively applicable 
candidate in photocatalysis and solar cells due to its high 
photosensitivity, non-toxicity, low cost and stability. In 
spite of positive attributes, the large band gap energy (3.2 
eV) of TiO2 has been raised as a crucial problem since such 
an inherent property significantly limits more versatile 
applications under visible light. In order to overcome this 
specific issue and improve the visible light absorption 
property, a number of approaches have been proposed, 
e.g., metal ion loading, covering the surface with dyes, 
doping nitrogen or sulfur and deposition of noble metals.

Nanostructured noble metals such as Au, Ag, Pt, exhibiting 
surface plasmon resonance (SPR) properties have been 
received considerable attention in the past few years. 
According to recent investigations, SPR properties of noble 
metals deposited on TiO2 act as electron traps, resulting 
in retardation of the rate of hole-electron recombination 
and mediation of band gap of semiconductor materials 
in hybrid metal/semiconductor nanomaterials. Therefore, 
noble metal doped TiO2 may show enhanced absorption 
of visible sunlight and improve the photocatalytic activity 
under both UV and visible light irradiation.

Among the numerous bottom-up strategies to 
nanostructures, block copolymer (BCP) self-assembly 
attracted growing attention as versatile platforms for 

fabricating functional nanostructures with tailored inner 
arrangements and composition in terms of structural 
and dimensional views. By varying volume fraction of 
components or molecular weights of BCPs, tailored, 
programmed, and various of self-assembled morphologies 
can be obtained, ranging from spheres to cylinders. The 
ability to control the morphologies of BCPs makes these 
materials suitable for wide application in nanotechnology.

In this presentation, we suggest simple strategies to fabricate 
visible light active hybrid TiO2 photocatalysts based on 
self-assembly processes. To generate mesoporous or 
nanostructures TiO2 containing Pt nanoparticles using BCP 
self-assembly combined with sol-gel process, we prepared 
mixture solution of poly(styrene)-block-poly(ethylene 
oxide) (PS-b-PEO) block copolymer, metal precursor and 
sol-gel precursor. As metal precursor and sol-gel precursor, 
platinum(Ⅳ) chloride and titanium(Ⅳ) isopropoxide 
(TTIP) were used, respectively. By controlling the mixing 
protocol, ordered and distinctive arrays of hybrid organic/
inorganic nanostructures could be obtained. Along with 
morphology study of hybrid nanoarrays using atomic force 
microscopy (AFM) and transmission electron microscope, 
we investigate into the optical properties of hybrid Pt/
TiO2 by UV-visible absorption and photoluminescence 
spectroscopy and also discuss their localized surface 
plasmonic resonance enhanced visible light active 
photocatalytic activities.

 A01395-02643 

Hybrid Metal/Semiconductor Nanostructures with 
Controlled Morphology and Composition For 
Enhanced Photocatalytic and Optical Sensing 
Properties

Min-Ah CHA; Dong Ha KIM
Department of Chemistry and Nano Science, Ewha 
Womans University, Seoul, South Korea

Recently, semiconducting materials including TiO2 and 
SiO2 have been recognized as the most widely used 
functional materials for its high photocatalytic efficiency, 
photochemical stability, non-toxic nature, and low cost. 
Nanostructured titania and silica with controlled size, 
shape, and periodicity have unique and enhanced properties 
due to the surface effect and quantum confinement. They 
have been fabricated by several methods, for example, 
hydrothermal synthesis, metalorganic chemical vapor 
deposition, sol-gel template method, etc. Among these 
methods, sol-gel process combining self-assembly of 
block copolymer can be one of the most facile and 
promising routes for preparing well defined, ordered 
periodic nanostructures, because of the spontaneous 
structure-directing ability. Using this method, we present 
simple techniques for templating metal/semiconductor 
hybrid nanostructures. Introducing noble metals such as 
silver (Ag) or gold (Au) into semiconductors improves 
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their performances as photocatalysts, optical sensors, 
and elements in organic thin film transistors (OTFTs) 
owing to localized surface plasmon resonance (LSPR) 
assisted modification of their inherent properties. Here, 
we provide various hybrid nanostructures with controlled 
architecture and composition via coassembly of block 
copolymers and inorganic precursors, and investigate 
their optical and photocatalytic properties by atomic force 
microscopy, transmission electron microscopy, and UV-
vis spectroscopy.

Overall procedure for the preparation of metal/
semiconductor thin films: We used asymmetric 
poly(styrene)-block-poly(ethylene oxide) (PS-b-PEO) 
and poly(styrene)-block-poly(vinyl pyridine) (PS-b-
PVP) as templating materials. These diblock copolymers 
form micelles composed of PS corona and PEO (or 
PVP) core in toluene. Hydrophilic titania or silica sol-gel 
precursor containing titanium(IV) isopropoxide (TTIP) 
or tetraethyl orthosilicate (TEOS) selectively infiltrates 
into hydrophilic PEO domains of PS-b-PEO and forms 
titania or silica domains by gelation. By varying the ratio 
of sol-gel precursor to polymer solution, various surface 
morphologies were induced. Ag and Au precursors, AgNO3 
and HAuCl4, are incorporated into PEO block. After the 
removal of polymer and reduction of metal precursor via 
UV irradiation, hybrid nanostructures such as Ag/TiO2, 
Au/TiO2 were obtained.

Hierarchical Ag/TiO2 and Au/TiO2 nanostructures: 
Hexagonally packed arrays of Ag or Au nanoparticles (NPs) 
were fabricated on TiO2 substrates. Using amphiphilic 
PS-b-P2VP and PS-b-P4VP as templates, well-ordered 
Ag and Au nanodots with different areal density could be 
defined. Increasing density of ordered nanodots, improved 
photocatalytic degradation of methylene blue (MB) and 
optical sensing properties were observed.

Mesoporous Ag/TiO2 thin films: We prepared hybrid 
mesoporous thin film generated by one-step spin-coating 
of common solution composed of AgNO3, titania sol-gel 
precursor, and PS-b-PEO, followed by UV etching. By 
increasing the relative ratio of sol-gel precursor to polymer 
over 40 vol%, mesoporous TiO2 film was prepared. The 
molar ratio of AgNO3 was varied (Ag/EO = 0.5 and 0.7), 
with fixed amount of sol-gel precursor at 40 vol%. Enhanced 
efficiency of MB degradation was observed from the film 
containing 0.7 molar ratio of AgNO3 compared with one 
having 0.5. 

 A01404-03286 

Effects of dc bias, Uniaxial Compressive Stress, 
and Annealing on Giant Dielectric Properties of 
(Li, V)-doped NiO Ceramics

Sarawut PONGHA1; Prasit THONGBAI1; 
Teerapon YAMWONG2; Santi MAENSIRI1

1. Department of Physics, Khon Kaen University, Khon 
Kaen, Thailand
2. National Metals and Materials Technology Center, 
Pathumthani, Thailand

This work reported the effects of dc bias, uniaxial 
compressive stress, and annealing on the giant dielectric 
properties of (Li, V)-doped NiO (LVNO) ceramics 
prepared by a polymer pyrolysis route. X-ray diffraction 
(XRD) and scanning electron microscopy (SEM) with 
energy dispersive x-ray spectrometer (EDS) were used 
to characterize the phase composition and microstructure 
of the LVNO ceramics, respectively. The dielectric 
measurement was carried out over wide ranges of 
frequency (102-106 Hz) and temperature (-50-150°C). 
Analysis of microstructure and phase composition proved 
that a core/shell structure could be produced in the LVNO 
ceramic samples and Ni3V2O8 phase existed as the grain 
boundary. Through the analyses of complex impedance 
and SEM-EDS, it was strongly suggested that the LVNO 
ceramics were electrically inhomogeneous, consisting of 
semiconducting grains and insulating grain boundaries. 
Therefore, the observed giant dielectric response in the 
LVNO ceramics can be ascribed based on an internal barrier 
layer capacitance (IBLC) effect. Our results illustrated that 
the dc bias, compressive stress, and annealing had great 
impacts on the dielectric and related electrical properties 
of the LVNO ceramics. The resistance of grain boundary 
decreased with an increase in the applied voltage, whereas 
the resistance of grain remained constant. Interestingly, we 
found that the increase in the applied compressive stress 
caused an increase in the dielectric constant and dielectric 
loss, indicating to the great influence of compressive stress 
on the dielectric properties of IBLC ceramic materials. The 
effect of annealing might be attributed to the variation of 
the concentration of oxygen vacancies in the bulk ceramics 
before and after heat treatment.     
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 A01405-04146 

Comparison of H2S Sensing Response of Hetero-
structure Sensor (CuO-SnO2) Prepared by rf 
sputtering and Pulsed Laser Deposition

Manish VERMA1; Arijit CHOWDHURI2; 
K. SREENIVAS1; Vinay GUPTA1

1. Department of Physics and Astrophysics, University of 
Delhi, Delhi, India
2. Department of Physics, Acharya Narendra Dev 
College, Delhi, India

In the present study two sensor structures (i) bare SnO2 film 
(90nm), and (ii) SnO2 film (90nm) loaded with nanolayer 
(10nm) of CuO catalyst have been prepared using both 
rf sputtering and pulsed laser deposition. The response 
characteristics of sensors for trace level (20 ppm) detection 
of H2S gas have been investigated in terms of response 
speed, sensitivity factor and recovery times. Response 
characteristics for the four sensor devices are compared 
and the underlying sensing mechanism has been studied 
in the light of Fermi-level energy control and spillover 
mechanisms. 

The sensor hetero-structure (CuO nanolayer on SnO2 
film) prepared by both the techniques exhibit enhanced 
sensing response in comparison to bare SnO2 film sensor. 
It is interesting to note that gas response is dependent on 
the microstructure of the deposited sensing film besides 
presence of catalytic layer which in turn depends on the 
growth kinetics. PLD grown hetero-structure sensor 
exhibits good sensing response characteristics with higher 
sensitivity (~ 2.3 x 103) and low operating temperature of 
100°C. The enhanced response of PLD grown samples is 
attributed to the growth of sensing layer at relatively higher 
oxygen pressure (50 mTorr). AFM studies further indicate 
a rough and porous microstructure of PLD deposited films 
that in turn offers a greater surface to volume ratio.  In 
general, the obtained results shows the potential application 
of PLD grown samples for trace level detection of H2S gas 
with less power consumption.

 A01423-02481 

Electrical, Optical and Electrochromic Properties 
of VO2-WO3 Nanocomposite Thin Films

Ajay KAUSHAL1; Rajendra N. GOYAL2; 
Davinder KAUR1

1. Physics and Centre of Nanotechnology, Indian Institute 
of Technology Roorkee, Roorkee/ Uttrakhand, India
2. Chemistry, Indian Institute Of Technology Roorkee, 
Roorkee/ Uttrakhand, India

The interest in thermochromic materials has increased in 
the last few years because of their potential applications 
in a wide variety of optical modulation devices including 
smart windows for solar control in the architectural 

and automotive sectors. Electrochromic doping in 
thermochromic coating increases the transmission of solar 
energy which find applications in smart windows, sensors 
and photonic devices. In the present study attempts were 
made to fabricate nanocomposite thin films of VO2-WO3 
by pulsed laser deposition (PLD) technique. The influence 
of varying WO3 composition in the range from x = 0.0 
to x = 0.5 on structural, optical and electrical properties 
of the films has been systematically investigated. X-ray 
diffraction studies reveal the single crystalline monoclinic 
VO2 phase (m-VO2) up to 10% of WO3 composition 
whereas hexagonal WO3 phase (h- WO3) was observed at 
higher WO3 compositions (x = 0.5). Both m-VO2 as well 
as h- WO3 phases were present at the intermediate WO3 
compositions (0.2≤x≤0.4). Optical transmittance spectra 
of the films showed blue shift in the absorption edge with 
increase in WO3 compositions. The optical transmittance 
of the films was found to increase with increase in WO3 
compositions. Electrical studies indicate significant 
variation in transition temperature, width of the hysteresis, 
and shape of the hysteresis loop. Cyclic Voltammetry 
measurements were performed on pure WO3 and VO2-
WO3 thin films. A direct correlation between V/W ratio 
and structure-property relationship was established.

 A01432-02482 

Sintering and Electrical Properties of Ni-doped 
ZnO 

Youn-Woo HONG; Hyo-Soon SHIN; Dong-Hun YEO; 
Jong-Hee KIM 
Future Convergence Ceramic Division, Korea Institute of 
Ceramic Engineering & Technology, Seoul, South Korea

Polycrystalline ZnO has numerous applications in 
such diverse areas as UV light-emitters, piezoelectric 
transducers, varistors, gas sensors, phosphors, and 
transparent conducting films. It is important to evaluate the 
defect levels and grain boundary characteristics in ZnO for 
a numerous applications.

In this study, we investigated the effects of Ni dopants on 
the sintering properties and the bulk trap and interface state 
levels of ZnO using admittance and impedance-modulus 
spectroscopy (AS, IS and MS). For the identification of 
the bulk trap levels, it is useful to examine the zero-biased 
admittance spectroscopy as a function of frequency and 
temperature. Impedance and electric modulus spectroscopy 
is a powerful technique to characterize grain boundaries of 
ceramic materials as well. We prepared ZnO doped with 
0.1~3.0 at% NiO sintered at 1000~1300°C and measured 
its electrical characteristics. The roles of Ni dopant on the 
ZnO have been discussed in relation to interfacial and bulk 
traps.

As a result, three kinds of bulk defect trap levels were found 
below the conduction band edge of ZnO in Ni-doped ZnO 
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(ZN). ZN system did not form definite double Schottky 
barrier due to the p-type nature of NiO. Low-level doping 
of Ni (≤1.0 at%) decreased the conductance, which was 
increased with high-level doping over 1.0 at%. Three 
kinds of bulk trap level were 0.10~0.14 eV, 0.21~0.29 eV, 
and 0.31~0.35 eV, and one interface state level 1.03 eV. 
Also we measured the resistance and capacitance of grain 
boundaries with temperature using impedance-modulus 
spectroscopy. It will be discussed about the stability 
and homogeneity of grain boundaries using distribution 
parameter (α) simulated with the Z(T)”-logf plots in ZN 
system.

 A01434-02507 

Synthesis of ZnO/α-NPD:F4-TCNQ based 
Inorganic-organic Hybrid Junction: Effect of 
Doping of Organic Layer on the Diode like 
Characteristics 

Rajesh KUMAR1;2; Neeraj KHARE3; Vijay KUMAR1; 
M. N. KAMALASANAN1 
1. Superconductivity, National Physical Laboratory, 
New Delhi, India
2. Department of Physics and Astrophysics, 
University of Delhi, Delhi, India
3. Department of Physics, Indian Institute of Technology, 
New Delhi, India

The realization of ZnO based p-n homojunction is 
hampered due to lack of efficient and high quality p-type 
ZnO. An alternative approach can be the preparation 
of heterojunction by using n-type ZnO and organic 
(π-conjugated) p-type semiconducting materials. The 
choice of organic over inorganic is due to the fact that 
devices and sensors based on the use of π-conjugated 
conducting organic materials are considered to be the 
backbone of the next generation of cheap and disposable 
electronic devices.

In the present work, we report the synthesis and 
characterization of ZnO/N,N’-diphenyl-N,N’-bis(1-
naphthyl)-1,1’biphenyl-4,4diamine (α-NPD) based 
inorganic-organic hybrid junction. We have investigated 
the effect of organic layer doping on the diode like 
characteristics of the prepared device. The ZnO thin film was 
deposited on the ITO coated glass substrate by rf magnetron 
sputtering. The ZnO thin film was characterized by X-ray 
diffraction and atomic force microscopy. The pure and 
2,3,5,6-tetrafluoro-7,7’,8,8’-tetracyano-quinodimethane 
(F4-TCNQ) doped α-NPD (~ 300nm) films were deposited 
on the ZnO film by vacuum thermal evaporation followed 
by the deposition of Au contacts. Following the same 
procedure, we have prepared three devices with pure 
α-NPD, α-NPD:0.4% F4-TCQ and α-NPD:0.8% F4-TCQ 
organic layer. The electrical characterization was carried out 
by measuring current-voltage (I-V) characteristics of three 
devices. The diode parameters viz. barrier height, ideality 

factor and rectification ratio were calculated from the I-V 
plots. The improvement of diode parameters i.e. increase in 
rectification ratio and the decrease in barrier height as well 
as in ideality factor has been observed with doping. The 
improvement of the diode parameters has been attributed 
to the modification of interface. The current is also found 
to increase with the increase in doping concentration. This 
increase has been attributed to the lowering of interface 
barrier by interface dipole manipulation. 

 A01450-02526 

Physics of Functional Oxide Interfaces

Hanns-Ulrich HABERMEIER
Technology, Max-Planck-Institute FKF, Stuttgart, 
Germany

Complex oxides with the perovskite structure can be found 
in almost every possible solid physical ground state such 
as superconductors, metals, insulators, ferromagnets, 
ferroelectrics, multiferroics and more. Many of them 
are composed of transition metal oxides showing strong 
electron correlations. This can lead to a strong competition 
between lattice-, orbital-, charge- and spin ordering, 
all of them at similar energy scales. A special topic in 
this field is to combine materials with different ground 
states (functionalities) such as superconductivity and 
ferromagnetism in the form of thin films and investigate 
their mutual interaction. At interfaces (substrate/film and 
filmA/filmB) the growth properties of complex oxides are 
governed by the constraint of preserving charge neutrality 
and stoichiometry imposed by the ionic character of the 
constituents. In this context the self-doping of interfaces - 
resulting from the modified charge transfer - could turn the 
interface between two insulators into a metal. Changes in 
the bonding characteristics at the interface may affect the 
spin properties because of the strong interaction between 
orbital and spin degrees of freedom. Furthermore, electronic 
reconstruction at the interface and broken lattice symmetry 
modifies orbital physics at the interface. Consequently 
the physical properties of an interface dominated sample 
will be different from those of its constituents. This 
concept opens a possibility for interface engineering and 
unexpected phenomena, which cannot be understood in 
terms of conventional band pictures, may thus appear. 
The combination of a ferromagnet and a superconductor 
is regarded as a prototype for this concept since these two 
ordering principles are antagonistic by nature and can not 
coexist in a homogeneous system. In this contribution 
the field will briefly be reviewed and recent results for 
charge transfer, orbital reconstruction and the different 
length scales for the interaction for YBCO/LCMO 
heterostructures will be given. In the contribution special 
emphasis is given to the open problems of oxide interface 
physics such as oxygen distribution, band bending issues, 
interfacial stoichiometry control as well as the relevant 
measurement techniques.
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Growth and Characterization of ZnMgO Films 
and ZnO/ZnMgO Multi Layers by RF Magnetron 
Sputtering

Jae-Chul PARK; Il-Soo KIM; Byung-Teak LEE
Materials Science and Engineering, Photonic and 
Electronic Thin Film Laboratory, Chonnam National 
University, Gwangju, South Korea

Single crystal ZnMgO films were grown on Al2O3 and 
ZnO substrates by r. f. magnetron sputtering at 850°C 
in pure oxygen ambient, when the Mg concentration 
was Zn0.87Mg0.13O or lower in the case of ZnMgO/Al2O3 
and when that was Zn0.65Mg0.35O or lower in the case of 
ZnMgO/ZnO.

Energy of PL UV peak of the ZnMgO films increased 
with addition of Mg, from 3.32eV (ZnO) to 3.51eV 
(Zn0.87Mg0.13O) and 3.70eV (Zn0.65Mg0.35O).

FWHM values of high resolution X-ray diffraction (0002) 
peak were 620 arcsec and 203 arcsec for ZnMgO/Al2O3 
and for ZnMgO/ZnO, respectively, FWHM of the PL UV 
peaks of the films were 140~150 meV, and the surface 
roughness of the films ranged between 0.28 nm and 0.47 
nm. 

ZnO/ZnMgO multi layers were also grown. Initial results 
indicated that the PL UV intensity of the layer and the EL 
intensity of the ZnO/ZnMgO/p-GaN p-n diode are much 
higher than the ZnO counterpart. Detailed results of the 
characterization of the multi layers will be discussed in 
the presentation.

 A01467-02546 

Effect of Lithium Doping on Zinc Oxide Thin 
Films Properties Prepared by Ultrasonic Spray 
Pyrolysis

Akhadiana MORRIS; Wei GAO
Chemical and Materials Engineering, The University of 
Auckland, NI, New Zealand

Lithium-doped ZnO thin films were prepared by low cost 
ultrasonic spray pyrolysis technique. Lithium nitrate and 
zinc acetate dehydrate were used as Li and Zn precursor 
respectively with Li to Zn atomic ratio ranging from 2% to 
15%. Processing parameters were optimized by controlling 
precursor pH and substrate temperature at around 350ºC. 
A very thin layer of un-doped ZnO was used as buffer 
layer on glass and silicon substrates. Other Li doped ZnO 
films were also grown without buffer layer under identical 
deposition condition for comparison purpose.  

XPS, XRD, UV-VIS characterization and Hall measurement 
were used to understand the effects of doping on the 
structural, optical and electrical properties of ZnO thin 
films. SEM was employed to examine film morphology 
and determine its thickness. Post deposition annealing in 
air at 300ºC and 400ºC for 2 hours each were attempted to 
realize high p-type conductivity. Hall Effect measurement 
was conducted after each annealing treatment. To study 
Li distribution on ZnO layer, XPS depth profiling was 
performed both on as deposited and selected annealed 
sample. Furthermore, observation on the energy shift was 
conducted to investigate bonding configuration difference 
between Li atoms on the surface and those that incorporated 
into the bulk.

Most of the Li doped ZnO thin films deposited on glass 
substrates showed high transparency over visible spectrum 
region. XRD analysis revealed that as deposited films with 
and without buffer layer on Si substrate showed (002) 
reflection different from those prepared on glass substrates, 
suggesting that the buffer layer enhanced the degree of 
c-axis orientation which is of importance for piezoelectric 
and ferroelectric of the devices applications. Despite the 
fact that lithium is theoretically good shallow acceptors, 
series of post deposition air annealing were proven to play 
significant role in activation of Li acceptors resulting in 
higher p-type conductivity.

 A01478-02565 

Nanoscale Modification of Oxide and Nitride Film 
Surface by Energetic Ions

Santanu GHOSH1;2

1. Department of Physics, Indian Institute of Technology 
Delhi, New Delhi, India
2. Materials Science, Inter University Accelerator Centre, 
New Delhi, India

We report here nanoscale modification of copper oxide 
(CuO), zinc oxide (ZnO) and copper nitride (Cu3N) films 
surfaces irradiated by 200 MeV Au14+ ions at various 
fluences. The surface morphology of all the films is 
examined by atomic force microscope (AFM) in detail. The 
results emerge out from these studies are (i) enhancement 
of average grain size associated with significant change in 
resistivity in CuO films, (ii) morphological changes and 
mass flow in ZnO film surface and (iii) nanoscale line-like 
features in Cu3N film surface. The results are understood 
on the basis of thermal spike mechanism and viscoelastic 
model of ion-solid interaction.
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Effect of SnO2 Addition on Structural and Optical 
Properties of ZnO Thin Films

Vipin JAIN1;2; Praveen SHARMA3; 
Subodh SRIVASTAVA1; P JAIN1; 
Deepika BHANDARI1;4; Y K VIJAY1

1. Physics, University of Rajasthan, Jaipur, India
2. Physics, Arya College of Engineering & Technology, 
Jaipur, India
3. Surface Science, National Physical Laboratory, New 
Delhi, India
4. Physics, S. S. Jain Subodh (P.G.) College, Jaipur, India

Zinc-Tin-Oxide (ZTO) thin films were deposited on glass 
substrate with varying concentration at room temperature 
by flash evaporation technique. XRD spectra show 
the polycrystalline cubic nature. The uniformity of the 
deposited films was checked by optical micrograph. The 
surface composition and oxidation state are analyzed 
by X-ray photoelectron spectroscopy. The core level 
and valance band spectra were monitored to observe 
the chemical and electronic changes as a function of 
nitrogen ion beam energy. It is observed that Sn (3d) core 
level peak shift towards the higher binding energy as the 
percentage composition of tin oxide increases. Further the 
optical characteristics of films were also studied by taking 
absorption spectra. It was found that as the concentration 
of tin oxide increases, the optical band gap decreases.

 A01488-02582 

Hydrogen Sensors based on Self-Organized 
Titania Nanotubes Fabricated by Anodization 
Technique

Shih-Da LIN; Yu-Wei HUANG; Wei-Gang CHANG; 
I-Ping LIU; Huey-Ing CHEN
Chemical Engineering, National Cheng Kung University, 
Tainan, Taiwan

In this work, nanotubular titania hydrogen sensors were 
fabricated by anodization technique. Experimentally, a 
titanium thin film was firstly deposited on quartz by the RF 
sputtering at room temperature and followed by anodizing 
in a NH4F/ethylene glycol electrolyte. Subsequently, 
the sample was annealed in air at 500°C for 2 hour. In 
the anodization process, a proper amount of phosphoric 
acid is added for adjusting the pH value of electrolyte. 
Effects of anodization conditions such as the applied 
voltage, anodizing time and pH value of electrolyte on the 
properties of resulting TiO2 nanotubes were investigated. 
Moreover, the hydrogen sensing characteristics of TiO2 
nanotubes were studied under temperature ranges of 303-
473 K and hydrogen concentrations from 5 ppm to 1%H2/
N2. The experimental results found that highly ordered 
TiO2 nanotube arrays could be obtained at an optimal pH 
of 3.92. The length of nanotubes is from 600 nm to 1100 

nm, and the pore diameter is about several tens nanometer, 
depending on the applied voltage and anodizing time. From 
current-voltage characteristics, the TiO2 nanotubes showed 
the behavior of resistive-type sensor. From the result of 
sensing measurements, TiO2 nanotubes demonstrated 
excellent sensing performances with high sensitivity, low 
detection limit and wide detection range. It was found that 
the sensitivity of the prepared TiO2 nanotubes reached 
to 105 at 303 K and 1% H2/N2. Even at extremely low 
concentration, e.g., 5 ppm H2/N2, an obvious variation 
could be found. At small applied bias, the sensitivity 
increased with the increase of operating temperature.

 A01499-02605 

VO2 Thin Films: Solution Processing and 
Thermochromic Properties

Y.-F. GAO; L. KANG; Z ZHANG; J. DU; Z. CHEN; 
C. CAO; H. LUO
Shanghai Institute of Ceramics, CAS, Shanghai, China

Energy saving has become a hot topic and a great challenge 
in recent years due to the world-wide energy crisis and 
environmental problems. Thermochromic windows show 
advantages over electrochromic windows because of their 
simple structures, visible transparency even at an infrared 
switched state and direct response to environmental 
temperature. Among all thermochromic materials, 
monoclinic/rutile (M/R) phase vanadium dioxide (VO2) 
undergoes a fully reversible metal-semiconductor transition 
(MST) at 68°C that is the closest to room temperature. 
Moreover, the phase transition temperature can be further 
reduced to near room temperature by doping. The above 
features make VO2 the most promising material for 
thermochromic applications.

VO2 films are usually produced by vapor-based processes. 
We present in this talk the synthesis and property study 
of VO2 by a solution process. Thermochromic VO2 films 
with high visible transmittance and significant infrared 
switching efficiencies have been synthesized via the newly 
developed polymer-assisted deposition method. The 
design and optimization details as well as the key issues 
of the method are described and discussed. It is shown 
that the VO2 films are consisted of VO2 nanoparticles 
which were single monoclinic (M) phases and strongly 
oriented with the (011) planes parallel to the substrate. The 
spectrophotometer analysis indicated that different optical 
property films can be prepared by tailoring the film thickness 
via changing polymers and vanadium concentration, 
along with the metal-semiconductor transition (MST) 
temperature, which was reduced to ambient temperature 
by W doping. The current research results show that the 
developed solution-based process is a key step to achieve 
practical applications of this material.
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High Frequency Simulations and Characterizations 
for Meander Type Inductors on the MgO and Al2O3 
Substrates

Kyun-Hyuk JANG; Yong-Jun LEE; Sang-Ho MOON; 
Yong-Su HAM; Jung-Hyuk KOH
Electronic Materials Engineering, Kwnagwoon 
University, Seoul, South Korea

Systems on Package (SoP) techniques have been actively 
investigated for the next emerging technologies for 
the wireless applications. Many researches have been 
conducted to decrease the number of passive components 
in the circuit modules, which occupied the major part of 
PCB (printed circuit board). For the SoP applications, it is 
very important to know and extract the proper parameters 
of passive components in the microwave ranges.

We will present simulation characterization results of 
meander type inductor through the structure simulation 
and electrical measurement, respectively. Meander type 
inductors were fabricated on the aluminum oxide (Al2O3) 
substrates. Proper designs of meander type inductors 
were proposed and confirmed through the high frequency 
simulations. All electrodes were lift off through the 
lithography process. The fabricated Al electrodes were of 
282 mm length, 45 mm width, 15 mm gap, and 100 nm 
thickness.  

The simulations were carried out from 50 MHz to 30 GHz. 
5, 7, 9, 11 and 13 turns meander type inductors have been 
choose to analyze the electrical properties for the microwave 
passive component applications. Simulated and measured 
frequency dependent inductance and quality factor will be 
presented, respectively. The shift of SRF (Self Resonance 
Frequency) was confirmed through the simulation. From 
the microwave measurement, the inductance was extracted 
through the scattering parameters of S21.

This research has been supported by a grant from the Seoul 
Research and Business Development Program (Grant 
No.10583).
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Fabrication and Properties of Hybrid ZnO/
Au Nanoparticle Superstructures by Stepwise 
Buildup of Self-Assembled Block Copolymer 
Templates

Yoon Hee JANG; Dong Ha KIM
Department of Chemistry and Nano Science, 
Ewha Womans University, Seoul, South Korea

Nanostructured zinc oxide (ZnO) materials having direct 
band gap (3.3 eV) and large exciton binding energy (60 
meV) have recently attracted high interest for versatile 
functions. Among these nanostructures, ZnO-based 
heterostructures with desired composition and morphology 
are promising candidates for potential applications in 
optoelectronic devices, ultraviolet (UV) laser devices, 
chemical sensors, solar cells, and photocatalysts. Especially 
ZnO nanostructures incorporated with noble metals such as 
gold (Au) or silver (Ag) has been attracting great attention 
owing to their enhanced, unprecedented properties coupled 
with localized surface plasmon resonance (LSPR) of metals. 
Numerous routes have been proposed to generate ZnO/
metal hybrid nanostructures. In particular, self-assembled 
block copolymer (BCP), consisted of two chemically 
different polymers covalently attached at one end, offers 
the potential to form nanoscale periodic patterns and has 
been used as templates to fabricate highly ordered arrays 
of inorganic materials.  

Herein we introduce a new class of 3-D superstructures 
composed of multilayer hybrid ZnO/Au nanoparticles 
with hexagonally packed arrays using polystyrene-block-
poly(4-vinyl pyridine) (PS-b-P4VP) inverse micelles as 
templates. Molar equivalents of the inorganic precursors 
per pyridine unit were added to the BCP micellar solution. 
ZnCl2 and HAuCl4 were used as ZnO and Au precursors, 
respectively. The BCP micellar film loaded with inorganic 
precursor was produced simply by spin coating. Based 
on the first monolayer film, 3-D stacked multilayer was 
constructed by consecutive adsorption of BCP micelle 
containing inorganic precursor by spin coating onto the 
underlying layer. In between the deposition of each layer, 
the film was treated with O2 plasma to eliminate organic 
polymer, leaving behind well-ordered NP arrays. In this 
way, multilayer thin films with various inner structures and 
components were obtained. Such multilayer nanostructure 
may provide high performance of inorganic material 
compared with monolayer analog. Utilizing such 3-D 
periodic nanostructures, we primarily investigated their 
photocatalytic activity and optical sensing. The multilayer 
nanostructure of hybrid ZnO/Au system showed advanced 
photocatalytic efficiency by facilitating charge separation 
of photogenerated electron-hole pair compared with neat 
ZnO. LSPR based sensing properties of these hybrid 
structures were explored using NaCl aqueous solutions with 
varying concentrations. When the multilayer thin film was 
immersed in NaCl aqueous solution with systematically 
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controlled refractive indices, enhanced sensitivity of the 
hybrid ZnO/Au nanostructure was clearly observed in 
terms of the shift of LSPR band in response to the change 
of the refractive index of surrounding medium. The overall 
process for the formation of multilayer nanostructure was 
studied by X-ray refractivity, UV-Vis. spectroscopy, and 
atomic force microscopy.

 A01518-02646 

Charge Order and Its Destruction Effects on 
Magnetocaloric Properties of Manganites

Krishnamoorthi C1; Siu Bin Z1; Suresh Kumar V1; 
Mahendiran R1;2

1. Department of Physics, National University of 
Singapore, Singapore
2. NUS Nanoscience and Nanotechnology Initiative, 
National University of Singapore, Singapore

Colossal magnetoresistance (CMR) manganites also 
exhibit a large magnetic entropy change (ΔSm) or 
magnetocaloric effect (MCE) around magnetic phase 
transitions. While extensive studies have been reported on 
the MCE effect in ferromagnetic manganites near the Curie 
temperature, little work have been done on the MCE effect 
in half-doped manganites which are charge-orbital ordered 
antiferromagnetic insulators at low temperature because 
the magnetic entropy is expected to be smaller in the later 
compounds. The purpose of the present is to investigate 
how magnetic and magnetocaloric properties of the 
charge-orbital ordered antiferromagnetic La0.5Ca0.5MnO3 
is affected by Ni substitution at the Mn sites. We will show 
that the antiferromagnetic charge ordered state collapses 
with only 2 % of  Ni substitution and transforms into long 
range ferromagnetic for x= 0.04 in La0.5Ca0.5Mn1-xNixO3. 
Further increase in Ni reduces the saturation magnetization.  
While the parent compound shows both negative  
(ΔSm= -3 J/kgK) and positive magnetocaloric (ΔSm= +6.5 
J/kgK) effects at the ferromagnetic and antiferromagnetic 
magnetic transitions, respectively, the Ni-doped compounds 
show only negative magnetic caloric effect. The ΔSm is 
maximum for x= 0.04 (ΔSm= -3.9 J/kgK) and decreases 
with further increase in x. The parent and 4% Ni doped 
samples show relative cooling power (RCP) of -126 J/kg 
at TCO and 235 J/kg at TC, under 5 T field, respectively. 
These ΔSm and RCP values at TCO are much larger than 
other 50% Ca-doped manganites. The present studies 
indicate that 4% Ni doping is optimal for La0.5Ca0.5MnO3 
compound to obtain maximum ferromagnetic phase. The 
results are interpreted due to destruction of charge ordering 
and induction of ferromagnetic order at low Ni doping (x< 
0.04) and weakening of ferromagnetic interactions and 
formation of cluster glass behavior for x > 0.04.

 A01531-02680 

Quantum Effects in Group IV Nanostructures 
Embedded into Crystalline Rare Earth Oxides on 
Silicon Substrates 

Apurba LAHA1; Marcel JESTREMSKI1; Ashkar ALI3; 
Eberhard BUGIEL1; Dong WONG1; Andreas FISSEL2; 
Suman DUTTA3; Joerg OSTEN1

1. Institute of Electronic Materials and Devices, 
Leibniz University, Hannover, Germany
2. Information Technology Laboratory, 
Leibniz University, Hannover, Germany
3. Electrical Engineering and Materials Research 
Institute, The Penn State University, PA, United States

The unprecedented progress in nanoscale research in 
semiconductor materials has opened up many fascinating 
phenomena, which could have never been realized 
in macroscopic materials. Among many promising 
applications, such low dimensional semiconductor 
structures may be used in next generation thin film solar 
cells application. Especially, quantum dots (QDs) have 
the potential to greatly increase the photon conversion 
efficiency via production of multiple excitons from single 
photon. This is possible because the quantization of energy 
levels in quantum dots produces different effects; among 
them are enhanced Auger processes and coulomb coupling 
between the charge carriers confined into QDs. In general, 
these low dimensional quantum structures including QDs 
and quantum well (QW) are constrained in all three and 
one dimension due to the small length scale, thus the 
physical properties of such systems are dominated by 
quantum effect.

In this presentation, we will demonstrate a novel approach 
to grow Si and Ge nanostructures embedded into 
crystalline rare earth oxides using molecular beam epitaxy 
(MBE). By efficiently exploiting the growth kinetics 
during MBE one could create nanostructures exhibiting 
multiple dimensions. The nanostructures could either be 
quantum dots (QDs) that are confined in three dimensions 
or quantum wells (QWs) of Si (Ge) (confined in one 
dimension) with epitaxial Gd2O3 as barrier layers. Such 
QDs having varying sizes and QWs of different width 
embedded into crystalline rare earth oxide could be a smart 
way to engineer the band structure of Si(Ge) and could 
serve as multiple band gap materials in a single device, 
akin to the multijunction solar cells.

The growth and physical properties of Si(Ge) QDs and QWs 
were investigated by various characterization techniques 
such as reflection high-energy electron diffraction, x-ray 
diffraction, atomic force and transmission electron 
microscopy, room temperature photoluminescence, 
capacitance-voltage (C-V) and current-voltage (I-V) 
measurements. Stacks of oxide layers with embedded QDs 
of different sizes were successfully grown on Si substrates. 
The spatial (both vertical and horizontal) distribution of Si-
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QDs was controlled by carefully monitoring the deposition 
parameters during MBE growth.

The photoluminescence measurements on QDs demonstrate 
an intense visible peak even at room temperature. The 
estimated band gap was found to be enlarged with respect 
to bulk material due to quantum confinement effect, which 
was established by comparing the experimental results 
with theoretical values. As an example, the maximum band 
gap of Si-QD with size about 3.4 nm was found be 1.9 eV. 
In further studies, the samples containing QDs of different 
sizes displayed PL peaks at different position inferring that 
luminescence is due to confinement in two different sized-
QDs. Such interesting properties of QDs make them a 
strong candidate for next generation solar cell application 
where the size dependent spectral response could be useful 
for absorption of the wider solar spectrum.

Furthermore, C-V and I-V characteristics were measured 
at temperature ranging from 300K to 77K. The low 
temperature I-V from QW exhibited negative differential 
resistance. Therefore, the present results could make such 
low dimensional oxide/semiconductor heterostructure also 
an attractive candidate for resonant tunneling devices and 
hot carrier solar cell contacts.

 A01549-02699 

An In-situ Study of Phase Development and the 
Properties of BiFeO3 at High Pressure   

Robert FREER1; Michael THRALL1; 
Feridoon AZOUGH1; Robert CERNIK1; Ray JONES2; 
Michael MORLIDGE2; David TAYLOR2; 
James GRIFFITHS1

1. School of Materials, University of Manchester, 
Manchester, United Kingdom
2. Council for the Central Laboratory of the Research 
Councils, Daresbury Laboratory, Warrington, 
United Kingdom

The phase development and the structure and electrical 
properties of multiferroic BiFeO3 have been measured 
in-situ at high pressures and temperatures using (i) a 
diamond anvil cell and (ii) a multi-anvil high volume press 
at the Bayreuth Geoinstitute and Daresbury Laboratory 
respectively. BiFeO3 powders and samples were prepared 
by the mixed oxide route and sintered in a tube furnace 
at 800°C for four hours. For the phase development work 
the powders were placed in a diamond anvil cell and and 
heated to temperatures in excess of 800C as a function 
of pressure. High resolution X-ray diffraction was used 
to monitor the phase development. The development of 
intermediate and final phases will be compared data at 1 
atmosphere pressure.

For studies of electrical properties and structure as a 
function of pressure in a multi-anvil press the samples 

were placed between two MgO pistons coated with 
platinum paste. Platinum wires were passed through holes 
in both pistons to make electrical contact to the sample. 
The complete assembly was subjected to pressures up 
to 6 GPa and temperatures up to 950C. A synchrotron 
beam passing through the cell enabled the structure to 
be monitored as a function of temperature and pressure.
Electrical conductivity and dielectric measurements were 
performed in-situ.

The refined unit cell parameter a of the rhombohedral 
BiFeO3 structure decreased from 5.63Å to 5.41 Å with 
increasing pressure. With increasing pressure to 3GPa 
there was a uniform reduction in electrical resistance and 
gradual increase in capacitance. At 3GPa, the initiation of 
a phase transition was identified from rhombohedral to 
primitive tetragonal. This coincided with large increases in 
the capacitance and quality factor. This transition continued 
gradually with increasing pressure until at least 5GPa. 
Upon reduction of the applied pressure, the rhombohedral 
to tetragonal transition was found to reverse.

 A01578-03360 

Process, Phase Stability and Ionic Conductivity 
of Multidoped Lanthanum Strontium Ferrite 
Perovskite Oxides

Zhengliang GONG; Xiong YIN; Liang HONG
Department of Chemical and Biomolecular Engineering, 
National University of Singapore, Singapore

Mixed ionic-electronic conductors (MIECs) with the 
ABO3 formula have been intensively investigated as they 
are indispensible to solid oxide fuel cell, air separation 
and catalytic partial oxidation of natural gas. The oxygen 
permeability, the chemical/phase stabilities and mechanical 
properties of the membrane under the environment 
of a reduced pressure or high oxygen partial pressure 
gradients are the major features that are concerned by 
practical applications. All of these properties are strongly 
dependent on the membrane material and composite and 
microstructure of the membrane.

In the present work, two kinds of multi-doped lanthanum 
strontium ferrite oxides that have perovskite structures 
La0.19Sr0.8Fe0.7Cr0.2Co0.1O3-δ (LSFCCO) and La0.19Sr0.8Fe0.6

9Cr0.2Co0.1Mg0.01O3-δ (LSFCCMO) have been synthesized 
by pechini method. The densification and microstructure 
of both oxides were studied to examine the effects 
of calcination temperature and Mg doping on ionic 
conductivity. The reduction behavior of LSFCCMO in 
different reduction atmosphere (H2/N2 and CH4/He) was 
investigated. The oxygen ionic conductivity was also 
measured by electrochemical impedance spectroscopy 
(EIS). 
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Pure cubic perovskite structure is formed when both 
oxides are calcined at 900 oC. Crystal grains of perovskite 
phase grow with increasing calcination temperatures. The 
perovskite structure was stable after calcined at 1350 oC 
for 4 h without any second phase or decomposition. High 
density membranes (> 92% of the theoretical density) 
were obtained for both materials when the calcination 
temperature was above 1200 oC. In addition, the Mg 
doped material gains a higher density and lower grain size 
compared with the Mg free sample. The phase stability of 
LSFCCMO in H2/N2 and in CH4/He has been investigated 
by XRD and XPS, respectively. LSFCCMO shows good 
stability in CH4/He atmosphere, but its perovskite structure 
collapses in H2/N2 atmosphere due to the reduction of Co3+ 
to Co0. The ionic conductivity of this material is dominated 
by bulk properties. The microstructure of the membrane 
has great influence on its ionic conductivity. The increase 
in the calcination temperature results in the growth of the 
grain and the merger of the high conduction grain boundary 
thus decreases the oxygen ionic conductivity.
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Effect of V Doping on the Dielectric Properties of 
ZnO

Senthil Kumar E.; Ravichandra REDDY; 
Ramachandra Rao M. S.
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Centre, Indian Institute of Technology Madras, 
Chennai, India

In recent years, transition-metal (TM) ions doped ZnO 
have been intensively studied for the growth of diluted 
magnetic semiconductors (DMS) and many groups have 
reported room temperature ferromagnetic behavior in TM 
ion doped ZnO. ZnO has a wurtzite hexagonal crystal 
structure, in which both Zn and O atoms are tetrahedrally 
coordinated to each other and are equivalent in position. 
Interestingly, structural phase transition was observed in 
doped IV-VI binary semiconductors such as Pb1-xGexTe, 
Sb1-xGexTe, Ge1-xZnxTe, etc. This ferroelectric behavior 
was attributed to the off-centered position of dopant, due to 
large difference in ionic radii between host and dopant ions. 
In other words, the dopant atoms can occupy off-centered 
positions, forming permanent electric dipoles and thereby 
resulting in ferroelectric transitions. Hence ferroelectric 
transitions were reported for Li and Mg doped ZnO. Here 
we present synthesis and dielectric studies of V doped 
ZnO ceramics. V doped ZnO (Zn1-xVxO, x=0.01 and 0.03) 
ceramics were prepared by chemical sol-gel technique. 
X-ray diffraction pattern reveals that the samples are 
phase pure. Study of temperature dependent dielectric 
constant clearly shows multiple phase transitions at 212°C 

and 343°C for 1 mol% V doped ZnO and at 266°C and 

407°C for 3 mol % doped ZnO. This structural transition 
can be explained as follows: ionic radii of dopant V ion 
(0.54Å) is less than that of host Zn ion (0.74 Å), hence the 
V ion moves to an off-centered position, there by creating  
permanent electric dipoles, which leads to the ferroelectric 
transitions. Frequency dependent dielectric constant of 
the samples was also studied. All the above results will be 
discussed in detail.
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Effect of Sm Doping on the Ionic Conductivity of 
Ceria, CeO2
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Ceria, CeO2 is a potential candidate for intermediate and 
low temperature solid electrolyte fuel cells (ITSEFC 
and LTSEFC) because of its high ionic conductivity. 
Effect of Sm doping in CeO2 in a typical composition 
Ce0.85Sm0.15O1.925, has been studied on the ionic conductivity 
as a function of temperature by impedance measurements. 
Formation of single phase has been conformed using 
powder X-ray diffraction. Total conductivity as a function 
of temperature has been studied in the temperature range 
200-600°C. Activation energy of conduction has been 
found to be 0.92 eV.

 A01626-02816 

Modeling of Imprint in Hysteresis Loop of 
Ferroelectric Thin Films with Top and Bottom 
Interface Layers

Yi Chun ZHOU; Ming Hua TANG
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The imprint of a ferroelectric thin film capacitor is studied 
using an improved model consisting of two nonswitching 
thin interface layers near the top and bottom electrodes. 
The difference in electrical conductivity between the two 
interface layers induces voltage offset and deformation 
behaviors in hysteresis loops. Size dependence of shift 
effect of Bi4-xNdxTi3O12 thin film is explained qualitatively 
by taking into account the thickness ratio of the interface 
layer and the bulk film. Various shifts and anamorphic 
shapes with different electrodes and processes have 



92     Symposium D - Functional Ceramic Materials, Oxide Thin Films and Heterostructures

been effectively reproduced through changing the layer 
conductivities. The simulated shifted hysteresis loops 
agree well with the experiment. Theoretical prediction 
based on this approach may provide a method to reduce 
imprint failure.
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Band Offset Control at Manganite-titanate 
Heterojunctions
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With the rapidly increasing number of studies 
demonstrating unique device operations in oxide 
heterojunctions, understanding of the band alignment 
formation mechanisms and techniques to control band 
offsets have become more important. Band offset defined 
as the energy level discontinuity between two materials at 
their juncture is one of the crucial parameters governing 
the electronic structure across a heterointerface. Given the 
additional degrees of freedom in valence, magnetic order, 
and lattice polarizability in perovskites, understanding of 
band offset formation at these heterojunctions can differ 
substantially from conventional concepts.

In this talk, the main focus of our study is on the band 
offsets at Schottky interfaces between La0.7Sr0.3MnO3 
(LSMO) and Nb-doped SrTiO3 (100) (NSTO), in which 
two different ways to manipulate the barrier heights are 
presented. The first is the barrier height tuning by external 
magnetic field in La0.7Sr0.3MnO3-d/NSTO heterojunctions, 
reflecting strong magneto-orbital coupling in LSMO in 
proximity to the metal-insulator transition. By application 
of magnetic field, we have observed evidence indicating 
a reduction in the barrier height by ~ 10 meV / T which 
is much larger in magnitude than expected from the 
Zeeman effect. The second is the control of barrier heights 
by microscopic control of the interface termination, and 
hence the interface dipole arising from screening of the 
polarity mismatch at the interface. This technique enables 
tuning of the barrier height without modifying the physical 
properties of the metal overlayer, expanding the capabilities 
to engineer interface band alignments.

These two cases demonstrate the significant role of the 
interface chemical bonding on the macroscopic behavior 
of the rectifying junction. In addition to conventional 

electrical probes, we have used internal photoemission 
spectroscopy to study the barrier heights. This technique 
allows direct measurement of the barrier height under 
applied magnetic field, and enables equilibrium 
measurements without application of a bias voltage, 
suitable for exploring heterojunctions between magnetic 
materials or semiconductors with non-linear dielectric 
response.

 A01629-03115 

A 3D Model to Describe Structural Transition in 
YBa2Cu3O7-δ: Temperature Dependence Elastic 
Moduli

Gashawtena BAYOU; Ghoshal S.K
Physics, Addis Ababa University, Addis Ababa, Ethiopia

A 3D ‘spring-defect’ model for YBa2Cu3O7-δ until cell has 
been developed by us earlier for describing connection 
between elastic distortion and oxygen ordering; and the 
concomitant structural phase transition from tetragonal 
to orthorhombic at Ts (≈ 900K), in the high – Tc  (≈ 
90K), superconductor YBCO. The presence or absence 
of the oxygen is modeled in terms of a pseudo spin. The 
interaction between oxygen atoms is recovered after 
eliminating the lattice degrees of freedom, which is long 
ranged. The proposed model provides a microscopic basis 
to describe ferroelasticity exhibited in the orthorhombic 
phase of the superconducting system.

In this work the effective Ising interaction between defects 
mediated by host Cu atoms derived earlier recasted 
in equivalent form of strain-strain interactions, which 
imminently suitable to describe paraelastic (tetragonal) to 
ferroelastic (orthorhombic) phase transition and investigate 
the spontaneous development of strain as the system 
undergoes a structural phase transition. The coupling 
between spin and lattice degree of freedom allows for 
systematic study of ferroelasticity.

Ferroelasticity is shown to be a consequence of interaction 
between elastic (Zenor) dipoles formed around each 
oxygen defect and the interaction between the strain 
fields around interstitial oxygen defects is found to favor 
a situation in which the latter preferentially occupy one of 
the three possible sub-lattices in the orthorhombic phase. 

Mean field approximation, in the statistical mechanical 
frame work, of the underlying Ising model yields sub-
lattice magnetizations. A suitable coordination of these 
is the relevant order parameter staggered magnetization 
and also provides a reasonable estimate of the transition 
temperature and static compliance of the system. 

The significant and original feature of our treatment  is 
not only a derivation of strain-strain interaction, but also 
an explicit calculation of every term of the strain-strain 
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interaction including the strain dipole tensor (the so called 
λ-tensor) associated with each defect and all the phase 
transformation properties associated with the paraelastic 
to ferroelastic transition from the basic microscopic model 
parameters..  

The question of kinetics is also of great importance, 
especially in relation to the hopping diffusion of oxygen 
in YBa2Cu3O7-δ high–Tc superconductor. The study of all 
relaxational characteristics associated with frequency 
dependent compliance, internal frictions etc are left for 
future publication. 
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Seebeck and Magnetoresistive Effects of In-
doped ZnO Thin Films
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In-doped ZnO (IZO) films with 0~5at% In content were 
deposited on glass substrates by RF magnetron sputtering. 
The Seebeck (thermoelectric) and magnetoresistive 
properties of the IZO films were investigated. It shows 
that there is a striking Seebeck effect in the IZO thin 
films, and the absolute value of thermo-electromotive 
and magnetothermoelectromotive force increase 
linearly with increasing differential temperature. The 
thermoelectromotive forces are negative, the Seebeck  
coefficient is about  -256, -176, -127 and -75µV/K for 
samples deposited from targets with In content 0, 1at%, 
2at%, 5at%,  respectively. The highest value of power 
factor (1.92×10-5W/K2m) was obtained at room temperature 
for the film prepared from the target of 2at% In content. 
The absolute value of  magneto-thermoelectromotive force 
is smaller  than the thermoelectromotive force without 
a magnetic field, showing that the magnetic field has a 
negative effect on the Seebeck  coefficient, which can be 
explained by the  magnetoresistive effect substantially. 
The magnetoresistance of the  films increases with the 
magnetron field intensity and a magnetoresistivity of 2.4% 
was found in the IZO films under a magnetic field of 2.15T 
.
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Effect of Annealing Treatment on Structural, 
Electrical and Thermoelectric Properties of Ga-
doped ZnO Thin Films Deposited by RF Magnetron 
Sputtering

ShuFang ZHANG1; Liang FANG1;2; Ke ZHOU1; 
Fang WU1; ChunYang KONG3
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Highly conductive and transparent Ga-doped ZnO 
(GZO)  thin  films  with  Ga doping concentration (Ga/
(Ga+Zn)=3at%) were prepared on glass substrate by RF 
magnetron sputtering at different substrate temperature. 
Then the films are annealed in N2 or air for 1 hr at at 200, 
300 and 400°C, respectively. The structural, optical and 
thermoelectric properties of asdeposited and annealed GZO  
films were characterized and analyzed by XRD, SEM and 
ultraviolet – visible and infrared light spectrophotometer. 
The electrical properties had been investigated by Van 
der Pauw method. The results show that GZO thin films 
are polycrystalline with a preferred (002) orientation. 
The crystallinity of ZnO films improves after annealing 
treatment.  The resistivities of films annealed in both N2 
and the air are lager than the as-deposited, but the resistivity 
increase in N2 is smaller that that in air atmosphere, while 
in the same atmosphere(N2), the resistance of annealed 
samples increase with the annealing temperature. The 
measurements show that there is a striking Seebeck effect 
in the GZO thin films, and the thermoelectromotive force 
is linearly increased with temperature difference,  and the 
absolute vale of Seebeck coefficient of annealed samples 
are larger than the as-dopsited, and  increase with the 
annealing temperature.  The largest Seebeck coefficient is 
-101.15 μV/K for the samples deposited at the substrate 
temperature of 200ºC and annealed at N2,400°C,1h. 
Then, the influence of annealing  on the electrical and 
thermoelectric properties of GZO thin films was analyzed 
theoretically.
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High-temperature Oxidation of Ti3Al0.7Si0.3C2 
Compounds at 900 and 1000°C in Air 

SangHwan BAK; Thuan Dinh NGUYEN; 
Dong Bok LEE 
School of Advanced Materials Science and Engineering, 
Sungkyunkwan University, Suwon, South Korea

The nanolaminated ternary carbides, Ti3AlC2 and Ti3SiC2, 
have a hexagonal structure, and similarly exhibit the 
attractive metallic and ceramic properties. Like metals, 
they have excellent electrical and thermal conductivities, 
high toughness, high fatigue-crack growth threshold, 
low hardness, and high-thermal shock resistance. Like 
ceramics, they display excellent chemical resistance, high 
Young’s modulus, high temperature strength and high 
melting points. In addition, they are machinable with 
conventional tools without lubricants, unlike conventional 
carbides. In order to utilize them as high-temperature 
structural components, it is necessary to study their high-
temperature oxidation property.

The oxidation behavior of Ti3SiC2 and Ti3AlC2 was 
extensively studied before. However, the oxidation 
behavior of Ti3Al0.7Si0.3C2, which is the solid solution of 
Ti3AlC2 and Ti3SiC2, was not adequately studied. In this 
study, Ti3Al0.7Si0.3C2 was synthesized via the powder 
metallurgical route by partially substituting Si atoms 
into the Al sites in Ti3AlC2. This strengthened Ti3AlC2 
through solid solution hardening, without deteriorating the 
oxidation resistance. 

In this study, dense, monolithic Ti3Al0.7Si0.3C2 compounds 
were oxidized at 900°C and 1000°C in air for 100 h. 
Ti3Al0.7Si0.3C2 oxidized into rutile-TiO2, α-Al2O3, and 
amorphous SiO2, accompanied with the evaporation of 
carbon. The oxide scales consisted primarily of an outer 
TiO2-rich layer, an intermediate Al2O3-rich layer, and an 
inner (TiO2+Al2O3+SiO2)-mixed layer. These triple-layer 
oxide scales formed were not oxidation resistant because 
of the evaporation of carbon, and the formation of TiO2 
and voids. Thick but adherent oxide scales formed during 
high-temperature oxidation.

This work is the outcome of a Manpower Development Program 
for Energy & Resources supported by the Ministry of Knowledge 
and Economy (MKE), Korea.
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Optical Properties of Vanadyl [VO2+(VP)] Doped 
xPbO-(1-x)P2O5 Glass  System

Churya DAYANAND
Department of Physics, Osmania University, Hyderabad, 
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The physical characterization including X-ray diffraction 
study, IR spectra and optical band gap studies on the lead-
phosphate (LP), x PbO - (1-x) P2O5 glass system have 
clearly established that not only gradual structural changes 
take place in the glass network within the compositional 
region of x ≤ℜ 0.5 but also crystallization of glass sets 
in for composition x ≥ 52.5.  The detailed investigation 
of Lead Phosphate x(PbO) - (1-x)P2O5 glass system 
employing IR technique have revealed that the structure 
of LP glass system undergoes gradual changes. Such 
structural changes can also be investigated employing 
optical absorption technique. The results of optical 
absorption study are expected to lead to an understanding 
of optical properties and absorption processes in the glass 
system. A thorough knowledge of optical properties of 
transparent glasses will enable successful utilization of 
glasses for optical applications such as windows, filters 
and laser hosts.

The LP glass samples with different compositions have 
been prepared by single- step melt-quenching technique 
as described elsewhere. The impurity V2O5 (E. Merck, 
Suprapure) is introduced into the all glass samples 1% by 
weight. The optical absorption spectra of all these glasses 
were recorded on Shimadzu 3000-UV-VIS-NIR model 
spectrophotometer in the wavelength region 350 nm to 
900 nm.

There are very few reports on systematic investigation of 
electronic absorption spectra of VO2+ (VP) doped in borate, 
silicate or phosphate glasses.  Bogomolova et al  have 
reported the observation of two optical absorption bands 
A and B in two compositions of Lead-Phosphate glasses 
However, no attempt has been made by Bogomolova et al 
to identify the location of VO2+(VP) and evaluate its site 
symmetry in the glass.

In the present work, the spectrum consists of mainly two 
absorption bands designated as A and B, the average 
positions of the bands A and B for these LP (VP) glasses 
are:

A: 22,212 cm-1 (~ 450 nm) and B: 14,156 cm-1 (~ 706 
nm). 

The electronic absorption spectra observed in LP(VP) glass 
-system are attributed tentatively to VO2+ ion. The VO2+ 
ions along with the double-bonded oxygen exist in the 
molecular complex which is identified as VO5   polyhedra 
in LP glass network.
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As the PbO content in the glass increases, structural 
changes take place in the network.  However, the ligand 
environment of VO2+ (VP) seem to remain the same in 
the compositional region from x=0.3 to x ≤ 0.5).  This 
suggests that VO5 polyhedra remain in the same position 
in the glass network. 

The electronic absorption spectrum of VO2+ (VP) could be 
explained successfully in terms of the energy level diagram 
developed for VO5 polyhedron treated as distorted trigonal 
bipyramid.
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Microwave-assisted Preparation of Metal-doped 
Titania Nanotubes
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Titania nanotube (TNT) has attracting many researches 
due to its various applications in dye-sensitized solar cell, 
sensor, photocatalysis, and others with the advantages of 
being nontoxic, stable in wide pH range, and transparent 
to visible light.  TNT has been synthesized mainly with 
hydrothermal, templating, and anodic oxidative approaches.  
The present study uses a modified sol-gel method to 
synthesize transition metal-doped titania nanoparticles 
which served as a raw material for the preparation of 
metal-doped TNT by the use of a temperature-controlled 
microwave process.

The volumetric heating process with the microwave at 
150 degrees centigrade could save more than 90-95% of 
heating time, as compared with the conventional autoclave 
process.  The TNTs obtained in this study have a length of 
a few micrometers with a diameter of 8-10 nm.  The TNTs 
are open-ended.  The TNTs occurred in anatase form as 
shown by the results from both x-ray diffraction (XRD) 
patterns and x-ray absorption spectroscopy (XAS).  The 
metal doping process significantly increases the N2-based 
surface area for the TNT with a typical surface area of >300 
m2 g-1 that is about twice the surface area of TNT obtained 
in a previous study with microwave heating.  Over-doping 
the metals would lead to a decrease in the TNT surface 
areas.  Red-shifting phenomena were observed with the 

metal-doped TNT, as compared with the pure TNT and 
titania nanopowders.  Major fractions of the metallic 
ions were chemically reduced as indicated by the x-ray 
absorption near-edge spectroscopy (XANES).

 A01693-04370 

Sol-Gel Derived Crystalline AZO Nano-Powders 
Prepared by Supercritical CO2 Drying

Hsin-Chun LU; Chin-Hung CHIU; Kai-Wei WANG; 
Gwo-Mei WU
Department of Chemical and Materials Engineering, 
Chang Gung University, Taoyuan, Taiwan

Polycrystalline sol-gel derived nano-sized aluminum-
doped zinc oxide (AZO) powders were successfully 
synthesized by supercritical carbon dioxide drying of the 
AZO precursor solutions without calcination. It is also 
shown that the extent of drying of the precursors plays a 
decisive role in whether or not crystalline AZO powders 
can be produced. In addition, it was demonstrated that 
the properties of the supercritically dried sol-gel derived 
crystalline AZO nano-powders are superior to those of 
AZO powders prepared by traditional sol-gel process with 
calcination procedure.
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Effect of Si, Sc, Cr Doping in the Microstructural, 
Optical and Discharge Characteristics of MgO 
Thin Films
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While MgO thin films have many attractive qualities 
for use in plasma Display Panels, there is a potential for 
vast improvements by optimizing the microstructural 
characteristics of the films. The physical and surface 
properties of the MgO protective layer influence the 
discharge characteristics, and enhance the lifetime and 
stability of the panel. Silicon and multiple (Silicon, 
Scandium, Chromium) doped MgO protective layers 
have demonstrated higher electron emission, which 
decreases the firing voltage of the panel. Multiple doped 
MgO protective layers have much lower firing voltage as 
compared to pure and only Si doped MgO layers. In this 
article we describe the preparation of the pure (undoped), 
silicon doped and multiple doping of silicon, scandium, 
chromium (with varying concentration of each) thin films 
using conventional reactive electron beam technique 



96     Symposium D - Functional Ceramic Materials, Oxide Thin Films and Heterostructures

and their microstructural properties as studied by x-ray 
diffraction, scanning electron microscopy and atomic 
force microscopy.

For doping of Si and Si, Sc, Cr in the MgO thin films, a 
30,300,500 ppm amount of Si and Si, Sc, Cr was added 
to the MgO pellet prior to deposition. The microstructural 
studies of the pure, Si and Si, Sc, Cr-doped (in varying 
concentrations) MgO films demonstrate the influence 
of Si, Sc, Cr doping on the film orientation and surface 
morphology. The Transmission studies showed 90% 
transmittance in the visible range for all the films. The 
importance of an Optimum amount of Si, Sc, Cr doping is 
seen in our study, where the initial improvement in discharge 
characteristics with doping is followed by deterioration 
on further increase in the Si and multiple doping. The 
microstructural attributes of the MgO films are correlated 
to the observed changes in discharge characteristics in the 
context of varying amount Si Sc, and Cr doping.
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Influence of Hydrogen in Magnetron Sputtering 
Deposition of MgO Thin Films for Plasma Display 
Panels 
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Large secondary electron emission (SEE) coefficient, low 
sputtering yield and large band gap have made MgO an 
important material for dielectric protective layer in plasma 
display panels (PDPs). In this article, we report the influence 
of hydrogen addition on the microstructure and secondary 
electron emission characteristics of MgO films deposited 
by pulsed DC reactive magnetron sputtering technique. 
During deposition flow rate of hydrogen was varied by 
keeping Ar to O2 flow rate constant. Deposited MgO films 
were characterized by  X-ray diffraction (XRD) , atomic 
force microscopy (AFM), UV- VIS spectrophotometer, 
spectroscopic ellipsometry (SE).Secondary electron 
emission property was studied by secondary electron 
emission tool (SEE tool) .From experimental results, 
it was found that hydrogen addition during sputtered 
deposition of MgO thin film improved its microstructure 
and created trapped level inside it which resulted in its 
improved secondary electron emission properties and 
stable firing voltage. At 5 sccm hydrogen flow rate we 
achieved the lowest and stable firing voltage and increased 
secondary electron emission coefficient (γ~0.3). The effect 
of hydrogen was clearly observed when E/p is between 25 
V/cm/torr - 45 V/cm/torr. In this range effective secondary 
electron emission coefficient γeff is higher than γeff of pure 
MgO and γeff  increases with increasing hydrogen flow 
rate.
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Water-Induced Degradation in Fluorine-Doped 
Tin Oxide Thin Films 
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Transparent conducting oxides are widely used as 
electrodes in various optical devices and there have been 
extensive investigations with regard to the reliability. 
For indium-doped tin oxide (ITO) and aluminium-doped 
zinc oxide (AZO), a failure mechanism known as water-
induced degradation has been reported, in which the oxides 
are reduced to metals by hydrogen from the electrolysis of 
water. This failure mechanism is important for transparent 
conducting oxides as water is a basic environmental 
factor and electricity is always present for elecrodes. In 
this paper water-induced degradation in fluorine-doped tin 
oxide (FTO) will be studied and a comparison over water-
induced degradation among several transparent conducting 
oxides will be conducted.
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Synthesis and Characterization of Zinc Oxide 
(ZnO) Nanomaterials though the Horizontal Vapor 
Phase Growth Method

Alvin Noe LADINES; Gil Nonato SANTOS; 
Reuben QUIROGA
Physics Department, De La Salle University, Manila, 
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Zinc Oxide nanomaterials were synthesized on glass 
substrate through the non-catalytic horizontal vapor phase 
growth method. Nanobelts with average width of 200 
nm were grown when the growth temperature was set at 
1200°C and 1000°C. Nanowires with mean diameter of 
100 nm were dominant at growth temperatures of 800°C 
and 600°C. Shorter growth time resulted in the formation 
of needle-like structures which are 2 micrometers in length. 
Increasing the growth time corresponded to the growth of 
nanowires with average length of 10 micrometers. EDX 
analysis revealed that varying the growth temperature and 
growth time affects the amount of oxygen vacancy of the 
synthesized nanomaterials. XRD measurements showed 
that the synthesized nanostructures have a hexagonal 
wurtzite structure with growth preference in the (001) and 
(101) directions. The room-temperature photoluminescence 
spectra showed an intense ultraviolet emission (UV) at 3.26 
eV with weak emissions in the visible light regime. The 
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strong UV emission can be attributed to the recombination 
of free excitons though an exciton-exciton collision 
process. Meanwhile, the deep level emissions are caused 
by oxygen vacancies in ZnO and the emission results in 
the recombination of the photogenarated hole with an 
electron occupying the oxygen vacancy.  It is proposed 
that growth mechanism involved in the formation of 
ZnO nanostructures is the vapor-solid process because no 
catalyst was used.
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Porous metal-organic frameworks (MOF) combine a high 
and regular porosity and the presence of organic groups 
inside network. The easy tuning of the size, shape and 
composition offers a unique environment for the host-guest 
chemistry. Moreover, our group has recently reported a new 
class of flexible hybrid solids which modulate their pore 
size upon adsorption of organic molecules. This reversible 
“breathing” effect varies between 50 and 235 % of volume 
cell unit, depending on the structure and the length of the 
linker. These characteristics allow the potential application 
of these bulk solids in very important fields as gas storage, 
drug release, separation or catalysis.

Making thin films of MOFs would of a high interest due to 
the enormous prospects in nanotechnology for such films 
but examples are still quite scarce. To date, only a few 
studies have been reported dealing with the nucleation of 
MOF particles on substrate such as the work reported by 
Fischer et al. on the selective nucleation and growth of 
MOF-5 on a modified Au substrate. We proposed for the 
first time a simple dip-coating method for the preparation 
of optical quality thin film of a porous flexible MOF.

The porous hybrid solid MIL-89 (MIL: Material Institut 
Lavoisier) is built up from trimers of iron(III) octahedra 
linked to muconate dianions to create a 3D framework with a 
1D pore channel system along the c axis and interconnected 
cages. The structure of MIL-89 is highly flexible and can 
swell, according to the nature of the adsorbed molecules, 
up to 150% in volume with a maximum pore size ≈11 Å. 

Homogeneous thin films of MIL-89 have been obtained 
by deposition of colloids using the dip-coating method. 
The evolution of particle size and the study of the 
crystallisation MIL-89 phase have been investigated. 
Finally, the flexibility of the resulting film was studied by 
environmental ellipsometric porosimetry and indicated a 
reversible increase in thickness upon adsorption of water.
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Colossal Electroresistnance and Current-induced 
Multilevel Resistivity Switching in Nd0.5Ca0.5MnO3 
and La2NiMnO6

Mahendiran RAMANATHAN; Alwyn REBELLO
Department of Physics, National University of Singapore, 
Singapore

We investigated electroresistance in two insulators of 
different electronic and magnetic ground states: charge-
orbital ordered antiferromagnetic Nd0.5Ca0.5MnO3 (NCMO) 
and charge disordered ferromagnetic LaNi0.5Mn0.5O3 
(LNMO). A systematic study of dc and pulsed current–
voltage (I-V) characteristics of varying pulse width or 
period along with simultaneous temperature measurements 
suggest that hysteresis and negative differential resistance 
(NDR) observed at high current densities during dc current 
sweep in these compounds vanish systematically with 
increasing period of the pulsed current, thus underlining 
the importance of Joule heating in the NDR phenomenon.  
In the regime of negligible Joule heating with low currents, 
it is shown that we can induce bi-level and multi-level 
resistivity (ρ) switching by a sequence of pulses with 
controlled pulse width or period even at fixed current 
amplitude. It is found that ρ  increases abruptly (≈37 % 
for NCMO at 100 K and ≈ 17 % for LNMO at 300 K)  
upon increase of pulse period from 50 ms to 100 ms for a 
fixed pulse width (25 ms) and current (I = 2 mA). Similar 
resistive switching effects of different magnitudes were 
also found with variations in the pulse width for a fixed 
period and our results suggest that these materials can be 
exploited for non-volatile memory based on resistivity.
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Over the past few decades, the rapid developments in 
application of nanostructured materials demands precise 
control over their size and shape. As an important wide band 
gap materials, Zinc oxide (ZnO) is an II–VI semiconductor, 
is particularly important material for its both scientific as 
well as industrial applications. In the recent years, water 
repellent behavior is a very important property governed by 
both the chemical composition and the geometric features 
of the surfaces. Morphology and size controlled synthesis 
of the ZnO nanostructures was achieved by optimizing the 
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synthesis parameters such as temperature, reaction time 
and the surface roughness of the substrate. In the present 
work, ZnO nanostructured thin films were grown on glass 
substrates by a simple successive ionic layer absorption 
and reaction method (SILAR) process at relatively low 
temperature for self cleaning application. SEM image 
clearly shows the surface morphology with cluster of 
spindle nanostructured with length various around 350nm. 
Structural analysis reviles that the grown ZnO NRs 
exhibit (002) reflection with higher intensity, indicating 
the c-axis orientation of the ZnO nanostructure film. 
Photoluminescence (PL) spectra of ZnO nanostructures 
film exhibit a UV emission around 385nm and visible 
emission in the range around 420 – 500nm. Good water 
repellent behavior were observed for ZnO nanostructured 
film without any surface modification.
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Inkjet Printing Approach to Fabricate Non-sintered 
Dielectric Film with High Packing Density for 3D 
Package Integration Technology
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Korea Institute of Ceramic Engineering and Technology, 
Seoul, South Korea

We have successfully demonstrated the inkjet printing 
method to create Al2O3 films without a high temperature 
sintering process. The packing density of the Inkjet-
printed Al2O3 films is more than 80% which is very high 
compared to the value obtained from the same films 
synthesized by other conventional methods such as film 
casting, etc. The voids inside the films which are less than 
20% of the entire film volume are filled with the polymer 
resin thru the infiltration process. This resin infiltration is 
also implemented by the inkjet printing process right after 
the film fabrication process. The printed films of highly 
packed Al2O3 lead to reasonably good material properties. 
The microstructures of the printed Al2O3 films are 
investigated by Scanning Electron Microscope (SEM) to 
understand the degree of packing density in the printed 
films. Dielectric loss of the printed film is also measured. 
It shows a reasonably low value since the high packing 
density of the printed Al2O3 films. 

 A01801-03654 

Thermal Conductivity Measurement of Inkjet-
printed Non-sintered Al2O3 and AlN Thin Films by 
Differential 3ω Method

Jihoon KIM1; Sangwoo SHIN2; Jongwoo IM1; 
Hun Woo JANG1; Hyo Tae KIM1; Young Joon YOON1; 
Hyung Hee CHO2; Jong-Hee KIM1

1. Future Convergence Ceramic Division, 
Korea Institute of Ceramic Engineering and Technology, 
Seoul, South Korea
2. Department of Mechanical Engineering, Yonsei 
University, Seoul, South Korea

The thermal conductivity of Al2O3 and AlN thin film 
synthesized using an inkjet printing has been studied by 
the differential 3ω technique. Al2O3 and AlN films are 
printed on Cu substrate without a successive sintering 
process. High packing densities of those films are obtained 
by optimizing the various printing parameters. The 
packing density of the inkjet-printed films is more then 
80% in the case of Al2O3 printed layer. The voids in the 
films (~ less than 20% of the entire printed volume) are 
filled with polymer resin. In order to measure the thermal 
conductivity of those non-sintered printed layers, we 
choose a differential 3ω technique which has been well 
known to measure thermal conductivity for multi-layer 
thin films. Since there is polymer resin in the printed 
layers, we intentionally deposit a protection layer right on 
top of the printed Al2O3 and AlN layers before preparing a 
heater structure on the sample.

 A01819-03168 

Effect of Surface-layer on Giant Dielectric 
Properties of Li0.05Ti0.05Ni0.90O Ceramic

Prasit THONGBAI1; Teerapon YAMWONG2; 
Santi MAENSIRI1

1. Department of Physics, Khon Kaen University, 
Khon Kaen, Thailand
2. National Metals and Materials Technology Center, 
Pathumthani, Thailand

We studied the effect of surface-layer on the giant dielectric 
properties of Li0.05Ti0.05Ni0.90O (LTNO) ceramic prepared 
by a polymer pyrolysis route. The phase composition and 
microstructure were characterized by X-ray diffraction 
(XRD) and scanning electron microscopy (SEM) with 
energy dispersive x-ray spectrometer (EDS), respectively. 
The dielectric and electrical properties of the prepared 
LTNO sample were investigated as functions of frequency 
(102-106 Hz) and temperature (-50-150°C). Microstructure 
and phase composition analyses revealed that the 
microstructure of the LTNO ceramic exhibited a core/shell 
structure. Our results proved that the surface-layer had a 
great influence on the dielectric properties of the LTNO 
ceramic. Two thermally activated dielectric relaxations 
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were detected in the dielectric spectra of the as-sintered 
sample. The activation energy (Ea) for these relaxations 
was found to be 0.294 and 0.378 eV for the high- and 
low-frequency relaxations, respectively. Interestingly, 
when the surface-layer of the as-sample was removed 
(abbreviated as polished-sample) from the both sides 
of the pellet as-sample, the low-frequency relaxation 
disappeared and the activation energy of the remaining 
high-frequency relaxation remained constant (Ea ~ 0.288 
eV). By using complex impedance and ESD analyses, 
it was suggested that both the as-sintered and polished 
samples were electrically inhomogeneous, consisting of 
semiconducting grains (i.e., semiconductive Li-doped NiO 
particles) and Ti-rich insulating boundaries and surface-
layers. Moreover, the surface-layer effect might also be 
attributed to the difference in oxygen vacancies between 
the inner part and surface-layer, which cause a change 
in electrical conductivity between them. Therefore, the 
low-frequency relaxation with higher activation energy 
value was strongly indicated to the effect of insulating 
surface-layers. The origin of the observed giant dielectric 
constant in our LTNO samples should be ascribed based 
on the Maxwell-Wagner polarization (i.e., interfacial 
polarization) at the insulating layers in the bulk ceramic 
and at the surface-layers.
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Fabrication and Some Properties of Textured 
Ceramics by Colloidal Processing in a Strong 
Magnetic Field

Yoshio SAKKA; Tohru SUZUKI; Tetsuo UCHIKOSHI
Nano Ceramics Center, National Institute for Materials 
Science, Ibaraki, Japan

The controlled development of texture is one of the ways 
for effectively improving properties of ceramics. Recently, 
high magnetic fields with a field strength up to 14 T is 
readily available without the use of liquid helium due to 
the development of superconducting technology. These 
new magnets have been used in studies of many fields, 
such as crystal alignment, levitation, separation, etc. 
We have demonstrated the new processing of textured 
ceramics with a feeble magnetic susceptibility by colloidal 
processing in a high magnetic field and subsequent 
heating. The principle of the process is that a crystal 
with an anisotropic magnetic susceptibility will rotate to 
an angle minimizing the system energy when placed in 
a magnetic field. To obtain the oriented materials with 
feeble magnetic susceptibilities, the following conditions 
are necessary: (1) the particle should be single crystal and 

well dispersed, (2) crystal structure should be non-cubic to 
yield an anisotropic magnetic susceptibility, (3) magnetic 
energy should be larger than thermal motion energy, (4) 
the viscosity of the suspension should be low enough to 
rotate the particles with a low energy, and (5) grain growth 
is necessary to obtain a highly oriented structure especially 
when spherical particles are used. 

 As colloidal processing, slip casting and electrophoretic 
deposition (EPD) have been conducted successfully. Slip 
casting is a powerful method to prepare dense and fine 
grained bulk ceramics and the EPD is useful for preparing 
laminated ceramics. The slip casting in a high magnetic 
field confers several advantages and it is possible for this 
type of processing to be applied to non-cubic ceramics, 
such as alpha-alumina, titania, zinc oxide, tin oxide, 
hydroxyapatite, aluminium nitride, silicon carbide, silicon 
nitride, etc.  Also textured ceramics with complicated 
structure can be fabricated by reaction sintering, such as 
beta-alumina, SiC-mullite-alumina nanocomposite, beta-
Si3N4, etc. However, when we use whisker or plate-like 
particles, special attention is necessary owing to the effect 
of gravity energy that is the highest energy in the colloidal 
dispersion system. 

We have also demonstrated that EPD in a high magnetic 
field is an excellent method to fabricate crystalline 
textured ceramic thick bodies. Here, the direction of the 
electric field relative to the magnetic field can be altered 
to control the dominant crystal faces. Crystalline-textured 
controlled laminated composites can be fabricated using 
EPD by varying the angle between the vectors of electric 
field and magnetic field. This method can be also applied 
to prepare crystalline-oriented or specific crystal face 
thin films for functional applications, such as dielectric 
ceramics, thermoelectric devises.
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Growing Integration Layer [GIL] Method: Novel 
Concept and Realization of Functional Oxide 
Layers on Metallic Materials without Firing 

Masahiro YOSHIMURA1;2; Naota SUGIYAMA1; 
Nobuhiro MATSUSHITA1; Xin-Min WANG2; 
Takeshi WADA2; Fen-Xiang QIN2; Akihisa INOUE2; 
Masahiro TSUKAMOTO3; Kazuhiro NAKATA3

1. Materials and Structures Laboratory, Tokyo Institute of 
Technology, Yokohama, Japan
2. Institute of Materials Research, Tohoku University, 
Sendai, Japan
3. Joining and Welding Research Institute, Osaka 
University, Osaka, Japan

In the ceramic/metal joining and coating, the most difficult 
problem is how to overcome poor adhesion of ceramic 
layers by their cracking and /or peeling arising from their 
intrinsic brittleness. On the basis of accumulated results 
and discussion, we propose a novel concept and technology 
of formation “Growing Integration Layer” [GIL] between 
ceramics and metallic materials to improve the adhesion 
performance. Those GIL(s) can be prepared from a 
component of the metallic materials by chemical and /or 
electrochemical reactions in a solution at low temperature 
of RT-200°C. They have particular features: 1) Widely 
diffused interface(s), 2) Continuously graded layers grown 
from the bulk(substrate), 3) Low temperature process, 
etc. BaTiO3 or SrTiO3/TiOx GIL films on Ti plates formed 
by hydrothermal-electrochemical method showed good 
adhesion. CaTiO3/Al2O3/Ti2Al GIL films on TiAl exhibited 
excellent adhesion and anti-oxidation performances: they 
could be sustained for 10 times cyclic oxidation test at 900 
C in air for 5 hrs.The GIL strategy is effective for many 
metallic alloys and bulk metallic glassed because they 
generally contain active component(s).

On a Ti-base Bulk Metallic Glass, we could succeed 
to prepare bioactive titanate nano-mesh layer by 
hydrothermal-electrochemical techniques at 90-120°C[2]. 
Similarly, bioactive oxide layers could be prepared on 
different Bulk Metallic Glasses. 

 A01845-03200 

Thermal Conductivity of Bi-Sr-Ca-Cu-O 
Superconductors

Vinod ASHOKAN; B. D. INDU
Department of Physics, Indian Institute of Technology 
Roorkee, Uttrakhand, India

Using the latest approach of electron-phonon line widths 
for various scattering mechanisms in the relaxation time 
approach, the thermal conductivity of Bi-Sr-Ca-Cu-O 
superconductors has been analyzed successfully. The 
concept of electronic thermal conductivity and lattice 
thermal conductivity has been ruled out in the present 
formulation.

 A01850-04408 

Synthesis of MoSi2 Based Composite Powder by 
Mechanochemical Reduction of MoO3 

Hosein RAMEZANALIZADEH
University of Tehran, Iran

In this study, a MoSi2 based composite powder was 
produced by mechanochemical synthesis. MoO3 powder 
with various amounts of silicon and carbon were mixed 
together. Mixtures were subjected to severe mechanical 
activation using a high energy planetary ball mill. The 
milling operation on a suitable mixture of reactants resulted 
in carbosilicothermic reduction of MoO3 and simultaneous 
formation of an ultra fine MoSi2 / MoC composite powder. 
The synthesized product was characterized by scanning 
electron microscope and X-ray diffraction. XRD analysis 
indicated that the composite powder could be obtained after 
27 hours of milling. Calculation of the mean crystallite 
sizes of the product phases indicated that they could be in 
nano scale by prolonged milling. 

 A01866-03224 

Giving a New Life to an Old Material ZnO

Masashi KAWASAKI1;2;3

1. WPI Advanced Institute for Materials Research, 
Tohoku University, Sendai, Japan
2. Institute for Materials Research, Tohoku University, 
Sendai, Japan
3. CREST, Japan Science and Technology Agency, Tokyo, 
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Atomically defined heterostructures composed of ZnO and 
(MgZn)O were grown by pulsed laser deposition (PLD) 
and plasma-assisted molecular beam epitaxy (MBE). 
PLD films had been used for making p-ZnO/n-ZnO light 
emitting diodes (LEDs), but it was difficult to extend 
the research for making p-(MgZn)O due to impurities in 
the target. MBE enabled us to make highly pure (MgZn)
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O and nitrogen doped p-(MgZn)O on +c ZnO substrate. 
Ultraviolet electroluminescence could be clearly observed 
for LEDs having p-(MgZn)O and ZnO active layers. This 
technology also drastically improved the mobility of two-
dimensional electron gas accumulated at the ZnO/(MgZn)
O interfaces. The highest value of the mobility exceeds 
20,000cm2/Vs, giving threefold improvement from that 
grown by PLD. Zero-resistance in Shubnikov-de Haas 
oscillation and clear plateau in quantized Hall resistance 
were observed in MBE grown heterostructures.

We also discover that a π-conjugated conducting polymer 
blend, poly(3,4-ethylene dioxy thiophene) poly(styrene 
sulfonate) (PEDOT:PSS), can be used as an ideal electrode 
for making Schottky junctions with n-ZnO. Since this 
polymer is transparent to ultraviolet, the junctions can be 
used as ultraviolet photo-detectors. The Schottky junction 
is also used for controlling the 2DEG density with a field 
effect transistor geometry.

Part of this work was carried out by the collaboration with A. 
Tsukazaki, A. Ohtomo, K. Nakahara, S. F. Chichibu.

 A01876-03234 

Spectroscopic Identification Valence and 
Conduction Band Electronic Structure and 
Intrinsic Defects in Complex Oxides

Gerald LUCOVSKY
Department of Physics, North Carolina State University, 
Raleigh, NC, United States

Advanced spectroscopic techniques such as O K edge 
spectroscopy, and soft X-ray photoelectron spectroscopy 
studies of HfO2 and TiO2 carry over directly to complex 
oxides, as do the generalizations for symmetry adapted 
molecular orbital and defect state electronic structure. New 
to these studies are (i) virtual bound state spectroscopy 
(VBSS) for revealing empty transition metal and defect 
state resonances above the vacuum continuum threshold, 
as well as (ii) pre-edge O K spectroscopy (PEKS) that 
distinguishes between mono- and di-vacancy defects. 
The information gained from these studies is particularly 
significant for identification of the electronic structure 
required for functionality enhancements, e.g., multiferroic 
behavior in complex oxides with two or more cations in 
which the local site symmetries of these ions are different, 
as in cubic and hexagonal perovskites. This paper identifies 
for the first time important enabling degrees of freedom 
in composition that either involve (i) the same TM atom 
species, but in different ion states, as in (La,Sr)MnO3, 
where Mn is a 3+ ion with d4 occupancy in the LaMnO3 
layers, and Mn is a 4+ ion with d3 occupancy, in the SrMnO3 
layers, or (ii) alloy additives with different valence states 
that promote structure changes and Jahn-Teller distortions 
that enable specific functionalities, e.g., super-exchange 
ferromagnetism. 

The discussion addresses cubic and hexagonal perovskite 
complex oxides that form a basis set for complex oxides in 
general. The first and simplest class are cubic d0 complex 
oxides, e.g., SrTiO3, and dn, n>0 alloys in which local site 
symmetries can be modified by substitution of for Ti-atoms  
with TM atoms having more than 2d electrons in their 
neutral atomic states, e.g., Mn and Ni. The conduction and 
valence electronic structures at the respective band edges 
of titanates and manganites are qualitatively similar to 
those of their respective elemental oxides, and defect and 
alloy atom electronic states are readily detected in VBSS 
and PEKS spectra that reveal complementary dn electronic 
structures.

The O K edge spectroscopic characterization of dn 
persovskite complex oxide electronic structure is 
incomplete and requires (i) extensions into the VBSS and 
PEKS regimes, augmented with (ii) high-resolution SXPS 
to distinguish between occupied and empty TM electronic 
states, and mono- and di-vacancy defects. These defects 
have for the first time been correctly characterized in terms 
of dn electronic structures. Previous attempts to calculate 
defect state properties with modified DFT methods 
are inherently flawed, and erroneously redistribute the 
electronic charge in vacancy defect sites over extended 
rather than localized TM electronic states. Examples of 
dn complex oxides include LaMnO3 as (La,Sr)MnO3, as 
model systems and engineered dn oxides formed by alloy 
atom introduction into d0 complex oxide hosts, including 
titanates and scandates.

A new approach for depositing transition metal elemental 
oxides, HfO2 and TiO2, directly onto to Ge substrates 
without an intervening Ge-O-N interfacial transition region 
represents a pathway for introducing complex oxides into 
Si-based CMOS ULSI.

 A01876-03242 

Dimensional Constraints and Percolation Theory: 
Pathways to Physical Mechanisms for Reducing 
Intrinsic Bonding Defects in Advanced High-κ 
Gate Stack Dielectrics 

Gerald LUCOVSKY
Department of Physics, North Carolina State University, 
Raleigh, NC, United States

Extension of O K edge X-ray absorption spectroscopy 
from the conduction band states regime at X-ray energies 
between 528 and 545 eV, into the pre-edge regime, <528 
eV, and vacuum continuum, >545 eV provides a pathway to 
study final states for (i) intra-d state and f-state transitions 
in the pre-edge regime, and (ii) anti-bonding virtual 
bound states in the vacuum continuum. Incorporation of 
symmetry adapted linear combinations of atomic states 
into molecular orbital states provides a theoretical basis for 
identifying the electronic structure of occupied transition 
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metal d-states, and well intrinsic mono- and di-vacancy 
defects in TiO2, and ZrO2 and HfO2, respectively. 

These advances in O K edge XAS are used to complement 
empirical approaches for defect reduction in thin film high-k 
gate dielectrics. This approach combines spectroscopic 
studies with physical mechanisms for macroscopic strain 
reduction where (i) percolation controlled nano-scale 
strain-reducing chemical bonding phase separations applies 
to non-crystalline films, and (ii) nano-scale dimensional or 
diphasic control of grain-size in nano-crsystalline films, 
each substantially reduces intrinsic bonding defects: mono-
vacancies in TiO2, and di-vacancies in HfO2 and ZrO2. Three 
optimized Hf based high-k gate dielectrics are identified: 
(i) a non-crystalline Hf Si oxynitride pseudo-ternary alloy, 
(HfO2)0.3(SiO2)0.3(Si3N4)0.4, that suppresses chemical phase 
separation for high temperature annealing in Ar; (ii) ultra-
thin (1.5 to 2 nm thick) nano-crystalline HfO2 deposited 
on nitrided SiOx (x<2) interfacial transition regions, and 
(iii) chemically phase separated Hf silicate alloys with ~75 
to 80% HfO2 nano-grains encapsulating ~20-25% SiO2 as 
~2 nm uniformly distributed clusters at a concentration 
above the percolation threshold for strain relief. For the 
dielectrics identified in (ii) and (ii) nano-grain dimensions 
are < 2.5 nm, and in a dimensional regime in which Jahn-
Teller distortions and grain-boundaries are suppressed. 
This leads to significant (>10x) reductions in di-vacancy 
defect formation.

The nano-crystalline Hf Si oxynitride alloy in (i) is a 
ternary extension of the 50% SiO2-50% Si3N4 composition 
used by major chip producers since about 2000 as a 
pathway to achieving EOTs to about 1 nm, and thereby 
achieving aggressive down-scaling of lateral dimensions 
as well. In the ternary alloy, Hf is introduced into ~1/6 
of the four-fold coordinated network sites. This is at the 
percolation threshold for macroscopic strain relief. The 
Hf-atoms are trapped in a compliant tetrahedral bonding 
arrangement as evidenced by a crystal field splitting of 
~ 2.2 eV, as compared with 3.5 - 4 eV for seven- and 
eight-fold coordinated Hf in monoclinic- and tetragonal-
HfO2 grains. This low-strain non-crystalline film has a 
low density intrinsic bonding defects, <1011 cm-2. Unlike 
nano-crystalline Hf-based high-κ dielectrics, no electron 
trapping is detected after X-ray and γ-ray stressing at levels 
used for rad-tolerant microelectronic devices.

 A01882-03247 

Electric-Field-Induced Modulation of 
Magnetization in Epitaxial NiFe2O4 Films Grown 
on PMN-PT 

Jung H. PARK1;2; Min G. KIM3; Sangwoo RYU1;2; 
Min-Ae OAK1;2; Young Kyu JEONG1;2; Hyun M. JANG1;2

1. Department of Materials Science, Pohang University 
of Science and Technology (POSTECH), Pohang, South 
Korea
2. Graduate Institute of Advanced Materials Science, 
Pohang University of Science and Technology 
(POSTECH), Pohang, South Korea
3. Pohang Accelerator Laboratory (PAL), Pohang 
University of Science and Technology (POSTECH), 
Pohang, South Korea

Spinel-ferrites have long been the subject of extensive 
investigations by virtue of their extraordinary magnetic 
and magnetostrictive properties. Recently, they have 
brought about intensive scientific investigation because 
the combinations with piezoelectric materials, such as 
composite films and multilayers, turned out to be candidates 
for room-temperature multiferroic structures.

Magnetoelectric (ME) coupling effects in these types of 
multiferroic structures are caused by the interfacial strain. 
In other words, the strain generated by the piezoelectric 
phase under an applied electric field is coupled to the 
magnetostrictive phase mechanically, and this consequently 
changes the magnetic moment.  However, the ME coupling 
effect arising from an alternatively stacked layered 
structure is known to be significantly suppressed by the 
clamping effect exerted by a non-piezoelectric single-
crystalline substrate.

To overcome this limitation, we have adopted a piezoelectric 
single-crystalline substrate, 0.72PMN-0.28PT (PMN-PT), 
which is known to exhibit giant electrostrictive strains. 
Epitaxial NiFe2O4 (NFO) films were then grown by pulsed 
laser deposition on (001) planes of these substrates. 
XANES and EXAFS experiments under dc electric fields 
were performed to investigate the structural modulation of 
the NFO layer. This study clarifies the ME coupling arising 
from the piezoelectric-magnetostrictive effect in atomic 
scales.  In addition to this, we observed the enhancement 
of the remnant magnetization (Mr) under an applied dc 
electric field, indicating that a strain at the NFO/PMN-PT 
interface effectively enhanced magnetization.  The first-
principles DFT calculations further support the observed 
enhancement of Mr under an epitaxially constrained state. 
We suggest this type of bi-layer structure can significantly 
enhance the degree of the ME coupling by an electric-field 
control of Mr.
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PdO-modified Zinc Stannate Thick Film Resistors 
as H2-gas Sensors

Tianmo LIU; Haoyu GAN
College of Materials Science and Engineering, 
Chongqing University, Chongqing, China

Nano-zinc stannate ceramic powders was synthesized by 
the coprecipitation method assisted ultrasonic. The material 
was confirmed by XRD, TEM and EDS. PdO- modified 
ZnSnO3 thick films were obtained by incorporating 
palladium chloride as an additive and prepared by indirect 
heating procedures. Sintering converted palladium chloride 
into palladium oxide. Surface morphology of gas sensing 
layer was characterized by SEM. It was shown that PdO-
modified ZnSnO3 thick film exhibited more sensitive than 
pure ZnSnO3 to H2 and high sensitivity as well as good 
selectivity was found to be at 280°C.The effect of amount 
of PdO in ZnSnO3 on the gas response, response time and 
recovery time of the sensor were also studied. The origin 
of the gas response was attributed to the surface catalytic 
reaction of hydrogen gas with O−

(ads).

This work is supported by supported by Nature Science 
Foundation of ChongQing (No.8430), China.
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The Structure and Microwave Properties of 
Dielectric Tunable (Ba,Sr)TiO3-based Composite 
Ceramics

Jiwei ZHAI1;2; Jingji ZHANG1; Xi YAO1; Zhengkui XU2

1. Functional Materials Research Laboratory, Tongji 
University, Shanghai, China
2. Department of Physics and Materials Science, City 
University of Hong Kong, Hong Kong, China

The dielectric tunable (Ba,Sr)TiO3-based (BST) composite 
ceramics are fabricated via the conventional solid-state 
reaction method. The phase structure, microstructures, 
dielectric tunability, and microwave properties of 
composite ceramics are investigated. The XRD and 
backscattered electron image analysis shows that the 
two-phase structures of BST perovskite and AB2O4 spinel 
structure were formed. The temperature and frequency 
dependence of the dielectric permittivity indicate a 
crossover from ferroelectric with the diffuse phase 
transition to relaxor behavior. The dielectric permittivity 
exhibits relaxor behavior with the frequency-dependent 
Tm satisfying Vogel-Fulcher formula. The dielectric 
tunability and microwave properties of the (Ba,Sr)TiO3-
based composite ceramics were optimized compared with 
pure (Ba,Sr)TiO3-based material. The dielectric constant 
of composite ceramics can be tailored from high dielectric 
constant to low dielectric constant and the tunability is still 
maintained at relatively high level. The high tunability is 

due to the small cooperative displacements of Ti4+ ions in 
the close packed oxygen octahedral of BST system, which 
may be ascribed to the decrease of the oxygen vacancy 
concentration. The Q value is gradually increasing with Mn 
content, potentially due to the microstructural evolution 
of BST lattice structure characterized by Raman spectra. 
The composite ceramics with high Q value at L-band 
can be useful for potential tunable microwave device 
applications in wireless communication system and phase 
shift devices.

 A01897-03274 

Room-Temperature Ferroelectricity and Giant 
Magnetoelectric Coupling in Mn-doped InP

Hyun M. JANG1;2

1. Department of Materials Science and Engineering, 
Pohang University of Science and Technology, Pohang, 
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South Korea

Multiferroics combine two or more of the properties of 
ferromagnetism (or antiferromagnetism), ferroelectricity, 
and ferroelasticity. The quest for multiferroic materials is 
of great technological and fundamental importance. One of 
the most important issues in multiferroism is to find a new 
ferroelectromagnet that possesses a strong magnetoelectric 
(ME) coupling at room temperature.

In this work, we have designed and fabricated a 
[001]-oriented Mn-doped InP (InP:Mn) thin film which 
simultaneously exhibits canonical ferroelectric and 
ferromagnetic hysteresis loops up to and above room 
temperature.  More importantly, a strong ME coupling that 
is two orders of magnitude higher than the best previously 
reported was observed at 3 K.  The magnitude of the 
magnetically induced polarization (∆Pi) is larger than 
6 µC/cm2 at 3 K with a periodic reproducibility in ∆Pi 
under a varying magnetic field.

To understand the behavior at the atomic scale, we performed 
first-principles DFT calculations.  The DFT study indicates 
that the direction of the spontaneous polarization is parallel 
to [111] of zinc-blende structure and the multiferroism 
arises from the atomic displacement around a Mn-vacancy 
complex. The DFT calculations further suggest that the 
polarization reversal is accompanied with some changes 
in the direction of spin moment as a consequence of the 
ME coupling.  Analysis of the polarization response on the 
basis of the Landau theory indicates that the degree of the 
intrinsic ME coupling remains strong even at the magnetic 
transition temperature, ~380 K.
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Enhanced Magnetization and Trigonal Distortion 
of t2g Orbital in Epitaxially Constrained BiFeO3 
Thin Films with Rhombohedral Symmetry

Sangwoo RYU1; Jae-Young KIM2; Young-Han SHIN1; 
Hyun M. JANG1

1. Department of Materials Science and Engineering 
& Graduate Institute of Advanced Materials Science, 
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Science and Technology, Pohang, South Korea

Multiferroics are an interesting group of materials that 
show ferroelectric, ferroelastic, and (anti)ferromagnetic 
ordering simultaneously.  The coupling of these order 
parameters and the enhancement of the ferroic properties 
caused by the epitaxial constraints have stimulated the 
possibility of new multifunctional devices.

An epitaxially constrained BiFeO3 (BFO) thin film is known 
to exhibit a remarkably enhanced ferroelectric polarization 
and saturation magnetization, though there are still some 
controversial arguments about the enhancement by the 
misfit strain.  In order to clarify the origin of the enhanced 
magnetization, we have fabricated both the [111]-oriented 
epitaxial BFO thin film with R3c symmetry (with the 
thickness range between 30 and 200 nm). The degree of 
the in-plane epitaxial strain was assessed by examining 
XRD patterns and reciprocal space mapping (RSM). XPS, 
NEXAFS, and XANES studies indicate that the present 
BFO films are exclusively characterized by trivalent Fe 
ions with the absence of any divalent Fe ion. 

The saturation magnetization (Ms) of these epitaxial films 
increased substantially with decreasing film thickness and 
did correlate well with the calculated epitaxial misfit strain.  
On the basis of polarized x-ray absorption spectroscopy 
analysis, we will discuss the splitting of t2g orbital into 
a1g and eg

π orbitals arising from a trigonal distortion as a 
possible origin of the observed enhanced magnetization 
under a highly constrained state.

 A01899-03279 

Low-temperature Growth and Switching 
Characteristics of Epitaxial BiFeO3 Thin Films on 
Pt/MgO(001)

Sangwoo RYU1; Jung H. PARK1; Jong Yeog SON1; 
Young-Han SHIN1; Hyun M. JANG1;2

1. Department of Materials Science and Engineering 
& Graduate Institute of Advanced Materials Science, 
Pohang University of Science and Technology, Pohang, 
South Korea
2. Department of Physics, Pohang University of Science 
and Technology, Pohang, South Korea

BiFeO3 (BFO), the most promising material for room-
temperature applications of multiferroics, has stimulated 
the possibility of a new ferroelectric device because of 
its pronounced ferroelectric polarization as well as the 
coupling of ferroic order parameters at room temperature. 
However, the well-known thin-film-capacitor structure 
based on BFO is currently fabricated at an elevated 
temperature using a conducting SrRuO3 (SRO) buffer 
layer.

Here we report that we are able to lower down the growth 
temperature to 500°C by replacing a SRO-buffered 
SrTiO3 (SRO/STO) substrate with a (001)-oriented MgO 
substrate coated with an epitaxial Pt layer. The in-plane 
XRD analysis and the reciprocal space mapping revealed 
that both Pt and BFO layers were grown epitaxially with 
pseudo-tetragonal symmetry. Analysis of the switching 
behavior further showed that the films were electrically 
fatigue-free and had good charge-retention characteristics 
compared to typical capacitors based on SRO/STO. 

 A01901-03992 

Powder-In-Closed-Tube (PICT) Fabrication of 
Bi2Sr2CaCu2O8/Al Superconducting Tape 

Christopher MALLANAO
Physics Division, Institute of Mathematical Sciences and 
Physics, Los Banos, Philippines

Bi2Sr2CaCu2O8/Al superconducting tape was successfully 
fabricated using the powder-in-closed-tube (PICT) 
method. PICT method involves packing of Bi-2212 
powder into an aluminum tube, pressing, and sintering. 
The Bi-2212 powder was packed into an aluminum tube, 
which is used as sheathing material, by closing both ends 
of the tube. The tube filled with Bi-2212 powder was then 
applied with force by uni-axial pressing. For the final heat 
treatment, the samples were separated into two batches; 
first batch were annealed for 300 minutes, (750°C for 30 
minutes and 600°C for270 minutes) and the second batch 
were annealed for 600 minutes (750°C for 30 minutes 
and 600°C for 570 minutes), both at a rate of 30°C min-

1. X-ray diffraction verified the existence of Bi-2212 in 
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the tape. The graph of the magnetic susceptibility versus 
temperature showed that the critical temperature (TC) of 
the samples is approximately 79K. Scanning electron 
microscope (SEM) images showed that the sample sintered 
for 600 minutes attained more spatial homogeneity than 
the sample annealed for 300 minutes. The hardness test 
results also agree with the SEM images which showed that 
the tape sintered for 600 minutes is more compact, thus 
harder than that of the tape sintered for 300 minutes.

 A01941-03348 

Control of Y2BaCuO5 Particle Formation in Bulk, 
Single Grain Y-Ba-Cu-O High Temperature 
Superconductor 

Wai Kong YEOH1;2; Y H SHI2; S K PATHAK2; 
R A DENNIS2; David A. CARDWELL2; 
Hari Babu NADENDLA3; K IIDA4; M STRASIK5

1. Australian Key Centre for Microscopy and 
Microanalysis, University of Sydney, NSW, Australia
2. Engineering Department, University of Cambridge, 
United Kingdom
3. BCAST, Brunel University, United Kingdom
4. Superconducting Group, IFW-Dresden, Germany
5. Boeing Phantom Works, Seattle, United States

The trapped field of undoped, bulk, single grain Y-Ba-
Cu-O (YBCO) fabricated by top seeded melt growth 
(TSMG) has been measured in order to investigate the field 
generating potential of this material. Bulk samples were 
prepared from precursor powders that incorporated Y2O3 
of particle size 20 to 50 nm, rather than Y2BaCuO5 (Y-
211), which is used more commonly,  in order to introduce 
nano Y-211 inclusions in the superconducting YBa2Cu3Oy 
(Y-123) matrix. Relatively small bulk samples of diameter 
20 mm processed from this precursor are observed to trap 
a peak magnetic flux density of nearly 0.8 T at 77 K. This 
is the first time that such a trapped field of this magnitude 
has been observed in undoped YBCO (i.e. in the absence 
of chemical additions). The increase in trapped field is 
accompanied by an associated enhancement in Jc by up to 
a factor of five over applied magnetic field up to 4 T at 77 
K compared to standard single grain YBCO fabricated by 
precursor powders that contain the Y-211 phase.

 A01945-03363 

Resistive Switching Memory Devices Composed 
of Binary Transition Metal Oxides Using Sol-Gel 
Chemistry

Chanwoo LEE; Jinhan CHO
School of Advanced Materials Engineering, Kookmin 
University, Seoul, South Korea

We describe a novel and versatile approach for preparing 
resistive switching memory devices based on binary 
transition metal oxides (TMO). Titanium isopropoxide 
(TTIP) was spin-deposited onto platinum (Pt)-coated silicon 
substrates using sol-gel chemistry. The sol-gel derived 
layer was converted into TiO2 film after thermal annealing 
and then the top electrode was coated onto the TiO2 films 
to complete device fabrication. When an external bias was 
applied to the devices, switching phenomena independent 
of the voltage polarity (i.e., unipolar switching) were 
observed at low operating voltages (about 0.6 VRESET and 
1.4 VSET). In addition, it was confirmed that the electrical 
properties (i.e., retention time, cycling test and switching 
speed) of sol-gel derived devices were comparable to those 
of vacuum deposited devices. Furthermore, our approach 
can be extended into a variety of binary transition metal 
oxides such as niobium oxides. The reported approach 
offers new opportunities to prepare the binary TMO-
based resistive switching memory devices allowing facile 
solution processing.

 A01981-03419 

How Do Gas, Temperature and Oxigen Pressure 
Change the Conductivity of Metal Oxide 
Semiconductor (MOS) Thin Film? : A Theoritical 
Study with Point Defect Theory 

Muhamad Darwis UMAR; Kuat TRIYANA; 
Kamsul ABRAHA; Isom HILMY; 
Moh. Adhib ULIL ABSOR
Department of Physics, Gadjah Mada University, 
Yogyakarta, Indonesia

A study of the mechanism of oxidating and reducting gas 
response on the metal oxide semiconductor (MOS) thin 
film surface has been done. To formulate the effect of 
reducting and oxidating gas adsorption to MOS’s charge 
carrier concentration, we use the quasi-chemical equations 
as the analysis tool representing the mechanism of reaction 
between the point defect of MOS’s surface and the gas on 
thermodynamic equilibrium. The choice of the point defect 
system that is the natural state of the surface and bulk of 
the metal crystalline semiconductor is to relate description 
between the effect of the gas response mechanism and 
MOS’s electrical parameter. At a point purpose, the 
Flockhardt’s point defect model of MOS’s surface is used 
as a basis understanding of surface reaction considered 
within the point defect theoretical frame. Furthermore, 
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we introduce the quasi-chemical equation of the reaction 
between the point defects of the metal oxide surface and 
oxidating gas (O2 and CO2), and also the reducting gas 
(C2H5OH, NH3 and CO). The formulation has been done in 
the thermodynamical equilibrium between the surface and 
bulk by considering gas sensor operating temperatur of the 
MOS thin film. From the developing of theoritical model, 
we find that a number of charge carriers (hole-electron) of 
the MOS depend on oxygen pressure, gas concentration 
and temperatur.

 A01981-03432 

The Effects of Surface Reaction, Point Defect 
Diffusion and Gas Diffusion on the Sensitivity 
of Metal Oxide Semiconductor (MOS) Thin Film 
Gas Sensor: A Theoritical Study with Point Defect 
Theory 

Muhamad Darwis UMAR; Kamsul ABRAHA; 
Kuat TRIYANA; Budi SOEWONDO; 
Moh. Adhib ULIL ABSOR
Department of Physics, Gadjah Mada University, 
Yogyakarta, Indonesia

Theoritical study of the dependence of gas diffusion in 
metal oxide semiconductor (MOS) thin film on the MOS’s 
gas sensor sensitivity has been done. Point defect theory 
in Flockhardt’s MOS surface stucture model is used as 
theoritical framework to view the dependence of the 
absorption of reducting gas (C2H2OH, NH3 and CO) and 
oxidating gas (O2 and CO2) on the concentration of charge 
carrier. The theory of point defect diffusion relating to the 
role of polaron and small polaron as charge carrier is also 
used to formulate the mobility of charge carrier and the 
conductivity of MOS’s gas absorption. The effects of gas 
transport phenomena in material to MOS’s conductivity and 
sensitivity are investigated theoritically by the asumption 
that the moving gas in a MOS thin film obey Knudsen 
diffusion. Considering the operational temperature of 
MOS thin film gas sensor, The formulation is designed 
to a thermodinamically equilibrium state between the 
MOS’s surface and interior. From the developing of 
theoritical model, we find that the sensitivity of MOS in 
gas absorption process depend on the oxygen gas pressure, 
gas concentration, temperature, thin film thickness, the 
porous radius and gas molecular weight. The results of our 
study have agreement with experimental results.

 A01983-03422 

Design of Interconnections of Novel Complex 
Oxide Nanoparticles 

Satoshi WADA; Petr PULPAN; Ai NOZAWA
University of Yamanashi, Kofu, Japan

To enhance physical properties, it is known well that 
polarization rotation mechanism is very important 
for dielectric and piezoelectric materials. Up to date, 
enhancement of dielectric properties was reported for 
barium titanate (BaTiO3, BT) nanopaerticles with size of 
around 100 nm, and this enhancement can be explained 
using this polarization rotation mechanism. To investigate 
the mechanism, mesoscopic particle structure of BT 
nanoparticles were investigated using synchrotron radiation 
X-ray diffraction (XRD) method and Rietveld analysis. For 
this objective, BT nanoparticles with various particle sizes 
from 10 to 150 nm were prepared by the 2-step thermal 
decomposition method of barium titanyl nanooxalate with 
a size of 30 nm. Various characterizations revealed that 
these particles were impurity-free, defect-free, dense BT 
particles. The powder dielectric measurement clarified 
that dielectric constant at room temperature was 30,000 
for BT nanoparticles with sizes from 40 to 63 nm. Using 
these particles, a relationship between dielectric property 
and mesoscopic particle structure was investigated. 
Moreover, to apply the polarization rotation mechanism 
for property enhancement, a new material design using 
different complex oxide nanocubes was proposed. In this 
study, a novel complex oxide accumulation of BT and 
strontium titanate (SrTiO3, ST) nanocubes was prepared. 
For this objective, a concept of molecular recognition 
was applied in this study. As a result, using DNA base 
pair such as adenine and thymine, 3-dimentional artificial 
superlattice accumulations were prepared without any 
external fields, and checkerboard-like structure composed 
of BT and ST nanocubes was successfully prepared with 
a size of around 100 nm. However, this size is too small 
to measure dielectric property. Thus, some external fields 
such as electric and magnetic-fields were applied during 
self organization of BT and ST nanocubes, and thus, their 
sizes became over 10 mm. Their dielectric property will be 
reported at the presentation. 
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 A01990-03484 

Synthesis and Characterization of Lithium 
Transition-Metal Ceramic Oxide Materials, and 
Their Applications in Rechargeable Lithium Ion 
Batteries (LIB) 

Pushpaka SAMARASINGHA1; 
Athula WIJAYASINGHE1; Mårten BEHM2; 
Lakshman DISSANAYAKE3 
1. Electrochemical Materials Project, Institute of 
Fundamental Studies, Kandy, Sri Lanka
2. Department of Chemical Engineering and Technology, 
Applied Electrochemistry, Royal Institute of Technology, 
Stockholm, Sweden 
3. Department of Physics, University of Peradeniya, 
Peradeniya, Sri Lanka

Lithium based transition metal oxide ceramics are the 
prominent cathode materials in lithium ion batteries. 
Li(Ni1/3Co1/3Mn1/3)O2 is an important member of the 
Li(NiyCo1-2yMny)O2 ceramic oxide system, hence, has 
recently been investigated as a promising candidate for 
positive electrode materials in LIB, because of  its superior 
electrochemical performance and safety with compared 
to state-of-art positive electrode material, LiCoO2. 
Further expansion of this symmtrical ternary system by 
substituting costly, electrochemically lessimportant Co 
with other potential but cheaper elements is getting a 
higher precedence at present.

In this study, Li(Ni1/3Co1/3Mn1/3)O2 together with new 
material compositions of Li(Ni1/3Co(1/3-x)Mn1/3Mx)O2 (M=Al, 
Fe, Mg, Zn; x= 0.11, 0.22, 0.33) and Li(Ni1/3Co1/3Mn(1/3-x)
Mgx)O2 (x= 0.11, 0.22, 0.33) were synthesized in the form 
of fine powders by the Pechini method and subsequently 
were calcined to obtain the final ceramic oxide powder. 
The phase, particle size and morphology analyses were 
carried out on calcined powders with X-ray diffractometry, 
particle size analysis and SEM, respectively. The d.c.(four 
probe method) electrical characterization was performed 
on the pellets sintered at 1000°C for 4 h.

The phase analysis revealed the formation of solid solutions 
of appropriate α-NaFeO2 layered structure  in the materials 
but with the presence of a secondary phase in trace amounts 
in some compositions. The resultant refinement patterns 
of the Le-Bail fitting to the X-ray diffraction data of the 
materials are in good agreement between the observed and 
calculated patterns. Most of the ceramic oxide materials 
prepared in this study show of having appropriate particle 
size for LIB positive electrode. In general, the SEM show 
sponge-like agglomerates with well-defined, compact, 
submicron size primary particles.

2016 stainless steel coin cells, assembled in an argon-
filled glove box were used for electro-chemical testing of 
the materials in cathodes. The electrolyte used was 1.2M 
LiPF6 in 3:7 (weight ratio) ethylene carbonate:ethyl methyl 

carbonate. The electrochemical experiments were run in 
the glove box using EG&G Princeton Applied Research 
Model 263 and Solartron 1287 potentiostats controlled 
by the CorrWare software. The cells were tested using 
galvanostatic charge / discharge mode. Used potential 
window is 3.0 and 4.5 V. For Li(Ni1/3Co1/3Mn1/3)O2,  much 
better electrochemical performance was observed for the 
materials calcined at 1000°C, with specific capacity close 
to 180 mAhg-1. Conversely, the material calcined at 800°C 
shows only a capacity of 140 mAhg-1. As a whole some of 
Li(Ni1/3Mn1/3Co1/3-xMx)O2, M=Fe, Al, Mg materials show a 
higher first cycle charge capacity than LiCoO2.

Altogether, this study shows potentiality of 
Li(Ni1/3Co1/3Mn1/3)O2 and Li(Ni1/3Mn1/3Co1/3-xMx)O2, M=Fe, 
Al and Mg oxide ceramics prepared by Pechini method, 
for LIB positive electrode application.

 A02015-03466 

Fabrication of ZnO Nanofilms Grown by Plasma 
Enhanced Atomic Layer Deposition: Structural, 
Optical and Electrical Properties 

Jin Hwan KIM; Jin Seok KIM; Dong Min HONG; 
Yoon Bong HAHN
School of Semiconductor and Chemical Engineering, 
Chonbuk National University, Jeonju, South Korea

The transparent conducting oxides (TCOs), have been 
widely used as devices. Among various TCOs, the ZnO is 
an attractive material for transparent electrode. Here, we 
present the fabrication of high-quality ZnO nanofilms by 
plasma enhanced atomic layer deposition (PEALD) process 
at low temperature by using diethyl zinc (Zn(C2H5)2) and 
oxygen (O2) as sources for zinc and oxygen, respectively. 
The films were grown at low-temperature of 220°C and 
characterized in detail in terms of their structural, optical 
and electrical properties. The as-grown ZnO nanofilms 
were single-crystalline with the wurtzite hexagonal phase 
and grown along the [0002] direction in preference. 
We observed that by increasing the R.F power from 0 
to 150W under oxygen discharges, the deposition rate 
increased from 0.98 to 3.19nm/cycle. Only sharp and 
strong UV emission at 380nm from room-temperature 
photoluminescence (PL) spectra was observed from all the 
as-grown ZnO nanofilms. In addition, it was observed that 
with increasing the R.F power under oxygen plasma, the 
resistance of the as-grown ZnO films increased.
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 A02028-03495 

Synthesis and Gas Sensing Properties of Zinc 
Oxide Nanostructures Obtained By a Novel 
Microwave Based Technique 

Nouar TABET1; Mohamed FAIZ1; 
Rashad AL GAASHANI1; Quraishi AHSANULHAQ2

1. Department of Physics - Center of Excellence in 
Nanotechnology(CENT), King Fahd University of 
Petroleum and Minerals, Dhahran, Saudi Arabia
2. Department of Engineering, Toyama University, 
Toyama, Japan

We describe a novel route for the synthesis of nanostructured 
zinc oxide powder  using a modified kitchen microwave. 
A SiC-based composite showing a very strong absorption 
of microwave  was used as a microwave heater. The  
composition of the susceptor  was optimized to reach 
rapidly the highest temperature possible. Tests showed 
that high temperatures exceeding 1700°C can be reached  
in less than hundred second exposure to microwaves. The 
SiC-based composite was used as a heater to prepare ZnO 
nanopowders by evaporation and oxidation of metallic 
zinc in the ambient atmosphere of the microwave oven. 
The SEM micrographs showed the presence of complex 
nanostructures including needle-like, tetrapods, sheets and 
spherical ZnO particles. The dimensions of the tetrapods  
vary from 40 to 80 nm diameter and about 1-1.5µm 
length. 

The gas sensing properties of the nanopowders were 
tested at different temperatures and for different hydrogen 
compositions of the atmosphere (500-1500 ppm). The 
results showed a fast response of ZnO based sensor.  The 
resistance recovers its initial value after H2 elimination. It 
was observed that the response time  was shorter than  the 
recovery time. The sensing mechanism and the behavior 
of the device are discussed in terms of desorption and 
adsorption of charged species at the surface affecting the 
depletion layer and the creation/annihilation of charged 
oxygen vacancies. 

 A02036-04585 

Barium Strontium Titanate Ferroelectric Tunable 
Photonic and Phononic Crystals

Helen Lai-wa CHAN; Kwok Lung JIM ; 
Chi Wah LEUNG
Department of Applied Physics, The Hong Kong 
Polytechnic University, Hong Kong, China

Theoretical simulations and experimental investigations 
on the development of electro-optically tunable photonic 
crystals and thermally tunable phononic crystals based 
on ferroelectric Ba0.7Sr0.3TiO3 (with Curie temperature at 
~35oC) are presented.  One-dimensional photonic crystal 
consists of five periods, with each period consisting of a 90 

nm thick Ba0.7Sr0.3TiO3  layer and a 10 nm thick MgO layer 
was fabricated using pulsed laser deposition.  A photonic 
bandgap with a centre wavelength at ~464 nm has been 
observed in the transmission measurement which is 
consistent with simulation using the plane wave expansion 
(PWE) method and the transfer matrix method.  A 2 nm 
shift towards the longer wavelength is observed when 
a dc voltage of 240 V (E~12 MV/m) has been applied 
across the coplanar electrodes on the film surface.  The 
result suggests that the electric field induced change in the 
refractive index of Ba0.7Sr0.3TiO3 is ~0.5%.

The shear and transverse wave velocities of Ba0.7Sr0.3TiO3 
ceramics as a function of temperature have been determined 
using the ultrasonic immersion technique. A large variation 
in the wave velocities has been observed across the Curie 
temperature of Ba0.7Sr0.3TiO3. A phononic crystal composed 
of Ba0.7Sr0.3TiO3 square rods (width = 200 µm) in an epoxy 
matrix (width 65 µm) has been fabricated using the dice-
and-fill method. The temperature dependence of the 
bandgaps of the phononic crystal has been measured by 
the reflection spectra obtained using the ultrasonic pulse-
echo technique. Thermal tuning of the phononic bandgap 
has been observed and the results are in good agreement 
with the phononic bandstructure calculation by the PWE 
method.

Acknowledgement:
Financial support from the PolyU photonic materials research 
project J-BB9P is acknowledged.

 A02041-03508 

Polaronic Relaxation in Colossal Dielectric 
Constant Perovskite Ceramics CaCu3Ti4O12 

Haitao HUANG; Shanming KE; Mingxiang CAO; 
Peng LIN; Feng YAN; Helen L.W. CHAN
Department of Applied Physics, Hong Kong Polytechnic 
University, Hong Kong, China

The dielectric properties of CaCu3Ti4O3 (CCTO) single 
phase ceramics were investigated in the frequency range 
from 1 Hz to 10 MHz. A mean-field model was used to 
derive the dielectric behavior of polaronic relaxation. The 
relaxation properties are found to be perfectly described 
by this polaronic model, indicating that the dielectric 
relaxation is intimately related to the hopping motion 
caused by localized charge carriers. Further internal 
friction study indicates that the polarons are associated 
with oxygen vacancies.

Acknowledgments: This work was fully supported by the Research 
Grants Council of the Hong Kong Special Administrative Region, 
China (Project No.: PolyU5171/07E) and The Hong Kong 
Polytechnic University (Project No.: A-SA11)
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 A02050-04386 

Structural and Optical Analysis of Self Sustainable 
Spindle Shaped ZnO Nanostructured Thin Films 

Saravana Kumar RATHINAVEL; 
Sathyamoorthy RAMAKRISHNAN; 
Sudhagar PITCHAIMUTHU
PG & Research Department of Physics, Kongunadu Arts 
and Science College, Tamil Nadu, India

Chemical bath deposition (CBD) is an inexpensive and 
low temperature method often perceived to impart some 
advantages to fabricate complex nanostructrued thin films. 
Highly oriented 1-D Zinc oxide (ZnO) nanostructures 
derived by CBD technique have been widely investigated 
for their electrical, photoelectronic, catalytic, and 
photochemical properties. The nucleation and grain 
growth of 1-D ZnO in the low temperature CBD bath were 
catalyzed with the aid of metal ion pre-activation so called 
“seed layer” deposition. But, the presence of separate seed 
layer, is undesirable for charge transport in optoelectronic 
devices. Therefore, a modified CBD technique is essential 
for preparing highly oriented ZnO nanostructured films 
without seed layer. Accordingly, in the present work, highly 
oriented spindle shaped ZnO nanostructured thin films 
were grown on glass substrate without seed layer using 
triethanolamine (TEA) as a complexing agent in aqueous 
medium. Tunable spindle shaped ZnO nanostructures 
were achieved by varying concentration of TEA (0.1, 
0.2 and 0.3M) in the chemical bath at 70ºC in aqueous 
medium. The structural as well as morphological analysis 
was studied using X-ray diffraction (XRD) and Scanning 
electron microscope (SEM), while the defect analysis was 
studied using Photoluminescence measurements (PL). 
Both the grain size and the spindle shaped nanostructured 
growth were highly influenced by the concentration of the 
TEA which is confirmed by XRD analysis and SEM. PL 
measurements showed highly intense UV emission peak at 
390 nm and weak visible emission between 420 – 500 nm. 
The optimum condition to obtain highly oriented defect 
free films was discussed in detail.

 A02094-04524 

SrZrO3-based Thin Films For Resistive Switching 
Memory Application 

Tseung-Yuen TSENG
Department of Electronics Engineering, National Chiao 
Tung University, Hsinchu, Taiwan

Several emerging nonvolatile memories(NVMs) such as 
ferroelectric memory, magnetoresistive rams and ovonic 
universal memory are being developed for possible 
applications. Resistive random access memory(RRAM) 
is another interesting competitor in the class of NVMs. 
The RRAM is based on a large change in electrical 
resistance when the memory film is exposed to voltage or 

current pulses.The ideal RRAM should have the superior 
properties of reversible switching, long retension time, 
multilevel switching, simple structure, low operating 
voltage and current, and small size. Metal oxides and 
organic materials were found to have resistive memory 
properties. This presentation reviews the ongoing research 
and development activities on future resistive NVMs 
technologies incorporating metal oxides memory materials 
and describes the possible basic mechanisms for their 
bistable resistance switching behaviors. The current results 
of SrZrO3-based thin films resistive memory research in 
our Laboratory are reported. The effect of processing and 
dopant on the switching properties of SrZrO3-based thin 
films and consequently the devices is discussed. 

 A02097-03612 

Synthesis and Characterization of DC Magnetron 
Sputtered ZINC OXIDE Thin Films under High 
Working Pressures

Mahmoud HEZAM1;2; Nouar TABET2; 
Abdulkareem MEKKI2

1. King Abdullah Institute for Nanotechnology, 
King Saud University, Riyadh, Saudi Arabia
2. Physics, King Fahd University of Petroleum and 
Minerals, Dhahran, Saudi Arabia

ZnO thin films were deposited on glass substrates using 
direct current (dc) magnetron sputtering under high working 
pressures. A pure zinc target was used, and sputtering was 
done in an oxygen atmosphere. The working pressure 
was varied from 50-800 mTorr. XRD characterization 
showed that for a window of working pressures between 
300-500 mTorr, the deposited films were polycrystalline, 
with strong preferential orientation of grains along the 
c-axis. The film deposited at 400 mTorr had the highest 
(002) peak with the largest estimated grain size. Outside 
this window, the crystallinity and c-orientation of grains 
is lost. The microstructure of the films was investigated by 
Atomic Force microscopy (AFM). Optical transparency of 
the films was about 85%. The transparency of the films 
decreased with substrate heating. The films produced were 
highly resistive, which might provide new alternatives for 
the synthesis of ZnO thin films aimed for SAW devices.
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 A02103-03621 

Electrical Transport of Ce doped La-Ca-Mn-O 
System 

Amit KHARE1; Ramjanay CHOUDHARY2; 
Sankar SANYAL1

1. Department of Physics, Barkatullah University, 
Bhopal, India
2. UGC-DAE-Consortium for Scientific Research, Indore, 
India

We have studied the low temperature (below transition 
temperature TP) resistivity behavior of Ce doped 
La0.7Ca0.3MnO3. Polycrystalline samples of compositions 
La0.7Ca0.3MnO3 (sample1), La0.67Ce0.03Ca0.3MnO3 (sample2) 
and La0.7Ca0.25Ce0.05MnO3 (sample3) were prepared by solid 
state route method. From the XRD studies, it is revealed 
that all samples exhibit the single phase and all the peaks 
indexed according to orthorhombic structure (Space group 
Pbnm) having variant lattice parameters. The temperature 
dependence of the resistance was measured between 4 K 
to room temperature. It is found that all samples show a 
systematic variation in metal to insulator transition at 
transition temperature (TP). The low temperature (T<TP) 
resistivity data has been studied in order to understand the 
low temperature conduction processes. The resistivity data 
between 55 and 240 K was fitted to as various dependence 
of temperature. The data showed T2 dependence from 55 
to 190 K consistent with the electron - electron scattering. 
The deviation from this quadratic temperature below 
55K is attributed to collapse of the minority spin band. 
In the temperature range above 190 K, the two-magnon 
and electron- phonon processes contributed to scattering 
of carriers. It is also found that the value of resistivity 
increasing with the doping of Ce on Ca site and decreasing 
with the doping of Ce on La site.

 A02126-03658 

Dilutely doped Anatase TiO2: New Science and 
Applications

Satishchandra OGALE
Physical and Materials Chemistry Division, National 
Chemical Laboratory, Maharashtra, India

Dilutely doped titania have been at the focus of scientific 
attention for quite some time due to their unique transport 
and optical properties as well as realization of room 
temperature ferromagnetism therein when doped with 
transition element ions. In this talk I will present and 
discuss some of our recent research results on thin films 
of niobium and cobalt doped anatase TiO2. In the case 
of Nb doped TiO2 films grown under a specific window 
of oxygen pressure we provide clear evidence of cation 
vacancy induced magnetic effects by using the electrical 
characterization, x-ray photoelectron spectroscopy (XPS) 
and x-ray absorption spectroscopy (XAS) measurements.1 

These results are adequately supported by first principle 
calculations. In the case of low temperature grown cobalt 
doped anatase titania, we show significant enhancement 
of the so called resistive switching effect.2 We attribute 
this enhancement to the management of oxygen vacancies 
in the film due to the necessity of charge balance by the 
non-isovalent nature of the dopant. Finally some results 
on dilutely doped nanophase titania will also be presented 
and discussed. 

1S. X. Zhang, S. B. Ogale, W. Yu, X. Gao, T. Liu, Saurabh 
Ghosh, G. P. Das, Andrew T. S. Wee, R. L. Greene, and T. 
Venkatesan, Advanced Materials (Accepted)

2K. A. Bogle, M. N. Bachhav, M. S. Deo and S. B. Ogale, 
Advanced Functional Materials (Submitted)
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Magnetic Control of Electric Polarization in  
Fe-oxides

Yasujiro TAGUCHI1; Shintaro ISHIWATA1; 
Yusuke TOKUNAGA2; Nobuo FURUKAWA2;3; 
Hideaki SAKAI1; Hiroshi MURAKAWA2; 
Yoshinori ONOSE2;4; Taka-hisa ARIMA5; 
Yoshinori TOKURA1;2;4

1. Cross-correlated Materials Research Group, RIKEN 
Advanced Science Institute, Saitama, Japan
2. Multiferroics Project - ERATO, Japan Science and 
Technology Agency, Saitama, Japan
3. Department of Physics and Mathematics, Aoyama 
Gakuin University, Kanagawa, Japan
4. Department of Applied Physics, University of Tokyo, 
Tokyo, Japan
5. Institute of Multidisciplinary Research for Advanced 
Materials, Tohoku University, Miyagi, Japan

Magnetic materials which possess electric polarization 
as well have recently been investigated extensively from 
the viewpoints of fundamental interest and possible 
application for devices. Particularly, to obtain gigantic 
cross-correlation response, materials whose electricity 
is induced by spin ordering are of vital interest. In 
this presentation, we would like to discuss two typical 
examples of magnetically-induced electric polarization in 
well-known ferrites with distinct crystal structures; One 
is Y-type hexagonal Ba2(Mg,Zn)2Fe12O22 and the other is 
orthogonal RFeO3 with perovskite-type structure.

In Ba2Mg2Fe12O22 with conical spin structure, we succeeded 
in flexibly controlling the electric polarization vector 
with rotating magnetic field as weak as 300 Oe. Also, 
we have observed an alternating displacement current 
with applying oscillating magnetic field, demonstrating  
repeated reversal of electric polarization with magnetic 
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field. Zn doping reduces the polarization rapidly, while 
changing the magnetic anisotropy. The observed behavior 
of polarization is discussed in terms of the spin-current 
model.

At the ground state of RFeO3, both of the Fe and R spins 
show antiferromagnetic structure with weak ferromagnetic 
moment of Fe. When the ordered R moment has the same 
component as the Fe spins, for example, Ay or Gx component,  
then the ferroelectric polarization show up along c axis due 
to the exchange striction between Fe spins and R moments. 
In these compounds, magnetic manipulation of electric 
polarization is also demonstrated.

 A02153-03704 

Tunable Two-Dimensional Electron Gases at 
Oxide Interfaces 

M. BREITSCHAFT1; G. HAMMERL1; T. KOPP1; 
Y. LIAO1; S.THIEL1; Ch. RICHTER1; 
C.W. SCHNEIDER1;*; J. MANNHART1; 
A.D. CAVIGLIA2; S. GARIGLIO2; N. REYREN2; 
D. JACCARD2; J.-M. TRISCONE2; T. SCHNEIDER3; 
M. GABAY4; C. CEN5; J. LEVY5; K. E. ANDERSEN6; 
C. S. HELLBERG6

1. Experimental Physics VI, Center for Electronic 
Correlations and Magnetism, Institute of Physics, 
University of Augsburg, D-86135 Augsburg (Germany)
2. Département de Physique de la Matière Condensée, 
University of Geneva, 1211 Genève 4 (Switzerland)
3. Physikinstitut, University of Zurich, 8057 Zurich 
(Switzerland)
4. Laboratoire de Physique des Solides, Bat 510, 
Université Paris-Sud 11, 91405 Orsay Cedex (France)
5. Department of Physics and Astronomy, University of 
Pittsburgh, 3941 O’Hara St., Pittsburgh,
Pennsylvania 15260 (USA)
6. Center for Computational Materials Science, Naval 
Research Laboratory, Washington, DC 20375 (USA)
* now at Paul Scherrer Institut, 5232 Villingen PSI 
(Schweiz)

Two-dimensional electron gases (2-DEGs) based on 
conventional semiconductors such as Si or GaAs have 
played a pivotal role in fundamental science and technology 
and lead to intriguing new devices, e.g., the high electron 
mobility transistor. Recent work has shown that 2-DEGs 
can also exist at oxide interfaces. These electron gases 
typically result from reconstruction of the complex 
electronic structure of the oxides, so that the electronic 
behavior of the interfaces may differ from that of the bulk. 
In the presentation I will give an overview of our studies 
of the unusual electronic properties of the special interface 
between the two insulators LaAlO3 and SrTiO3 and report 
on the latest results of our experiments where the electronic 
properties of the interface can be tuned by external electric 
fields - a key function for such oxide interfaces to be used 
in nanoscale electronic devices.

 A02159-03722 

Mechanical Properties of Graded TiCxNy Films 
Deposited by HCD Technique 

Yao-Sheng YANG; Shis-Syong CHEN; Hao-Long CHEN
Department of Electronic Engineering, Kao Yuan 
University, Kaohsiung, Taiwan

Properties of mono- and graded hard coating of TiCN, 
deposited on AISI-M2 tool steel produced by a low 
temperature Hollow cathode discharge (HCD) ion coating 
technique have been examined. OM, SEM, roughness 
testing and hardness testing were used to study the 
film composition, structure and mechanical properties. 
Experiments indicated that the increment of carbon element 
will increase the deposition rate, while the impact on 
deposition rate by adding Argon gas is not that predicative. 
Under the low temperature, the graded films appear have 
an over-stoichiometric composition. The appearance of 
a dimple structure affects the characteristics of the thin 
film. Moreover, on the examined condition of GC1, the 
influence of dimple structure on the film’s roughness can 
reach up to 3.8%. In this research, graded film is better 
than monolayer film in terms of higher hardness value and 
better adherence.

 A02167-03728 

Electric-field Control of Magnetic Domain 
Structures in Ferroelectric/Ferromagnetic 
Heterostructures

Yiwei LIU; Bin CHEN; Kuibo YIN; Run-Wei LI
Ningbo Institute of Materials Technology and 
Engineering, Chinese Academy of Sciences, Ningbo, 
China

Multiferrois are multifunctional materials in which 
ferroelectricity, ferromagnetism, and ferroelacticity 
coexist. Due to the strong couplings among spin, charge, 
orbit, and dipole, some novel physical properties and 
functions have been found in multiferroic materials. For 
example, one can control magnetic moment by applying an 
electric field, and control electric polarization by applying 
a magnetic field, respectively, due to the magnetoelectrical 
coupling between the coexisting ferroelectricity and 
ferromagnetism. Multiferroic materials are of important 
potentials especially for novel memory with a high density, 
magnetic/electric/press sensors with an extremely high 
sensitivity, and also for the renascent spintronic devices. 
So far, there still exist some critical obstacles or challenges 
in multiferroic materials with a single phase. (1) very few 
types of single-phased multiferroic materials exist in nature, 
and high pressure is needed usually to synthesize single-
phased multiferroic materials; (2) the magnetic transition 
temperature is lower than room temperature usually; (3) the 
magnetoelectrical coupling is weak and only exist at low 
temperature (below magnetic and ferroelectric transition 
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temperature), which is a severe drawback for realizing 
the cross-control of physical properties. Comparing to the 
single-phased materials, multiferroic heterostructures or 
superlattices composed of ferromagnetic and ferroelectric 
layers with high phase transition temperatures and a 
large magnetization/polarization, respectively, are more 
promising for both fundamental researches and future 
applications. 

In this talk, we present the electric-field control of magnetic 
domain structures in Fe/PMN-PT heterostructures. An Fe 
film of 100 nm was deposited on PMN-PT substrates with 
15 nm Cu capping by e-beam evaporation. The magnetic 
domain was observed by means of magnetic force 
microscopy (MFM) with an applied electric field in situ 
between Fe film and PMN-PT substrates. The magnetic 
domain of Fe films on PMN-PT shows a striped structure 
without applied electric field, however, the configuration 
changes gradually with increasing the applied electric field, 
and disappeared finally when the electric field was 56V/
cm. The electric-field control process of magnetic domain 
structures in Fe/PMN-PT heterostructures is reversible 
after removing the applied electric field. More results and 
discussion will be given in this talk.

 A02179-03744 

Detection of Low Concentration CO in  
Air Using ZnO:Al/Au Thin Films Deposited By  
Co-sputtering

Le Hung NGUYEN1;2; Eunseong AHN1; 
Seongyong PARK1; Hoocheol JUNG1; Hyojin KIM1; 
Dojin KIM1

1. Department of Materials Science and Engineering, 
Chungnam National University, Daejeon, South Korea
2. Department of Physics, Thai Nguyen University of 
Education, Thai Nguyen, Viet Nam

Al-doped ZnO (ZnO:Al) thin films were deposited on 
self-assembled Au nanodots fabricated on SiO2/Si (100) 
substrates by rf co-sputtering from separated metallic 
Zn and Al targets for CO gas sensing application. 
Morphological analysis of the films obtained by SEM and 
AFM revealed a very high surface roughness compared 
to the case without Au dots. The surface composition of 
ZnO:Al/Au thin films analyzed by XPS showed the surface 
structure like ZnO/Au composites with the Au/Zn atomic 
ratio on the surface = 0.165. The ZnO:Al/Au thin films 
were sensitive to CO even at a low concentration of 5 ppm 
and exhibited a high sensitivity to CO in dry air in a wide 
range of working temperature from 150 to 400 oC with 
a maximum sensitivity of 640% to 20 ppm CO gas at a 
temperature of 250 oC. Moreover, the ZnO:Al/Au thin film 
sensors showed fast response and recovery to CO gas in 
comparison with conventional Al-doped ZnO films. These 
enhancements are attributed to the double role of Au dots; 
Au dots played the role of a buffer layer for the abnormal 

grain growth of ZnO:Al thin films, resulting in high surface 
roughness and the role of catalyst through the spillover 
effect during gas detecting process for the ZnO:Al/Au thin 
films. These results suggest that the ZnO:Al/Au thin films 
are suitable for the detection of low levels of CO in air: 
<9 ppm - limit value for the protection of human health - 
according to European and US standards for the maximum 
daily 8-hour mean of exposure to CO.

 A02180-03748 

Characterization of TiO2 Coating Prepared by a 
Modified Radio Frequency Sputtering Deposition 
Method

Mohsen REZAZADEH SEFIDEH1; Ali NEMATI2; 
Zahra SADEGHIAN3; Mhmood GHORANNEVISS4; 
Davood DORANIAN4

1. Department of Materials Engineering, Islamic Azad 
University, Tehran, Iran
2. Department of Materials Science and Engineering, 
Sharif University of Technology, Tehran, Iran
3. Department of Gas, Research Institute of Petroleum 
Industry, Tehran, Iran
4. Department of Physics, Islamic Azad University, 
Tehran, Iran

TiO2 thin films were deposited on glass surface by a radio 
frequency sputtering (RF Sputtering) deposition method. 
After coating, they were annealed for 2 hrs from 350ºC to 
500ºC.  XRD, TG, AFM, RS (Raman Spectroscopy) and 
SEM were applied to study and characterize the samples. 
The effects of deposition parameters on crystal structure, 
thickness, surface characterization, photo catalytic activity 
and hydrophilic properties of the films were evaluated.

The effects of relative oxygen and argon partial pressure, 
cathode current, bias voltage external magnetic filed, 
coating time, vacuum pressure and post annealing 
temperature were studied and evaluated.

The composition and phase growth from amorphous 
phase were also analyzed, which were Anatize and Rutile 
phases.



Symposium D - Functional Ceramic Materials, Oxide Thin Films and Heterostructures     113

 A02180-03755 

The Effects of Annealing Temperature and Barium 
Oxide on the ZnO Varistor Degradation

Elham NEMATI CARI BOZORG; Ali NEMATI
Department of Materials Science and Engineering, 
Sharif University of Technology, Tehran, Iran

One of the main problems in the route of ceramic 
semiconductor varistor development is the degradation 
and increasing of the leakage current. In this research, 
the effect of Barium Oxide and post-annealing on leakage 
current and electrical properties were studied. Due to the 
large ion size of Ba+2 (~0/134 nm), it has low solubility in 
the ZnO structure. The amount of BaO was varied from 
0/25 mol% up to 1 mol%. The amount of other additives 
(Sb2O3, Co3O4, MnO, Cr2O3, NiO and B2O3) was kept 
constant.

The samples were sintered at 1250°C for 1 hr and annealing 
was conducted 2 hr at at 600°C. The electrical properties 
were measured and the microstructure and phase analysis 
were conducted by SEM and XRD.

The grain size was about 12.3 mm to 12.6mm. The relative 
density was lowered with BaO content (from 98.6% down 
to 94/9%). The amount of leakage current was lowered 
from 7(mA) down to 4.7 (mA). The non-linear index was 
increased from 48 to 56 (at 0.15 mol% of BaO) and then 
was lowered down to 49 (at 1 mol% of BaO). The amount 
of absorbed energy was changed from 115 J/cm3 (in the 
sample without BaO) to 195 J/cm3 (in the sample with 0.5 
mol% of BaO) and down to 145 J/cm3 (in the sample with 
1 mol% of BaO). 

The results are discussed with respect to BaO amounts and 
formed phases in the system and microstructure features.

 A02188-03993 

Vibration Damping with Control on Friction due 
to Oxide Thin Film Layer to Eliminate Noise in a 
Brake Friction Composite

Kavapatti L. SUNDARKRISHNAA
R&D, Daimler AG, Stuttgart, Germany

Novel brake friction composite design with heterostructures 
has been designed for Mercedez Benz model for braking 
to eliminate noise  while keeping the good virtues of 
friction  and wear. Fundamental mechanisms of control of 
the advanced matrix with oxide film layer controlling the 
friction characteristics was achieved in this exercise with 
good control on  composite material wear .AS A DESIGN 
INPUT to minimize thermal fatigue damage the difference 
between the thermal expansion coefficients of the matrix 
and the fiber materials were minimized while designing 
the system.The issue was addressed with  oxide layers as 

a flexible fiber coating helped ease the thermal stresses at 
the interfaces which would otherwise affect the friction by 
an incremental value and would have otherwise caused 
noise.

Oxide thin  film layer  and its role in friction control has been 
validated for vibration with an increased random motion 
of molecules resulting in deformation  These vibrations 
has  dampennedout  but  bodies  got heated up to as high as 
450degree C. Toughness as a measure of modulus relating 
to noise and increase in deformation strength was achieved 
in this exercise. An advanced software was designed and 
scheduled for testing vibration and noise resulting in 
accurate measurements.

 A02212-03786 

Highly Oriented PZT Films Grown On Si with 
Improved Ferroelectric and Piezoelectric 
Properties

Thang D. PHAM1;2; Mai T.N. PHAM1;3; 
Guus RIJNDERS1; Dave H.A. BLANK1

1. Faculty of Science and Technology, University of 
Twente, Netherlands
2. Faculty of Engineering Physics & Nanotechnology, 
Vietnam National University, Viet Nam
3. Faculty of Chemistry, Vietnam National University, 
Viet Nam

Thin films perovskite-type oxide Pb(Zr,Ti)O3 (PZT) 
have been grown on Si(001) substrate by pulsed laser 
deposition. To minimize the effect of the native amorphous 
SiOx layer on the Si surface, a thin buffer layer of YSZ 
has been pre-deposited in Ar then O2 environments prior 
to the deposition. SrRuO3 and La(Sr,Mn)O3 were chosen 
as the next buffer layers with different combinations for 
subsequent PZT deposition. The obtained films are highly 
oriented with smooth surface. By replacing the buffer layer 
of SrRuO3 by La(Sr,Mn)O3 and using a suitable substrate 
temperature, the oriented direction of PZT films can be 
tuned from (110) to (001)  direction. The films exhibit low 
leakage current in the range of 10-6

 
A/cm2 and well-defined 

butterfly shape of capacitance-voltage dependence. The 
polarisation-electrical field measurements show hysteresis 
loops with high remanent polarisation around 25 µC/cm2.  

To characterize piezoelectric properties, four-point bending 
type samples have been prepared utilizing lithography 
technique. High effective transverse piezoelectric 
coefficients e31,f of above 10 C/m2 were determined by 
using a double beam laser interferometer. The obtained 
characteristics of these PZT films are important for 
piezoelectric thin film fabrication and design for practical 
applications as silicon-based devices in micro-electro-
mechanical systems (MEMS) technology.
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Preparation and Photocatalystic Properties of the 
Mesoporous Fe-doping Nanometer TiO2

Yucheng WU; Rong REN; Fengtao WANG; 
Linyun SONG
School of Materials Science and Engineering, Hefei 
University of Technology, Hefei, China

In order to extend the optical absorption of TiO2 to the 
visible spectral region and improve the photocatalystic 
property of the TiO2 photocatalyst, various transition 
metal ions have been added into the titania oxide as doping 
agent. In the present study, Fe-doped mesoporous TiO2 
photocatalyst was prepared by hydrolysis precipitation 
method with Ti(OBu)4 as precursor, HAC as complexation 
reagent, and Fe(NO3)3·9H2O as doping agent at room 
temperature. The composition and microstructure of the 
prepared mesoporous Fe-TiO2 were characterized by X-ray 
diffraction (XRD), transmission electron microscopy 
(TEM) and N2 adsorption-desorption isotherm. The 
photocatalytic properties of mesoporous TiO2 in 
the degradation of methyl orange solution were 
determined. The effects of different molar ratio 
of doped agent, heat treatment temperature and 
concentrations of TiO2 on the photocatalystic properties 
of mesoporous Fe-doping TiO2 were also studied 
investigated. The optimum molar ratio of Fe/Ti and heat 
treatment temperature were obtained. The results showed 
that with doping of Fe, anatase-TiO2 became more stable 
and the phase transformation from anatase to rutile was 
blocked. The particle sizes of Fe-TiO2 were in the range 
of 10~20 nm. The mesoporous titania with Fe/Ti molar 
ratio of 0.05 shows a narrow distributing pore diameter 
of 9.7 nm, large special surface area of 103.407 m2/g and 
pore volume of 0.061 cm3/g. The optimal heat treatment 
temperature of Fe-TiO2 powder was 500°C. Under these 
conditions photocatalytic decomposition rate of methyl 
orange solution reached the highest, up to 99% under 3 h 
irradiation with ultraviolet light.

 A02262-03858 

Nonlinear Dynamics of Domain Wall Propagation 
in Epitaxial Ferroelectric Thin Films

Ji Young JO1; Sang Mo YANG1; Tae Heon KIM1; 
Ho Nyung LEE2; Jong-Gul YOON3; Sungyoung PARK4; 
Younghoon JO4; Myung Hwa JUNG4; Tae Won NOH1

1. Department of Physics and Astronomy, Seoul National 
University, Seoul, South Korea
2. Materials Science and Technology Division, Oak Ridge 
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3. Department of Physics, University of Suwon, 
Gyeonggi-do, South Korea
4. Quantum Materials Research Team, Korea Basic 
Science Institute, Daejeon, South Korea

Ferroelectric (FE) domains have been studied for past 
decades because of scientific importance in microscopic 
aspects such as multi-domain formation, stability, and 
pattern at equilibrium as well as technological applicability 
in multi-functional devices such as FE random access 
memories, actuators, and sensors. Quite recently, lots 
of piezoresponse force microscope (PFM) studies have 
provided us new insights on the properties of FE domains, 
including inhomogeneous nucleation process and the 
fractal nature of their rough surfaces. Note that most works 
on FE domains have been focused on their static properties. 
In spite of its scientific and technological importance, we 
have limited understandings on how the FE domain wall 
propagates in terms of time. We suggest to prospect FE 
domain wall from the view of nonlinear responses, which 
follow the predictions of the statistical physics on surface 
growth. 

We investigated the ferroelectric domain wall propagation 
in epitaxial Pb(Zr,Ti)O3 thin film over a wide temperature 
range (3-300 K). To widen the accessible region of T and E, 
we used switching current measurement results, combined 
with direct velocity data from PFM images. Using this 
newly developed technique, we measured the domain 
wall velocity under various electric fields and found that 
the velocity data is strongly nonlinear with electric fields, 
especially at low temperature. We found that, as one of 
surface growth problems, our domain wall velocity data 
from ferroelectric epitaxial film could be classified into 
the creep, depinning, and flow regimes due to competition 
between local pinning sites and elasticity. The measured 
values of velocity and dynamical exponents indicate 
that the ferroelectric domain walls in the epitaxial films 
are fractal and pinned by a disorder-induced local field. 
This work provides us new insights on how domain walls 
propagate inside epitaxial FE thin films. 
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Oxide Nanoelectronics On Demand 

Cheng CEN1; Jeremy LEVY1; Stefan THIEL2; 
German HAMMERL2; Christof W. SCHNEIDER2; 
Jochen MANNHART2; C. Stephen HELLBERG3; 
Kris E. ANDERSEN4

1. Physics and Astronomy, University of Pittsburgh, 
Pittsburgh, United States
2. Center for Electronic Correlations and Magnetism - 
Institute of Physics, University of Augsburg, Augsburg, 
Germany
3. Center for Computational Materials Science, Naval 
Research Laboratory, Washington, DC, United States
4. Physics and Astronomy, Northern Arizona University, 
Flagstaff, AZ, United States

Electronic confinement at nanoscale dimensions remains a 
central means of science and technology. We demonstrate 
nanoscale lateral confinement of a quasi-two-dimensional 
electron gas at a LaAlO3-SrTiO3 interface. Control of this 
confinement using an atomic force microscope lithography 
technique enabled us to create tunnel junctions and field-
effect transistors with characteristic dimensions as small 
as 2 nanometers. These electronic devices can be modified 
or erased without the need for complex lithographic 
procedures. Our on-demand nanoelectronics fabrication 
platform has the potential for widespread technological 
application.

 A02285-03900 

Effect of Calcium Substitution on Dielectric 
Behavior of BaTi0.85Sn0.85O3

Sindhu SINGH1; Prabhakar SINGH2; Om PARKASH1; 
Devendra KUMAR1

1. Department of Ceramic Engineering, Banaras Hindu 
University, Varanasi, India
2. Department of Applied Physics, Banaras Hindu 
University, Varanasi/ Uttar Pradesh, India

Effect of Calcium substitution at Ba site in the system 
Ba1-xCaxTi0.85Sn0.15O3 has been investigated. Compositions 
in the range 0.14≤x≤0.20 were prepared by solid state 
ceramic method. Solid solution was found to be formed 
in the compositions with x=0.14 and 0.16 among the 
compositions investigated. These samples have cubic 
structure. Scanning Electron microscope shows presence 
of grains in the range.

These samples exhibit diffuse phase transition at low 
temperature. Diffuseness of the peak increases with 
increase in x. Variation in temperature of maxima, Tm in 
dielectric constant, ε′ vs T plots with x indicates that for 
x=0.14 Ca2+  exclusively occupies Ba site while in x=0.16, 
a small amount (0.015 atomic percent occupies Ti site).

 A02292-04019 

Axial Heterostructured Pt-CdSe-CdS 
Semiconducting Nanorods

Chia-Cheng KANG; Pi-Tai CHOU
Department of Chemistry, National Taiwan University, 
Taipei, Taiwan

Recently, heterojunction structure of one-dimensional 
(1D) semiconducting nanorods, with distinct intersection 
between each segment, could be fabricated without the 
need of organic linkers. This emerging field in nanoscience 
represents an effective approach in fine tuning chemical 
and physical properties of nanocrystals. By incorporation 
of different nanostructured components, multifunctional 
capabilities with tunable or enhanced characteristics could 
be achieved in the hybrid nanostructures. In this study, 
Pt-CdSe-CdS heterojuncted nanorods are produced via 
a different methodology from the solution-liquid-solid 
(SLS) method. By controlling the ratio of nanorods and 
Pt-precursor, match structured nanorods, with single tip 
of Pt nanoparticles on one end of CdSe nanorods, were 
synthesized in advance. The function of Pt nanoparticles 
is therefore viewed as a protecting group, namely blocking 
one terminal of CdSe nanorods. Second segment of CdS 
nanorod is sequentially grown on the unprotecting side of 
CdSe nanorods. The result shown in this report could help 
tailoring the complex heterojunction nanocrystals in the 
field of nanomaterial-architecture.

 A02298-04018 

Effect of Different Ge Concentrations on Phase 
Change Materials 

Eng Guan YEO1;2; Rong ZHAO1; Luping SHI1; 
Minghua LI1; Tow Chong CHONG1;3; 
Adesida ILESANMI2

1. Data Storage Institute, Agency for Science, 
Technology and Research, Singapore
2. Department of Electrical and Computer Engineering, 
University of Illinois at Urbana-Champaign, IL, 
United States
3. Department of Electrical and Computer Engineering, 
National University of Singapore, Singapore

Phase Change Random Access Memory (PCRAM) is one 
of next-generation non-volatile memory with the most 
potential due to its many good memory characteristics 
such as long data retention; high endurance and fast write 
performance. PCRAM is based on phase change from high 
resistance amorphous state to low resistance crystalline 
state and vice versa in nano-timescale. The GeSbTe (GST) 
system is a commonly used ternary system with many 
widely used phase change materials such as Ge2Sb2Te5 
which has fast and repeatable switching performance. 
However, the actual phase change mechanism and the 
effect of each element on the phase change characteristics 
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remain unclear. There is a search for the ideal phase change 
material with high switching speed and high stability. There 
were previous works that suggests that Ge in GST plays a 
crucial part in the nano-second phase change effect through 
an umbrella flip of its bonds during phase change. In this 
work, different Ge concentrations are mixed in different 
phase change materials such as Ge2Sb2Te5 and Sb2Te3 and 
the effect of Ge on important phase change characteristics 
such as crystallization and melting point would be of great 
importance in the future search of the ideal phase change 
material.

 A02299-04488 

Fabrication and Magnetodielectric 
Characterizations of Ga2−xFexO3 Thin Films 
Epitaxially Grown on Pt/YSZ(111) 

Eun H. NA1; Jung H. PARK1; Young K. JEONG1; 
Yang M. KOO2; Hyun M. JANG1

1. Department of Materials Science and Engineering, 
Pohang University of Science and Technology 
(POSTECH), South Korea
2. Graduate Institute of Ferrous Technology (GIFT), 
Pohang University of Science and Technology 
(POSTECH), South Korea

Orthorhombic Ga2−xFexO3 (GFO) oxides with four distinct 
cation sublattices have been of much interest because of 
their ferrimagnetic properties coupled with piezoelectricity 
near room temperature. The structure and physical 
properties, such as magnetoelectric properties, magneto-
optical properties and optical magneto-electric effect, 
etc., of single-crystalline GFO oxides have been studied 
extensively, but the properties of thin-film heterostructures 
are rarely reported till now. 

According to the polarization-dependent O K-edge 
XAS study, the piezoelectricity of GFO is reasoned to 
be closely related to a small off-center distortion along 
the crystallographic b-axis while the magnetic easy axis 
is oriented parallel to the c-axis with a non-negligible 
contribution of the orbital magnetic moment to the total 
magnetic moment. Thus, it is highly important to prepare 
a thin-film capacitor with its growth direction parallel 
to the b-axis for systematic experimental investigations 
of its piezoelectric/ferroelectric properties as well as 
its direction-dependent magnetoelectric (ME) coupling 
characteristics.

Considering the above described backgrounds, we have 
fabricated Ga2−xFexO3 (GFO with x=1~1.2) thin films on the 
(111) plane of yttrium-stabilized zirconia (YSZ) substrate 
which is coated with an epitaxially grown Pt layer by using 
pulsed laser deposition (PLD). XRD analysis revealed 
that our GFO films were preferentially grown along the 
[010] direction (i.e., along the b-axis), which is suitable 
for ferroelectric and ME coupling characterizations.  In the 

presentation, we will discuss the onset of the ferroelectricity 
and the magnetodielectric responses (i.e., the change in the 
relative dielectric permittivity under a bias magnetic field) 
in details. 

 A02312-03952 

Electronic Properties of the Cu2O Nanoneedles 
(p-layer) and ITO (n-layer) Heterojunction

Meenal DEO1; Sarfraj MUJAWAR1; 
Kashinath BOGLE1;2; Nagarajan VALANOOR2; 
Satishchandra OGALE1

1. Physical and Materials Chemistry Division, 
National Chemical Laboratory, Pune, India
2. School of Materials Science and Engineering, 
University of New South Wales, Sydney, Australia

In recent years, heterojunctions of transition metal 
oxides are studied because of their wide applications in 
electronics. Among the semiconducting transition metal 
oxides, Cu2O is known to be a p-type semiconductor with 
direct band gap of 2.1 eV and high absorption coefficient. 
Cu2O is studied for an attractive alternative to silicon and 
other semiconductors for the fabrication of cheaper energy 
devices viz. solar cell and Li ion rechargeable batteries. It 
is important because of its advantages like its non-toxic 
nature, natural abundance of starting material (copper), 
good mobility, and fairly high minority carrier diffusion 
length. Also, Indium doped tin oxide (ITO) is the most 
important optically transparent conducting oxide and is 
therefore used in a wide range of applications. ITO is also 
known to be n-type semiconductor with band gap of ~3.6 
eV. The combination of p-Cu2O and n-ITO is potentially 
interesting for several applications in electronic and 
optoelectronic devices.

In this work we have developed and used a remarkably 
simple and novel method to prepare Cu2O nanoneedle 
electrode (about 4µm thick), by a simple anodization 
of polycrystalline copper foil in KOH solution to form 
a layer of copper hydroxide nanoneedles which is 
subsequently converted to cuprous oxide nanoneedles 
by thermal annealing under controlled ambient. These 
films are characterized for their structural, chemical/
compositional, morphological and optical properties using 
different techniques such as X-ray diffraction (XRD), 
X-ray photoelectron spectroscopy (XPS), Scanning and 
transmission electron microscopies (SEM/TEM), UV-
VIS and IR spectroscopy etc. A heterojunction of p-Cu2O 
nanoneedle film on copper substrate and ITO by simple 
flip-chip method is then realized and examined for 
electrical properties.

We have observed that the typical I-V curve for p-Cu2O 
and n-ITO exhibits heterojunction characteristics with 
turn-on voltage of about 1.1 V for forward bias. This is 
also further studied for application as photodiode and as 
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heterojunction solar cell. These promising results will be 
presented and discussed.

 A02320-03974 

Ferroelectric to Paraelectric Transitions in the 
System Ba1-xLaxTi1-xCrxO3 

Om PRAKASH1; S BABOO2; R.K. DWIVEDI3; 
Ravi KUMAR4; Devendra KUMAR1

1. Dept. of Ceramic Engineering, Banaras Hindu 
University, Varanasi, India
2. Deapartment of Physics, D.S. Institute of Technology 
and Management, Ghaziabad, India
3. Physics and Materials Science & Engineering, Jaypee 
Institute of Information Technology, Noida, India
4. Inter University Accelerator Center, New Delhi, India

Effect of simultaneous substitution of La and Cr at Ba 
and Ti site respectively in equimolar fractions in the 
system Ba1-xLaxTi1-xCrxO3 has been studied in the single 
phase solid solution compositions which are prepared by 
solid state diffusion controlled thermochemical reaction. 
Formation of single phase has been confirmed by powder 
X-ray diffraction. Microstructure has been studied using 
Scanning Electron Microscope. Measurement of dielectric 
properties at a few selected frequencies shows that Curie 
temperature Tc, decreases with increase in x and nature of 
ferroelectric to paraelectric transformation also changes.

 A02320-04832 

Magneto-electrical Studies in LSMO-BTO Bulk 
and Nano Composites

Pawan KUMAR1; Vikash SINGH1; R.K. DWIVEDI1; 
Ravikant PRASAD2; H.K. SINGH2

1. Department of Physics and Materials Science & 
Engineering, Jaypee Institute of Information Technology 
University, Noida, India
2. Division of QHRS, National Physical Laboratory, New 
Delhi, India

In recent years, the multiferroics have drawn the attention 
of scientists world wide. In view of this, an effort has been 
made to synthesize bulk and nano composite of the system 
(1-x) La0.7Sr0.3MnO3-(x) BaTiO3 (LSMO-BTO composite) 
with x = 0.10. In this process, a composite sample in the 
bulk form by solid state route and thin film of thickness 
80nm on STO and LAO substrates by dc magnetron 
sputtering method have been synthesized. For this a 
typical composition La0.7Sr0.3MnO3 (which is magnetic) 
has been prepared by chemical route and BaTiO3 (which is 
ferroelectric) by solid state route. Single phase formation 
of these samples has been confirmed separately by using 
x-ray diffraction studies. This typical composite is expected 
to exhibit multifunctional properties.

Resistivity measurement on the bulk sample over the 
temperature range 77 K to 373 K exhibits a peak around 
198 K which appears due to metal-insulator transition (TIM) 
around the peak temperature. The sample of composite thin 
films has been found to have highest intense peak of LSMO 
and BTO which confirmed the formation of LSMO-BTO 
thin film composite. Resistivity measurements of this film 
on LAO and STO substrate have shown TIM at 203K and 
198K respectively. It has been observed that composite on 
LAO substrate has shown lower resistivity as compared to 
the thin film on STO substrate. However, the sample with 
thin film on LAO substrate has exhibited higher magneto-
resistance (MR) in the magnetic field of 0.3T. In view of 
this, when the sample with LAO substrate was prepared 
in the atmosphere of mixture of gases Ar/O2 with ratio 
80/20 and 60/40.  The magneto resistance has been found 
to improve when heat treated in the atmosphere of Ar/O2 
mixture with ratio 80/20. 

 A02335-04012 

Enhanced Efficiency of Dye-Sensitized Solar 
Cells Utilizing ZnO Thin Film with Different Light-
scattering Layers as Photoelectrodes

Xia TAO; Yanzhen ZHENG
Key Laboratory for Nanomaterials of the Ministry of 
Education, Beijing University of Chemical Technology, 
Beijing, China

Dye-sensitized solar cells (DSSCs) have found a wide 
practical application as a cost-effect alternative to p-n 
junction solar cells. However, the improvement of solar-to-
electric energy conversion efficiency is an urging problem 
for commercial application. An effective strategy to the 
enhancement of efficiency is to build a light scattering 
layer with both enhanced photo-capture efficiency and the 
optical adsorption in photoelectrode films in DSSCs.

In this work, a novel double-layered ZnO film as 
photoelectrode was prepared and used in DSSCs that 
allowed the significant improvement of solar cell 
performance ranging from the short circuit current to open 
circuit voltage and energy conversion efficiency (η). The 
bilayer-structural ZnO film is composed of an overlayer 
of 200-300 nm-sized plate-like ZnO and an underlayer 
of ZnO monodisperse aggregates assembled by ~20 nm-
sized ZnO particles. The η values of DSSCs based on 
submicrometer-sized plate-like ZnO and ZnO monodisperse 
aggregates were 0.81% and 2.34%, respectively. But, 
after submicrometer-sized plate-like ZnO particles were 
introduced as an overlayer coating on the underlayer 
covered with uniform ZnO monodisperse aggregates, η 
enhanced from 2.34% to 3.44%, corresponding to a 47% 
increment. The improved performance is explained by the 
enhanced double light-scattering layers and effective light 
absorption. 
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This work points out the importance of light-scattering 
layers in DSSCs as a key to improve light-to-electric 
conversion efficiency, and may provide useful insight for 
different light-scattering applied in semiconductor thin 
films as photovoltaics and sustainable materials.

 A02361-04040 

Growth Control of ZnO Nanorod Density by Sol-
gel Method 

Prabakar KANDASAMY; Heeje KIM
Electrical Engineering, Pusan National University, 
Pusan, South Korea

Preparation of ZnO nanorods and their growth control 
over density by the sol-gel processing conditions were 
studied as a function of seed layer thickness as well 
as annealing temperatures.  The seed layer films were 
deposited both on transparent conducting oxide (FTO) 
and glass substrates at different thicknesses from 50 – 100 
nm by spin coating method were for the synthesis of ZnO 
nanorods. Equimolar concentrations of the zinc nitrate 
hydrate and hexamethylenetetramine (HMT) used as the 
precursor solutions were taken in a 100 ml beaker and the 
substrates were placed at the bottom of the beaker which is 
covered with cap and heated to 70 to 95°C, and maintained 
for different growth times. Finally, the substrates 
were removed from the aqueous solution, rinsed with 
double distilled water, and allowed to dry in air at room 
temperature. The experiment was repeated for various 
precursor concentrations and growth times. Experiments 
carried out at reaction temperatures below 65°C indicated 
no growth of ZnO nanorods, but formed opaque nature of 
films, which may be attributed to a thermal barrier for the 
growth of nanorods.  ZnO nanorods synthesized at 85°C 
in the present work exhibit a good crystalline structure 
with a hexagonal plane. It is observed that the density of 
nanorod growth increases as the precursor concentration 
increases as well as at 70 nm seed layer thcknesses as well 
as annealed at 200°C. The diameters of ZnO nanorods are 
found to increase from 150 - 400 nm as the concentration 
increases.  Further studies on the growth mechanisms at 
different substrates and with processing conditions are 
underway. 

 A02400-04144 

ZnO Based Transparent Conductive Multilayer 
Films for Dye Sensitized Solar Cell Applications 

Diptiranjan SAHU; Jow-Lay HUANG
Department of Materials Science and Engineering, 
National Cheng Kung University, Tainan, Taiwan

Multilayer coatings consist of three alternative layers ZnO/
Ag/ZnO (named as ZAZ) have been applied to dye sensitized 
solar cells (DSSC). We have used the simultaneous RF and 
dc sputtering method for deposition of ZnO and Ag layers. 

The electrical and optical properties of the transparent 
conductive multilayers were studied using four-point probe 
and UV-Visible spectrophotometer. Mesoporous TiO2 
electrodes for DSSC were coated on multilayer ZAZ by 
spin coating and low temperature sintering method. A ZnO 
covered TiO2 (denoted as ZnO/TiO2) film was also prepared 
by incorporating small quantity of ZnO in a TiO2 matrix by 
chemical vapor deposition method. The properties of the 
film and DSSC are compared with well known transparent 
metal oxides ITO and FTO. These DSSC on the ZAZ 
coating yielded an overall cell efficiency of 4.91 % at one 
sun light intensity. The dye sensitization process with the 
low cost mercurochrome is sensitive in this case of ZnO 
based multilayer.

 A02408-04125 

Effect of Volume Fraction and Molding 
Temperature on the Electric Properties of PZT/
PVC Composites 

Xiaofang LIU1; Huajun SUN2; Chuanxi XIONG2

1. Institute of Chemical Engineering, Wuhan University 
of Technology, Hubei, China
2. Institute of Material Science and Engineering, 
Wuhan University of Technology, Hubei, China

In recent years, combining a ferroelectric ceramic and a 
polymer matrix to form a flexible composite with coupling 
properties in between that of two individual phases has 
been pursued for sensors in medical applications and 
hydrophones. For hydrophone applications, a useful 
piezoelectric material should have high piezoelectric 
voltage coefficient (g33), piezoelectric strain coefficient 
(d33) and high electromechanical coupling coefficient 
(Kp), low density and acoustic impendence (Z). The 
PZT/nanocrystalline PVC composites are prepared 
by hot-pressing technique. The microstructure of all 
composites was investigated by XRD and SEM. The 
effect of volume fraction and molding temperature on 
dielectric, piezoelectric properties and P-E hysteresis 
of PZT/PVC composites was investigated. The optimal 
electric properties have been obtained in 0.5PZT/0.5PVC 
composite at molding temperature being 150°C, showing, 
εr=45.66, tanδ=0.0286, d33=18.5 pC/N, g33=45.78 
mV·m·N-1, Kp=0.226, d33·g33=0.85×10-15 Pa-1, Z=11.25×106 

kg·s-1·m-2, and could be used for hydrophone materials in 
the further.
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 A02418-04120 

Photoemission Study on the Degree of Ta doping 
on Anatase (001) and Rutile (001) TiO2 Single-
crystal and their Structure Stability

Iman SANTOSO1;4; C. K. YOUNG2; A. R. BARMAN3; 
D. SHANKAR3; Andrivo RUSYDI2; Andrew WEE2; 
T. VENKATESAN3

1. Chemistry, National University of Singapore, 
Singapore
2. Physics, National University of Singapore, Singapore
3. Nanocore, National University of Singapore, Singapore
4. Physics, University of Gadjah Mada, Jogyakarta, 
Indonesia

The mechanism of whether the Ta really substituting the Ti 
atom or not in Ta-doped TiO2 and their stability in anatase 
and rutile phase, was investigated systematically using 
X-ray Photoelectron spectroscopy (XPS) and Ultraviolet 
Photoemission (UPS). By doing partial atomic substitution 
( i.e. in this study 5% Ta ) to Ti, we found that Ta linewidth 
in rutile phase is more narrower compare to that of anatase, 
indicating that the Ta is more localized in rutile phase rather 
than in anatase phase. From UPS we found that the valence 
band of the Ta-doped TiO2 ( both for anatase and rutile) 
near the Fermi level is shifted to the lower binding energy, 
indicates the n-type doping of the system. Furthermore, 
systematic sputtering using Ar+ on the surface of these 
two different phase of TiO2 provides the evidence that it 
is more easy to create the defect state, i.e. Ti3+ state, in 
anatase phase rather than in rutile phase. These results 
indicated that rutile phase is more stable structure compare 
to that of anatase.

 A02419-04131 

Effect of Lateral Parameter Variations on the 
Properties of La0.7Sr0.3MnO3 Films Prepared on Si 
(100) Substrates by dc Magnetron Sputtering

D. R. SAHU
Institute of Materials Science, Bhubaneswar, India

La0.7Sr0.3MnO3 (LSMO) is an interesting colossal 
magnetoresistance material for application in electronic 
and spintronics devices. A phenomenon in the planner 
magnetron sputtering of the LSMO films that is not well 
investigated as yet are the laterally non-uniform film 
properties resulting from the laterally inhomogeneous 
erosion of the target material, whereby the lateral 
distribution of the film properties depend strongly on the 
sputtering parameters. In this work, the lateral distributions 
of the electrical, magnetic and structural properties of 
LSMO films prepared by dc magnetron sputtering on Si 
substrates are investigated across a distance of 64 mm 
using four-point probe, vibrating sample magnetometer, 
X-Ray diffraction. The film thickness is maximal at the 
central region of the substrates (which, during sputtering 

process, is located below the centre of the target material 
disk) and reduces with increasing distance from the centre. 
The lateral parameter variations are minimized by using 
optimized sputtering conditions which are at low working 
pressure (Pw) and high substrate temperature (Tsub). The 
particular parameter set (Pw = 5×10-2 Torr, Tsub = 650°C and 
dc power,Pdc= 100 W) gives the most uniform electrical and 
magnetic property. With this parameter, the film property 
in the central substrate region and lateral variation is rather 
small (± 5 %) and the property is uniform across the entire 
substrates. In room temperature the TMI and Tc of these films 
are 245 K and 325 K respectively. We find that the lateral 
variations of the parameters of the LSMO film prepared 
by dc magnetron sputtering can be reduced to acceptable 
levels by optimizing the deposition parameters. Hence, it 
seems that sputter deposited LSMO is a promising CMR 
materials for spintronics device.

 A02421-04130 

Large-Scale Growth of Single-Crystalline TiO2 
Nanowires and Their Visible-Light Photocatalytic 
Activity

Nguyen THI QUYNH HOA1; Young-Soo PARK1; 
Tran Thanh TUNG2; Eui-Tae KIM1

1. Department of Materials Science and Engineering, 
Chungnam National University, Daejeon, South Korea
2. Department of Materials Science and Engineering, 
Korea University, Seoul, South Korea

Titanium dioxide (TiO2) has been extensively studied as 
a promising material for photocatalysis, and gas sensor 
applications. High-efficient photocatalytic reactivity of 
TiO2 can be very promising for electrodes of solar cells, 
the elimination of pollutants, and the photogeneration of 
hydrogen from water.  However, photocatalytic efficiency 
of TiO2 under visible light is very low because of its large 
band gap of 3.0-3.2 eV. Many approaches have been made 
to improve the photocatalytic activity of TiO2 under visible 
light irradiation, such as transition metal doping and non-
metallic doping. Furthermore, one-dimensional (1-D) 
TiO2 nanostructures, such as nanowires and nanotubes, 
can yield high photocatalytic activity because of their 
high specific surface area. In this presentation, we report 
some results of TiO2 nanowire growth by oxidation of Ti 
films with ethanol as oxygen source and their visible-light 
photocatalytic characteristics.

TiO2 nanowires were grown on as-sputtered Ti films by a 
direct oxidation method. Ti films were initially deposited 
onto Si (100) substrate by sputtering system. The Ti films 
were subsequently loaded into a quartz-tube furnace. 
The ethanol was used as oxygen source, and bubbled at 
10 oC with the gas flow rate at 150 cm3/min. The ethanol 
vapor was introduced into the furnace for 1-90 min. The 
chamber pressure and growth temperature were varied 
in the range of 4-100 Torr and 600-850 oC, respectively. 
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The uniform and straight TiO2 nanowires were formed 
with a high density. The length and diameter of the 
nanowires was ~7-9 µm and ~40-50 nm, respectively. 
X-ray diffractometer and high-resolution transmission 
electron microscopy studies revealed that the nanowires 
had a single-crystalline structures and grew along the 
[110] axis. The TiO2 nanowires showed high-efficient 
visible-light photocatalytic activity, which were evaluated 
by the decomposition of methylene blue under visible light 
excitation. We will further discuss the growth mechanism 
and the photocatalytic characteristics of TiO2 nanowires 
under visible and ultraviolet light. 

 A02424-04139 

Preparation and Properties of Lead-free 
0.94(K0.5Na0.5)NbO3-0.06LiNbO3 Piezoelectric 
Ceramics with Excess Alkali Elements

Chee Kiang, Ivan TAN1; Kui YAO1; Jan MA2

1. Materials Analysis and Characterisation, Institute of 
Materials and Research and Engineering, Singapore
2. School of Materials Science and Engineering, Nanyang 
Technological University, Singapore

Since the discovery of PbZrO3-PbTiO3 (PZT) ceramic in 
the 1950s, lead-based piezoelectric materials have been 
widely used in sensors, actuators, transducers, and many 
other electronic devices. The increasing applications 
of these devices generate a more and more aggravated 
environmental concern because these traditional lead-
based ceramics typically contain more than 60% lead by 
weight. During the last several years, intensive efforts 
have been made to develop lead-free piezoelectric 
materials to replace the lead-based compositions. One of 
the most promising candidates as lead-free piezoelectric 
materials is potassium sodium niobate system. However, 
the potassium and sodium precursor chemicals are 
typically moisture sensitive, and the alkali elements are 
highly volatile during high temperature sintering, which 
brings about the difficulty in the composition control for 
the resulting ceramic. Therefore it is crucial to develop 
appropriate processing methods and reduce the sintering 
temperature to prevent evaporation of alkali elements 
during heat treatments.

In this work, the preparation method for 0.94(K0.5Na0.5)
NbO3-0.06LiNbO3 (KNN-LN) piezoelectric ceramics 
by conventional solid state reaction has been refined. 
Different amounts of excess K2CO3, Na2CO3, Li2CO3 
have been introduced and investigated systematically. 
The perovskite phase of KNN-LN ceramics have 
successfully been obtained with sintering temperature as 
low as 1000oC. The excess alkali elements have promoted 
the ceramic densification process through liquid phase 
sintering mechanism. However, it has been observed that 
over excess alkali carbonates added into the system could 
lead to an undesired Li-rich second phase of Li3NbO4. 

There is also a decrease in the density when the amount of 
excess carbonates increases, which has resulted in higher 
dielectric losses. The optimal excess carbonates added into 
the KNN-LN system that produces high relative density 
at 1000oC has been determined. The electrical properties 
of the obtained samples, including loss tangent, dielectric 
constant, remnant polarization, and piezoelectric constant 
(d33) are to be reported.

 A02432-04155 

Detailed Studies of Multiferroic Properties in 
LaFeO3-PbTiO3 Solid-solutions

Anupinder SINGH; Ratnamala CHATTERJEE
Physics Department, Indian Institute of Technology 
Delhi, New Delhi, India

Multiferroic materials are those that possess more than 
one ferroic properties that are coupled. However, in 
literature this term loosely refers to materials that exhibit 
both ferroelectric and magnetic orders. Coexistence of 
ferroelectric and magnetic orders in a material in itself 
poses a challenging problem. Magnetoelectric multiferroic 
materials are promising candidates for the applications 
such as spintronics, information storage, magnetic field 
sensors and actuators. Usually solid solutions have too 
week magnetoelectric coupling to be measured at room 
temperature. Invariably, transition metal d-electrons that are 
essential for the formation of magnetic moment disturb the 
lattice distortion required for ferroelectric behavior, making 
them poor insulators. Broad transitions in dielectric spectra 
are observed in many of these multiferroic candidates;  in 
literature these broad transitions are either reported as 
relaxor ferroelectrics with frustrated ferroelectricity or are 
explained on the basis of the Maxwell–Wagner capacitor 
model. An important issue faced by the researchers in the 
field is thus establishing the origin of broad transitions 
usually observed in dielectric spectra.

In this report, we introduce a new multiferroic candidate 
(Pb1-xLax) (Ti1-xFex) O3; x=0.1, 0.2, 0.3 with finite 
magnetoelectric coupling at room temperature. The detailed 
dielectric studies exhibit a unique coexistence of a pure 
ferroelectric transition and a frequency dependent broad 
transition. The mavimum of this frequency dependent 
broad transition are observed to shift towards lower 
temperatures with increasing LF content (x). Temperature 
dependent P-E loops clearly distinguish a pure ferroelectric 
hysteresis and lossy loops (corresponding to these broad 
transition related dielectric anamoly). The lossy hystersis 
loops, which were taken in the temperature range of broad 
transitions, show frequency dependent behavior. This is 
unusual for good ferroelectric and verifies that these broad 
transitions have no ferroelectric origin.  Dielectric data in 
the frequency range of broad transitions were fitted to the 
Vogel–Fulcher law. Fitting parameters for x=0.2 sample 
thus obtained, are Ea =0.6906 eV, ω=4.18x1011 Hz, and 
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Tf =232.2 K, where Tf denotes the freezing temperature at 
which the relaxor dynamics is supposed to “freeze” into 
polarizable state. However, results in our sample clearly 
show frequency independent dielectric behavior and 
absence of relaxation dynamics up to 450 K, rendering this 
value of Tf =232 K obtained by fit as unrealistic; indicating 
non-relaxor properties at higher temepratures. Impedance 
spectroscopy was used to verify that at these temperatures 
( in the region of broad transitions in dielectric spectra) 
Maxwell-Wagner capacitor model explains the dielectric 
relaxation in these compositions. 

Magnetization (M) vs. Temperature (T) profile (ZFC 
and FC) clearly indicates that theses broad transitions in 
dielectric spectrum may have magnetic origin.  Also low 
and high temperature magnetic measurements were done.

The magnetoelectric coupling measurement methods are 
very carefully chosen to nullify any type of the artifacts 
due to Maxwell Wagner capacitor and magnetoresistance. 
The enhancement of the magnetization with electrical 
poling has been demonstrated and clearly showed the 
magnetoelectric behavior in LF-PT solid solutions. 

 A02437-04154 

Optical Properties of Perovskite GdMn1-xCox O3 
(x= 0- 0.8) Investigated by Far-infrared and Raman 
Spectrpscopy

Feng GAO1; Jun CHEN2; M. M. FARHOUDI2; 
Xiaolin WANG1; S. X. DOU1

1. Institute for Superconducting and Electronic Materials, 
University of Wollongong, Australia
2. Intellgent Polymer Research Institute, University of 
Wollongong, Australia

The rare-earth manganites RMnO3 compounds belong to 
the class of multiferroic materials are hot topic in recent 
solid-state research.  In this paper we report the optical 
properties of GdMn1-xCoxO3 (x= 0- 0.8). Far-infrared (FIR) 
and Raman spectroscopy were carried out in the energy 
range of 150 – 700 cm-1 at room temperature. The samples 
were prepared by solid-state reaction. The samples phases 
were studied by powder X-ray diffraction and the structures 
were refined using the Rietveld refinement program. 

The FIR transmission spectra show four main phonon 
vibration modes around at 190, 250, 400 and 580 cm-1 
that corresponding to external, torsional, bending and 
stretching respectively. It is shown that the FIR active 
vibration energies exhibit splitting and shifting as Co 
doping increase. The Raman spectra were obtained with 
excitation wavelength of 632.8 nm. The most intense 
spectral feature in HoMnO3 sample is the highest frequency 
line at 610 cm-1. This high frequency line is shifted as Co 
doping increases in the sample. A detailed analysis of the 
FIR and Raman measurements is presented. 

 A02456-04192 

Domain Imaging Mechanisms in Ultrathin 
Ferroelectric Structures 

Andreas RUEDIGER
Laboratory of Ferroelectric Nanoelectronics, Universite 
du Quebec INRS-EMT, Varennes, QC, Canada

Ferroelectric nanostructures have scaled both vertically 
and laterally down to the nanometer range. The amount 
of avaible displacement charges in nanoislands of only 
a few dozen nanometers lateral extension is insufficient 
for detection by probe stations in a (modified) Sawyer-
Tower configuration. Piezoresponse force microscopy has 
therefore become an indispensable tool for the investigation 
of ferroelectric nanostructures, with qualitative imaging 
capabilities of the piezoelectric tensor and polarization 
inversion down to a few nanometer resolution. The 
increasing demand of quantitative data is unlikely to be 
satisfied by this method due to various limitations that 
will be discussed. As the thickness of ferroelectric films 
decreases down to a few nanometers, piezoresponse force 
microscopy even suffers from a complete loss of domain 
contrast. This observation will be quantitatively discussed 
in terms of polarization reversal and electrostriction 
measurements at the second harmonic.

This presentation will discuss the next generation of 
scanning probe techniques for ultrathin ferroelectric 
structures including scenarios where the reduced vertical 
dimension itself opens the way to novel detection 
schemes.  

 A02462-04200 

Effect of Nitride Flow Rate of TiCrVZrTa High-
entropy Alloys on Structure and Characterization 

Min-Jen DENG; Du-Cheng TSAI; Fu-Sheng SHIEU
National Chiang-Hsin University, Taiwan

Multi-element high-entropy alloy is considered to be 
applicable to protective coating. The TiCrVZrTa metallic 
and nitride film was prepared under various argon/nitrogen 
flow rate by dc magnetron sputtering. The structure, 
morphology, and mechanical property were investigated 
in detail. Under pure argon atmosphere, the TiVCrZrTa 
metallic films are amorphous structure with crack. When 
the Ar+N2 mixed working gases were added in the 
deposition process, from the result, the TiVCrZrTa nitride 
film exhibits a typical FCC structure at lower nitrogen 
flow rate. The films are columnar structure with pyramid 
surface morphology. As the nitrogen flow rate increases, 
the FCC becomes amorphous structure, implying that 
introducing excess amount of nitrogen will inhabit the 
grain growth and decrease the crystalline of the film. The 
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original pyramid surface morphology becomes round and 
columnar structure becomes hard to discriminate. The 
surface roughness of nitride films tend to become smooth. 
Moreover, it is found that introducing higher amount of 
nitrogen can cause superior mechanical property.

 A02471-04224 

Ceramic-polymer Composite Thick Films by 
Aerosol Deposition for the Application of 
Integrated Substrates

Young Joon YOON1; Sunghwan CHO1; 
Hyung-Jun KIM2; Hyo Tae KIM1; Jihoon KIM1; 
Song Min NAM2; Jong-hee KIM1

1. IT Convergence Lab., Korea Institute of Ceramic 
Engineering and Technology, Seoul, South Korea
2. Department of Electronic Materials Engineering, 
Kwangwoon University, Seoul, South Korea

In conventional ceramic process, high temperature 
sintering above 1000oC is essential to achieve the 
densification of ceramic body, which makes it difficult to 
integrate the electronic components due to high shrinkage 
and heterogeneous bonding. Low temperature co-fired 
ceramic (LTCC) has been suggested as an alternative to 
overcome such drawbacks, but it still requires the sintering 
temperature above 700oC. In the point of view above 
mentioned, aerosol deposition method (ADM) used in this 
experiments might be a promising technique to fabricate 
a ceramic based substrate for 3-dimensinal integration 
modules. It does not require the high temperature 
sintering process because it is possible to grow a highly 
packed ceramic thick film at room temperature. In this 
presentation, fabrication process and unique properties of 
thick film substrates grown by ADM for the application 
of high frequency application will be shown. To satisfy 
the requirements of low permittivity, low dielectric loss, 
and high thermal conductivity, some kinds of candidates 
of ceramic materials were reviewed and their electrical 
properties were compared. In addition, the effects of small 
content of polymers, which were incorporated in the films 
to reduce the internal stress and increase the plasticity, 
will be discussed through the characterization of their 
microstructures. 

 A02491-04257 

Effect of Deposition Temperature on Alumina 
Films Obtained by Atmospheric Pressure 
Chemical Vapor Deposition 

Indra NASUTION
TUT, Japan

This work has been studied on a quartz substrate by low 
deposition temperature by using atmospheric pressure 
chemical vapor deposition (AP-CVD). These films were 
obtained by using aluminum trichloride precursor gas with 
choosing different substrate temperature and amounts of 
argon carrier gas mixed with oxygen. Film deposited at 
low temperature with a high Ar flow rate showed high 
surface roughness and cracked surfaces. The kinetic 
study was showed on the film growth rate limiting step, 
molecular size and gas phase reaction constants. The 
molecular species has increases with increasing deposition 
temperature of 4.7 Å for 350°C and 6.53 Å for 400°C 
respectively.  The film had a higher compositional Al/O ratio 
at higher temperature. The thickness and microstructure 
film of the alumina deposited was observed using scanning 
electron microscopy and atomic force microscopy. Optical  
properties, i.e. refractive index and optical transmittance, 
were also measure.

 A02493-04261 

Modification of Physico-chemical Properties 
of Sm3+ Doped Ceria by Addition of Hydrogen 
Peroxide

Balaji P MANDAL; Avesh K TYAGI
Chemistry Division, Bhabha Atomic Research Centre, 
India

Rare earth doped nano ceria has lot of applications in 
different fields like fuel cells, oxygen sensors, polishing 
agents etc. So it has become challenging to synthesis 
soft agglomerated and mono-dispersed rare-earth doped 
ceria. Effect H2O2 on synthesis and powder properties of 
nanocrystalline Sm3+ doped sample has been explored by 
treating the mixture of Ce(NO3)3 and Sm(NO3)3 (4:1) with 
NaOH in presence and absence of H2O2. The as-prepared  
samples were calcined at 600°C for 1h. The calcined 
products were characterized by x-ray diffraction (XRD). 
Crystallite size were calculated from the X-ray peak 
broadening the and it was found to be 11 and 17nm for 
the samples prepared in presence of H2O2 (named as SDC) 
and in absence of H2O2 (named as SDCN). DLS technique 
suggests that SDC nano powders are soft agglomerated 
whereas the SDCN are comparatively hard in nature. The 
obtained surface area for SDC were found to be higher 
than that of SDCN. High resolution transmission electron 
microscopy were employed to investigate the particle size 
and morphologies of the samples. The histograms of particle 
size distribution showed that particle sizes of SDC samples 
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were lower than that of SDCN samples. The reason behind 
the obtained better powder properties of SDC over SDCN 
is due to presence of peroxo (-O-O-) linkage which has 
been unequivocally proved by Raman spectroscopy. This 
peroxo (-O-O-) linkage formed during synthesis of doped 
ceria in presence of H2O2. The mechanism of formation 
of lower particle size can also be understood from Raman 
spectroscopy. The samples prepared in absence of H2O2 
form hydroxide precipitate by reaction of metal ions and 
OH- ions. During condensation, the precipitate eliminates 
H2O and form -M-O-M- (M= metal ion) network. Besides 
-M-O-M- bonds, the samples prepared in presence of H2O2 
form peroxo linkage (-M-O-O-M-) also. Subsequently, 
upon calcination this O-O linkages break down which 
ultimately leads to the lower particle size and higher 
surface area containing samples.

Moreover, temperature programmed reduction studies 
revealed that the doping in conjunction with the use of 
H2O2 leads to enhanced reduction properties over multiple 
cycles. Interestingly, SDC also showed the drop in 
conversion temperature of CO to CO2 about 100°C proving 
it to be a better catalyst.  

 A02503-04282 

Thermoelectric Properties of Ca3Co4-xFexO9 
(0≤x≤0.15) for Power Generation

S. NAM; J. CHOI; M. HEO; K. PARK
Faculty of Nanotechnology and Advanced Materials 
Engineering, Sejong University, Seoul, South Korea

We successfully prepared nano-sized Ca3Co4-xFexO9 
(0≤x≤0.15) powders by solution combustion process. Plate-
like grains were observed in as-sintered Ca3Co4-xFexO9 
ceramics. The as-sintered Ca3Co4-xFexO9 samples had a 
monoclinic symmetry. The samples for the measurements 
of thermoelectric properties were cut out of the sintered 
bodies in the form of rectangular bars of 2×2×15 mm. For 
thermopower measurements, a temperature difference in 
the sample was generated by passing cool Ar gas over 
one end of the specimen placed inside a quartz protection 
tube. The sign of the Seebeck coefficient was positive 
over the measured temperature range, indicating that the 
major conductivity carriers were holes. The electrical 
conductivity and Seebeck coefficient of the Fe-added 
Ca3Co4-xFexO9 were much higher than those of Fe-free 
Ca3Co4O9. In this study, we discussed the thermoelectric 
properties of the Ca3Co4-xFexO9 samples, depending on Fe 
content. 

A02503-04300 

Synthesis and Photoluminescence Properties 
of (Gd1-x-yZnxTby)PO4 (0≤x≤0.06 and 0.06≤y≤0.15) 
Phosphors

M. HEO; S. NAM; J. CHOI; H. HWANG; K. PARK
Faculty of Nanotechnology and Advanced Materials 
Engineering, Sejong University, Seoul, South Korea

Green-emitting (Gd1-x-yZnxTby)PO4 (0≤x≤0.06 and 
0.06≤y≤0.15) phosphors were successfully synthesized by 
ultrasonic spray pyrolysis. As-synthesized and annealed 
(Gd1-yTby)PO4 (0.06≤y≤0.15) phosphors showed high-
quality powder characteristics, i.e., fine size as well as 
smooth, regular, and spherical morphology. The excitation 
and emission spectra were obtained at 540 and 147nm, 
respectively, and the excitation spectrum was calibrated 
with sodium salicylate which had constant quantum 
efficiency in the VUV region. The characteristic emission 
peaks, which were caused by the transition from 5D4 to 
7Fj (j=3-6) of Tb3+, were detected at 489, 543, 585, and 
621nm, respectively, indicative of green light emission. 
The emission intensity of (Gd0.955-yZn0.045Tby)PO4 increased 
with Tb content. (Gd0.805Tb0.15Zn0.045)PO4 was the optimal 
composition showing the highest emission intensity. We 
demonstrate that the partial incorporation of Zn for Gd is 
desirable for improving photoluminescence properties.

 A02513-04307 

Electronic Reconstruction at Oxide Interfaces

Alexander BRINKMAN; Mark HUIJBEN; 
Maarten VAN ZALK; Huijben JEROEN; 
Guus RIJNDERS; Dave BLANK; Hans HILGENKAMP
MESA+ Institute for Nanotechnology, University of 
Twente, Netherlands

The polar nature of LaAlO3 is crucial in understanding the 
conductivity at SrTiO3-LaAlO3 interfaces. For every unit 
cell of LaAlO3, electric potential is built up, albeit partly 
screened by counteracting ionic displacements within the 
charged layers. After a critical number of LaAlO3 unit 
cells, electronic reconstruction is though to take place, in 
which charge is transferred from the LaAlO3 surface to the 
SrTiO3-LaAlO3 interface.

Apart from the critical role of induced oxygen vacancies 
in the SrTiO3, also reconstruction at the LaAlO3 surface 
can be expected to have a large influence on the interface 
electronic reconstruction. In order to study a system 
that is less sensitive to oxygen vacancies and surface 
contamination effects, it is beneficial to cap the LaAlO3 
surface with a nonpolar material such as SrTiO3. We have 
studied coupled complementary interfaces by performing 
transport experiments at various oxygen deposition 
pressures and variable LaAlO3 and SrTiO3 capping layer 
thicknesses.



124     Symposium D - Functional Ceramic Materials, Oxide Thin Films and Heterostructures

These experimental findings now lead to a detailed 
microscopic understanding of the ionic, electronic and 
orbital reconstruction at the two interfaces, including the 
nature of the charge carriers.

 A02516-04315 

Dielectric Property Studies of Heterogeneous 
PZT(52/48)/DEG Composites

Ramachandran B.1; Senthilkumar R.1;2; 
Ramachandra Rao M. S.1

1. Department of Physics, Indian Institute of Technolgy 
Madras, Tamil Nadu, India
2. Department of Nanotechnology, Anna University, 
Coimbatore, India

Ferroelectric lead zirconate titanate ceramics Pb(ZrxTi1−x)
O3 (PZT) are largely used in sensing and actuating 
applications due to their remarkable piezoelectric and 
dielectric properties. They have been the subject of 
extensive research in both experimental and theoretical 
physics. Above the Curie temperature (TC), at which a 
reversible ferroelectric (polar) to paraelectric (non polar) 
phase transition occurs, perovskite-type PZT is cubic while 
below TC it becomes tetragonal for Ti-rich compositions 
or rhombohedral for Zr-rich compositions. Generally, 
the composition range x= 0.50–0.54, corresponds with 
the morphotropic phase boundary (MPB) separating the 
tetragonal from rhombohedral region. The science of 
embedded capacitor is a sophisticated technology with 
the congregation of both performance and functionality 
requirements for future electronic devices. One of the major 
hindrances for implementing this technology is the lack of 
dielectric materials with promising dielectric properties. 
Polymer based composite is considered as a solution to the 
problem mentioned hitherto. Polymer/ceramic composites 
can be used in forming capacitors because they combine 
the process ability of polymers and high dielectric constant 
of ceramics. One of the promising embedded capacitor 
materials is a polymer/ceramic composite which is a 
ceramic particle-filled polymer. It is a material utilizing 
both high dielectric constant of ceramic powders and good 
process ability of polymers. Particularly epoxy/ceramic 
composites have been investigated and studied due to their 
compatibility with printed writing boards (PWB).  

In the present work, we have synthesized morphotropic 
phase boundary compound PbZr0.52Ti0.48O3 (PZT 52/48) by 
sol-gel method. The phase formation and morphology of 
the PZT (52/48) powders were studied by X-ray diffraction 
and scanning electron microscope. 2 wt % of PZT (52/48) 
powder is dispersed in diethylene glycol (DEG) using 
ultrasonic vibrator and magnetic stirrer. Dielectric property 
of the composite was studied by an Impedance Analyzer 
(Agilent 4294A, USA). We observed very high dielectric 
constant (εmax = 13593 at 40 Hz with bias volt = 0 V) for the 
heterogeneous composites which decreased to the value 

of 7114 with bias voltage of 20 V. This heterogeneous 
PZT(52/48)/DEG composite can easily find application as 
a passive component in an electronic systems.

 A02516-04329 

Enhanced Dielectric Properties of Low 
Temperature Sintered Ferroelectric PMN-PT 
(65:35) Ceramics

Ramachandran B.; Sudarshan N.; 
Ramachandra Rao M. S.
Nano Functional Materials Technology Centre & 
Department of Physics, Indian Institute of Technology 
Madras, Tamil Nadu, India

Solid solutions of PbMg1/3Nb2/3O3 (PMN) and PbTiO3 
(PT) ceramics are one of the most extensively studied 
materials for their magnetoelectric properties. The optimal 
concentration 0.65PMN – 0.35PT has a morphotropic 
phase transition between the rhombohedral and tetragonal 
ferroelectric phases. The dielectric and piezoelectric 
constants for these PMN-PT compositions (0.3<x<0.35) 
are significantly high. Composites of PMN-PT with 
magnetostrictive materials like Terfenol-D have paved a 
way for a new generation of device applications. 

PMN-PT solid solutions are usually synthesized using 
high temperature (~1200°C) solid state reaction route. 
However, this route always leads to a high amount of Pb 
loss and formation of pyrochlore phase at high temperature 
during sintering process. We report here a relatively newer 
method of synthesizing this material using a columbite 
precursor method at lower temperatures. Furthermore, a 
sintering aid (flux) in the form of LiF, was also used to 
further lower the sintering temperature to ~ 875°C (~ 
81% of theoretical density and highly resistive, ~ 1012 Ω 
cm). The phase purity of the samples was verified using 
XRD and the morphology using SEM.  Dielectric studies 
of the sample showed very high dielectric constant (~107) 
and low dielectric loss (0.9) at low frequency. From 
ferroelectric studies, the value of saturation polarization, 
remnant polarization and coercive field are found to be 
16.7 µCcm-2, 12.2 µCcm-2 and 11.4 kVcm-1 respectively. 
These results will be discussed in detail.
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Textured Growth of Terbium Iron Garnet Thin 
Films as a High Coercivity Media
Naresh KUMAR1; Richa BHARGAVA1; 
Sanjeev KUMAR2; Amit Kumar CHAWLA2; 
Murtaza BOHRA3

1. Department of Physics, Motilal Nehru National 
Institute of Technology Allahabad, Uttar Pradesh, India
2. Institute Instrumentation Centre, Indian Institute of 
Technology Roorkee, Uttarakhand, India
3. LSG2M, GT4, Ecole des Mines, Nancy Cedex, France

Materials exhibiting coupling between electric and 
magnetic properties, for example induction of polarization 
by magnetic field or vice versa, attracted a great attention 
due to their promising applications in magnetic field 
sensors, and electric–write magnetic read memory devices. 

Majority of these materials in single phase, exhibit such a 
fascinating effect only in the presence of significantly high 
driving field  However, recently we have reported ~0.4% 
change in dielectric constant only at 10kOe of applied 
magnetic field in (110) oriented single phase epitaxial 
TbIG thin films deposited on gadolinium gallium garnet 
substrate (GGG).  The change in dielectric constant were 
about an order of magnitude smaller than the single crystal 
and may be explained due to compressive strain and 
clamping by the substrate and change in magnetic easy axis 
from [1-11] to [110]. The in-plane and out of the film plane 
coercivity of (110) oriented epitaxial TbIG thin films on 
GGG substrate were nearly 500Oe and 200Oe respectively. 
Interestingly, in the present study, a textured growth of 
TbIG thin films on Pt/Si(100) substrate exhibit about one 
order of magnitude enhancement in the in-plane and out 
of the film plane coercivity values. These TbIG thin films 
were deposited in pure oxygen atmosphere (0.16 mbar) at 
room temperature by pulsed laser deposition technique. 
Films were subsequently subjected to the annealing at 900 
°C in air. The detailed study of results and discussion of 
the TbIG thin films will be presented.

 A02536-04342 

Transmitting Conducting Oxide Layers for Thin 
Film Silicon Solar Cells

Jatindra Kumar RATH
Debye Institute for Nanomaterial Science, Utrecht 
University, Utrecht, Netherlands

Optical confinement plays an important role in case of thin 
film solar cells due to its role in facilitating a near complete 
absorption of above band gap light in photoactive layers 
which are not thick enough to sufficiently absorb light in 
a single pass. Recent advances in either varying the band 
gap of the materials or using multi-junction structures 
have extended the absorption strength of the solar cells. 
Moreover, use of nano-dots to adapt the absorption 
characteristics and up-conversion or down-conversion of 

light are the techniques are also being followed to address 
this absorption issue from two directions. However, the 
deterioration of electronic quality of the new materials, has 
so far limited such techniques to succeed and light trapping 
process is still a sought after method to enhance current in 
solar cells. We will discuss here mainly the use of metal 
oxide layers such as transmitting conducting oxide (TCO) 
in thin film silicon solar cells where they are used at front 
and back regions. 

For amorphous silicon (a-Si) solar cells, SnO2:F has been 
the most favored TCO for the high temperature resistant 
substrates such as glass or metal foils. Doped (B, Al, Ga) 
ZnO layers have recently received much attention due their 
high stability against atomic hydrogen and its broad range 
of processing temperatures, that allows to fabricate solar 
cells even on plastics. SnO2:F TCOs with naturally grown 
pyramidal surface textures by APCVD are commercially 
available and U-type TCOs from Asahi Co. have delivered 
state of the art efficiencies for a-Si type of cells. Textured 
etched sputter deposited ZnO on the other hand has 
shown superior results for nanocrystalline silicon (nc-Si) 
type of cells. However, CVD methods, such as LPCVD 
and ETP have shown the possibilities of as depositing 
textured ZnO. Three concepts have recently come into 
picture, which define the required surface texture of the 
TCOs. (1) The feature size of the textured surface has to be 
designed appropriately for the type of i-layer in the cell for 
optimal scattering. A high roughness TCO is used for nc-
Si cell whereas the a-Si cell performance is best for small 
roughness (such as Asahi U-type TCO). A combination of 
these types of surfaces is now considered to be appropriate 
for tandem cells that use a-Si and nc-Si as component cells. 
W-textured SnO:F (HU type) developed by Asahi Co. is 
one such example. (2) Rough surfaces cause defective 
regions in the silicon i-layers that lead to shunting paths. 
Adapting/modifying a high scattering rough surface to 
achieve high open circuit voltages is an effective way 
to obtain high efficiencies. (3) The scattering has to be 
predominantly at the metal oxide/silicon surface. Use of 
thick ZnO in combination with white reflectors, instead of 
metals, will be a possible trend to avoid surface plasmon 
absorption loss. The paper will discuss all these issues for 
high efficiency thin film silicon solar cells. 
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Oxide Film Assisted Dopant Diffusion in Silicon 
Carbide 

Chin-Che TIN1; Suwan MENDIS1; Fei TONG1; 
Ilkham ATABAEV2; Bakhtiyar ATABAEV3; RUSLI4

1. Department of Physics, Auburn University, Alabama, 
United States
2. Physical Technical Institute, Uzbek Academy of 
Sciences, Tashkent, Uzbekistan
3. Institute of Electronics, Uzbek Academy of Sciences, 
Tashkent, Uzbekistan
4. School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore

Oxide film is commonly used as an insulator, and therefore 
not usually used as a source of dopant in semiconductors. 
In this paper, we will describe a general process in 
which an oxide film can be used to introduce dopants in 
semiconductors, with special emphasis on the application 
of this technique in the doping of silicon carbide (SiC) for 
metallization purposes. 

SiC is recognized as a wide band gap semiconductor 
material highly suitable for high temperature and high 
power electronics. Due to the low impurity diffusion 
rate in silicon carbide, thermal diffusion is often done at 
high temperatures.  For 6H- and 4H-SiC, the diffusion 
temperature is in the range of 1700-2300°C.  Dopant 
activation following ion implantation in hexagonal SiC 
polytypes also requires a high activation temperature 
in excess of 1500°C.  These processing temperatures 
are not suitable for 3C-SiC/Si because they exceed the 
melting point of silicon which is about 1414°C. In any 
case, the high activation temperature or high diffusion 
temperature required to activate or introduce dopants in 
SiC necessitates the use of precautionary measures such 
as silicon overpressure to prevent decomposition of the 
surface. A low-temperature diffusion or dopant activation 
technique that can reduce surface deterioration without the 
need for elaborate surface protection technique is highly 
preferable.  

In this paper, we will describe a process in which an 
oxide film is used to actively assist in dopant diffusion 
in silicon carbide. This process involves depositing a 
thin film consisting of an oxide of the impurity on silicon 
carbide, followed by annealing in an oxidizing ambient. 
The impurity atoms then diffuse from the thin film into the 
near-surface region of silicon carbide with a  diffusion rate 
higher than that without oxide assistance. This enables the 
doping of silicon carbide to be done more efficiently at 
lower temperatures. 

The suitability and applicability of this method in other 
semiconductors such as Si and the III-nitrides will be 
discussed.

 A02547-04619 

Characterization of a Refractory Crucible for 
the Drawing of Silicon Ingots for Photovoltaic 
Applications 

Messaoud HAMIANE; Kamel BOUZATINE; 
Mohamed SAIDI
Materials Ingeenering, University M’Hamed Bougara of 
Boumerdes, Boumerdes, Algeria

Our work aims is to develop a future industry photovoltaic 
polycrystalline technology in Algeria, for rational and 
economical use of local materials. This technology uses 
silicon crystal aggregate in high-purity 99.9999% Si for 
the drawing of polycrystalline silicon ingots. Each ingots 
drawing requires the use of a refractory crucible. This 
work is mainly devoted to characterize these crucibles 
and possibly develop. To do this, waste crucibles used 
had already been the subject of this characterization by 
various analytical techniques namely: Analysis by X-ray 
diffraction, X-ray fluorescence, dilatometer, a scanning 
electron microscope, density, porosity and specific density. 
The results obtained showed that the crucible consists of 
cristobalite which is a variety of silica that forms at high 
temperature with a high content of SiO2 which is equal 
to 99,322% and traces of other oxides as impurities. The 
chemical composition SiO2 makes it compatible with 
silicon Si (minimum contribution of impurities on silicon 
melted). Its melting point 1713 ° C which is higher than the 
other varieties of silica and its variations and dimensional 
stability at high temperatures it confers resistance to 
temperatures of silicon processing. The low porosity 
makes it able to contain the molten silicon. 

 A02552-04406 

Interplay of Nanoscale Phases in Some 
Ferroelectric Oxides 

Haydn CHEN
Department of Physics, Tunghai University, Taichung, 
Taiwan

The ever growing micro-to-nano electronic industries 
called for investigation of materials system in many 
aspects, not limiting to the scaling down technologies of 
electronic devices but also the understanding of nanoscale 
phases or domains or other entities by which the system 
behaves. In the past decades, our group has been engaged 
in a range of studies focusing on the interplay of structure 
and properties in dielectrics and ferroelectrics. Our works 
encompassed ferroelectric, anti-ferroelectric as well as 
relaxor materials in many bulk and thin-film complex 
oxides. Further, we have pursued investigation into the 
nontraditional behaviors including nonlinear, temporal 
and coupled interactions. This paper highlights our recent 
research and presents a systematic view of the interplay 
among dipoles in multi-phase systems.



Symposium D - Functional Ceramic Materials, Oxide Thin Films and Heterostructures     127

 A02584-04415 

Structure and Photoactivity of ZnO Derived 
from Microwave Assisted Chemical Routes with 
Different Precursors

Shahab KHAMENEH ASL1;2; S.K. SADRNEZHAAD1;3; 
Mansour KIANPOUR RAD1

1. New Materials, Materials and Energy Research Center, 
Tehran, Iran
2. Mechanical Engineering, Tabriz University, Tabriz, 
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3. Material Engineering, Sharif University of Technology, 
Tehran, Iran

Photoactivity under UV irradiation for the decomposition 
of acid red 27 in water was studied on ZnO powders 
derived from wet chemical route by microwave assisting 
with different precursors, comparing with P25 titania. 
Rate constant dye decomposition kazo increased with 
decreasing crystalline size of nano powders. It tended to 
increase at 10-20 nano meters range, mainly due to the QE 
of fine powders. The dependences of kazoo on full width at 
half maximum intensity (FWHM) were common for three 
samples, ZnCl2, ZnSO4, Zn(Ac) with similar preparation 
conditions. Acetate based powders is giving high photo 
activity due to high crystallinity and high adsorptivity 
particularly for Acid red

 A02628-04510 

Epitaxial Growth of β-FeSi2 Thin Film on SiC 

Kensuke AKIYAMA; Satoru KANEKO; 
Teiko KADOWAKI; Yasuo HIRABAYASHI
Department of Electronics, Kanawaga Industrial 
Technology Center, Ebina/Kanagawa, Japan

Recently β-FeSi2 has been attracting attention as a material 
for Si-based light emitters and detectors operating at 
wavelengths used for optical fiber communication. This is 
because the β-FeSi2 has a band gap of approximately 0.78 
eV, and a very large optical absorption coefficient of over 
105 cm−1 at 1 eV. While there have been numerous reports 
on preparation of β-FeSi2 thin film over the last decade, 
Si single crystal has been used as a substrate. We think 
that the hetero-epitaxial growth of β-FeSi2 on the other 
semiconducting materials can be applied to the optical 
device and to clarify its physical properties. In this article, 
we report on the hetero-epitaxial growth of the silicide 
semiconductor thin films on the silicon-carbide (SiC) 
semiconductors, (100) and (111) plane of 3C-SiC, by 
using rf-magnetron sputtering. The 3C-SiC has a band gap 
of 2.23eV and a cubic-phase crystal structure with a space 
group of F43m. The 3C-SiC layer has been epitaxially 
grown on (100) and (111) plane of Si substrates.

Substrates were 3C-SiC films of approximately 1 µm 
thickness on Si(100) or Si(111), which were prepared at 

1200°C by chmical vapor deposition at low-pressure of 
50 Torr. The mono-silane and acetylen gases were used as 
a source material of SiC. Before β-FeSi2 film deposition, 
the 3C-SiC-buffered Si(100) and Si(111) substrates were 
treated in a solution of HCl : H2O2 : H2O (1:1:10) and then 
etched in buffered HF (HF : NH3F = 1:6). The β-FeSi2 
films (150 nm thick) were deposited by co-sputtering of 
iron and silicon in an argon atmosphere. A 2-inch Fe-Si 
alloy disk with silicon tips was used as a target. The silicon/
iron atomic ratio of the films was controlled by changing 
the areas of the tips. The deposition temperature and 
deposition rate were 750°C and 1.5 nm/min, respectively. 
The chamber pressure during deposition was kept constant 
at 3 × 10−3 Torr. 

It was ascertained by x-ray diffraction measurement that 
the (100)-oriented β-FeSi2 films were epitaxially grown 
on both of 3C-SiC on Si(100) and Si(111) substrates. 
The full-width at half maximum of the rocking curve of 
the β-FeSi2 800 diffraction peaks was 1.6° and 0.5° on 
3C-SiC-buffered Si(100) and Si(111), respectively, which 
were the same level as that of epitaxial β-FeSi2 films on 
Si substrates. The epitaxial (100) β-FeSi2 film on 3C-SiC-
buffered Si(100) was constructed with double domains, 
while the (100) epitaxial film on 3C-SiC-buffered Si(111) 
substrates contained a three-domain structure. The epitaxial 
relationship between (100) β-FeSi2 and (100) 3C-SiC was 
identified as Type B, which differed from that between 
(100) β-FeSi2 and (100) Si (Type A). 
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Tailoring Glass Surfaces via Internal Cationic 
Diffusion

Yuanzheng YUE; Morten M. SMEDSKJAER
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Aalborg, Denmark

In this paper, we report a new way to create functional 
surfaces on the transition metal containing oxide glasses. 
In terms of chemistry and structure, the created surfaces 
are classified into two groups. One group is the nano-
crystalline surface layer enriched in earth alkaline oxides, 
and the other is the nano-amorphous surface layer enriched 
in silica. The nano-crystalline surface is generated by 
subjecting the glass to an oxidation process in atmospheric 
air at the glass transition temperature for a certain duration. 
During this process, a fraction of the transition metal 
ions will be transformed from low to high valence state, 
and this causes electron holes to migrate from the glass 
surface towards the glass interior. To maintain the charge 
neutrality, the network modifying ions must diffuse from 
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the interior towards the surface, i.e., the so-called outward 
diffusion occurs. At the surface, the modifying cations 
react with oxygen ions to form the corresponding oxides, 
the formation of which is driven by the negative Gibbs 
free energy of the reaction. It is found that the magnesium 
ions are the most mobile, and hence, the formed periclase 
(MgO) is the predominant nano-crystalline phase in the 
surface layer. The origin of this phenomenon is discussed 
in the present work. As a mirror effect, the nano-amorphous 
surface layer enriched in silica is generated by subjecting 
the glass to a reduction process. The direction of the 
cationic diffusion during reduction is just the opposite of 
that of the outward diffusion, i.e., the so-called inward 
diffusion occurs. However, whether the inward diffusion 
happens strongly depends on the partial pressure of the 
reducing gas (e.g. hydrogen). The fascinating part of the 
new approach is that both the direction and the extent of 
the diffusion are controllable, and hence, the thickness 
of both types of layers can be tailored. The formation of 
the nano-layers can considerably contribute to improving 
physical and chemical functions of glassy materials. We 
clarify the kinetic and thermodynamic mechanisms of 
both outward and inward diffusion. We also describe 
the perspectives of our new approach, in particular, with 
respect to the potential applications of the approach in 
creating functional surfaces on non-oxide glasses, and 
even on crystalline materials.
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Electromagnons, Ferroelectric Soft Modes and 
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Darrell SCHLOM3
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In our contribution we give an overview of dielectric, 
magnetic, magnetocapacitive, magnetostrictive and lattice 
dynamics properties of cubic EuTiO3 and hexagonal 
YMnO3. Obtained results will be generalized on other 
magnetoelectric multiferroics.

The perovskite EuTiO3 is not typical multiferroics. It exhibits 
and antiferromagnetic structure below TN=5.3 K, but the 
ferroelectricity does not take place because the quantum 
fluctuations prevent the creation of long range ferroelectric 
order. Its permittivity increases on cooling similarly to 
classical quantum paraelectrics SrTiO3, saturates below 30 
K and sharply drops down at TN, giving the evidence about 
the strong magnetoelectric coupling. Moreover, below TN 
permittivity exhibits a huge dependence on the magnetic field 
(magnetocapacitive effect). Our infrared reflectivity studies 
confirm, that the temperature and magnetic dependence of 
permittivity can be explained by temperature and magnetic 
field shifts of the lowest energy polar phonon (soft mode). We 
propose a model based on spin correlations and magnetization 
(both dependent on temperature and external magnetic field) 
which explains the phonon and permittivity changes with 
temperature and magnetic field. We also show, that the same 
model can be successfully used for explanation of anisotropic 
magnetostriction, which we measured in the same material 
along and parallel to the external magnetic field.

We measured not only bulk, but also strained EuTiO3 thin 
films. Infrared spectra of 22 nm thick -0.9% compressively 
strained EuTiO3 film deposited by reactive molecular-beam 
epitaxy on a (100) LSAT substrate exhibit stiffening of 
all phonons. Moreover the soft mode splits below 150 K 
providing evidence for a structural phase transition near this 
temperature. Unfortunately, from our IR spectra we cannot 
distinguish whether the phase transition is ferroelectric or 
only antiferrodistortive. 

Hexagonal YMnO3 exhibits ferroelectric phase transition 
near 1280 K and antiferromagnetic phase transition below 80 
K. Our infrared reflectivity spectra taken up to 950 K are in 
agreement with an improper ferroelectric type of the phase 
transition (tripling of the unit cell), because we observed only 
small phonon softening and negligible increase of permittivity 
on heating to 950 K. 

In our THz spectra of YMnO3 one magnetic resonance 
excitation appears in the antiferromagnetic phase. It is 
impossible to determine from our nonpolarized THz spectra, 
whether the magnon contributes only to magnetic susceptibility, 
how it should be by classical antiferromagnetic resonance, or 
whether it is activated also in dielectric permittivity due to 
its coupling with phonons. In the later case, such magnon 
is called electromagnon and it was observed recently in 
THz spectra of orthorhombic RMnO3 (R=Tb, Gd, Y-Mn) 
magnetoelectric multiferroics, where the ferroelectric order 
is induced by spiral magnetic order due to Dzyaloshinski-
Moria interaction. Nevertheless, the coupling of magnetic 
order with the phonons we proved by observation of phonon 
hardening near TN, which is responsible for pronounced 
decrease of static permittivity near TN. Electromagnon should 
have specific infrared selection rules. Therefore new polarized 
THz studies performed on hexagonal YMnO3 single crystal 
are in progress.
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Investigations on Room Temperature 
Magnetoelectric Multiferroics

Ram S. KATIYAR1; A. KUMAR1; M. K. SINGH1; 
R. PALAI1; J. F. SCOTT2

1. Department of Physics and Institute for Functional 
Nanomaterials, University of Puerto Rico, San Juan, 
United States
2. Department of Earth Science, Cambridge University, 
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Multiferroics, which display simultaneous magnetic, 
electric, and ferroelastic ordering, have drawn increasing 
interest in recent years due to their multi-functionality for 
a variety of device applications.  

BiFeO3 (BFO) is the most studied material exhibiting 
multiferroism at room temperature. We observed Raman 
scattering from magnons (also known as electromagnons, 
meaning they possess electric  dipole moment due to 
magnetoelectric coupling) in BiFeO3  thin films grown 
on (111) SrTiO3 substrates at cryogenic temperatures; 
the temperature dependence of the magnon at 18.2 
cm-1 approximates an S=5/2 Brillouin function up 
to the temperature (280 K) at which  the magnon 
becomes overdamped. The diverging cross-section and 
the frequency-shift at 140K and 200 K imply a spin-
reorientation transition as in orthoferrites.  

The high temperature phase transition in BFO thin films 
was studied by Raman scattering in the temperature range 
from 300 – 1173K.   The low frequency intense sharp modes  
appearing at 136, 172 and 212 cm-1 showed anomalies 
around the magnetic phase transition TN (673K) that could 
be interpreted as an experimental evidence of perturbation 
of antiferromagnetic ordering at the magnetic phase 
transition (Spin phonon coupling).  We also observed an 
orthorhombic order-disorder β phase between 820 and 925 
°C, and established the existence of a cubic γ phase above  
925 °C before reaching the decomposition temperature. 
The transition to the cubic phase causes an abrupt collapse 
of the band gap toward zero (insulator-metal transition) at 
the orthorhombic-cubic transition. 

We also discovered a new room-temperature, single-phase 
magnetoelectric multiferroic, PbZr0.46Ti0.34Fe0.13W0.07TiO3, 
with polarization loss (<1%), and resistivity (typically 108 
ohm.cm) equal to or superior to BFO, with enormously 
greater magnetoelectric effect: switching not from +Pr to 
-Pr with applied H, but from Pr to zero with applied H of 
less than a Tesla. We switched 70 µC/cm2 at H=0.5T at 
293K, which is more than 1000x greater than the nC/cm2 
values in rare-earth manganites at cryogenic temperatures. 
This switching occurs not because of a conventional 
magnetically induced phase transition, but because of 
dynamic effects: Increasing H lengthens the relaxation 
time by x500 from <200 ns to >100 ms, and it couples 

strongly the polarization relaxation and spin relaxations. 
The diverging polarization relaxation time accurately fits 
a modified Vogel-Fulcher Equation in which the freezing 
temperature, Tf , is replaced by a freezing field, Hf , that 
is 0.91 Tesla, with activation energy Ea = 0.26 eV and 
attempt frequency f0 = 40 MHz.

 A02676-04594 

The Ultraviolet Electroluminescence of the ZnO 
Nanorods/ Organic Heterojunction Devices 

Suling ZHAO1;2; Xu ZHENG1;2; Pengzhi KAN1;2

1. Institute of Optoelectronic Technology, Beijing 
Jiaotong University, Beijing, China
2. Key Laboratory of Luminescence and Optical 
Information, Beijing Jiaotong University, Beijing, China

ZnO nanorods are synthesized by hydrothermal method on 
ITO glass. First, we clean the indium tin oxide (ITO) glass 
using acetone, ethanol, and deionized water sequentially. 
In ZnO nanorods synthesis process, Zinc acetate dehydrate 
solution is used as the seeding layer and spin-coated on the 
ITO glass substrate for the subsequent growth of nanorods. 
Then, it is baked at 350°C for 20 minutes in ambient. The 
hydrothermal reaction solution for ZnO nanorod fabrication 
is prepared by mixing 25 mM zinc nitrate hexahydrate 
(Zn (NO3)2·6H2O) and 25 mM hexamethylenetriamine 
(C6H12N4) in 200 ml of deionized water in a glass beaker. 
During the growth, the glass beaker is placed in an electric-
heated thermostatic water bath and maintained at 92°C for 
15 minutes. Subsequently, the sample is removed from 
solution and washed with ethanol and deionized water 
repeatedly and baked for 30 minutes in ambient. Then two 
kind of devices are prepared as ITO/ZnO/ZnO nanorod/
Alq3/Al and ITO/ZnO/ZnO nanorod/MEH-PPV/Al. The 
p-type polymer MEH-PPV is dissolved in chloroform 
with a concentration of 5 mg/mL and then spin-coated on 
as-grown ZnO nanorods layer. Alq3 and electrode Al are 
deposited by the thermal evaporation method in a high 
vacuum condition of 2×10-4 Pa.

Under DC bias, the band-edge ultraviolet (UV) 
electroluminescence (EL) at 380 nm and the defect related 
emission of ZnO nanorods at 640 nm and 747 nm are 
detected in both devices. In addition, the exciton emission 
of MEH-PPV at 580 nm and 510nm of Alq3 is observed 
respectively in two kinds of devices. Compared two 
devices, it is found that the ultraviolet electroluminescence 
is stronger in ITO/ZnO/ZnO nanorod /MEH-PPV/A than in 
ITO/ZnO/ZnO nanorod/ Alq3/Al. Along with the increasing 
of the applied voltage, the UV EL becomes predominant 
and is much stronger than other emissions. The mechanism 
of the ZnO band edge emission and background emission 
are discussed. 
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Magnetoelectric Effects in Composite Thin Films 
of Ferroelectric and Magnetic Oxides

Ce-Wen NAN
Department of Materials Science and Engineering, 
Tsinghua University, Beijing, China

Nanostructured thin films of ferroelectric (e.g., BaTiO3, 
PZT, and BiFeO3) and magnetic oxides (e.g., cobalt-
ferrites and nickel-ferrites) prepared by physical 
deposition techniques (e.g., pulsed laser deposition) and 
chemical solution processing (e.g., sol-gel spin-coating 
method) have recently become new routes to multiferroic 
magnetoelectric (ME) composites. In comparison to bulk 
ME ceramic composites, the nanostructured thin films 
provide more degrees of freedom, such as lattice strain 
or interlayer interaction, for modifying the ME behavior. 
These films also offers a way to investigate the physical 
mechanism of the ME effect in nanoscale. The coupling 
interaction between two oxides in the ME nanostructures 
could be still due to an elastic interaction as was the case 
in bulk composites. However, the mechanical constraints 
arising from the film-on-substrate structure and the bonding 
between the two nanostructurd phases could significantly 
affect the ME coupling interactions. Two kinds of 
nanostructured ME thin films, i.e., 1-3 type nanostructures 
(vertical heterostructures) consisting of magnetic oxide 
nanopillars vertically embedded into a ferroelectric film, 
and 2-2 type heterostructures (horizontal nanostructures) 
consisting of alternating layers of a ferroelectric 
perovskite and magnetic oxide, have been studied. Such 
ME nanostructures present simultaneously ferroelectric 
and ferromagnetic responses at room temperature. In 
particular, obvious ME coupling effect has been observed 
in the nanostructured oxide films. In this work, we discuss 
the nanostructured ME oxide films both in experimental 
and theoretical.

 A02701-04645 

Deposition Temperature Dependent Electrical 
Properties of BiFeO3 Thin Films with SrRuO3 
Buffer Layer 

Jiagang WU; John WANG
Department of Materials Science and Engineering, 
National University of Singapore, Singapore

In the past two decades, multiferroic materials were 
given to much attraction owing to their multifunctional 
physical behavior, which promise potential applications 
in the generation of data storage, sensors, actuators and 
spintronic devices. Among the multiferroic compounds, 
BiFeO3 (BFO) has been drawing considerable attention 
because of the coexistence of ferroelectric and magnetic 
orderings at room temperature, which can give rise to 
magnetoelectric (ME) effect. However, it is of challenge to 

develop a desired BFO film texture, where leakage current 
and weak magnetic behaviors are difficult to avoid. 

In this work, the BFO thin films with SrRuO3 buffer layer 
were deposited by RF sputtering at different deposition 
temperature from 55 0°C~680 °C. The BFO thin films with 
low leakage were obtained, and the influence of deposition 
temperature on the phase structure and electrical properties 
of the BFO thin films were carefully investigated. The 
experimental results indicated that the BFO thin films 
deposited at 620 °C exhibited (111) orientation and better 
ferroelectric properties (2Pr=148.2 µC/cm2) as compared 
with the films at other deposition temperature. The related 
physical mechanisms for these phenomena were clearly 
illuminated. As a result, deposition temperature is very 
critical factor to determine the electrical properties of BFO 
thin films.

 A02718-04668 

Synthesis of Corundum Nanocrystalls

Georgy PANASYUK; Lidiya AZAROVA; 
Igor VOROSHILOV; Victor BELAN; 
Dmitry SHABALIN; Irina KOZEROZHETS
Institute of General and Inorganic Chemistry, Russian 
Academy of Science, Moscow, Russian Federation

The preparation methods of nanocrystalline corundum were 
developed. All of them are based on the decomposition of 
aluminium containing compounds.

1. Aluminium lactate was decomposed via autoclaving 
for an hour in steam at 400°C with formation of fine 
crystalline boehmite (AlOOH). Its crystals have size 
50-200 nm. When heated at 1200°C this fine crystalline 
boehmite transformed to alpha-alumina powder without 
strong aggregates. The initial habitus of the boehmite 
particles preserved.

2. After the decomposition of aluminium hydroxy-acetate 
under the same conditions fibrous boehmite formed. The 
fibers have thickness 300-500 nm and length up to 10 
microns. The fibrous structure of the boehmite powder 
preserved after calcination and formation of alpha-
alumina at 1200°C in air and even after heating in vacuum 
at 1500°C. Such crystals, for instance, may be used for 
ceramic filters manufacture.

3.Terephthalic acid-aluminium hydroxide formed crystals 
with supramolecular structure. The synthesized structure 
decomposed on calcination at 700°C with formation of the 
gamma alumina, which at 1250°C transformed into alpha-
alumina nanocrystalls without strong agglomeration and 
preserving the initial isometric grain habitus.

4. The aluminium hydroxide (hydrargillite) formed fine 
boehmite crystals when hydrothermally treated at 200°C 
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in acidic media. This boehmite had grain size ~300 nm and 
at 1250°C formed alpha-alumina powder without sintering 
and change of the initial grain habitus.

5. Fine metallic aluminium powder was dissolved in water 
ammonia solution and stabilized with organic additives. 
When treated in autoclave this system gave aluminium 
hydroxide fibrous crystals with size ~50 nm.

 A02722-04681 

Structral and Electrical Properties of BiFeO3 Thin 
Films Prepared on SRO Buffer Layers of Varied 
Thickness

Rongyan ZHENG1;3; John WANG1; 
Seeram RAMAKRISHNA2

1. Department of Materials Science and Engineering, 
National University of Singapore, Singapore
2. Division of Bioengineering, National University of 
Singapore, Singapore
3. School of Chemical and Life Sciences, Singapore 
Polytechnic, Singapore

SrRuO3 (SRO) buffer layers of different thicknesses 
are prepared by using different sputtering time. Cross-
sectional analysis using scanning electron microscope, 
confirms the continuous SRO buffer layer deposition. 
Surface morphology analysis reveals that the SRO grain 
sizes are varied by using different sputtering time. A close 
comparison between the BiFeO3 (BFO) films RF sputtered 
on SRO buffer layers of different thicknesses revealed 
that the crystallization, surface morphology and electrical 
properties of the BFO structure are all strongly affected 
by the bottom SRO buffer layer. Thick (large-grained) 
SRO buffer layer is able to assist the growth of BFO film 
with better crystallinity and lower leakage current, while 
fatigue and dielectric measurements reveals that the BFO 
films deposited on thin (small-grained) SRO buffer layer 
contained more structural defeats. Investigation shows 
that SRO buffer layer of varied grain-sizes are crucial in 
determining the electrical performances of the resultant 
BFO films deposited upon them.
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Effect of Heat Treatment on Structural and Optical 
Properties of Sol-gel Spin Coated Nanocrystalline 
TiO2 Thin Films 
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TiO2 thin films were prepared from a titanium isopropoxide 
precursor by sol–gel spin coating method followed by 
three different annealing temperatures. The chemical 
constituents present in the deposited TiO2 films have 
been identified using energy dispersive analysis of x-rays. 
Optical properties of the films were characterized by UV-
Vis spectroscopy and Photo Luminance spectra. Crystalline 
structures by X-ray diffraction and Raman spectra. The 
morphology of the film surfaces as obtained by SEM 
techniques could be also correlated with the results of our 
AFM studies. The as deposited films have been found to 
be amorphous in nature. The crystalline quality has been 
observed to improve with annealing temperature. The 
annealed TiO2 films have been found to exhibit anatase 
phase with grain size ranging from 10 nm to 25 nm. The 
crystallite size can also conformed from TEM images.

 A02737-04711 

Fatigue Behavior of Heterolayered Lead Zirconate 
Titanate Thin Films 

Fransiska Cecilia KARTAWIDJAJA; John WANG
Department of Materials Science and Engineering, 
National University of Singapore, Singapore

Fatigue behavior of heterolayered Pb(ZrxTi1-x)O3 films 
with alternating layers of Pb(Zr0.7Ti0.3)O3 and Pb(Zr0.3Ti0.7)
O3 are studied as a function of thickness, temperature, and 
frequency. At the early stage of polarization fatigue, a wake-
up phenomenon is observed which is particularly apparent 
as the number of alternating layers decreases. There is a 
frequency dependence of the polarization fatigue, whereby 
the heterolayered film fatigues earlier at lower frequency. 
The wake-up phenomenon was reduced with increasing 
temperature, causing the heterolayered Pb(ZrxTi1-x)O3 films 
to fatigue at a relatively lower number of switching cycles. 
The fatigue behavior of the heterolayered Pb(ZrxTi1-x)O3 
films is accompanied by an increase of leakage current and 
a stronger domain wall pinning in the fatigued films. From 
these studies, it is concluded that during the polarization 
fatigue, injected electrons cause formation of space charges 
which impedes the domain switching.
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Pulsed Laser Deposition (PLD) of the Gd2O2S:Tb3+
 

Thin Films 

JJ DOLO; HC SWART
Physics, University of the Free State, Bloemfontein, South 
Africa

Over the last decade, luminescent properties of inorganic 
phosphors have been extensively investigated to make flat 
panel displays such as field emission displays (FEDs), 
plasma display panels (PDPs), and thin film electro-
luminescent devices (TFEL). This process has always been 
accompanied by improvements in the phosphors used. It is 
highly desirable to develop novel low-voltage phosphors 
with high efficiency and chemical stability under electron 
beam bombardment in a high-vacuum system for the next 
generation of field emission displays [1] and [2]. 

Gd2O2S:Tb3+ luminescent thin films were grown on Si 
(10 0) substrates using pulsed laser deposition (PLD) in 
O2 gas ambient, vacuum and at substrate temperature 
of 600oC. The influence of the substrate temperature on 
the structural and morphological properties (surface 
chemical composition) of the films was investigated 
using X-ray diffraction (XRD), atomic force microscopy 
(AFM), scanning electron microscopy (SEM) and Energy 
dispersive spectrometry (EDS). Photoluminescence (PL) 
measurement of the Gd2O2S:Tb3+ luminescent thin films 
show green emission at the 545 nm (5D4-7F5 transition) 
wavelength. Surface characterization of thin films devices 
from Auger electron spectroscopy (AES) and X-ray 
photoelectron spectroscopy (XPS) will be investigated in 
our next study.
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Electrical Field Control of Ferromagnets Using 
Multiferroics

Ramamoorthy RAMESH
MSE/Physics, University of California Berkeley, Berkeley, 
United States

Complex perovskite oxides exhibit a rich spectrum of 
functional responses, including magnetism, ferroelectricity, 
highly correlated electron behavior, superconductivity, 
etc. The basic materials physics of such materials provide 
the ideal playground for interdisciplinary scientific 
exploration. Over the past decade we have been exploring 
the science of such materials (for example, colossal 
magnetoresistance, ferroelectricity, etc) in thin film form 
by creating epitaxial heterostructures and nanostructures. 
Among the large number of materials systems, there 
exists a small set of materials which exhibit multiple 
order parameters; these are known as multiferroics. Our 
goal is to be able to deterministically control the state of 
a ferromagnet with the application of an electric field, by 
using heterostructures that include multiferroic perovskites. 
Our model multiferroic is BiFeO3, which has ferroelectric 
and antiferromagnetic order well about room temperature. 
We use a combination of laser MBE and chemical vapor 
deposition to create our model heterostructures. The 
magnetic and ferroelectric structure are probed using a 
combination of piezoforce microscopy, conducting AFM, 
photoemission spectromicroscopy and optical techniques. 
We have discovered that the ferroelectric domain 
structure significantly influences the coupling between the 
multiferroic and the ferromagnet. Even more interesting 
is the observation that certain types of domain walls are 
conducting, relative to the bulk material, primarily as a 
consequence of the change in the electronic structure at the 
wall. Our work so far has shown that the AFM order can be 
controlled through coupling with the ferroelectricity. The 
next step is to explore the coupling of a ferromagnet to this 
antiferromagnet through the exchange biasing concept. 
Ultimately, this will give us the opportunity to switch the 
state of a ferromagnet (and therefore the spin polarization 
direction) by simply applying an electric field to the 
underlying antiferromagnetic ferroelectric. Preliminary 
results appear to be quite promising. In this talk, I will 
describe our progress to date on this exciting possibility. 
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A Novel and Facile Synthesis of Hybrid Silica 
Nanocapsules and its Application in Fluorescence 
Imaging 
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In the preparation of nanostructured materials, it is 
desirable to adopt bottom – up approach to synthesize 
new materials with controlled size, shape, and property. 
By utilizing artificial or natural template for directing 
the precipitation of inorganic precursors, we can create 
interesting novel nanostructured inorganic materials. 
On the basis of these concepts, thus, we successfully 
synthesized hybrid silica nanocapsules via a facile and 
benign approach of templated condensation at the core-
shell interfaces of non-ionic PEO based block copolymer 
micelles. They are truly nanosized, which are ~15 nm and 
highly stable in aqueous environment, with part of the PEO 
block of the micelles extending out from the surface of 
the silica into the solution. The hybrid silica nanocapsules, 
which are non-cytotoxic and can be internalized by brain 
macrophages (BV-2) cells, are shown to be an effective 
fluorescence imaging marker by encapsulating fluorescent 
conjugated polymers into the core of the nanocapsules.
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Positron Annihilation Studies on Gamma-
Irradiated Barium Zirconate Ceramic 
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Positron lifetime measurements, in general, can be used to 
study cationic and neutral vacancies in oxides. To ascertain 
the existence of such vacancies if any, at room temperature, 
in gamma irradiated barium zirconate ceramic (BaZrO3) 
the positron lifetime measurements have been carried out 
using BaF2 based positron lifetime spectrometer with a time 
resolution of 240 ps. The positrons on entering a solid will 

rapidly lose their kinetic energy via dissipative processes 
like electronic excitation and ionization, electron-hole pair 
creation and phonon interactions. As the positrons are able 
to survive for a few hundred picoseconds in the solid, their 
diffusion through the solid will be decisive in their trapping 
at the specific sites of eventual annihilation. 

The samples were synthesized by the conventional ceramic 
method and found to be phase pure with good crystallinity. 
The γ - irradiation of the ceramic samples was carried out 
using ‘Gamma Chamber 900’. The dose delivered was 10 
kGy with a dose rate of 2.17 kGy/hour. Positron lifetime 
measurements were carried out in reference and γ-irradiated 
BaZrO3 at room temperature.  Measurements in the 
reference sample show the existence of only one lifetime 
component, implying that all the positrons annihilate in 
the defect free bulk of the reference sample. Lifetime in 
reference sample = 180 + 2 ps. On the other hand, it is seen 
that even in the γ- irradiated sample, there exist only one 
lifetime component implying that the positrons annihilate 
at a single site with a lifetime of 179 + 2 ps. This value 
of lifetime is almost same as that of the reference sample 
indicating that either cationic or neutral vacancies are not 
formed in BaZrO3 due to gamma irradiation, or, if they 
have been formed, they are mobile at room temperature 
leading to the recovery of these defects. In other words, 
either they are not formed or they do not survive at room 
temperature. If, by any chance, there exist only negative 
ion vacancies i.e. oxygen vacancies in BaZrO3 following 
gamma irradiation, positron could not detect these defects 
directly. This is due to the reasoning that the effective 
charge of oxygen vacancies is positive and positron being 
positively charged particle cannot detect these defects. 
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Labile Ferroelastic Nanodomains in Bilayered 
Ferroelectric Thin Films
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The ability to engineer and control domain behavior 
in ferroic materials systems such as ferroelectrics is of 
immense practical as well as fundamental interest.  In 
the special case of thin film ferroelectrics that have a 
large ferroelastic self-strain associated with their phase 
transformation, a key aspect is the interaction of this self-
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strain with the boundary conditions of the film. In this 
presentation we show, by depositing a strongly tetragonal 
ferroelectric thin film on a soft rhombohedral bottom 
layer, that these elastic interactions result in a ferroelastic 
domain structure in the tetragonal film that is susceptible to 
external perturbation. High-resolution piezoresponse force 
microscopy images demonstrate gross movement (nm 
scale) of the ferroelastic domains under local bias. This 
movement creates enhanced electromechanical response, 
which make the system attractive for novel sensor and 
nanoelectronic applications.

The observed results are supported by a linear elastic 
theoretical model that investigates ferroelastic domain 
fractions in a heteroepitaxial bilayer consisting of (001) 
tetragonal PbZrxTi1-xO3 and (001) rhombohedral PbZr1-xTixO3 
on a thick (001) passive as a function of the lattice misfit 
strain between layers and the substrate, by considering the 
self-strain in each layer and the indirect elastic interaction 
between the layers. In particular, we provide a numerical 
analysis of the relative domain fractions in the tetragonal 
layer of a (001)PbZr0.2Ti0.8O3/(001)PbZr0.8Ti0.2O3  and (001)
PbZr0.4Ti0.6O3/(001)PbZr0.6Ti0.4O3 bilayer structure as a 
function of the tetragonal layer thickness on (001) LaAlO3, 
(001) SrTiO3 and (001) MgO.  It is found that the self-
strain coupling between the tetragonal and rhombohedral 
layers leads to an excess elastic energy in the tetragonal 
layer, resulting in a 2 to 3 times increase in the ferroelastic 
domain volume fraction of the tetragonal layer compared 
to single-layer films of similar thickness. These results 
show alternate ways of engineering ferroelastic domain 
structures in ferroelectric thin films.  

The work at UNSW was supported by ARC Discovery Grant 
DP0666231 and LIEF LE0668257. F. K. and J. W. acknowledge 
the support of the Science and Engineering Research Council 
- A*Star, Singapore, under Grant No. 052 101 0047, and the 
National University of Singapore. The work at UMD was supported 
by NSF MRSEC DMR 0520471 and ARO W911NF-071-1-0410. 
D. K. acknowledges the financial support from the Japan Society 
for the Promotion of Science. We are also thankful to Mr. Ludwig 
Geske and Dr. Marin Alexe for stimulating discussions. V. A. and 
D. K. contributed equally to this work.

 A02796-04777 

Co-sensitization of Porous TiO2 by PbS Quantum 
Dots and Ruthenium Based Organic Dye N719 

Yanqiong LIU; Zhibin XIE; John WANG
Department of Materials Science and Engineering, 
National University of Singapore, Singapore

PbS quantum dots (QD) have been successfully prepared 
by dipping the TiO2 paste into the solutions of Pb(NO3)2 
and Na2S. Various quantum sizes were obtained by 
adjusting the dipping time and number of cycles. The PbS 
quantum dots were characterized by UV-visible absorption 
& TEM. Performance of the solar cells constructed from 

PbS-sensitized TiO2, N719-sensitized TiO2 and PbS 
& N719-cosensitized TiO2 has been studied. PbS QDs 
are shown to elevate the open circuit voltage (Voc) and 
subsequently increase the efficiency from 5.9%, given by 
N719-sensitized TiO2, to 6.4%, given by PbS & N719-
cosensitized TiO2. The operating mechanisms involved in 
the co-sensitization are presented and discussed. 

 A02811-04811 

Hierarchically Nanostructured ZnO for Dye-
sensitized Solar Cells 

Hui LI; Zhibin XIE; John WANG
Materials Science and Engineering, National University 
of Singapore, Singapore

Nanostructured ZnO aggregates are synthesized via a 
hydrolysis route using zinc acetate dehydrate and diethylene 
glycol (DEG) as the precursors under carefully controlled 
conditions. They are then studied as the photoanodes in 
dye-sensitized solar cells, where the doctor-blade technique 
is employed to assemble a crack-free layer thickness of 
~8µm from the ZnO nanoaggregates together with ethyl 
cellulose (EC) and terpineol. An energy conversion 
efficiency of 3.68% (under 100mW cm-2) is achieved by 
using 11wt % ZnO sintered at 400°C. In this paper, the 
various processing parameters and operation mechanisms 
involved in the synthesis of ZnO nanoaggregates and solar 
cell assemble will be presented and discussed. 

 A02812-04814 

Templated Mesoporous Titania for Dye-Sensitized 
Solar Cell Applications 

Yu ZHANG; Zhibin XIE; John WANG
Materials Science and Engineering, National University 
of Singapore, Singapore

Mesoporous titania films were successfully prepared 
via an amphiphilic triblock copolymer templated sol-gel 
route following the evaporation-induced self-assembly 
mechanism. Layer-by-layer deposition was applied 
to thicken the films up to micrometer scale while the 
mesopore organization was retained. High degree of 
crystallization was achieved with the crystallite size of 
∼10 nm regardless of the film thickness, due to the spatial 
confinement of mesopores. The multilayered titania films 
as photoanodes were integrated into the dye-sensitized 
solar cells, demonstrating a complex interplay of factors 
determining the cell performance. An enhanced efficiency 
of 6 − 7% was achieved for the mesoporous titania films at 
the thickness of 5 – 6 µm, dependent on the mesostructural 
morphology, film thickness, pore accessibility, optical 
transparency and presence of micro-cracks.
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 A02815-04821 

Modulated Charged Defects and Their Effects on 
Electrical Behaviors of BiFeO3-based Thin Films 

Yang WANG; John WANG
Department of Materials Science and Engineering, 
National University of Singapore, Singapore

The charged defects structure in Bi1-xLaxFeO3 (BLF) and 
La-10% and Mg-2% codoped BiFeO3 (BLFM) thin films, as 
well as their relation to electrical behaviors are investigated. 
Through temperature-dependent conductivity and XPS 
analysis, it is demonstrated that La doping suppresses but 
Mg doping increases the concentration of both oxygen 
vacancies (OVs) and Fe2+ ions. Correspondingly, the 
leakage mechanism evolves from grain boundary and 
space charge limited conduction of BLF (x=0.2 and 0.1) 
to Poole-Frenkel emission of BLFM and BiFeO3 with the 
variation of dominant defects from OVs to Fe2+ ions. The 
formation of defect complexes between the acceptors and 
OVs is suggested to interpret the highest activation energy 
of BLFM film, while the dielectric relaxation is resulted 
from the migration of OVs. Furthermore, compared with 
BiFeO3, BLF (x=0.2) film reveals a rapider increase in 
C-V curve and smaller dielectric loss, deviating from 
the Rayleigh law. It is proposed that due to the depressed 
charged defects in BLF (x=0.2) film, an enlarged distance 
between two nearest pinning centers is resulted, allowing 
the reversible bending movement of pinned 180-degree 
domain walls, which contributes to the dielectric 
permittivity nonlinearly without inducing loss.

 A02840-04861 

Thickness Dependent Properties of Epitaxial  
BiFeO3 Multiferroic Thin Films

Huajun LIU1; John WANG1; Kui YAO2

1. Department of Materials Science and Engineering, 
National University of Singapore, Singapore
2. Institute of Materials Research and Engineering, 
Singapore

Epitaxial BiFeO3 multiferroic thin films of different 
thicknesses were grown by radio frequency sputtering on 
SrTiO3 single crystal substrate with a SrRuO3 buffer layer. 
The ceramic target used for sputtering had a 10% bismuth 
excess to compensate the likely loss in association with 
evaporation at high temperature. Crystal structure of the 
epitaxial films were characterized by using high-resolution 
X-ray diffraction (XRD), showing the epitaxial growth. 
Ferroelectric and dielectric properties were investigated by 
using the Radiant workstation (Radiant Technologies) and 
an impedance analyzer (Solartron Gain Phase Analyzer). 
High remnant polarization with low leakage current was 
obtained in our epitaxial thin films. The effects of strain 
and stress arising from the lattice mismatch and thermal 
mismatch will be presented and discussed.  

 A02853-04880 

Effects of Anodization Parameters on Titania 
Nanotube Arrays and the Performance of Dye-
sensitized Solar Cells

Zhibin XIE; Stefan ADAMS; John WANG; 
Daniel BLACKWOOD
Department of Materials Science & Engineering, 
National University of Singapore, Singapore

Dye sensitized solar cells (DSSCs) have attracted 
considerable attention as potential, cost-effective 
alternatives to silicon-based photovoltaic (PV) devices. The 
efficiency of DSSCs with a liquid electrolyte can reach as 
high as 11%. One of the factors limiting the performance of 
the DSSCs is the electron collection efficiency through the 
mesoporous titania layer. Titania nanotube arrays (TNAs) 
aligned perpendicular to electron collection electrodes 
could enhance electron transport and reduce recombination 
with redox electrolytes, leading to the higher charge 
collection efficiency. As a consequence, titania nanotube 
arrays replacing the conventional nanoparticle titania thin 
films is expected to improve the PV performance of DSSCs.  
Highly ordered, closely packed, and vertically oriented 
titania nanotube arrays with lengths exceeding 10µm 
were fabricated by anodizing titanium in an electrolyte 
composed of ammonium fluoride, ethylene glycol and 
deionized water. The microstructural morphology of the 
TNAs were characterized by scanning electron microscopy 
(SEM) and X-ray diffraction (XRD) and were adjusted 
by modifying the anodization voltage and time over a 
wide range. After anodization the nanotubes walls are 
amorphous, but they can be transformed into anatase of ca. 
50 nm in crystallite size by annealing in air at 450°C for 
three hours. Anodization voltage and time greatly influence 
the photovoltaic performance of dye sensitized solar cells 
based on the TNAs by adjusting the available surface 
area. The resulting efficiency enhancement is dominated 
by the variation of Jsc. A promising efficiency of 4.16% 
(Jsc 7.68mA/cm2, Voc 0.803 and FF 67.4%) under AM 1.5 
100mW/cm2 illumination was achieved. 

 A02860-04891 

Relaxor Ferroelectric Behaviors in  
Sr4(LaxNd1-x)2Ti4Nb6O30 Tungsten Bronze Ceramics

Xiang Ming CHEN; Xiao Li ZHU
Department of Materials Science and Engineering, 
Zhejiang University, Hangzhou, China

The dielectric anomalies and their structure dependence 
were evaluated and discussed in Sr4(LaxNd1-x)2Ti4Nb6O30 
ceramics, together with the analysis of ultrasonic velocity 
shift and attenuation spectra in the low temperature range. 
The room-temperature structure was confirmed as the 
tetragonal in space group P4bm for all compositions. One 
diffuse ferroelectric peak and three relaxor ferroelectric 
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peaks corresponding to the commensurate/incommensurate 
modulation of oxygen octahedra, polar clusters of A-site 
ion ordering and B-site ion ordering, respectively, were 
observed in the composition with x=0.25. With decreasing 
the radius difference between A1- and A2-ions (increasing 
x), the dielectric relaxations especially the one originating 
from the polar clusters of A-site ion ordering tended to 
increase significantly and overlap the diffuse ferroelectric 
peak, which was completely overlapped for x≥0.75. This 
process just reflected the increased disordering degree 
of both A- and B-site ions, and the analysis of ultrasonic 
attenuation strongly supported the above conclusions on 
dielectric relaxations and their structural origins. The 
ultrasonic attenuation peak around 100K corresponded to 
the freezing process of the dielectric relaxations, and the 
fluctuation with composition of the ultrasonic attenuation 
peaks between 150 and 260K suggested the possible 
structure variation.

 A02862-04897 

Dielectric Properties Bi3.15Nd0.85Ti3O12 Ceramic 
with a Core-Shell Structure

Guangqing KANG1;2; John WANG1; Kui YAO2; 
Jiagang WU1

1. Department of Materials Science and Engineering, 
National University of Singapore, Singapore
2. Institute of Materials Research and Engineering, 
Singapore

Bi3.15Nd0.85Ti3O12 Ceramics were successfully prepared with 
a core-shell structure of the grains. The Bi3.15Nd0.85Ti3O12 
was calcined by the traditional approach at 800°C and then 
the particles were submerged by excessive melt sodium 
chloride at 850°C for a certain time. After that, the Cl- and 
relative soluble cations were washed off by deionized 
water. The surface-modified particles were pressed into a 
pellet and sintered at 1100°C. The dielectric loss tangent 
δ of the modified ceramics researched down to ~0.002, 
which is about 8-10 times lower than the reported data. At 
the same time, the dielectric constant was not affected.

 A02866-04904 

Epitaxial Functional Oxide Films: A View From 
the World of Ferroelectrics 

Stephen STREIFFER1; Matthew HIGHLAND2; 
Timothy FISTER2; Marie-Ingrid RICHARD2; 
Dillon FONG2; Jeffrey EASTMAN2; Paul FUOSS2; 
Carol THOMPSON3; Brian STEPHENSON2;1

1. Center for Nanoscale Materials, Argonne National 
Laboratory, Argonne/IL, United States
2. Materials Science Division, Argonne National 
Laboratory, Argonne/IL, United States
3. Dept. of Physics, Northern Illinois University, DeKalb/
IL, United States

Epitaxial oxide films display an amazingly broad spectrum 
of cooperative phenomena that allow functional coupling 
to external stimuli. However, the complexity of these 
typically multicomponent systems has made understanding 
their structure-property relationships a grand challenge 
in materials science. Using the example of metalorganic 
chemical vapor deposition of epitaxial PbTiO3, we will 
illustrate how in-situ synchrotron x-ray scattering and 
fluorescence can be utilized to address this challenge 
for the study of the synthesis and physics of functional 
complex oxides incorporated into various representative 
heterostructures. This includes deposition onto novel 
substrate materials such as DyScO3, which offer an 
alternative to SrTiO3 for control of epitaxial strain. In 
addition, the polar nature of substrates such as DyScO3 
impose a different electrical boundary condition than 
would arise at a non-polar substrate surface such as SrTiO3 
(001). We observe that both substrate surface charge as 
well as charge linked to the gas environment above a film 
can impose a strong bias on the polarization of the film. 
Indeed, changing the partial pressure of oxygen in the 
gas above ultrathin PbTiO3 films on SrRuO3 can induce 
inversion in the sign of the polarization, i.e. chemically-
induced switching occurs. Most interestingly, we observe 
that under certain conditions nucleation is suppressed and 
switching can occur continuously, i.e. by uniform decrease 
and inversion of the polarization amplitude rather than by 
formation and motion of domain walls, indicating that the 
intrinsic coercive field is reached. Since switching at the 
intrinsic coercive field has never been achieved in oxide 
ferroelectrics using applied electric field, our results suggest 
that the barrier to nucleation is large during chemical 
switching. We will review our experimental results on the 
effect of interface charge compensation on the ferroelectric 
phase transition, how interface charge is related to the gas-
phase chemistry above a film under different processing 
conditions, and explore links to surface reconstructions 
that have been found for this system.

This work was supported by the U.S. Dept. of Energy, Office 
of Science Basic Energy Sciences, under contract DE-AC02-
06CH11357.
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 A02890-04938 

Engineering Exotic Phenomena at Ferroelectric 
Oxide Interfaces : A First-principles Perspective

Philippe GHOSEZ 
Physique Théorique des Matériaux, Université de Liège, 
Liège, Belgium

Thanks to recent advances in epitaxial oxide growth, 
ferroelectric oxide heterostructures and superlattices can 
nowadays be realized with atomic-level precision. This 
is bringing the field of ferroelectrics to an entirely new 
level and offers tremendous new possibilities for creating 
artificial multifunctional materials and devices [1]. First-
principles calculations constitute a powerful tool to clarify 
the physics of oxide heterostructures at the atomic level 
and to guide the experimentalists toward the design of 
artificial nanostructures with enhanced or, eventually, 
totally new properties. After a brief introduction, I will 
focus on two concrete examples. In a first part, I will 
illustrate how it is possible to couple ferroelectric and 
antiferrodistortive structural instabilities at the inter-layer 
interfaces of PbTiO3/SrTiO3 superlattices in order to induce 
an improper ferroelectric behavior and obtain unusual 
dielectric properties of direct interest for technological 
applications [2]. In a second part, I will report recent first-
principles results concerning ferroelectric tunnel junctions 
and deduce some general rules for the design of optimized 
structures.

Work done in collaboration with Eric Bousquet, Patrick Hermet, 
Daniel Bilc, Frederico Novaes, J. Iniguez, P. Ordejon Matthew 
Dawber, Céline Lichtensteiger and Jean-Marc Triscone and 
supported by the FAME NoE, the MaCoMuFi and OxIDes Strep 
projects and the VolkswagenStiftung. 

[1] J. Junquera and Ph. Ghosez, “First-principles study of 
ferroelectric oxide epitaxial thin films and superlattices: role 
of the mechanical and electrical boundary conditions”, J. 
Computational Theoretical Nanotechnology 5, 1 (2008) [http://
xxx.lanl.gov/abs/0711.4201]

[2] E. Bousquet, M. Dawber, N. Stucki, C. Lichtensteiger, P. 
Hermet, S. Gariglio, J.-M. Triscone, and Ph. Ghosez, “Improper 
ferroelectricity in perovskite oxide artificial superlattices”, 
Nature 452, 732-736 (2008)

 A02891-04939 

High Temperature Interface Superconductivity in 
Copper Oxide Multilayers 

Adrian GOZAR; G. LOGVENOV; A. T. BOLLINGER; 
I. BOZOVIC
Brookhaven National Laboratory, United States

Interfaces are recognized as a way for obtaining novel 
functional materials or studying phenomena that do 
not exist in the thermodynamically stable bulk. High 
temperature superconductivity confined to nanometer 

scales is important for potenatial applications as well as 
opportunities to study the effects of reduced dimensionality. 
In this presentation I will discuss results obtained in 
multilayers of La_{2-x}Sr_{x}CuO_{4+\delta} (LSCO) 
cuprate superconductors. Robust superconductivity with 
T_c ~ 30 K is obtained in a single CuO_{2} plane at the 
interface between insulating x=0 and overdoped metallic 
x=0.45 LSCO. Enhanced superconducting temperature 
with respect to what we obtain in single phase films is seen 
in such bilayers after exposure to ozone and this effect is 
also shown to originate and be confined at the interface. 
Information about structural, chemical and electronic 
properties as revealed by diffraction, electron microscopy 
and transport measurements are discussed. The data indicate 
that engineering artificial heterostructures provides a way 
to fabricate stable, quasi-two dimensional high-Tc phases 
and suggest a path for enhancement of superconducting 
properties in known or new superconductors.

 A02909-04974 

Optimization of Thickness of Magnetron Sputtered 
MgO Thin Films Thickness as Protective Layer 
for Plasma Display Panels 

Chandra Bhal SINGH2; Vandana SINGH2; 
Debjit DATTA1;2; Surajit SARKAR1;2; 
Satyendra KUMAR1;2

1. Department of Physics, Indian Institute of Technology 
Kanpur, Kanpur, India
2. Samtel Centre for Display Technologies, Indian 
Institute of Technology Kanpur, Kanpur, India

Low sputtering yield and large band gap have made 
Magnesium oxide (MgO) an important material for 
dielectric protective layer in plasma display panels 
(PDPs).In this work, we report the influence of thickness 
of MgO layer on the secondary electron emission and 
firing voltage. A major improvement in PDP performance 
depends on the thickness of Magnesium oxide film as 
the protective layer due to its high secondary electron 
emission and anti-sputtering properties. In this work, 
we deposited MgO thin films varying the deposition 
time using pulsed dc magnetron sputtering technique. 
Thin film characteristics such as crystal orientation, 
surface morphology, optical properties (transmittance & 
reflectance) andsecondary electron emission coefficient 
were systematically investigated by X-ray diffraction 
(XRD), Atomic Force Microscope (AFM), UV-VIS 
spectrophotometer and Secondary Electron Emission 
Tool (SEE-Tool) respectively. It was observed that surface 
roughness increased with thickness of MgO thin films. We 
found that secondary electron emission (SEE) coefficient 
is dependent on the MgO thickness. Mgo thin films with 
thickness ~900 nm have lower SEE coefficient than films 
having thickness ~ 400 nm.The reasons behind lower SEE 
coefficient of thicker MgO thin films is studied. If the MgO 
layer is too thin (~100 nm), a few secondary electrons 
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generated within the MgO film and results in lower SEE 
coefficient. Optimized thickness (400 nm-600nm) of MgO 
thin films will be useful for as protective layers for future 
plasma display panels technology.

 A02909-04975 

Effect of Deposition Parameters on Structural and 
Surface Characterization of Magnetron Sputtered 
MgO Thin Films 

Chandra Bhal SINGH2; Surajit SARKAR1;2; 
Vandana SINGH2; Satyendra KUMAR1;2

1. Department of Physics, Indian Institute of Technology 
Kanpur, Kanpur, India
2. Samtel Centre for Display Technologies, Indian 
Institute of Technology Kanpur, Kanpur, India

Low sputtering yield and large band gap have made 
Magnesium oxide (MgO) an important material for 
dielectric protective layer in plasma display panels 
(PDPs).In this work, we report the influence of deposition 
parameters on structural and surface characterization of 
pulsed dc sputtered MgO thin films. we deposited MgO 
thin films varying the different parameters using pulsed dc 
magnetron sputtering technique. Thin film characteristics 
such as crystal orientation, surface morphology, optical 
properties (transmittance & reflectance) andsecondary 
electron emission coefficient were systematically 
investigated by X-ray diffraction (XRD), Atomic Force 
Microscope (AFM), UV-VIS spectrophotometer and 
Secondary Electron Emission Tool (SEE-Tool) respectively. 
It was observed that surface roughness increased with 
thickness of MgO thin films. We found that secondary 
electron emission (SEE) coefficient is dependent on the 
MgO thickness. Mgo thin films with thickness ~900 nm 
have lower SEE coefficient than films having thickness 
~ 400 nm.The reasons behind lower SEE coefficient of 
thicker MgO thin films is studied. If the MgO layer is 
too thin (~100 nm), a few secondary electrons generated 
within the MgO film and results in lower SEE coefficient. 
Optimized thickness (400 nm-600nm) of MgO thin films 
will be useful for as protective layers for future plasma 
display panels technology.

 A02910-04976 

Characterization of Si doped MgO Thin Films for 
Plasma Display Panels 

Surajit SARKAR1;3; Pradeep Kumar RAI2;3; 
Chandra Bhal SINGH3; Vandana SINGH3; 
Satyendra KUMAR1;3

1. Department of Physics, Indian Institute of Technology 
Kanpur, Kanpur, India
2. Material Science Program, Indian Institute of 
Technology Kanpur, Kanpur, India
3. Samtel Centre for Display Technologies, Indian 
Institute of Technology Kanpur, Kanpur, India

Plasma display panels (PDPs) have emerged as the 
successful technology for large area flat panel display 
with a wide viewing angle. A major improvement in PDP 
performance depends on the doping of Magnesium oxide 
(MgO) film as the protective layer due to its high secondary 
electron emission and anti-sputtering properties. In this 
work, we deposited Si (30 ppm) doped MgO thin films at 
different substrate temperature and different oxygen partial 
pressure by using electron-beam evaporation method. 
Thin film characteristics such as crystal orientation, 
surface morphology, optical properties (transmittance & 
reflectance) andsecondary electron emission coefficient 
were investigated by X-ray diffraction (XRD), Atomic 
Force Microscope (AFM), UV-VIS spectrophotometer 
and Secondary Electron Emission Tool (SEE-Tool) 
respectively. It was found that the crystal orientation, crystal 
size and surface morphology are dependent on substrate 
temperature as well as the oxygen partial pressure. From 
the results, it was observed that substrate temperature 
and oxygen partial pressure is a crucial parameter for the 
crystal orientation. All the films were found more than 90 
% transparent in the visible range.

 A02917-04985 

Novel Ferroelectric Capacitor for Non-volatile 
Memory Storage and Biomedical Tactile Sensor 
Applications 

Shiyang LIU1; Lynn CHUA1; S. E. VALAVAN2; 
Kian Chuan TAN1

1. High School of Math & Science, National University of 
Singapore, Singapore
2. School of Applied Science, Republic Polytechnic, 
Singapore

We report on novel ferroelectric thin film compositions 
for use in non-volatile memory storage and biomedical 
tactile sensor applications. The Lead Zirconate Titanate 
(PZT) composition was modified by Lanthanum (La3+) 
(PLZT) and Vanadium (V5+) (PZTV, PLZTV) doping. 
Hybrid films with PZTV and PLZTV as top layers are 
also made using seed layers of differing compositions. 
La3+ doping decreased the coercive field, polarization 
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and leakage current, while increasing the relative 
permittivity. V5+ doping, while having similar effects, 
results in an enhanced polarization, with comparable 
dielectric loss characteristics. Complex doping of both 
La3+ and V5+ in PLZTV, while reducing the polarization 
relative to PZTV, significantly decreases the coercive 
field. Hybrid films have a greater uniformity of grain 
formation than non-hybrid films, thus decreasing the 
coercive field, leakage current and polarization fatigue 
while increasing the relative permittivity. Analysis 
using X-Ray Diffraction (XRD) verified the retention of 
the PZT perovskite structure in the novel films. PLZT/
PZTV has been identified as an optimal ferroelectric 
film composition due to its desirable ferroelectric, 
fatigue and dielectric properties, including the highest 
observed remnant polarization (Pr) of ~ 25 µC/cm2, 
saturation polarization (Psat)of ~ 58 µC/cm2 and low 
coercive field (Ec) of ~ 60 kV/cm at an applied field of  
~ 1000 kV/cm, as well as a low leakage current density of  
~ 10-5 A/cm2 at 500 kV/cm and fatigue resistance of up 
to ~ 1010 switching cycles.

 A02917-05045 

Multilayered Ferroelectric Micro Sensors for 
Biomedical Applications

S. E. VALAVAN 
New Materials Technology Development Centre, School 
of Applied Science, Republic Polytechnic, Singapore

Ferroelectric functional thin films fit naturally into the 
burgeoning field of microelectro-mechanical systems 
(MEMS), since their superior ferroelectric, piezoelectric 
and pyroelectric properties make them ideal materials 
for micro-sensors and actuators. Lead zirconate titanate 
and its derivatives, such as PbTiO3, Pb(La,Zr,Ti)O3 and 
Pb(Zr,Ti,Sn)O3, etc., are widely used because of their 
large electromechanical coupling coefficients, temperature 
stability and high resistance to depolarization from 
mechanical stress and high driving voltages.  The recent 
research on piezoelectric sensors and actuators is moving 
toward miniaturization to achieve better resolution, precise 
mechanical displacements and high power densities. 
These requirements are needed in applications such as 
biomedical, manufacturing, information processing and 
automotive industries. In the biomedical sector, several key 
piezoelectric MEMS are being introduced for fabricating 
devices such as lab-on-a-chip, micropumps, drug delivery, 
tactile, imaging and molecular recognition sensors.
 
The processing of the ferroelectric layer is of central 
importance to BioMEMS as this layer provides the 
piezoelectric properties and also the processing step must 
be compatible with the fabrication sequence. Sol-gel 
method is well suited for BioMEMS application because 
films with reproducible compositions and properties can be 
prepared with desirable thickness at acceptable processing 

temperatures and low cost.  The scope of this presentation 
will cover ferroelectric materials research, device design 
and processing technologies that is suitable for biomedical 
applications. 

 A02941-05026 

Structure and Properties of Domain Walls in 
Multiferroic BiFeO3 Thin Films

C. T. NELSON1; Y. ZHANG1; Y. B. CHEN1; 
C. M. FOLKMAN2; S. H. BAEK2; C. B. EOM2; 
Xiaoqing PAN1 
1. Department of Materials Science and Engineering, 
University of Michigan, Michigan, United States
2. Department of Materials Science and Engineering, 
University of Wisconsin-Madison, Wisconsin, 
United States

Multiferroic BiFeO3 has attracted great interest in 
potential applications to spintronic devices due to its 
room temperature magnetoelectric coupling. BiFeO3 is 
also considered as a candidate for lead-free nonvolatile 
memories because of its high remanent polarization and 
piezoelectric response. The characterization and control 
of domain walls are critical issues for the fabrication of 
the epitaxial BiFeO3 thin films desirable for devices. In 
this paper we will report the effect of interfacial structure 
and strain on the structures and properties of domain walls 
in epitaxial BiFeO3 thin films fabricated by sputtering 
on SrTiO3, Si, and TbScO3 single crystal substrates. The 
domain wall structures of BiFeO3 films with different 
boundary conditions were characterized by high-resolution 
transmission electron microscopy (HRTEM). The 
electronic properties of different domain walls in epitaxial 
BiFeO3 thin films were determined by electron energy-
loss spectroscopy (EELS) using a spherical aberration 
corrected cold field emission gun TEM. TEM imaging 
reveals that the domain configuration and domain wall 
structure strongly depend on strain, interfacial structure, 
and crystallographic symmetry of substrates. The TEM 
results correlate highly with the electrical and ferroelectric 
properties measured from the same films, indicating the 
mechanism of domain wall contributions to leakage and 
multiferroic properties of BiFeO3 materials. 



140     Symposium D - Functional Ceramic Materials, Oxide Thin Films and Heterostructures

 A02944-05033 

An Investigation of Structural, Magnetic and 
Dielectric Properties of R2NiMnO6 (R = rare earth, Y)

K. V. RAMANUJACHARY1; R. J. BOOTH2; 
R. FILLMAN2; H. WHITAKER1; Abanti NAG3; 
R. M. TIWARI3; J. GOPALAKRISHNAN3; 
S. E. LOFLAND2 
1. Department of Chemistry and Biochemistry, 
Rowan University, Glassboro, NJ, United States
2. Department of Physics and Astronomy, 
Rowan University, Glassboro, NJ, United States
3. Solid State and Structural Chemistry Unit, 
Indian Institute of Science, Bangalore, India

We have investigated the structure, magnetic and dielectric 
properties of the double perovskite oxides,R2NiMnO6 (R 
= Pr, Nd, Sm, Gd, Tb, Dy, Ho and Y). We could refine 
powder X-ray diffraction patterns of all the phases on the 
basis of monoclinic (P21/n) double perovskite structure 
where Ni and Mn atoms are ordered at 2c and 2d sites, 
respectively. All the phases are ferromagnetic insulators 
exhibiting relatively low dielectric loss and dielectric 
constants in the range 15–25. The ferromagnetic ordering 
temperature of the R2NiMnO6 series seems to correlate 
better with the radius of R3+ ions than with the average 
Ni–O–Mn angle ( ω ) in the double perovskite structure. 
These results are consistent with all samples havingMn4+ 
and Ni2+ with minimal anti-site disorder. 
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Fabrication and Mechanism of Large Area and 
Uniform Silver Dendritic Micro-structures

Hui LIU1;2; Yang YANG2; Xiaopeng ZHAO2; 
Zhenfeng ZHU1 
1. School of Materials Science and Engineering, Shaanxi 
University of Science and Technology, Xi’an, China
2. Department of Applied Physics, Northwestern 
Polytechnical University, Xi’an, Shannxi, China

The development of novel nanostructured materials 
with controlled shapes and ordered arrangement has 
stimulated great research for seeking novel properties and 
tailorable functions. In particular, the synthesis of metal 
nanostructureswith controllable shapes received much 
attention in the modern materials chemistry. Beyond their 
aesthetic appeal, these new structures are compelling 
for multiple fundamental and practical technological 
reasons. First, their synthesis has motivated experimental 
progress in understanding the intrinsic shape-dependent 
properties of metal nanocrystals. Second, some of these 
structures feature optical and electrical properties that 
make them desirable for emerging applications including 
biolabels, photovoltaic behavior, chemical sensing, 
and surface enhanced Raman scattering, among others. 
Third, some of these structures enable elucidation of the 
particle growth mechanism, which in turn may make 

possible the prediction and systematic manipulation of the 
final nanocrystal structure. Finally, these new materials 
provide new template systems for the further generation of 
different structures. In this paper, we extend the colloidal 
crystal template technique to the electrochemical synthesis 
of silver dendritic array. In a typical process, the colloidal 
polystyrene spheres and electrodeposited ZnO were used 
as the primary and secondary template, respectively. Then, 
the periodic silver dendritic structures were prepared on 
the ZnO template by electrodeposition. The experimental 
results show that most of these dendritic cells have a two-
level structure with a whole size near 700nm and present 
an order hexagonal periodicity. We also studied the main 
effective parameters, such as the distance between two 
electrodes and the concentration of sufactant, and growth 
mechanism of this silver dendritic structural array.
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Synthesis of ZnO Nanorods and Highly Textured 
Films by Hydrothermal Route

Tong LI; H. M. FANG; J. M. XUE; J. DING 
Department of Materials Science and Engineering, 
National University of Singapore, Singapore

Due to numerous potential applications of high quality ZnO 
thin or thick films and the great advantages of hydrothermal 
synthesis in both cost and environmental impact, a significant 
effort recently has been made for growth of highly textured 
ZnO films via hydrothermal method. However, considering 
the requirement of hydrothermal growth on small lattice 
mismatch between ZnO films and the substrates, most 
research now is confined to employ spinel or GaN-buffered 
sapphire as the substrates for ZnO films synthesis. In 
this study, we report the hydrothermal growth of highly 
textured ZnO film on an as-grown ZnO thin film fabricated 
by pulsed laser deposition (PLD), which could actualize the 
growth of highly textured ZnO films on various substrates 
such as quartz, silicon, glass, etc. 

In this study, highly textured ZnO films were successfully 
synthesized by hydrothermal route at 80℃. The highly 
textured ZnO thin film with a thickness of 20nm grown 
on quartz by PLD was employed as the substrate. A 
dense and continuous ZnO film (ca. 2μm) was further 
grown on the substrate in an aqueous solution consisting 
of Zn(NO3)2·6H2O, ammonium nitrate at the PH value of 
approximately 10.5 for 24h. Scanning electron microscopy, 
X-ray diffraction, PL and Hall effect were used to investigate 
the structural, optical, and electrical properties of the ZnO 
films. X-ray diffraction analysis showed that the thin film 
was highly terxtured and exhibited wurtzite structure and 
c-axis orientation. The rocking curve of this hydrothermal 
ZnO thin film with a halfwidth of 2.7° was compared with 
the seed layer deposited by PLD (3.1°).  This study lays the 
foundation for growing high-quality ZnO films with large 
area on different substrates, which could be a promising 
technique for various applications.
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Solid State Catalysis Of Epitaxial Oxide Thin 
Films

S. DHAR1,2; F. ROCCAFORTE3; K. P. LIEB4; 
T. VENKATESAN1,2,5

1 NanoCore, National University of Singapore, 
Singapore 117576
2 Department of Electrical and Computer Engineering, 
National University of Singapore, Singapore 17576
3 CNR-IMM, Strada VIII n. 5, Zona Industriale, 95121 
Catania, Italy
4 II. Physikalisches Institut, Universität Göttingen, 
Friedrich-Hund-Platz 1, D-37077 Göttingen, Germany
5 Department of Physics, National University of 
Singapore, Singapore 117542

Catalysis is increasingly playing an important role in the 
development of various nano-materials, chemicals, fuel 
cells, food and energy processing. It provides an alternative 
and faster route to lowering the activation energy for 
chemical reactions, which may be prohibited or slowed 
due to intrinsic kinetic barriers. Although most catalysis 
processes are restricted to surfaces, catalysis inside a solid 
influencing its bulk and thin film properties is yet to be 
recognized and exploited. Here, we demonstrate the growth 
of epitaxial SiO2 and HfO2 thin layers with the help of solid 
state catalysis. Under conventional growth conditions, in 
the former case epitaxial growth is pretty unlikely and in 
the latter case very high growth temperatures are required. 
High quality epitaxial SiO2 thin layers were achieved 
through solid state reactions with the help of the alkaline 
catalysts Cs or Rb. HfO2 epitaxial films were grown by 
pulsed laser deposition at far reduced temperatures using 
Co as a catalyst. The mechanism of the catalysis process 
will be discussed.

D-00002

Femto-Second Laser Excitation Studies Of Oxide 
Thin Films And Heterostructures 

X. WANG1,2; G. YOU1; Q-H. XU3; J. HUIBEN4; 
H. HILGENKAMP4; T. VENKATESAN1,2,5; ARIANDO1,2

1 NanoCore, 2 Department of Physics, 3 Department of 
Chemistry, 5 Department of Electrical and Computer 
Engineering, National University of Singapore, Singapore
4 Faculty of Science and Technology and Mesa+ 
Institute for Nanotechnology, University of Twente, 
The Netherlands

Oxide thin-film heterostructures offer unique opportunities 
for combining materials with various functionalities, 
providing a versatile pathway to create novel oxide 
electronic devices. In particular, studies have recently 
shown high-mobility two-dimensional conducting 
planes emerge at the interface between insulating oxide 

heterostructures of LaAlO3 and SrTiO3. Subsequently, 
various other physical properties such as magnetism and 
superconductivity were also observed at the interfaces of 
these heterostructures. However, apart from the exploratory 
work, the in-depth investigation of the unusual properties 
of this electronic system has only just begun.

The real-time dynamical studies of charge carriers out of 
equilibrium can give detailed microscopic information 
about electronic correlation at these interfaces, which 
can be read out with time-resolved optical spectroscopy 
on a sub-picosecond time scale. Here we will discuss our 
current experiments using femtosecond laser pump and 
probe technique to investigate the real-time dynamics of 
the electrons and holes at the LaAlO3/SrTiO3 interfaces. 
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Ta Doped TiO2: Substitutionality and Bandgap 
Variation

A. R. BARMAN1,2; S. DHAR1, 3; M. R. 
MOTAPOTHULA1,2; T. K. CHAN2; M. BREESE2; 
G. OSIPOWICZ2; T. VENKATESAN1, 2, 3

1 NanoCore, National University of Singapore, 
Singapore 117576
2 Department of Physics, National University of 
Singapore, Singapore 117542
3 Department of Electrical and Computer Engineering, 
National University of Singapore, Singapore 117576
 
We have investigated the substitutionality, bandgap and the 
lattice constant evolution of anatase TiO2 films deposited 
by Pulsed laser deposition as a function of Ta doping. It 
is shown that there is complete Ta substitution in the Ti 
lattice for almost all the concentrations using Rutherford 
backscattering / ion channeling measurements. There is 
a strong oxygen pressure and temperature dependence of 
the substitutional fraction. The bandgap of the doped TiO2, 
measured by UV-Vis spectroscopy, shows a blue shift. 
This appears to be more consistent with the formation 
of an alloy TaxTi1-xO2 with a bandgap given by a linear 
combination of the bandgaps of the end members than the 
band filling effects (Moss-Burstein shift). The origin of this 
blue shift will be presented and discussed along with the 
experimental results.
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