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Scope of Symposium

This symposium focuses on nanostructured magnetic materials with the emphasis on various applications, such as data 
storage, electronics and biomagnetics. The topics of the symposium include magnetic recording, spintronics, magneto-
optics, magneto-mechanics, hard & soft magnets and modelling/simulation. Selected papers will be published in Journal 
of Nanoscience and Nanotechnology.

Symposium Topics

•	 Magnetic	thin	films	and	nanostructures	in	magnetic	recording	(recording	media	and	read/write	devices)	
•	 Magneto-electronic,	magneto-optic	and	magneto-mechanical	properties	of	nanostructured	magnetic	materials	
•	 Nanomagnets	with	high	energy	products	
•	 Nanomagnets	in	soft-magnetic	and	microwave	applications	
•	 Nanostructured	Magnetic	materials	for	bio-medical	applications	
•	 Domain	structure	and	magnetization	reversal	mechanisms	of	magnetic	nanostructures	
•	 Modeling/simulation	of	magnetic	nanostructures	
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Abstracts

 A00039-00040 

Synthesis and Magnetic Properties Studies of 
NiS 

Lu TIAN1; Lee Yong YEP1; Tien Teng ONG1; Jiabao YI2; 
Jun DING2; Jagadese J. VITTAL1 
1. Department of Chemistry, National University of 
Singapore, Singapore
2. Department of Materials Science and Engineering, 
National University of Singapore, Singapore

The compounds (TMEDA) M (SC{O}C6H5)2  
(M = Ni, 1; Mn, 2)	 have	 been	 synthesized	 and	
characterized	 by	 X-ray	 crystallography.	 Both	 of	 the	
monomeric	molecular	precursors	have	been	used	to	make	
the corresponding monodispersed NiS (two different 
phases) and cubic phase MnS nanocrystals (NCs) under 
specific	experimental	conditions.	Changing	the	surfactants	
yielded	 low-temperature	 rhombohedral	 β-NiS	 NCs	 with	
millerite structure in dodecanethiol and high-temperature 
hexagonal	 α-NiS	NCs	with	NiAs-type	 structure	 in	 oleic	
acid,	while	monodispersed	hexagonal	shaped	α-MnS	NCs	
with	rock-salt	structure	were	obtained	in	the	presence	of	a	
combination of oleylamine and dodecanethiol surfactants. 
The	 NCs	 have	 been	 characterized	 by	 X-ray	 powder	
diffraction patterns, transmission electron microscopy, 
selected area electron diffraction patterns, and energy-
dispersive X-ray analysis. In the magnetic properties 
studies, noticeable magnetic signals have been detected 
for both rhombohedral and hexagonal phase of NiS, but 
the	 rhombohedral	 phase	 exhibits	 stronger	magnetization	
than the hexagonal phase. Rhombohedral NiS NCs has a 
magnetization	of	1	emu/g	at	a	field	of	5	kOe	and	a	coercivity	
of	10	Oe.	Hexagonal	NiS	NCs	has	a	magnetization	of	1.7	
emu/g	at	a	field	of	5	kOe	and	a	coercivity	of	50	Oe.	

 A00095-00585 

Low Temperature Molecular Beam Epitaxy of 
Ferromagnetic Silicide for Spin-Transistors with 
SiGe Channel

Masanobu MIYAO1; Kohei HAMAYA1;2; 
Taizoh	SADOH1 
1. Department of Electronics, Kyushu University, 
Fukuoka, Japan
2. Precursory Research for Embryonic Science and 
Technology (PRESTO), Japan Science and Technology 
Agency, Kawaguchi, Japan

Research and development for new semiconductor devices 
which enable ultrahigh speed operation, ultra low power 
dissipation, and/or multi-functional operation are strongly 
required to overcome a scaling limit of complementary 
CMOS (metal-oxide-semiconductor) performance. In 

line with this, Si-based heterostructure technologies have 
been widely developed in a quarter century. Among them, 
development of the SiGe heteroepitaxy technique on Si 
substrates enabled strained growth, modulation doping, 
and formation of quantum well structures, which achieved 
significant	enhancement	of	carrier	mobility	and	 resonant	
tunneling transport. What is the next jump? New functions 
created by spin injection from ferromagnetic electrodes 
into semiconductor channels or quantum dots are big 
candidates to be used for this purpose. To combine such 
spintronics with Si-based heterostructure technologies, we 
have been developing atomically controlled heteroepitaxy 
of ferromagnetic silicide Fe3Si on the group-IV 
semiconductor (Si, SiGe, Ge et. al) platform. This paper 
reports our recent progress in novel epitaxial growth of 
Fe3Si	(Curie	temperature:	840K,	Spin	polarization:	43%)	
on SiGe for the application of group IV-based spin-
transistors. 

In the experiment, Fe and Si were co-evaporated (60-
200oC) on Si and Ge substrates with (100), (110), and 
(111) orientations by using MBE (molecular beam epitaxy) 
system.	 From	 Rutherford	 back	 scattering	 (RBS)	 axial-
channeling measurements, large values of the minimum 
yield	exceeding	65	%	were	obtained	for	(100)	and	(110)	
substrates. These values were drastically decreased to 
less	 than	 7	%	 by	 substituting	 (111)	 substrates.	 Detailed	
experiments indicated that both Fe/Si ratio and growth 
temperature	were	key	factors	to	improve	interface	quality	
of Fe3Si/Ge	(111).	Very	low	minimum	yield	of	2.2	%	was	
achieved	by	tuning	Fe/Si	ratio	exactly	to	3/1	and	optimizing	
growth temperature (130oC). Cross-sectional transmission 
electron microscope (TEM) observation demonstrated the 
atomically	 flat	 interface	 of	 Fe3Si/Ge (111). In addition, 
its electron diffraction pattern indicated strong super-
lattice	reflection	spots,	which	confirmed	the	formation	of	
ordered DO3-type Fe3Si layers. Magnetic properties were 
evaluated by using the vibrating sample magnetometer 
(VSM), which showed the growth-temperature dependent 
coercivities. A smallest value (0.8 Oe) was obtained from 
the sample with highest crystal quality (minimum yield :  
2.2	%).	Weak	uniaxial	anisotropy	supposed	to	originate	from	
a uniaxial lattice strain was observed, where the anisotropy 
field	was	very	 small	 (7	Oe).	Consequently,	 formation	of	
source/drain electrodes with uniform magnetic properties 
is	expected	to	be	realized	by	using	the	shape	anisotropy.	
Electrical properties were also evaluated by using current-
voltage and capacitance-voltage measurements, which 
indicated	 good	 Schottky	 characteristics	 with	 the	 barrier	
height of 0.56 eV. The ratio of the on-current to the off-
current was the order of 103. 

These	results	will	be	a	powerful	tool	to	realize	new-type	
group IV-based spin-transistors, i.e., SiGe channel with 
high mobility and Fe3Si source/drain for spin-injection.
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 A00103-01380 

Single Step Synthesis of Superparamagnetic  
Iron Oxide Nanoparticles for Biomedical 
Applications

Dipak	MAITY; Jun DING; Jun-Min XUE 
Materials Science and Engineering, National University 
of Singapore, Singapore

Superparamagnetic iron oxide nanoparticles have been 
attracted	a	great	attention	in	the	biomedical	field	such	as	
magnetic separation, drug delivery, cancer hyperthermia 
and magnetic resonance imaging (MRI) enhancement. 
Iron oxides particularly magnetite (Fe3O4) and maghemite 
(γ-Fe2O3)	are	very	promising	candidates	in	this	field	due	
to their nontoxicity and high chemical stability. The major 
difficulty	in	the	synthesis	of	ultrafine	particles	is	to	control	
the	particle	size	and	its	distribution	at	the	nanosized	scale.	
This	difficulty	arises	 from	the	fact	 that	 the	nanoparticles	
form	aggregates	 and	continuously	grow	 to	minimize	 the	
overall surface free energy. Also, in in vivo applications, 
hydrophilic particles show prolonged blood circulation 
minimizing	 the	 absorption	 of	 plasma	 proteins	 and	 non-
specific	 uptake	 by	 reticular-endothelial	 system	 (RES),	
like	macrophage	cells.	Therefore,	the	search	for	facile	and	
flexible	synthetic	routes	which	are	able	to	produce	water	
soluble monodispersed iron oxide nanoparticles without 
particle	aggregation	is	of	extremely	importance	to	realize	
the full potential of these materials in biomedicine. In this 
work,	we	have	synthesized	both	the	hydrophobic	(organic	
solvent sluble) and hydrophilic (water soluble) iron oxide 
nanoparticles	with	in	the	acceptable	size	distribution	using	
a single step synthetic route which includes the thermal 
decomposition of iron acetyleacetonate, Fe(acac)3 in an 
appropriate	stabilizing	surfactant	media.	

Both the as prepared hydrophobic and hydrophilic 
nanoparticles can be dispersed well in an appropriate solvent 
to	obtain	stable	ferrofluid	suspension.	Size	and	morphology	
of the nanoparticles are determined by TEM while, structure 
of	 the	 pareticles	 is	 identified	 by	 XRD,	 FTIR,	 XPS	 and	
TGA measurements. Magnetic properties of the particles 
are determined using VSM and SQUID measurements. 
Particle	 size	 and	 the	 saturation	 magnetization	 (MS)	 of	
the nanoparticles are tuned varrying reaction parameter. 
Highly crystalline and superparamagnetic nanoparticles 
with	 higher	 MS	 are	 obtained	 under	 optimized	 reaction	
condition.	Cytotoxicity,	specific	absorption	rate	(SAR)	and	
relaxivity	measurements	 indicate	 that	 the	 as	 synthesized	
water soluble superparamagnetic nanoparticles have great 
potential for cancer hyperthermia and MRI applications. 

 A00113-00328 

Synthesis, Charecterization and Magnetic 
Properties of Zn substituted Li-Ni Nano Ferrites

Ravinder G. KHARABE1; 
Bantesh K. BAMMANNAVAR2; 
Baburao K. CHOUGULE3 
1. Department of Physics, KLE’s GIB College Nippani, 
Karnataka, India
2. Department of Physics, Karnatak University, 
Karnataka, India
3. Department of Physics, Shivaji University, 
Maharashtra, India

Nanosized	Li-Ni-Zn	ferrites	with	general	chemical	formula	
Li0.5 Ni0.75-x/2	Znx/2 Fe2O4 Where x = 0, 0.1, 0.3, 0.5, 0.7 & 
0.9	have	been	synthesized	from	a	simple	polymer	matrix	
based precursor solution. The solution was composed 
of metal nitrates with polymer PVA and disaccharide 
(sucrose).	 Thermolysis/flame	 pyrolysis	 of	 the	 precursor	
mass at an external temperature around 500oc resulted 
in	 the	 oxide	 phase	 X-ray	 diffraction	 studies	 confirmed	
the	 formation	of	single	phase	ferrites.	 .	The	particle	size	
was determined from the scanning electron microscopy. 
SEM micrographs reveal that the average grain diameter 
increases	with	Zn	content	up	 to	0.15	and	 then	decreases	
beyond this limit. The average grain diameter measures 16-
33nm, i.e. nanocrystalline.  It is attributed to the relation 
between magnetic properties and microstructure. The 
variation	of	saturation	magnetization	(Ms) with content of 
Zn	shows	that	the	saturation	magnetization	(Ms) increase 
with	 Zinc	 contents	 upto	 x=0.5	 and	 shows	 a	 decreasing	
trend later on.

 A00132-00281 

Biological Synthesis and Characterization of 
Cubo-octahedral Nanomagnets

Mohit NARESH2; Manish SHARMA3; Aditya MITTAL1;2 
1. School of Biological Sciences, Indian Institute of 
Technology Delhi, New Delhi, India
2. Department of Biochemical Engineering and 
Biotechnology, Indian Institute of Technology Delhi, New 
Delhi, India
3. Centre for Applied Research in Electronics, Indian 
Institute of Technology Delhi, New Delhi, India

Magnetic nanoparticles have a variety of applications 
ranging	from	those	in	biomedical	field	(e.g.	targeted	drug	
delivery, MRI) to manufacture of memory and energy 
storage	 devices	 as	 well	 as	 ferrofluids,	 to	 synthesis	 of	
products useful in translational biological research such as 
biosensors	and	biomarkers.	However,	control	of	properties	
like	uniform	shape	and	anisotropy,	narrow	size	distributions,	
sensitivity	to	magnetic	fields,	existence	of	a	single	magnetic	
domain,	and	biocompatible	surface	functionalization	(for	
biological and biomedical purposes) poses the greatest 
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challenge in chemical synthesis of magnetic nanoparticles. 
Magnetotactic bacteria are a special class of bacteria that 
are	capable	of	synthesizing	magnetic	nanoparticles,	with	
a very robust control over the afore-mentioned properties. 
Different types of these bacteria biologically manufacture 
nano-magnets of magnetite and greigite by consuming 
iron	salts	from	their	growth	environment.	In	this	work,	we	
report	our	findings	on	biological	manufacturing	of	nano-
magnets by the magnetotactic bacteria Magnetospirillum 
gryphiswaldense.	After	optimizing	the	growth	conditions	
for	 the	 magnetotactic	 bacteria	 in	 shake	 flasks,	 we	
successfully scaled up magnetosome production from these 
bacteria to a 3 L bioreactor under dynamically controlled 
oxygen supply. We have achieved biological production 
of nanomagnets with 1.5 times the productivity (in mg/L/
day) reported till date. The nanomagnets have a mean 
diameter	of	38nm	with	narrow	size	distributions.	Structural	
characterization	 of	 the	 nanomagnets	 done	 using	 High-
Resolution Transmission Electron Microscopy (HRTEM) 
suggests they are monocrystalline. The nanomagnets 
are spherical in shape but have cubo-octahedral facets 
that clearly show the crystal planes of magnetite. Using 
microdiffraction and Energy Dispersive X-ray (EDX) 
analysis techniques, we have seen the particles are 
composed	 of	 crystalline	 magnetite.	 Characterization	 of	
magnetic properties of the nanomagnets both inside and 
outside the bacteria has also been performed using various 
techniques, results of which will also be presented. While 
discussing our results on large-scale biological production 
of bio-friendly nano-magnets, we provide important 
stoichiometric information along with energy requirements 
for biological synthesis of nano-magnets. We believe that 
our results are extremely valuable in the present and as 
well as the future for exploiting the huge potential of 
biologically derived magnetic nanoparticles. 

 A00159-00759 

Effect of Microstructure on Electrical and 
Magnetic Properties of Ni-Mg-Zn Nano Ferrites

Rangappa B. PUJAR1; Priya P. KULKARNI1; 
Vaishali R. BOTE1; Bantesh K. BAMMANNAVAR2; 
Lalasing R. NAIK2; Baburao K. CHOUGULE3 
1. Department of Physics, S. S. Arts College and T. P. 
Science Institute, Karnataka, India
2. Department of Physics, Karnatak University, 
Karnataka, India
3. Department of Physics, Shivaji University, 
Maharashtra, India

Nano ferrites with the general chemical formula  
Ni0.5-x Mgx	Zn0.5 Fe2O4	(x	=	0.1	to	0.5)	have	been	synthesized	
by chemical route. X-ray diffraction patterns exhibit single 
phase face centered cubic structure. IR absorption bands 
ν1 and ν2 are assigned to the vibrations of tetrahedral and 
octahedral complexes respectively. The splitting of ν2 
bands indicates the presence of Fe2+ ions at octahedral sites. 

SEM micrographs exhibit the development of porosity at 
the	base	of	neck	of	grains.	The	presence	of	metal	vacancies	
results in larger pores at the boundaries of the crystallites. 
An average grain diameter is calculated by line intercept 
method. VSM studies show the small values of Mr/Ms 
which is attributed to the presence of MD particles in all 
the samples. The variation of resistivity with temperature 
shows	the	break	at	Curie	temperature	due	to	transition	from	
ferromagnetic to paramagnetic region, obeying Verwey de 
Bore mechanism.

 A00159-03295 

Temperature Dependent Resistivity and 
Microstructure of Mg-Zn Nano Ferrites

Bheemaray B. VANDAL1; Bassappa S. MULLUR1; 
Bantesh K. BAMMANNAVAR2; Rangappa B. PUJAR3 
1. Department of Physics, C. S. Bembalagi Arts S. M. R. 
P. Science and G. L. R. Commerce College, Karnataka, 
India
2. Department of Physics, Karanatak University, 
Karnataka, India
3. Department of Physics, S. S. Arts College and T. P. 
Science Institute, Karnataka, India

The nano ferrites with the chemical formula Mg1-x	Znx Fe2O4 
(where	x	=	0.1,	0.2,	0.3,	0.4	and	0.5)	were	synthesized	by	
auto combustion method (chemical method). The formation 
of	single	phase	cubic	spinel	structure	of	ferrite	is	confirmed	
by XRD studies. The scanning electron microscopy (SEM) 
is used to understand the microstructure of the ferrite and 
average	grain	diameter.	The	grain	size	is	greatly	influenced	
on the resistivity, microstructure, electric and magnetic 
properties. The DC resistivity was measured by two probe 
method. The resistivity of the ferrite decreases with increase 
in temperature indicating semiconducting nature. At  
x = 0.1, the resistivity is low means the conductivity is due 
to holes (p-type conductivity) and at x = 0.5, the resistivity 
is high means the conductivity is due to electrons (n-type 
conductivity)

 A00189-00368 

The Structural Properties of Magnetite/Porous 
Silica Nanocomposite and its Applications in 
Cosmetics

Youngjun YANG;	Takjin	OH;	Hakhee	KANG 
R&D Center, AMOREPACIFIC Co.Ltd., Youngin, South 
Korea

This	 scientific	 literature	demonstrates	 a	 growing	 interest	
in magnet-support composite, driven primarily by their 
application in cosmetic products as an enhancer of blood-
circulation	and	a	volumizing	agent	of	hair.
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The properties of polymer-encapsulated magnetite 
nanoparticle / porous silica nanocomposite, which have 
the potential to be used as enhancer of blood-circulation 
and	volumizing	agent	of	hair	in	the	cosmetic	products	of	
anti-darkening	cream	and	mascara,	have	been	studied.	

Magnetite/porous silica nanocomposite(MSN) is 
composed of spherical magnetite nanoparticle with mean 
diameter of about 10nm or less and porous silica pigment 
with mean diameter of 5㎛. Magnetite/porous silica 
nanocomposite(MSN) was prepared by the method of 
a reduction-precipitation with ferric chloride as starting 
material. It was partially reduced to ferrous salts by 
Na2SO3	 before	 alkalinizing	with	 ammonia.	 The	 uniform	
distribution of magnetite nanoparticles on the all volumes 
of nanocomposite is shown. The mean diameter of 
magnetite / porous silica nanocomposite(MSN) was 5㎛. 
In SEM(Scanning Electron Microscope) observation, it is 
shown	that	the	mean	size	of	nanoparticles,	before	and	after	
introducing porous silica matrix, was not changed.

Then for the control of particles and convenience 
into cosmetic products, Magnetite/porous silica 
nanocomposite (MSN) was encapsulated with  
PMMA (Mw = 15,000) by being absorbed on to pore of 
porous silica surface.

The structural properties of the magnetite / porous silica, 
and PMMA-encapsulated magnetite / porous silica were 
characterized	by	X-ray	diffraction,	BET	measurement,	as	
well as by vibrating sample magnetometry.

 A00190-00920 

Measurement of Spin Dynamics of a Triangular 
Nanomagnet

Cheng Sheng LIN1;	Hock	Siah	LIM1; 
Chen Chen WANG2;	Adekunle	Olusola	ADEYEYE2; 
Zhi	Kui	WANG1; Ser Choon NG1; Meng Hau KUOK1 
1. Department of Physics, National University of 
Singapore, Singapore
2. Department of Electrical and Computer Engineering, 
National University of Singapore, Singapore

Dynamic properties of small laterally patterned magnetic 
elements have attracted great interest due to their 
applications in magnetic storage or sensor devices. 
While surface spin wave modes in special geometries 
like	 rectangle	 and	 circular	 disk	 can	be	 accounted	 for	 by	
quantization	of	 the	wave	vectors,	 those	 in	 an	equilateral	
triangle has yet to be investigated. In our research, we 
report both the experimental and theoretical studies of the 
spin dynamics in equilateral nanotriangles. A low-density 
2D array of permalloy equilateral triangles with edge length 
190	nm,	thickness	20	nm	and	inter-element	(edge-to-edge)	
spacing 400 nm was fabricated by high resolution electron 
beam lithography and its spin dynamics investigated using 

Brillouin light scattering. Brillouin spectra were recorded 
in	 a	 backscattering	 geometry	with	 an	 in-plane	magnetic	
field	 applied	 perpendicular	 to	 the	 triangular	 base.	 Five	
peaks,	 with	 frequencies	 up	 to	 30	 GHz,	 are	 observed.	
A semi-quantitative approach based on the macrospin 
model, together with micromagnetic simulations, has 
been	 employed	 to	 analyze	 the	 experimental	 data.	 The	
three	highest-frequency	peaks	are	attributed	to	quantized	
surface spin wave modes which accord well with 
predicted frequencies from the analytic model. The two 
lowest-frequency	modes	are	 found	 to	be	 localized	at	 the	
edge, with the second lowest-frequency mode exhibiting 
characteristics	 of	 a	 backward	 volume	mode.	 It	 has	 been	
analyzed	 using	 the	 WKB-like	 approach.	 Simulations	
reveal	that,	at	sufficiently	high	applied	fields,	our	lowest-
frequency	edge	mode	has	a	Kittel-like	nature,	in	contrast	
to nanodots where previous studies reveal that this mode 
is	center-localized.	

 A00191-00926 

Spin Waves in Ferromagnetic Rectangular 
Arrays

Fu Sheng MA1;	Hock	Siah	LIM1;	Zhi	Kui	WANG1; 
Ser Choon NG1; Meng Hau KUOK1; 
Adekunle	Olusola	ADEYEYE2 
1. Department of Physics, National University of 
Singapore, Singapore
2. Department of Electrical and Computer Engineering, 
National University of Singapore, Singapore

Recent	 developments	 in	 the	 field	 of	 magnetic	 storage	
and magnetic sensors have created much interest into the 
study of dynamic properties of small magnetic elements.  
Here	 we	 present	 a	 field	 dependence	 study	 of	 the	 spin	
wave modes in 2-D arrays of rectangular nanomagnets. 
Because	 of	 the	 two	 dimensional	 quantization,	 the	 spin	
wave modes in such rectangular nanomagnets are much 
more complicated than the one-dimensional spin wave 
quantization	in	the	long	stripes.	Samples	were	fabricated	
using deep ultraviolet lithography at 248 nm exposure 
wavelength on commercially available Si substrate. 
Scanning electron microscope (SEM) reveals that the long 
side length of the dot is 1250 nm, while the short side 
length is 400 nm. The edge-to-edge spacing along the short 
side is 480 nm, and the spacing in the long side direction 
is 80 nm and 350 nm, respectively. The experiments were 
undertaken	 using	 Brillouin	 light	 scattering	 (BLS)	 in	 a	
backscattering	 geometry	 with	 514.5	 nm	 laser	 light,	 its	
spectra	analyzed	with	a	(3+3)-pass	tandem	interferometer	
and the results interpreted by both micromagnetic and 
analytical calculations.  Brillouin spectra were recorded 
in DE and BVM geometries depending on whether the 
direction of the spin wave wavevector is perpendicular 
or	parallel	to	the	applied	field	which	is	applied	parallel	as	
well as perpendicular to the long side of the dots. When 
field	is	decreased	from	0.7	to	0.05	T	at	room	temperature,	
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the	 frequencies	 of	 the	 three	 peaks	 observed	 in	 the	 p-s	
polarized	 spectrum	 decrease	 almost	 linearly.	Our	 results	
reveal that even for the sample with smaller spacing of 
only 80 nm, the interaction between neighboring dots 
is negligible, suggesting that to observe the interaction 
effect that has been found between long wires, the spacing 
between nanomagnets should be much smaller.  

 A00198-00383 

Synthesis of multiferroic MnWO4 Nanobelts and 
Nanorods by a Solution Phase Route

Zhengsong	LOU1;2; Mitsuru ITOH1 
1. Materials and Structures Laboratory, Tokyo Institute of 
Technology, Yokohama, Japan
2. School of Applied Chemistry, Jiangsu Teachers 
University of Technology, Changzhou, China

We report on the controlled synthesis of multiferroic 
MnWO4 nanobelts and nanorods via a facile solvothermal/
hydrothermal strategy. The nanobelts and nanorods of 
MnWO4	are	thoroughly	characterized	by	X-ray	diffraction,	
transmission electron microscopy, scanning electron 
microscope and  magnetic measurements. Possible 
mechanisms of MnWO4 nanobelts and nanorods growth 
and	size	and	shape	evolution	are	proposed.	The	effect	of	
the	size	and	shape	of	MnWO4 nanostructures on improving 
magnetic properties of nanomaterials is also discussed.

 A00248-00463 

A New Spintronic Material (Fe,Co)x-C1-x /Si 
Nanostructure

Xiaozhong	ZHANG1;2 
1. Department of Materials Science and Engineering, 
Tsinghua University, Beijing, China
2. National Center for Electron Microscopy, Beijing, 
China

The discovery of Giant Magnetoresistance (GMR), 
which	 won	 the	 Nobel	 Physics	 Prize	 in	 2007,	 initiated	
the study of spintronic materials and spintronic devices. 
The	 first	 generation	 metallic	 spintronic	 devices,	 such	
as GMR devices, MTJ devices and MRAM have 
already	 been	 commercialized.	 The	 more	 exciting	 next	
generation spintronic devices are semiconductor based 
spintronic devices, such as spin-FET, spin-LED, spin-
RTD, etc. because the spintronic materials can not only 
serve as the switch but also a memory cell. Scientists 
have already injected spin into some semiconducting 
materials,	such	as	GaAs	or	ZnO.	However,	spin	injection	
into Si is only successful at low temperature. Also some 
attempts have been made to study the C-based spintronic 
materials. However, until now the carbon nanotubes have 
magnetoresistanc (MR) only at low temperature below 
120K.

We prepared the ferromagnetic metal and carbon 
composite.	It	is	found	that	if	the	granule	sizes	of	carbon	
or ferromagnetic metal are micrometer scale, the Co-C 
granular composite, Ni-C granular composite and Fe-C 
granular	 composite	 have	 positive	MR	 of	 58.9%,44.1%	
and	50%	respectively	at	magnetic	filed	of	5T	and	room	
temperature.	 It	 is	 even	 found	 that	 if	 the	 granule	 size	
of carbon is micrometer scale, pure carbon granular 
composite	 has	 a	 positive	MR	 of	 35%	 at	 5T	 and	 room	
temperature. Also these materials have linear MR at 
certain	 temperatures.	 If	 the	 granule	 sizes	 of	 carbon	 or	
ferromagnetic metal are nanometer scale, the MRs of 
these	composites	have	almost	zero	MR,	i.e.,	 these	MRs	
are	size	dependent.

We	further	synthesized	 the	Fe	or	Co	doped	carbon	film	
on n-type Si substrate and found that the MR of these 
films	is	different	from	that	of	the	(Fe-,	Co-,	Ni-)	carbon	
granular	composite.	Despite	the	particle	size	of	Fe	or	Co	
is	nanometer	scale	and	C	film	is	amorphous	in	these	films,	
both	Co-C	film	and	Fe-C	film	have	positive	MR	of	a	few	
tens percentages at 5T and room temperature. Moreover, 
pure	carbon	film	deposited	at	27˚C	has	a	positive	MR	of	
11%.	 It	 is	 found	 that	 the	 p-n	 junction	 at	C/Si	 interface	
plays an important role in MR. It is also found that 
the	 MR	 mechanism	 is	 different	 from	 any	 known	 MR	
mechanisms,	 i.e.,	 this	 kind	 of	 carbon	 base	materials	 is	
a	 new	kind	 of	MR	materials.	We	 also	 found	 that	 these	
materials have some novel physical properties, such as 
current or bias dependent MR, giant electroresistance, 
switch effect, photoconductivity, pressure sensitivity and 
gas sensitivity. Study this carbon base spintronic material 
may	throw	a	light	on	developing	a	new	kind	of	spintronic	
materials.

 A00250-00467 

Aliovalent-Ion and Magnetic Field Induced Phase 
Transition in Multiferroic BiFe1-xTi xO3 System

Kanhaiya Lal YADAV; Manoj KUMAR 
Department of Physics, Indian Institute of Technology 
Roorkee, Roorkee, India

Multiferroic compounds with general formula BiFe1-

xTixO3	 (x=0.1,	 0.2,	 0.3	 and	 0.35)	 have	 been	 synthesized	
by conventional solid state reaction method. The effect of 
Ti substitution on ferroelectric and magnetic properties 
is studied. From x-ray diffraction (XRD) analysis, we 
observed a rhombohedral to orthorhombic phase transition 
for	x>0.3.	From	SQUID	measurements,	a	magnetic	field	
induced phase transition has been observed in the BiFe1-

xTixO3 system for x=0.3. An anomaly in dielectric constant 
and dielectric loss in the vicinity of antiferromagnetic Néel 
temperature (TN)	and	a	small	enhancement	in	magnetization	
have	been	observed.	Magnetization	measurements	above	
room temperature showed no systematic variation in 
antiferromagnetic. Néel temperatures on Ti substitution. 
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Further it is seen that this system shows the coupling 
between electric and magnetic dipoles exhibiting 
magnetoelectric (ME) effect at room temperature and 
possess high dielectric constant.  

 A00256-00893 

Domain Wall Trapping in Nanoscopic Asymmetric 
Rings

Xinghua WANG;	Wengkung	PENG; Wensiang LEW 
Nanyang Technological University, Singapore

Manipulation of spin distributions in nanoscale magnetic 
elements is essential for magnetic data storage and 
spintronic	 device	 applications.	When	 the	 lateral	 size	 of	
the magnetic element approaches the nanoscale limit, the 
confinement	of	spins	caused	by	the	geometrical	parameters	
becomes comparable to the internal characteristic 
length. This effect provides avenues to manipulate the 
magnetic	 configurations	purposely	using	 lateral	patterns.	
A number of geometries have been employed to control 
the	magnetization	behaviours,	 for	 instance,	notches	have	
been purposely created in a ring to form an obstacle for the 
propagation	of	a	domain	wall;	A	flattening	into	a	circular	
dot has been introduced to control the vertical direction 
via	 energy	 minimization.	 In	 this	 work,	 we	 propose	 and	
investigate a novel shape of nanoscopic ring magnets to 
pin a domain wall in exact position. Using asymmetric 
ring structure, it is possible to control the domain wall 
position without having to create defect or notches in the 
nanoscopic ring.

We have used OOMMF program to simulate the 
magnetization	 process	 of	 12	 nm-thick	 NiFe	 asymmetric	
rings with an asymmetric ratios of 0.2. The asymmetric 
ratios is set to be the distance between the centers of 
the two circles l divided by the difference between the 
outer diameter, Do and the inner diameter, Di, i.e. r =l/
(Do- Di). Our results reveal the magnetic switching of the 
asymmetric rings can be controlled via parameters of the 
ring	asymmetricity,	and	the	film	thickness.	A	local	vortex-
free	reversal	process	and	a	controlled	circulation	of	flux-
closure	 can	 be	 obtained	 in	 which	 the	 magnetization	 is	
oriented circumferentially and there are no domain walls. 
One	interesting	feature	observed	is	that	a	90°	like	domain	
wall is pinned at the thinnest point of the asymmetric ring 
when	an	in-plane	magnetic	field	is	applied.	This	pinning	
behavior occurs in the nucleation free switching process 
when the rings switch from the bi-domain state also called 
‘onion’	 state	 to	 the	 flux-closure	 state.	 The	 domain	 wall	
pinning behavior can be explained from the aspect of 
energy competition. 

The pattern was created using electron-beam lithography 
technique	and	a	12-nm-thick	NiFe	film	was	deposited	using	
UHV	sputtering	deposition	technique.	The	final	structure	
was obtained after a metal lift-off process. Magnetic 

characterization	 results	 that	 measured	 by	 the	 magneto-
optical Kerr effect will be presented.

 A00262-01681 

Ferromagnetic and Structural Properties of Fe3Si 
Thin Films on Si substrates

Siao Li LIEW; Debbie Hwee Leng SENG; Hui Ru TAN; 
Dongzhi	CHI 
Institute of Materials Research and Engineering, 
Singapore

Fe3Si is an attractive ferromagnetic material as it has a high 
Curie temperature of 840 K and a high degree of calculated 
spin polarisation at the Fermi level (DO3 structure) 
for spintronic applications.  While such functionalities 
typically require the Fe3Si layer to be grown epitaxially on 
semiconductor	substrate	in	order	to	achieve	an	efficient	spin	
injection, other spintronic functionalities may not require 
the	 ferromagnetic	 film	 to	 be	 highly	 textured.	 	 However	
to-date, non-epitaxial Fe3Si and its properties have not 
been reported widely so far though other ferromagnetic 
materials in polycrystalline form were studied for spintronic 
applications.  We presented herein the ferromagnetism of 
Fe3Si	thin	films	deposited	on	Si	substrates	and	the	strong	
correlation with the structural properties.

Fe and Si were co-sputtered onto Si substrates at 
appropriate deposition rates to form Fe3Si.  The deposited 
Fe3Si	film	has	an	in-plane	magnetic	isotropy	with	coercive	
field	 Hc of 5 Oe, squareness ratios Mr/Ms of 0.9 and 
saturation	magnetization	Ms of ~940 emu/cm3.  The out-
of-plane magnetism on the other hand, is anisotropic with 
magnetic	 anisotropy	 field	 Hk	 ~10	 kOe.	 	 Both	 in-plane	
and out-of-plane magnetism were maintained even upon 
annealing up to 350 oC.  The deposited and annealed Fe3Si 
were crystalline with (220) planes with no increase in the 
fine	grain	sizes	 (20	nm),	correlating	well	with	 the	stable	
magnetic	properties	of	the	films	measured.		Depth	profiling	
of	the	film	using	secondary	ion	mass	spectroscopy	(SIMS)	
showed that a Si-rich interfacial layer existed at the Fe3Si/Si 
interface.		The	presence	of	the	layer	~2	nm	thick	confirmed	
with x-section transmission electron microscopes (XTEM), 
probably helps to stabilise the overlying Fe3Si phase 
against inter-diffusion during thermal annealing which 
accounts for the near unchanging Ms value measured at 
the higher temperature.  We attributed the thermal stability 
of Fe3Si to the deliberate choice of deposition rates for Fe 
and Si in this study which affects the respective nucleation 
rates	and	in	turn	influences	the	resultant	morphology	of	the	
as-deposited and annealed Fe3Si	films	and	their	magnetic	
behaviours.
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 A00274-00559 

Non-innocent Ligand Metal Complexes: Metal - 
Organic Magnets 

Komala PANDURANGAN; Grace MORGAN; 
Helge MüLLER-BUNZ 
School of Chemistry and Chemical Biology, University 
College Dublin, Dublin, Ireland

Metal-organic magnets have been of great interest for 
the past two decades due to their potential application in 
molecular devices and in spintronics.  Many hybrid organic 
ligand/metal ion molecular materials are magnetic at lower 
temperature but lose their magnetism as the temperature 
rises.   Miller et al have		prepared	solvent-free	thin	films	of	
the V[TCNE]x magnet via the low-temperature chemical 
vapour deposition (CVD) of V0(CO)6 and TCNE.   Hicks	et 
al reported a new class of quinone molecular magnets with 
Ni(II),	which	works	at	room	temperature.

The coordination chemistry of ligands containing a 
quinone function has been receiving increasing interest 
due to their potential in sensing and molecular devices.  

These	molecules	may	be	classified	as	“non-innocent”	due	
to their ability to be reduced to their semiquinone and 
hydroquinone/catecholate forms via a series of one electron 
reductions.  The interaction of the radical semiquinone of 
these molecules with a parmagnetic transition metal ions 
is	of	particular	interest	in	the	filed	of	magnetism	and	the	
literature is replete with the examples of transition metal 
with o-semiquinone ligands and their derivatives.  We have 
synthesised metal complexes of 2,3,5,6-tetraamino-1,4-
benzoquinone	 using	 paramagnetic	 transition	 metal	 ions	
using to prepare metal-organic magnets.  The synthesis 
of the ligand, metal complexes and challenges in their 
characterisation details to date are discussed here.
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Directional Alignment of FeCo Crystallites in Si/
NiFe/Ru/FeCoB Multilayer with High Anisotropy 
Field above 500 Oe

Ken-ichiro HIRATA; Toshimitsu MATSUU; 
Shunsuke	GOMI;	Shigeki	NAKAGAWA 
Department of Physical Electronics, Tokyo Institute of 
Technology, Tokyo, Japan

Large	 saturation	 magnetization	 4πMs and high in-plane 
magnetic	anisotropy	field	Hk around several hundreds Oe 
are	essentially	required	to	get	magnetic	thin	films	available	
in an X-band devices because of the resonance frequency 
fr is proportional to (HkMs)

1/2. In this study, Si/NiFe/Ru/
FeCoB	 multilayered	 films	 were	 prepared	 by	 DC	 facing	
target sputtering (FTS) system. FeCoB layers have large 
saturation	magnetization	of	22	kG.	In	addition	to	the	high	

4πMs, large in-plane magnetic anisotropy is appeared in 
FeCoB upper layers prepared using DC FTS technique 
and adoption of Ru underlayer. An easy axis of magnetic 
anisotropy	 field	 in	 FeCoB	 upper	 layer	 appeared	 along	
the parallel direction to the facing direction of the targets 
in	 a	 FTS	 system.	These	 films	 can	 achieve	 very	 high	Hk 
above 400 Oe. In our previous study, it was found that 
the directional alignment and anisotropic lattice distortion 
of	 FeCo	 crystallites	 in	 the	 film	 are	 the	 origins	 of	 high	
anisotropy	 field.	 In	 this	 study,	 growth	 processes	 of	 the	
anisotropic structure of FeCo crystallites were observed.

Effect	 of	 thickness	 of	 upper	 FeCoB	 layer	 on	 Hk was 
investigated.	The	 thickness	 of	FeCoB	upper	 layers	were	
varied from 10 nm to 200 nm. Although the Hk of the 10 
nm-thick	FeCoB	film	was	300	Oe,	Hk	of	the	films	increased	
as	 the	 thickness	 increased	 up	 to	 50	 nm.	 However,	 Hk 
increased	gradually	for	thickness	above	50	nm.	Hk reaches 
540	Oe	at	the	film	thickness	of	200	nm.	This	increase	of	
Hk	with	FeCoB	thickness	might	be	caused	by	anisotropic	
growth of FeCo crystallites in FeCoB layer. 

A directional alignment and growth of FeCo crystallites 
was	 observed	 through	 rocking	 curve	 analysis	 of	 X-ray	
diffraction along easy and hard axes, respectively. Few 
differences were observed in the FWHM for each axis until 
the	FeCoB	thick	below	50	nm.	However,	 the	differences	
of	 FWHM	 of	 the	 rocking	 curves	 along	 each	 axis	 were	
observed	when	the	thickness	became	thicker	than	50	nm.	
FWHM of 7.4 degree and 6.4 degree were observed for 
the	easy	and	hard	axes	directions,	respectively,	in	the	film	
with	 200	 nm	 thick	 FeCoB	 layer.	 These	 results	 indicate	
the anisotropic crystalline alignment is developed by not 
only the effect of an interface with the underlayer, but also 
oblique incidence effect of the depositing particles in the 
FTS system. 

The	 pole	 figure	 measurement	 of	 Si/NiFe/Ru	 indicated	
little directional dispersion. Ru layer possess preferential 
orientation of Ru(001), no distorted debye ring of Ru(002) 
was observed. This result also means the little relation of 
crystallinity between Ru and FeCo clistallites as noted 
above.

Such anisotropic directional alignment and distortion 
developed by an anisotropic growth mechanism were 
observed	 in	 Si/NiFe/Ru/FeCoB	 multilayered	 film	 with	
a	 remarkably	high	Hk of 540 Oe. FeCo crystallites were 
extended along the easy axis. Such directionally distortion 
of FeCo crystallites induce a magnetoelastic energy through 
the inverse magnetostriction effect, it might be a reason 
that the high in-plane magnetic anisotropy appeared. 
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Induced Magneto-optical Inversion in Bidispersed 
Magnetorheological Fluid

Rajesh PATEL 
Department of Physics, Bhavnagar University, 
Bhavnagar, India

Ferrofluid	 based	 magnetorheological	 (MR)	 fluid	 is	
synthesized	 using	 chemical	 coprecipitation	 technique.	
An inversion in Magneto-optical effect is observed in 
this	 bidispersed	 fluid.	 With	 the	 applied	 magnetic	 field	
strength	 this	 fluid	 exhibits	 extremum	 and	 inversion	 in	
sign, which depends on the small and large particle 
ratio	 in	 the	 bidispersed	 fluid.	 	 Induced	 birefringence	
and dichroism in certain colloids exhibit inversion in 
sign of the magneto-optical effect. In this experiment a 
bidispersed	MR	fluid	composed	of	micron	size	magnetite	
spheres (~3µm)	 are	 dispersed	 in	 a	 magnetite	 ferrofluid	
having	particle	size	~	10nm.	Conventional	MR	fluids	are	
composed of suspensions of magnetically soft particles 
in a nonmagnetic liquid carrier. Certain unusual light 
scattering effects are observed in this type of bidispersed 
MR	fluids.		Here	magnetically	induced	extinction	of	light	
for	 two	 orthogonal	 states	 of	 polarization	 the	 extinction	
of	 light	 in	 two	 different	 configurations,	 (i)	 the	E vector 
of the incident light perpendicular to the direction of 
magnetic	field	vector	H (i.e. E⊥H), and (ii) the E vector 
of the incident light parallel to the direction of magnetic 
field	 vector	H (i.e. E||H). It is shown that the magneto 
optical effect exhibits extremum and inversion only for 
one	state	of	polarization.		The	field	dependent	extremum	
and inversion depends on the ratio of number of small and 
large	 particles	 in	 the	 bidispersed	 fluid.	Magneto	 optical	
effects in such system are quite intriguing because of the 
overall effect arises due to two orthogonal torques on large 
and	small	magnetic	particles.	Further	it	is	also	known	that	
light scattering properties of large and small particles are 
quite different, hence appropriate light scattering theory 
should	be	used	to	analyze	certain	effects.	If	 the	particles	
are very large compared to the wavelength of the incident 
light geometrical optics may be used to derive induced 
extinction	in	a	magnetic	field.	Complications	arises	when	
the system contains small as well as large particles of 
same family (i.e. the case in this study), this is because the  
effects exhibited by the small particles are governed by one 
characteristic function while the effect exhibited by coarse 
particles are governed by quite different characteristic 
functions.	At	low	field	strengths	the	magnetooptical	effect	
is	due	to	large	particles.	At	intermediate	field	strength	the	
inversion will occur and it will depend upon the relative 
number distribution of large and small particles.
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Magneto-Optical Spectroscopy of Nanostructured 
Magnetic Materials

Tze	Chien	SUM; Ali Sucipto TAN;	Guo	Zhong	XING; 
Song Wee NGIAM; Bangchuan ZHAO; Lan WANG; 
Tom WU; Cheng Hon Alfred HUAN 
Division of Physics & Applied Physics, Nanyang 
Technological University, Singapore

Magneto-optical spectroscopy such as magneto-
photoluminescence (magneto-PL), magnetic circular 
dichorism (MCD) and magneto-optical Kerr Effect 
(MOKE)/Faraday spectroscopy) are powerful probes 
for investigating spin-related phenomena in condensed 
matter. Combined with Femtosecond time-resolved 
techniques such as time-resolved MOKE (TR-MOKE) 
and time-resolved Faraday Rotation (TR-FR), they have 
provided extensive information and new insights into 
the diverse spin-related phenomena. Recently, we have 
installed a 7T Oxford Instruments SpectromagTM System 
at the Femtosecond Dynamics Laboratory at Nanyang 
Technological	 University.	 	 In	 this	 work,	 we	 report	 on	
the magneto-optical studies performed at this laboratory 
on two representative magnetic systems: colossal 
magnetoresistance (CMR) manganite single crystals  
(La1-xPbxMn1-y-zCuyO3) and dilute magnetic semiconducting 
Cu-doped	ZnO	nanowires.		

CMR manganites have been subjected to extensive research 
due to their unique magnetic and electrical properties. The 
physical origin of this phenomenon has been attributed 
to the double-exchange model. However, this double-
exchange mechanism of carriers between Mn2+ and Mn3+ 
ions alone cannot account for all the observed changes 
such as metal-insulator transition in these materials. 
Other factors include the highly correlated nature of the 
spin, lattice, charge and orbital degrees of freedom. In 
this	 work,	 we	 investigate	 the	 dynamics	 of	 nanoscopic	
magnetic clusters in La1-xPbxMn1-y-zCuyO3 single crystals 
using	 transient	 reflection	 spectroscopy	 and	 TR-MOKE.	
Samples with Cu-doping (y ≥ 0.02) exhibited a re-entrant 
metal-insulator (M-I) transition at low temperatures. 
The effects of Cu-doping on the quasi-particle and spin 
relaxation dynamics in this strongly correlated system are 
not clear. Through comparing these results, the charge and 
spin dynamics were independently investigated.

Spintronics with semiconductors have attracted widespread 
attention as it combines the advantages of semiconductors 
(i.e. gate control, optical coupling etc) with the potential of 
magnetic materials (i.e. current control by spin manipulation 
and non-volatile memory). However, many basic questions 
pertaining to the origin of intrinsic ferromagnetism and 
the spin transport properties in these dilute magnetic 
semiconductor (DMS) materials remain open. In this 
work,	we	 report	on	 the	MCD	and	TR-MOKE	studies	of	
the	Cu-doped	 ZnO	 nanowire	 system.	Recently,	Xing	 et.	
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al. reported on the existence and enhancement of room-
temperature ferromagnetism in this system by structural 
inhomogeneity. MCD provides us with a sensitive tool to 
probe the intrinsic magnetism and electronic structural 
properties of this system; while TR-MOKE provides us 
with a means to investigate the spin coherence as well as 
the spin interactions between the carriers and dopants in 
this Cu-doped Nanowire system.

 A00345-00721 

Transition Metal Doped ZnO Nanostructures with 
Room Temperature Ferromagnetism

Cheng CHUANWEI; Fan HONGJIN 
Division of Physics and Applied Physics, School 
of Physical and Mathematical Science, Nanyang 
Technological University, Singapore

Diluted magnetic semiconductors (DMSs) have attracted 
considerable research interest in recent years due to their 
great potential applications in spintronic devices. In this 
paper,	 one	 dimensional	 Zn1-xMexO(Me=Mn, Co, Ni) 
DMSs nanorods with various doping concentrations have 
been prepared by a simple hydrothermal route at low 
temperature.	The	as	obtained	samples	were	characterized	
by X-ray diffraction(XRD), transmission electron 
microscopy(TEM), high-resolution transmission electron 
microscopy (HRTEM) and energy dispersive spectrum 
(EDS).XRD	 and	 high-resolution	 TEM	 characterizations	
indicated that the as-prepared samples were single-
crystalline	 wurtzite	 structure	 and	 no	 transition	 metallic	
or other secondary phases were found in the nanorods. 
The	 field	 dependence	 of	 magnetization	 (M-H	 curve)	 of	
the as obtained samples measured at room temperature 
demonstrated	 that	 all	 the	 Mn,	 Co	 and	 Ni	 doped	 ZnO	
show obvious ferromagnetic characteristic. Moreover, the 
doping concentration dependence of room temperature 
ferromagnetism	for	transition	metal	doped	ZnO	nanorods	
were investigated in detail, we found that the    saturation 
magnetization	 increases	 with	 the	 doping	 concentration	
increase for the Mn and Co doped samples, while for the 
Ni	 doped	 samples,	 the	 saturation	 magnetization	 firstly	
increases and then decreases with Ni dopant concentration 
increasing.	We	think	the	room	temperature	ferromagnetism	
in	 transition	 metal(Mn,	 Co,Ni)	 doped	 	 ZnO	 nanorods	
could be considered as a result of the exchange interaction 
between	free	delocalized	carriers	(hole	or	electron	from	the	
valence	band	)	and	the	localized	d spins on the transition 
metal ions.The room temperature ferromagnetism of the 
synthesized	 ZnO	 based	 DMSs	 makes	 them	 potentially	
useful as build components for spintronic devices. 

 A00356-01266 

Magnetism at Atomic Level of Nanocrystalline 
Calcium Hexaferrites

Sharad SABLE1; Kishor REWATKAR2;	Vivek	NANOTI1 
1. Department of Applied Engineering Physics, 
Priyadarshini College of Engineering, Nagpur, India
2. Department of Physics, Dr. Ambedkar College, Nagpur, 
India

The industrial application of nano materials has grabbed 
a paramount importance owing to their improved 
characteristics. Hexagonal ferrites especially M-type 
ferrites have been proved to be the promising candidates 
for nano materials owing to their ease of applicability 
in high density recording media, microwave absorption 
devices, magneto-optic recording media, etc. 

Keeping a bird’s view over, the samples of varied 
combinations of M-type substituted hexaferrites are 
synthesized	by	a	novel	ingenious	technique	i.e.	‘microwave	
induced sol gel combustion route’. The samples are 
produced by blending nitrates and chlorides as oxidants 
accompanied	with	fuels	like	urea,	glycine,	citric	acid,	etc	
as reducing agents. The substitution of Co+2 & Sn+4 ions 
lie essentially in the octahedral and tetrahedral sites. As 
the Fe3+ ions are being replaced by Co+2 & Sn+4 ions, the 
probability of having oxygen vacancies in the structure 
was found to be greatly reduced. 

The magnetic particles produced by conventional solid 
state reactions are often larger than those produced by sol 
gel combustion route. Larger particles of magnetic oxides 
generally exhibit multidomain magnetic structure whereas 
nanosized	 particles	 generally	 exhibit	 single	 domain	
magnetic structure. The simultaneous or coupled divalent 
and tetravalent substitution of Co+2 & Sn+4 for Fe+3 ions 
greatly helps to improvise the magnetic parameters such 
as	curie	temperature,	coercivity,	remanent	magnetization,	
saturation	magnetization	&	squareness	of	hysteresis.	

The structural comparison is being analysed through 
the XRD, SEM, Hysteresis loop etc. The samples so 
synthesized	 are	 found	 to	 be	 reseasonably	 homogeneous	
and	 the	 average	 particle	 size	 of	 the	 sample	 synthesised	
is	 found	 to	 be	 in	 the	 nano	 range.	 Thereby	 confirms	 the	
production of nanoferrites and hence will be more useful 
for the various applications.

Further attempts could possibly lead to investigate their 
vitality in aerospace and military applications. Even the 
utility	of	the	samples	is	kept	under	rigorous	study	to	check	
their suitability for platter in magnetic storage media to 
give extra dimensions for their viability.
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Size-dependence of Calorimetric Properties of 
Iron-oxide Nanoparticles for Magnetic Particle 
Hyperthermia

Mathew KALLUMADIL1;2; Paul SOUTHERN1;2; 
Quentin PANKHURST1;2 
1. Davy-Faraday Research Laboratories, Royal 
Institution of Great Britain, London, United Kingdom
2. London Centre for Nanotechnology, University College 
London, London, United Kingdom

The treatment of metastatic cancer and the development 
of	 alternatives	 to	 systemic	 and	 non-specific	 therapies	
such as chemo- and radiotherapy have been one of the 
greatest healthcare challenges the world is facing today. 
The	identification	of	colloidal	suspensions	at	the	nanoscale	
as means for medical applications has hence been a focus 
of biomedical research in recent years. Continuous re-
engineering and optimisation of synthesis processes of 
magnetic nanoparticles presented exceptional properties 
that suggest a novel and promising approach to address 
this problem. One of the extraordinary properties of 
iron-oxide particles in the superparamagnetic regime is 
that they release energy in form of heat when exposed 
to	a	high-frequency	 (RF)	alternating	magnetic	field.	The	
calorimetric potential of these compounds is predominantly 
dependent	on	two	parameters,	namely	the	magnetic	field	
strength and the frequency. The latter is proportional 
to	 the	 dimensions	 and	 size	 distributions	 of	 the	 spherical	
particles.	Experimental	confirmation	of	a	priori	correlation	
of calorimetric properties as well as optimisation of 
parameters have been limited by the polydispersity 
of nanoparticle solutions. Until now, the synthesis of 
nanoparticle suspensions only produced polydisperse 
distributions	 that	 lack	 optimisation	 or	 characterisation	
for hyperthermic treatment. Our group has explored 
this issue using nanoscale fractionation processes and 
established a relation between the dimensions of spherical 
nanoparticles with their calorimetric properties. This is 
the	first	time	that	asymmetric	flow-field-flow	fractionation	
(A4F) has been used beyond its analytical capabilities 
of separating iron-oxide nanoparticles and the fractions 
utilised for further material characterisation and testing. 
A number of characterisation methods are then applied 
to the fractionated monodisperse nanoparticles including 
magnetic characterisation using a magnetic property 
measurement system (MPMS) comprising of hysteresis 
above	 and	below	 the	 blocking	 temperature	 and	FC-ZFC	
curves, XRD analysis, calorimetric, AC susceptometry 
and ferric/ferrous content analysis. The polydisperse 
solutions are provided by Chemicell and Micromod 
and monodisperse fractions of them are used to test 
existing	theoretical	predictions	of	particle	size-dependent	
calorimetry. Our recent results have shown a critical 
need to investigate fractionated magnetic nanoparticle 
systems	within	the	size	range	of	5	to	30	nm.	Moreover,	the	
reproducibility of characterising colloidal suspensions are 

discussed and the accuracy at fractionating are considered. 
This research determines essential parameters that dictate 
the	 heating	 rate	 of	 nanosized	 magnetic	 suspensions	 in	
order to develop optimised agents for hyperthermic cancer 
therapy. 
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Excessive-Ferrocene-Induced Fe-Filled Carbon 
Nanotubes Synthesized by Floating Catalytic 
Chemical Vapor Deposition and Their Magnetic 
Property

Jin CHENG1;2;3; Xiaoping ZOU1;3 
1. Research Center for Sensor Technology, 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

Iron-filled	carbon	nanotubes	(CNTs)	have	been	attracting	
intense attention in recent years. In this nanocomposite, 
carbon coating can, on the one side, protect ferromagnetic 
materials from oxidation in the outside environment and, 
on the other side, reduce magnetic coupling between 
magnetic phases. Further more, the metal nanowires or 
nanoparticles encapsulated in CNTs can show quantum 
effects as their dimensions decrease to the nanoscale. 
So these materials have unique electronic, magnetic 
properties. It has been suggested that these materials 
might	find	important	applications	in	diverse	areas	such	as	
magnetic data storage, electromagnetic wave-absorbing 
materials and magnetic resonance imaging.

In	this	paper,	we	report	the	synthesis	of	iron-filled	CNTs	
with	 excessive	 by	 floating	 catalytic	 chemical	 vapor	
deposition	 (FCCVD).	 To	 synthesize	 iron-filled	 well-
aligned carbon nanotubes, ethanol was employed as carbon 
source, high pure N2	and	3%H2/Ar as carrier gas, ferrocene 
as catalyst precursor for CNT growth and the source of 
iron.	We	 obtained	 iron-filled	 carbon	 nanotube	 arrays	 on	
quartz	 substrates.	The	 iron-filled	 carbon	 nanotubes	were	
characterized	by	employing	scanning	electron	microscopy,	
transmission electron microscopy, energy dispersive X-ray 
spectroscopy, X-ray diffraction and Raman spectroscopy. 
The	magnetic	property	of	as-synthesized	iron-filled	CNTs	
was evaluated by vibrating sample magnetometer at room 
temperature.

We	 have	 synthesized	 iron-filled	 CNTs	 by	 FCCVD	with	
employing extremely excessive ferrocene as both catalyst 
precursors	 for	 growing	CNTs	 and	 iron	 source	 for	filling	
CNTs.	 So	 during	 the	 growth	 process,	 there	 is	 sufficient	
iron	source	 to	 form	better	filling	of	 iron	 into	CNTs.	The	
iron	filled	in	CNTs	is	a	mixture	of	α-Fe,	γ-Fe	and	Fe3C, but 
the	α-Fe	phase	iron	dominates.	The	magnetic	property	of	
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these	 iron-filled	CNTs	has	been	 investigated	using	VSM	
and they exhibit an average coercivity of about 257.05G.

 A00381-01485 

Giant Magneto-impedance Effect of Melt Spun 
Co64Fe4Ni2B19-xSi8Cr3Alx (x = 0, 1, 2, and 3) Soft 
Magnetic Ribbons

Amir KEYVANARA1;	Reza	GHOLAMIPOUR2; 
Shamseddin MIRDAMADI1;	Farzad	SHAHRI3; 
Ali MOHAMADI3 
1. Materials and Metallurgical Engineering, Iran 
University of Science and Technology (IUST), Tehran, 
Iran
2. Advanced Materials and Renewable Energies, Iranian 
Research Organization for Science and Technology 
(IROST), Tehran, Iran
3. Material Engineering, Iran University of Industries 
and Mines, Tehran, Iran

Studies of giant magneto-impedance (GMI) of  
Co64Fe4Ni2B19-xSi8Cr3Alx (x = 0, 1, 2, and 3) soft magnetic 
ribbons obtained by the single roller melt spinning process 
were performed. GMI measured at different frequences 
(100,	 500,	 and	 1000	 kHz)	 and	 results	 show	 that	 the	
replacement of B by Al causes a little increase in the GMI 
ratio	 (ΔZ/Z=((Z(H)-Z(Hmax))/Z(Hmax)) and the maximum 
GMI ratio were obtained in the stress released sample with 
x=2. Structural studies of the samples have been carried 
out by transmission electron microscopy(TEM) and X-ray 
diffraction(XRD). Base on TEM and XRD patterns there 
are not any nanocrystalline phases in the samples. 
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Ion Beam Modification of Exchange Coupling to 
Fabricate Patterned Media

Mojtaba RANJBAR1;2; S.N. PIRAMANAYAGAM1; 
R. SBIAA1; K. O. AUNG1;	Z.	B.	GUO1; T.C. CHONG1;2 
1. Data Storage Institute, Agency for Science, Technology 
and Research, Singapore
2. Electrical and computer engineering department, 
National University of Singapore, Singapore

Hard	disk	drives	satisfy	the	major	need	for	storage	with	high	
capacities at cheaper cost. This is possible because of the 
continuous	utilization	of	innovations	such	as	read-sensors	
with giant and tunnel magnetoresistance, perpendicular 
recording etc. to overcome the physical limitations. Areal 
densities of about 600 Gbits/in2 have been demonstrated 
with perpendicular recording technology. However, 
alternative technologies such as heat-assisted magnetic 
recording (HAMR) or bit-patterned media are needed to 
push the areal density beyond 1 Tbits/in2. 

Nano-imprint lithography using molds fabricated by 
electron beam lithography is considered as the most 
popular approach for the fabrication of bit-patterned 
media. In such a method, the patterning process leaves the 
magnetic islands with a topography that is not desirable for 
stable	flying	of	the	magnetic	head.	Therefore,	alternative	
techniques	are	being	investigated.	Ion	beam	modification	
has been carried out on Co/Pd multilayers, which leaves the 
Co/Pd multilayers in two states: the high-coercivity region 
(not affected by ion beam irradiation) and low-coercivity 
region (affected by ion beam irradiation). However, for 
patterned	media,	media	with	low	remanent	magnetization	
(Mr) and high Mr regions are needed rather than low and 
high Hc regions.

In this paper, we have investigated the use of ion beam 
modification	 of	 media	 surface	 that	 is	 at	 a	 low	Mr	 state	
to start with. The low Mr state is achieved by the use of 
synthetic antiferromagnetic coupling obtained in Co-
alloy/Ru/Co-alloy trilayer structure. Films of the type, 
Substrate/Ta/Ru/CoCrPt:SiO2 (15 nm) /Ru(0.8 nm)/
CoCrPt:SiO2 (t nm) were prepared by dc magnetron 
sputtering. The Ta and Ru layers below the recording 
layers (CoCrPt:SiO2) were meant for obtaining good 
perpendicular anisotropy in the CoCrPt:SiO2  layers. The 
Ru layer in between the two recording layers provided the 
highest antiferromagnetic coupling constant at 0.8 nm. The 
thickness	of	the	CoCrPt:SiO2	layers	at	the	top	was	varied	
from 1 to 5 nm. A focused-ion-beam system with Ga+ ions 
was	used	for	modification	of	the	exchange	coupling	at	the	
CoCrPt:SiO2/Ru/CoCrPt:SiO2 interface of for the total or 
partial removal of the top CoCrPt:SiO2 layer. Films were 
irradiated with different doses of Ga ions for systematic 
investigation. Magnetic force microscopy (MFM) in 
conjunction with atomic force microscopy (AFM) was 
used for the observation of patterns. 

The antiferromagnetic coupling constant J was found to 
be about 0.2 erg/cm2	for	most	of	the	films.	Clear	kinks	in	
the	first	quadrant	were	observed	in	the	hysteresis	loops	for	
all	 samples.	The	Mr	 of	 the	 films	was	 found	 to	 decrease	
with	the	increase	in	thickness	of	the	top	layer,	because	of	
the antiferromagnetic coupling between the two magnetic 
layers. AFM and MFM observations indicated that 
patterned regions of low and high Mr can be observed with 
ion beam irradiation. A systematic study of this technique 
will be presented. 
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Preparation and Characterisation of 
Copper(II) Complex of 2,2’-[Nonane-1,9-
Diylbis(Nitrilomethylidyne)]Diphenol as 
Spintronic Material

Jia Ti TEE; Norbani ABDULLAH; Kong Mun LO; 
Hairul Anuar TAJUDDIN 
Department of Chemistry, University of Malaya, Kuala 
Lumpur, Malaysia

Complex of 2,2’-[nonane-1,9-diylbis(nitrilomethylidyne)]
diphenol (salnon) with copper(II) ion was designed as 
spintronic	material	 to	 be	 cast	 as	 thin	film	by	Langmuir-
Blodgett technique. The corresponding diamagnetic 
zinc	 complex	 was	 also	 prepared	 as	 a	 reference.	 The	
complexes were prepared by both one-pot and step-wise 
reactions.	 In	 one-pot	 reaction,	 2-hydroxybenzaldehyde,	
1,9-diaminononane and the corresponding metal ethanoate 
were	refluxed	in	methanol.	In	step-wise	reaction,	the	ligand	
salnon	 was	 first	 prepared	 from	 2-hydroxybenzaldehyde	
and 1,9-diaminononane and completely characterised by 
FTIR, 1H-NMR, and single crystal X-ray crystallography. 
The ligand was then reacted with the corresponding 
metal	 ethanolate	 in	 refluxing	 methanol.	 The	 complexes	
were characterised by FTIR, elemental analysis, room 
temperature magnetic susceptibility, UV-visible-NIR 
spectroscopy, thermogravimetry and differential scanning 
calorimetry.

 A00410-00792 

The Synthesis and Magnetic Properties of Iron 
Phosphide Nanorods

Chieh-Tsung LO; Po-Yu KUO 
Chemical Engineering, National Cheng Kung University, 
Tainan City, Taiwan

Iron phosphide nanorods were prepared by the thermal 
decomposition of organometallic precursor (Fe(CO)5) in the 
mixture of trioctylphosphine (TOP) and didodecyldimethy 
ammonium bromide (DDAB) at 300oC. To promote the 
growth nanorods, spherical iron oxide nanoparticle with 
the diameter of ~7 nm were used as a nucleating agent. 
During the reaction, Fe(CO)5 decomposes to iron atoms, 
which deposits on spherical particle seeds, forming rod 
shape particles. The growth mechanism is due to DDAB 
that	 assembles	 to	 rod-like	 micelles	 in	 the	 solution,	
connecting the spherical iron oxide nanoparticles, 
and	finally	spherical	particles	transform	to	rod	shape.	The	
aspect ratio of nanorods were manipulated from 4 to 20 
by multiple injections of Fe(CO)5 and TOP. As prepared 
nanorods	characterized	by	X-ray	diffraction	revealed	 the	
Fe2P	structure.	The	magnetization	measurements	showed	
that	the	blocking	temperature	of	these	nanorods	increases	
with aspect ratio of nanorod, followed by a decrease of the 
blocking	temperature	with	aspect	ratio	of	nanorod.	As	long	

as we control carefully the injection condition, we could 
obtain even higher aspect ratio of iron phosphide nanorod 
with different magnetic properties, and it will provide 
various applications in nanotechnology.
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Electric Polarization in a Rashba Strip Coupled 
With a Spiral Spin Density Wave
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The magnetoelectric effect in a Rashba strip is studied, 
which is coupled to a spiral spin density wave (SDW). The 
polarization,	 if	 it	 can	be	 induced,	must	be	perpendicular	
to the plane constructed by the helix axis and the wave 
vector of the SDW. But these three vectors do not always 
form a right-hand system as suggested by other theoretical 
models. With the Rashba spin-orbit or the exchange 
couplings	varied,	 the	polarization	oscillates	and	can	take	
both	positive	and	negative	values.	The	polarization	can	be	
induced	at	any	occupation	ratio	except	half-filling,	and	the	
maximum	polarization	usually	appears	at	a	low	occupation	
ratio. With the strip width larger than the spin precession 
length, the oscillation amplitude no longer increases with 
the width.
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Nanostructured Magnetic Particles with 
Polystyrene and Their Magnetorheological 
Applications

Fei Fei FANG; Hyoung Jin CHOI 
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Magnetorheological	(MR)	fluids	are	known	to	be	colloidal	
suspensions	of	magnetic	particles	in	a	non-magnetic	fluid.	
Under	an	applied	magnetic	field,	 the	MR	fluid	 is	a	 free-
flowing	 liquid	 having	 a	 consistency	 similar	 to	 that	 of	
motor	 oil.	 Exposure	 to	 a	 magnetic	 field	 transforms	 the	
fluid	 into	a	plastic-like	 solid	 in	milliseconds.	MR	fluids,	
along with their electrical analogues, electrorheological 
fluids,	have	been	regarded	as	intelligent	fluids	being	used	
in electromechanical devices such as dampers, clutches 
and	brakes.	For	MR	fluids,	critical	factors,	which	include	
the stability against sedimentation and higher saturated 
magnetization,	as	well	as	the	large	magnetic	field-induced	
yield stress and low viscosity in the absence of magnetic 
field,	 should	 be	 endowed	 for	 better	 applicability.	 Thus,	
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various magnetic species or alloys have been investigated. 
In	 order	 to	 fit	 the	 above	 mentioned	 factor	 for	 MR	
applications, the magnetic particles undergo different 
nano-scaled processing to possess unique nanostructure.

Carbonyl	 iron	 (CI,	 average	 particle	 size:	 4.5	 μm;	 bulk	
density: 7.86g/cm3) particles are superior candidate of 
MR	 fluids	 due	 to	 the	 high	 saturation	 magnetization	 as	
well	as	 the	appropriate	particle	size,	however,	 they	have	
severe sedimentation problem due to the large mismatch 
of the particle density to the carrier oil. Therefore, diverse 
strategies have been introduced to modify pristine CI 
particles to meet the requirements of industrial application 
for	MR	fluids.	Among	 them,	 a	method	of	 coating	 shells	
on the surface of CI particles has become popular due to 
the produced favorable core-shell structure along with the 
apparently	 decreased	 density	 for	 synthesized	 composite	
particles. In this study, polymeric shells of polystyrene 
(PS) have been formed onto the surface of the inorganic 
magnetic particles via conventional in-situ dispersion 
polymerization.	Besides,	we	have	constructed	a	dense	nest	
composed of conducting carbon nanotube (CNT) on the 
surface of CI particles with the aid of chemical grafting 
reagents which are capable of joining the organic-inorganic 
phases. A double wrapping process was adopted to wrap 
CI particles with polymeric shell of PS and CNT layers to 
get	much	decreased	bulk	density,	consequently	improving	
the sedimentation problem. 

In addition to CI particles, another magnetic species, 
magnetite particles which exhibit good magnetic property 
but much lower density have also been introduced. In this 
system, magnetite particles were embedded within PS 
matrix via facile in situ method. In addition, mesoporous 
PS spheres were fabricated to load magnetite particles to 
achieve core-shell structured particles with much lower 
density. Recently, CNT was adopted as host, in which 
magnetite particles were deposited on the surface through 
a facile method.   

Both SEM and TEM images showed the unique morphology 
for the above mentioned magnetic composite particles. 
XRD, TGA, and VSM data described the crystalline 
structure, organic-inorganic composition as well as the 
magnetic	property,	separately.	Then,	MR	characterizations	
were investigated via conventional rotational mode and 
oscillation mode. Finally, sedimentation test was made 
upon	 the	 synthesized	magnetic	 composite	 particles	 as	 a	
function of time. 
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Effects of Chromium Substitution on Magnetic 
Properties of Bi2Fe4O9
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Bi2Fe4O9 is an important material that has been widely 
used for high performance sensors, catalysts, and other 
functional materials. It belongs to the space group Pbam, 
with two formula units per unit cell. A neutron diffraction 
study of Bi2Fe4O9 has revealed that this compound 
undergoes a transition from a paramagnetic state to an 
antiferromagnetic state at its Néel temperature TN~ 263K.  
Solid state reaction is the conventional method to prepare 
Bi2Fe4O9 which includes sintering Bi2O3 and Fe2O3 powders 
together above a temperature of 1100 K. Recently, single 
crystal Bi2Fe4O9 nanowires have been fabricated by a 
template-induced sol-gel route. However, there have been 
very few reports on the transition elements doped Bi2Fe4O9 
compounds and their magnetic properties.  

In	this	work,	nano-Bi2Fe4O9 powders were fabricated via 
a simple hydrothermal method. In order to investigate the 
effects of transition elements substitution on the magnetic 
properties, chromium was doped into the material at different 
doping levels. X-Ray diffraction (XRD) measurements 
verified	that	the	obtained	particles	are	single	phases.	XRD	
refinement	revealed	that	the	lattice	parameters	of	samples	
are strongly affected by the different doping levels. 
Scanning electron microscopy observation revealed that 
the Cr-doped Bi2Fe4O9 samples are uniform in both shape 
and	size.	Field-cooled	and	zero-field-cooled	magnetization	
measurements (M-T) showed that the obtained Cr-doped 
powders are antiferromagnetic materials with a Néel 
temperature (TN) around 250K, which is lower than for the 
un-doped Bi2Fe4O9.	Magnetization-magnetic	field	 (M-H)	
loops were observed at 10K, based on which the values 
of the magnetic moments can be calculated. Both the M-T 
and the M-H results prove that dopant Cr ions have a strong 
impact on the magnetic properties of the samples.
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Novel	 energy	 efficient	 permanent	 magnet	 systems	 and	
innovative solid state cooling devices can be produced 
from giant energy product magnetic nanomaterials and 
high temperature magnetocaloric materials.  Novel 
chemical synthesis methods, e.g., sol-gel followed by 
reduction-diffusion,	were	utilized	to	synthesize	exchange-
coupled Nd-Fe-B + FeCo nanoparticles, the structure 
and properties of these nanoparticles will be described. 
The composition and microstructure dependent elevated 
temperature magnetic properties of melt spun rapidly 
solidified	 nanocrystalline	 RE-TM-B	 (RE=Nd,	 Pr,	 Dy,	
TM=Fe, Co) alloys with enhanced hard magnetic 
properties	 were	 studied.	 Reducing	 grain	 size	 and	 Co	
or	 Dy	 substitution	 had	 a	 significant	 beneficial	 effect	 on	
thermal stability.  Attractive low values of temperature 
coefficients	of	remanence	and	coercivity	were	observed	in	
these exchange coupled materials, energy product values 
greater	than	100	kJ/m3 were obtained in nanophase alloys. 
The magnetocaloric properties of melt spun amorphous 
Fe based magnetocaloric materials with high refrigerant 
capacity were studied and the effect of subsequent 
nanocrystallization	was	determined,	 these	 results	will	be	
reported.
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The most intriguing characteristics of Heusler alloys 
with general formula X2YZ,	 where	 X	 and	 Y	 are	 the	
elements with partly occupied d-electron	 orbital	 and	 Z	
is a sp-electron metal, exhibit a range of diverse physical 
properties	 i.e,	 (i)	 the	 occurrence	 of	 semiconductor-like	
transport behavior despite having all highly conducting 
metallic constituents; (ii) properties are sensitive to the 
minute structural and chemical disorder; (iii) reported to 
have	 non-magnetic	 ground	 state	 in	 spite	 of	 having	 50%	
iron as one of the constituents. However, the existence 

of magnetically disordered state has also been suggested 
and attributed to antisite-defects. Experimental results 
suggest that apart from the transition elements present 
in	 the	 alloy	 the	 Z	 element	 in	 Fe2V-based Heusler alloy 
plays an important role in altering the transport as well 
as magnetic properties of the alloys. From theoretical 
calculations	 also	 it	 is	 suggested	 that	 the	 hybridization	
of Al-sp states Fe, V-d states plays a major role in non-
magnetic state of Fe2VAl alloy. Therefore, it is important 
to	 understand	 the	 role	 of	 conduction	 electrons	 (of	 the	Z	
atom)	and	the	sp-d	hybridization	of	Z	and	Fe,	V	atoms	in	
the magnetic properties of the Fe2V-based alloys. We 
expect the substitution of smaller isoelectronic atom can 
throw	some	light	in	understanding	the	atomic	size	effects	
related properties. In this study we report the magnetic 
behavior of the isoelectronic Fe2VAl1-xBx (x=0-1) Heusler 
compositions	to:	(i)	establish	the	role	of	hybridization	of	
Al-sp states Fe, V-d states on the magnetic behavior (ii) 
know	whether	 the	 isoelectronic	substitution	 that	 resulted	
in semiconductor-metal transition has direct bearing on 
magnetic behavior.

Alloy ingots of Fe2VAl1-xBx (x=0-1) were prepared with high 
purity elemental constituents using an arc-melting furnace 
followed	by	a	prolonged	annealing	in	an	evacuated	quartz	
tubes at 10000C for 48 hours to improve the homogeneity 
of	the	alloys.	Magnetic	properties	[M	(H)	and	field	cooled/
zero	field	cooled	M	(T)]	were	studied	in	the	temperature	
range	 5-300	 K	 and	 up	 to	 the	 fields	 of	 15	 kOe	 using	 a	
commercial SQUID Magnetometer (Quantum Design, 
model	MPMS).		The	AC	Susceptibility	(χ)	was	measured	
using a homemade setup in the temperature range 15-
300K.	A	rapid	increase	in	the	magnetization	values	with	a	
minute amount of B substitution in Fe2VAl at Al sites has 
been observed. Although higher boron containing alloys 
show	a	 ferromagnetic	 like	M(H)	characteristics,	 thermo-
magnetization	data	(ACS	and	ZFC/FC)	at	 low	fields	and	
at different frequencies suggests the presence of large 
ferromagnetic clusters. Therefore it may be suggested 
that	the	ferromagnetic	like	behavior	in	this	system	could	
be due to the intercluster coupling.  Besides, this thermo 
magnetization	 curves	 found	 to	 obey	Bloch’s	 law	 for	 the	
samples	 x>0,	 at	 higher	 fields	 (H=3000	 Oe)	 providing	
additional support to our conclusions. A detailed magnetic 
characteristics will be presented and the results will be 
discussed in light of existing cluster glass models. 

Financial assistance from BRNS (DAE), India is gratefully 
acknowledged. 
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 A00534-00975 

Fluorescent Magnetic Nanocarrier for Enhanced 
Two Photon Triggered Drug Delivery

Shashwat S. BANERJEE; Dong-Hwang CHEN 
Department of Chemical Engineering, National Cheng 
Kung University, Tainan, Taiwan

Current light triggered drug delivery systems are applicable 
only in the ultraviolet and visible regions of the spectrum, 
where	 skin	 is	 poorly	 transmissive,	 limiting	 treatment	 to	
topical	ailments.	The	utilization	of	two-photon	absorption	
(TPA) phenomena has impacted many biological and 
nanomedicine applications including bioimaging, drug 
delivery, and phototherapies. In this study, a novel 
nanoformulation	for	targeted	drug	delivery	which	utilizes	
nanophotonics through the fusion of nanotechnology with 
biomedical application has been developed. The approach 
involves energy-transferring magnetic nanoscopic co-
assembly	fabricated	of	rhodamine	B	(RDB)	fluorescent	dye	
grafted	gum	arabic	modified	Fe3O4 magnetic nanoparticle 
and	 photosensitive	 linker	 by	 which	 dexamethasone	
drug is conjugated to the magnetic nano-assembly. The 
advantage offered by this nanoformulation is the indirect 
photo	 triggered	on	demand	drug	 release	by	 efficient	up-
converting energy of the near IR (NIR) light to higher 
energy and intraparticle energy transfer from the dye 
grafted	magnetic	nanoparticle	to	the	linker	for	drug	release	
by	cleavage.	The	synthesized	nanoparticles	were	found	to	
be	 of	 ultra	 small	 size	 (13.3	 nm)	 and	 are	monodispersed	
in aqueous suspension. Dexamethasone (Dexa) drug 
conjugated	 to	 RDB-GAMNP	 by	 photosensitive	 linker	
showed appreciable release of Dexa by photo triggered 
response on exposure to a radiation having wavelength in 
the NIR region whereas no detectable release was observed 
in	dark. Photo triggered response for the nano formulation 
not bearing the rhodamine B dye was drastically less as 
less Dexa was released on exposure to NIR radiation which 
suggest	 that	 the	 photo-cleavage	 of	 linker	 and	 release	 of	
Dexa mainly originated from the indirect excitation through 
the uphill energy conversions based on donor-acceptor 
model FRET. The promising pathway of nanophotonics 
for	the	on	demand	release	of	drug	makes	this	nanocarrier	
very promising for applications in nanomedicine.

 A00561-02682 

Magnetic and Hydrogenation Properties of 
Nanocrystalline MgCo2-x Nix System

Devendra VYAS; Pragya JAIN;	Ankur	JAIN; 
Indra Prabh JAIN 
Centre for Non-Conventional Energy Resources, 
University of Rajasthan, Jaipur, India

A	serious	bolt	neck	for	 the	full	usage	of	hydrogen	is	 the	
lack	of	appropriate	storage	materials.	A	suitable	material	
for	 hydrogen	 storage	 is	 one	 of	 the	 key	 requirements	 for	
a possible hydrogen economy. Magnesium is one of 
the	 lightest	 storage	materials	 known,	 it	 is	 abundant	 and	
inexpensive. The main problem with using magnesium 
as a storage material for hydrogen is its high binding 
energy with hydrogen, since it desorbs hydrogen at high 
temperature (300 - 3500C). Alloying of magnesium with 
transition metals can result in a substantially improved 
dissociation activity due to the presence of d-electrons 
in	 transition	metals.	More	 recently,	 systems	 like	Mg-Fe	
and Mg-Co have been shown to be stable during cyclic 
hydrogenation. The hydride formation enthalpies of Mg-
Fe-H & Mg-Co-H systems are found to be comparable to 
that of MgH2, while the value for Mg-Ni-H is approximately 
15%	lower.	So	In	this	work,	we	tried	to	work	on	tie	line	
by replacing Co in MgCo2 by Ni up to a molar ratio 1:1. 
Simultaneously we prepared nanocrystalline structures 
using a High energy ball milling technique. The samples 
were	characterized	by	XRD,	SEM	and	VSM	in	 terms	of	
their structural, morphological and magnetic properties. 
The hydrogenation properties are presented in terms 
of PCT curves and the thermodynamic parameters are 
calculated using Van’t Hoff plots.

 A00587-01070 

Magnetic Properties of Cobalt Nanoparticles 
Covered by a Polymer Chitozan Molecule

Polina TERESHCHUK 
Institute of Nuclear Physics, Tashkent, Uzbekistan

Cobalt nanoparticles are of a great interest because of 
unique optical, electronic and magnetic properties that 
diverse	substantially	from	bulk.	For	example,	nanoparticles	
have	 a	 large	 magnetization	 of	 saturation	 and	 high	
temperature of transition into superparamagnetic state in 
comparison	with	bulk	material.	They	have	a	broad	range	
of applications as information storage, magnetic sensors, 
drug delivery system in oncology and etc. For practical 
usage it is necessary to obtain dispersal nanodimensional 
particles	of	certain	size	and	therefore	to	avoid	aggregation,	
nanoparticles of inorganic metals are covered by various 
surface active substances (carboxyl, sulfuric acid, 
bioactive polymers). Such materials may substantially 
change	properties	of	nanoparticles.	The	aim	of	this	work	
is to study magnetic properties Co nanoparticles (Co-np) 
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interacting	 with	 the	 chitozan	 molecule.	 Chitozan	 (chit)	
biopolymer possess a range of interesting properties such 
as	 high	 affinity	 to	 metals,	 adsorption	 and	 antibacterial	
properties, high biological activity and compatibility 
with human tissue. Properties of Co-chit clusters have 
been studied using ab initio molecular dynamics method. 
Binding energy and magnetic moment of Co-np at 
adsorption	to	chit	is	calculated	depending	on	size	of	Co-
np. Stable structures of small bare Co clusters (up to 8 
atoms)	have	been	defined	by	global	optimization	of	total	
energy. The most stable isomers are triangle, rhombus, 
bicapped trigonal pyramid, pentagonal pyramid, tetragonal 
bipyramid	with	a	capped	atom	and	tetragonal	antiprizma	
for 3-,4-,5-,6-,7- and 8-atomic clusters. Magnetic moment 
per atom of bare Co-np increases with increasing cluster 
size	(2.82	Mb	for	Co8)	and	Co6 has a minimum value of 
moment (2.54 Mb). Binding energy of complex of Co 
clusters+chit molecule have a tendency to increase, and 
shows stabilisation of Co clusters in chit molecule with 
the exception of Co4 that is more stable in a bare state than 
in	a	complex	with	chit.	Value	of	magnetic	moment	of	Со	
clusters except for Co2 and Co5 in a polymer matrix tends 
to decrease and is less than of bare Co clusters. We intend 
to continue our investigations of magnetic and electronic 
properties	of	such	systems	with	increasing	their	size	up	to	
a few nanometers that may help in practical usage of these 
nanoparticles in nanotechnology.

 A00593-01081 

Spin Polarization and Spin Transport in 
Ferromagnetic / Organic Structure

Yilin MI1;2; Ming ZHANG1; Hui YAN1 
1. The Key Laboratory of Advanced Functional Materials 
of China Education Ministry, Beijing University of 
Technology, Beijing, China
2. College of Science, North China University of 
Technology, Beijing, China

In organic semiconductor spintronic devices, the up-spin 
and down-spin polarons have different density once spin 
injection happens from ferromagnetic electrodes into 
organic semiconductors. For the different spin density 
of two spin channels could induce different conductivity, 
the different conductivity between the up-spin and down-
spin	 polarons	 directly	 dominates	 the	 spin	 polarization.	
Here the effect of spin-dependent conductivity on the spin 
polarization	is	extensively	studied	applying	the	spin	drift-
diffusion equation on the ferromagnetic (FM)/organic 
(OSE) structure. It is found that the spin dependence of 
the electrical conductivity is induced by the spin injection 
and closely related to  the induced spin density (or spin 
accumulation). The calculations show that the electrical 
conductivity induced by up-spin polarons (down-spin 
polarons) is position-dependent in the OSE just as the spin 
accumulation. And the match level of conductivities can 
affect the spin-dependent conductivity at the interface of 

the FM/OSE to a great extent. In addition, it is found that 
in	 the	 low-voltage	 regime	 (eV<<kBT),	 the	 electric-field	
can	 effect	 the	 current	 spin	 polarization	α(x) in the FM/
OSE system.

 A00611-02850 

Preparation of Enzyme-Immobilized Multi-
responsive Alginate-g-PVA Microparticles

Congming XIAO 
Huaqiao University, China

Recently, magnetic particles have been attractive in 
biomedical and bioengineering applications such as target 
drug	delivery,	detoxification	of	biological	fluids,	separation	
and	 purification	 of	 biomolecules,	 clinical	 diagnosis	 and	
enzyme	immobilization.	Sodium	alginate	is	biocompatible	
and	can	be	physically	cross-linked	with	multivalent	cations	
in	mild	condition	and	has	been	widely	utilized	in	a	variety	
of biomedical applications.

Fe-Alg-g-PVA/Fe3O4 magnetic microparticles have been 
prepared	by	physically	cross-linking	alginate-g-PVA	with	
ferrous ion in a surfactant-free emulsion system and then 
transformed into ferromagnetic microparticles via a self 
oxidation procedure. In this article, alginate-g-PVA is used 
to	form	α-amylase-immobilized	magnetic	microparticles.	
The	 release	 behavior	 of	 the	 α-amylase-immobilized	
magnetic microparticles exhibits pH-sensitive. The 
microparticles	 are	 utilized	 to	 catalyze	 the	 hydrolysis	 of	
starch and behave magnetic responsive.

The	 experimental	 results	 suggest	 that	 such	 a	 kind	 of	
microparticles is potential for encapsulating bioactive 
substances and suitable for various applications such as 
drug	targeting	delivery	and	immobilizing	enzyme.

 A00615-01119 

Multi-level Storage and Reduction of Spin Transfer 
Currents in Perpendicular Magnetic Anisotropy 
Magnetoresistive Devices

Randall LAW; Rachid SBIAA; Ei-Leen TAN; 
Thomas LIEW 
Data Storage Institute, Singapore

Magnetoresistive devices based on layers with 
perpendicular magnetic anisotropy (PMA) have been 
receiving increasing interest as they do not suffer 
from magnetisation curling at the edges of patterned 
elements. Furthermore, the theoretical expressions for 
spin transfer switching (STS) currents show higher spin 
torque	 efficiencies	 for	 PMA	 devices.	 These	 advantages	
make	PMA	devices	promising	candidates	for	spin	torque	
magnetic random access memory (ST-MRAM) that can be 
scaled towards high storage densities.
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PMA single-spin valves (SSV) and dual-spin valves (DSV) 
based on CoFe/Pd bilayers were deposited using UHV dc 
magnetron sputtering onto thermally oxidised Si wafers, 
achieving high current-in-plane giant magnetoresistance 
(CIP-GMR)	 of	 9.7%	 and	 15.2%,	 respectively.	 The	 film	
structures of Ta/Pd/Soft layer/Cu/Hard layer/Pd/Ta and Ta/
Pd/Hard layer1/Cu/Soft layer/Cu/Hard layer2/Pd/Ta were 
realised for SSVs and DSVs, respectively. We studied 
the effect of the Ta seed layer, crystalline orientation, 
annealing and various CoFe alloy compositions on PMA 
and GMR. We also describe the switching behaviour of 
a perpendicular DSV with four distinct resistance states, 
showing that it behaves as a simple additive combination 
of the GMR contributions at the interfaces of its two 
constituent	SSV.	By	varying	the	Co	or	CoFe	spin	filter	layer	
thicknesses	at	the	interfaces	of	one	Cu	spacer	layer	from	
2 to 6 Å, a linear dependence of GMR across the selected 
spacer layer was demonstrated, without affecting the GMR 
contribution across the second Cu spacer layer. Using this 
strategy, the intermediate resistance levels in a four-state 
perpendicular DSV can be adjusted independently, creating 
flexible	platform	for	multi-state	storage.

In order to reduce STS current densities in PMA devices for 
practical	ST-MRAM,	we	used	the	Landau-Lifshitz-Gilbert	
formalism to study the performance of a perpendicular 
GMR	device	with	several	magnetic	 layer	configurations.	
We propose a multilayer structure in which the insertion 
of an additional spin polariser with in-plane anisotropy 
adjacent to the perpendicular free layer can enhance the 
STS	efficiency	and	switching	speed	of	the	device.	Although	
an additional in-plane or perpendicular spin polariser can 
both increase STS speeds, it was found that a canted spin 
polariser with an angle from 40° to 80°	 out	 of	 the	 film	
plane	enhances	STS	efficiency	more	than	a	fixed	in-plane	
or perpendicular polariser. To support our simulation 
results, we deposited a Co90Fe10 in-plane spin polariser 
adjacent to the free layer of a perpendicular SSV, thus 
creating	a	modified-dual	spin	valve	(m-DSV).	For	100	nm	
diameter devices, concurrent STS of both magnetic layers 
was	 observed	 for	 positive	 currents,	making	 the	 parallel-
to-anti-parallel (PàAP) transition impossible. In m-DSV 
devices,	we	observed	60%	reduction	in	the	energy	barrier	
for APàP	transitions,	and	40%	reduction	in	critical	current	
density Jc

APàP with 10 ns STS current pulses compared to 
SSV devices. Furthermore, the m-DSV structure enabled 
the soft layer to switch independently from the hard layer 
via STS.

 A00626-01131 

A Study of the Relaxation Dynamics of 
Nanoscopic Magnetic Clusters in Manganite 
Single Crystals using Femtosecond Time-
resolved Spectroscopy

Ali Sucipto TAN; Bang Chuan ZHAO; Edbert Jarvis SIE; 
Lan WANG; Cheng Hon Alfred HUAN;	Tze	Chien	SUM 
School of Physical & Mathematical Sciences, Nanyang 
Technological University, Singapore

Colossal magnetoresistance (CMR) manganites have 
been subjected to extensive research due to their unique 
magnetic and electrical properties. The physical origin 
of this phenomenon has been attributed to the double-
exchange model. However, this double-exchange 
mechanism of carriers between Mn3+ and Mn4+ ions 
alone cannot account for all the observed changes such as 
metal-insulator transition in these materials. Other factors 
include the highly correlated nature of the spin, lattice, 
charge and orbital degrees of freedom. Ultrafast optical 
techniques are powerful probes for investigating the quasi-
particle and spin relaxation dynamics in these strongly 
correlated	 systems.	 Recently,	 Zhao	 et.	 al.	 reported	 a	 re-
entrant metal insulator (M-I) transition in single crystals 
of Cu-doped manganites La1-xPbxMnO3 (x = 0.14). The 
re-entrant M-I transition at low temperatures was observed 
in samples with Cu-doping (y >= 0.02) and was attributed 
to	 the	charge	carrier	 localization	due	 to	 lattice	distortion	
caused by Cu doping at Mn sites. However, there have 
been no reports on the effects of Cu-doping on the spin-
lattice	 interaction	 in	 these	 materials.	 In	 this	 work,	 we	
investigate the spin-lattice relaxation in single crystals 
of	La1-xPbxMn1-y-zCuyO3	(x	=	0.14,	y	=	0,	0.01,	0.02,	
0.04,	0.06	and	z	=	0.02,	0.08,	0.11,	0.17,	0.20)	that	were	
grown	by	the	flux	melt	technique.	The	substitution	of	Mn	
sites with a transitional element Cu allows one to study the 
critical role of Mn ions in CMR materials. The couplings 
between the spin, lattice, charge and orbital degrees of 
freedom in the relaxation dynamics of the nanoscopic 
magnetic clusters in this CMR system were investigated 
using Femtosecond time-resolved spectroscopy. Transient 
reflection	spectroscopy	and	time-resolved	magneto-optical	
kerr	spectroscopy	have	been	employed	to	probe	the	quasi-
particle relaxation and the photo-induced dynamics of 
magnetization.	 We	 observed	 the	 presence	 of	 periodic	
oscillations	 in	 the	 transient	 reflectivity	 signal	 near	 the	
metal insulator transition. These oscillations are attributed 
to the phonon-polariton interactions. The origins of the 
re-entrant M-I transition in this novel system were also 
discussed	in	light	of	these	new	findings.	
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Soft Ferromagnetic FeSi Thin Films by Pulsed 
Laser Deposition

Catalin-Daniel GOLDNER-CONSTANTINESCU1;2; 
Lucian PETRESCU2; Ruxandra BIRJEGA1; 
Horia GAVRILA2; Maria DINESCU1 
1. Lasers, INFLPR - National Institute for Laser, Plasma 
and Radiation Physics, Bucharest, Romania
2. Electrical Engineering, “Politehnica” University of 
Bucharest, Bucharest, Romania

Due	to	high	Curie	temperature	and	high	spin	polarization,	
ferromagnetic Fe3Si	 thin	 films	 have	 attracted	 a	 lot	 of	
attention in spintronics and magnetoelectronic devices. 
This paper reports on the preparation of Fe3Si	 thin	films	
by pulsed laser deposition (PLD) and radiofrequency 
plasma discharge assisted PLD (RF-PLD). A Nd:YAG 
laser beam was focused on a FeSi target, in vacuum or in 
the presence of an argon RF plasma beam. The substrate 
temperature (from RT to 500°C), gas pressure (5-50 Pa) 
and	the	RF	plasma	beam	influence	on	Fe3Si	thin	films	were	
particularly studied. Atomic force microscopy, sampling 
electron microscopy, spectral-ellipsometric measurements, 
X-ray diffraction, and vibrating sample magnetometry 
were	performed	to	test	the	thin	films’	properties.

 A00703-01259 

Cobalt Nanostructures Embedded in Organic 
Polymers for Possible Magnetic-Semiconductor 
and RF-shielding Applications

Sangeeta KALE; Shadie HATAMIE 
Department of Electronic-Science, Fergusson College, 
Pune, India

Incorporating spin functionality into otherwise nonmagnetic 
solids has become a highly desirable objective in the context 
of	the	interesting	field	of	spintronics.	Ones	approach	is	to	
introduce magnetic dopants into nonmagnetic solids, and 
hope that they not only remain magnetically active but also 
couple with the electronic states of the solid. Considerable 
success has been achieved in inducing magnetism by 
transition element doping in compound semiconductor 
systems, however, with inorganic oxides, the efforts 
and successes in this context are still relatively limited. 
It has been envisaged that using chemical approaches, 
and integrating magnetic nanostructures with organic 
conducting polymers using soft-chemical methods, may 
develop novel magnetoelectronic device structures.

In this context, we report on synthesis of Cobalt 
nanoparticles using two different approaches for different 
application domains, namely as magnetic semiconductors 
and for radio-frequency shielding applications. 

Co	nanoparticles	have	been	synthesized	using	Polyaniline-
assisted synthesis route. The formed structures have been 
characterized	 for	 structural,	 morphological,	 transport	
and magnetic properties.  X-Ray Diffraction technique 
has	been	used	to	confirm	the	FCC	structure	of	elemental	
cobalt. Fourier transform Infrared Spectroscopy has been 
used to understand the conjugational chemistry. Vibrating 
sample	 Magnetometry	 technique	 has	 been	 utilized	 to	
study the magnetic properties of the structure at room 
temperature. The transport studies have been correlated 
with	magnetization	data	to	envisage	the	potential	of	these	
systems as magnetic semiconductors. 

In second approach, Cobalt nanoparticles have been 
embedded in polymeric-cages, which envisage interesting 
applications for radio frequency shielding. Cobalt 
nanoparticles were trapped in polyvinyl alcohol (PVA) 
matrix	 to	 yield	 self-supporting	 magnetic	 films	 in	 PVA	
slime.	 20	 nm,	Co	 encapsulated	with	 a	weak	 citrate	 coat	
when caged in PVA matrix exhibited persistence of 
magnetism and good radio-frequency response. The details 
of	the	work	done	will	be	discussed	in	this	presentation.

 A00765-01605 

Nanoparticles of Maghemite and Substituted 
Maghemite (γ-MxFe2-xO3 where M = Al, Cr, Mn, Zn 
and 0 ≤ x ≤ 1.3): A Comparative Study 

Nand Kishore PRASAD1;2; Vipul GOHRI3; 
Dulal PANDA4; Dhirendra BAHADUR2 
1. Metallurgical Engineering, Banaras Hindu University, 
Varanasi/Uttar Pradesh, India
2. Metallurgical Engineering and Materials Science, 
Indian Institute of Technology Bombay, Mumbai/
Maharashtra, India
3. Metallurgical Engineering, Visvesvaraya National 
Institute of Technology, Nagpur/Maharashtra, India
4. School of Biosciences & Bioengineering, Indian 
Institute of Technolgy Bombay, Mumbai/Maharashtra, 
India

Magnetic nanoparticles of pure and substituted iron 
oxides were prepared by autocumbstion and wet chemical 
methods.	The	 samples	 prepared	 by	 the	 first	 process	 had	
mixed phase of hematite and maghemite where as by 
the later process it was essentially maghemite phase for 
all	 substituted	maghemites	 (γ-MxFe2-xO3 where M = Al, 
Cr,	Mn,	 Zn	 and	 0	 ≤	 x	 ≤	 1.3).	 XRD	 patterns	 and	 TEM	
analysis suggest that these samples were essentially of 
monophasic	nature	for	substituted	maghemite	and	the	size	
of the particles was observed in the range between 5 to 
25 nm. Al- and Mn-substituted maghemites initially show 
increase	in	the	saturation	magnetization	with	substitution	
but it decreased after reaching a maximum value at x = 0.07 
and 0.2 for the two substituted maghemites respectively. 
On	 the	 other	 hand	 Cr-	 and	 Zn-substituted	 maghmite	
displayed	 continuous	 decrease	 in	 magnetization	 with	
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substitution.	Curie	temperature	and	blocking	temperature	
for all the substituted maghemites decreased continuously 
with	increased	substitutions.	Due	to	higher	magnetization	
value of Mn-substituted maghemite (for x = 0.2, 78 Am2/
kg),	 the	magnetic	 suspension	made	 out	 of	 it	 had	 higher	
heating	 ability	 and	 specific	 absorption	 rate	 compared	 to	
the suspensions made up of Al-substituted maghemite (for 
x = 0.07, 70 Am2/kg)	 or	 pure	 maghemite	 (62	Am2/kg).	
Magnetic hyperthermia treatment using Mn-substituted 
maghemite	could	kill	the	cancerous	cells	effectively.

 A00821-02095 

Growth and Magnetic Properties of Fe-Ni based 
Amorphous Nanocolumns Obtained by Oblique 
Angle Vapour Deposition

Senoy THOMAS1; Salim AL-HARTHI2; 
Imad AL-OMARI2; Raju. V. RAMANUJAN3; 
M. R. ANANTHARAMAN1 
1. Department of Physics, Cochin University of Science 
and Technology, Cochin, India
2. Department of Physics, Sultan Qaboos University, 
Muscat, Oman
3. School of Materials Science and Engineering, Nanyang 
Technological University, Singapore

Fe-Ni based amorphous alloys are increasingly becoming 
a	hot	topic	of	research	because	of	their	potential	in	finding	
end	uses	in	fields	such	as	power	electronics,	sensors	and	
actuators. The amorphous local structure in these alloys 
plays a major role in the reduction of magnetic anisotropy 
energy and the corresponding improvement in properties 
such as coercivity and permeability. In addition, the 
random atomic structure leads to the increase in resistivity 
making	them	suitable	for	high	frequency	applications.	With	
the advent of these materials showing excellent magnetic 
properties, the nanostructured form of this material will 
be important from an application point of view. The 
development	of	nanostructured	magnetic	materials	makes	
it	possible	 to	miniaturize	magnetic	devices	and	 integrate	
them in circuit board.

Thin	film	deposition	at	oblique	angles	has	some	advantages	
in obtaining nanostructured magnetic materials. This 
technique	 utilizes	 physical	 vapor	 deposition	 to	 deposit	
films	 on	 a	 substrate	 oriented	 at	 an	 oblique	 angle	 to	 the	
vapor	source.	The	vapor	atoms	travel	to	a	fixed	substrate	
at large oblique angle respective to the surface normal of 
the substrate. The evaporant nucleates on the substrate; the 
region behind the nucleus does not receive any further vapor 
because of the shadowing by the nucleus. Therefore, vapor 
will only be deposited onto the nucleus. This preferential 
growth dynamics gives rise to the formation of isolated 
columnar	structures.	 	The	morphology	of	such	films	will	
be a resultant of the competition between smoothening 
due to surface diffusion of adatoms and roughening due 
to self shadowing process.  Some of the advantages of this 

technique are 1) no template is required 2) high temperature 
is not required and 3) no harmful chemicals are involved.

In	the	present	work	we	report	on	the	growth	of	magnetic	
nanocolumns via oblique angle deposition. The evolution 
of the magnetic properties with the growth of the columns 
was studied using atomic force microscopy (AFM) and 
magnetic force microscopy (MFM). It has been observed 
that	surface	roughness	of	substrate	greatly	affects	the	final	
morphology	of	 the	 columnar	 structures.	Thick	 and	 large	
columns were obtained on a glass substrate when compared 
to that on a smooth silicon substrate. The morphology of 
the	 resultant	 films	 determined	 their	magnetic	 properties.	
Due to their higher number density, exchange coupling 
was present for nanocolumn arrays prepared on silicon 
substrates. On the other hand, well separated nanocolumns 
on glass substrate resulted in exchange isolated magnetic 
domains. These results indicate that oblique angle 
deposition on a patterned substrate can result in well 
separated nanocolumns which can be promising for future 
high density recording applications.   

This work is supported by IUAC, New Delhi through a project 
UFUP No. 35306.  Senoy Thomas acknowledges CSIR, New 
Delhi for the Senior Research Fellowship. RVR acknowledges 
support from ASTAR, Singapore through grant 062 101 0032. 
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Observation and Manipulation of Domain Walls  
in Soft Magnetic Nanowires

John CHAPMAN; Kerry O’SHEA; 
Damien MCGROUTHER; Stephen MCVITIE 
Department of Physics and Astronomy, University of 
Glasgow, United Kingdom

Much attention has been focused recently on the properties 
of domain walls (DWs) in quasi-planar magnetic nanowires 
made from soft magnetic materials such as permalloy. 
The topic is a particularly fertile one in that walls with 
completely different structures can exist over an extended 
range	 of	wire	width	 and	 thickness.	The	most	 prominent	
DW types are vortex and transverse DWs, denoted as 
VDW	 and	 TDW	 respectively.	 Further	 classification	 is	
necessary according, for example, to the chirality and 
polarity of a VDW. Whilst the energy does not vary with 
chirality and polarity, the way the degenerate walls interact 
with deliberately or inadvertently introduced irregularities 
in	the	wire	can	vary	markedly.	This	then	is	a	rich	field	for	
scientific	exploration	but	a	problem	for	those	developing	
the device potential of such wires.

Direct observation of DW structures and the ability to study 
directly how DWs with different structures interact with 
notches and anti-notches fabricated in the wires provides a 
powerful	way	forward.	We	have	used	Lorentz	transmission	
electron microscopy (LTEM) to determine quantitatively 
the distribution of induction in the various extended DWs 
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that form in the wires. By the application of local or global 
magnetic	fields	or	by	spin-polarised	currents,	DWs	can	be	
nucleated and subsequently propagated along nanowires 
in situ in the TEM. This has allowed us to study, inter 
alia, (i) the structure of DWs in straight and curved wires, 
(ii) how the potential energy landscape varies as VDWs 
with different chiralities approach an asymmetric notch or 
anti-notch and (iii) the extent to which DWs act as elastic 
objects	capable	of	significant	extension.	

For head-to-head DWs the lateral extent is determined 
more by the geometry of the wire than by the detailed 
magnetic properties, provided the material anisotropy is 
sufficiently	 low.	 In	 terms	of	 interaction	with	asymmetric	
notches	and	anti-notches	we	have	identified	the	orientation	
of magnetisation towards the leading edge of the DW 
packet	as	a	key	parameter.	If	this	is	similarly	oriented	to	
the local magnetisation in the (anti-)notch the (anti-)notch 
tends to act as a potential well; otherwise the (anti-)notch 
acts	as	a	potential	barrier.	Most	surprising	at	first	sight	is	
the extent to which DWs can deform to many times their 
length in a uniform wire. In the case of a VDW this is 
primarily associated with the pinning of the vortex within 
the non-uniform section of the nanowire. 

In addition to the experiments described above we will 
discuss how direct observation of complex magnetic 
structures can be correlated with electrical measurements, 
thereby giving insight into the origin of the rich variety of 
transport phenomena observed in magnetic nanowires. 

 A00876-01835 

Controlled Synthesis of Anisotropic Magnetic 
Nanocrystals

Luihui ZHANG; Yanglong HOU 
Department of Advanced Materials and Nanotechnology 
- College of Engineering, Peking University, Beijing, 
China

Synthesis of mondisperse magnetic nanocrystals with 
controlled	 shape	 and	 size	 has	 attracted	 much	 attention	
in developing nanocrystals for information storage, 
permanent magnet nanocomposite, catalysis and 
biomedical applications. Here we report the controlled 
synthesis of anisotropic magnetic nanocrystals, which 
range from nanoparticles, nanocubes, nano-octahedraons, 
to nanorods and nanowires.

 A00885-01539 

Intrinsic Ferromagnetism in Transition Metal 
Doped In2O3

Bangchuan ZHAO; HuiWen HO; 
Bin XIA; LiXiu GUAN;	ZhiRen	XIAO; Jer-Lai KUO; 
Lan WANG 
School of Physical and Mathematical Science, Nanyang 
Technological University, Singapore

We present our recent results on transition metal doped 
In2O3,	 including	 bulk	material,	 thin	 film	 and	 devices.	A	
systematic study of structural, magnetic and transport 
properties was performed on Fe, Cr, Cu and Mo doped 
or	 co-doped	bulk	 In2O3 and ITO under various sintering 
pressures. Extensive magnetic, electric transport and point 
contact	 Andreev	 reflection	 (PCAR)	 measurements	 have	
been carried out. The results indicate that these materials 
are chemical homogeneous but magnetic imhomogeneous 
materials. The ferromagnetism in some of these materials 
is intrinsic which is due to oxygen vacancy mediated 
interaction.	The	electric	transport	can	be	clarified	by	two-
channel transport model. The PCAR measurement results 
indicate	high	surface	spin	polarization	and	ferromagnetism	
on nonmagnetic In2O3 and ITO. High quality ferromagnetic 
transition metal doped In2O3	thin	film	has	been	obtained.	
Point contact techniques have been employed to measure 
the	spin	polarization	and	the	critical	current	of	spin	torque.	
TMR devices have been fabricated and novel results have 
been obtained.

 A00900-01585 

Microwave-induced Dehydration of 
Autocombustion Barium Ferrite Nanoparticles

Ahmad NURUDDIN1; SUYATMAN1; 
Novrita IDAYANTI2 
1. Engineering Physics Research Group, Institute of 
Technology Bandung, Bandung, Indonesia
2. Research Center for Electronic and 
Telecommunication, Indonesian Institute of Sciences, 
Bandung, Indonesia

Nanostructure	 barium	 ferrite	 powders	 were	 synthesized	
using the sol–gel combustion method. Analytic purity 
of iron nitrate, barium nitrate, citric acid and ammonia 
was used as starting materials. Fe3+ to Ba2+   molar ratio 
of	11.5	was	kept	constant,	mixed	with	citric	acid	solution	
and further pH values adjustment using ammonia.  The 
solution was dehydrated by microwave heating for 3 hours 
to form a loose powder. Thermal decomposition behavior 
of the as burnt samples was examined using differential 
thermal analysis and thermogravimetric with heating 
rate of 10 oC/min. The as-burnt powders were calcined 
in air for 2 hours at four different temperatures from 550 
oC to 950 oC, with heating rate of 10 oC/min.The phase 
identification	 and	 particle	 morphology	 of	 the	 calcined	
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powders were performed using X-ray diffractometer and 
scanning electron microscope, respectively. The magnetic 
properties of selected samples were measured at room 
temperature using a magnetometer. Single phase barium 
ferrite was completely formed at 750 oC. The powder has 
a	 rod-like	 shaped	 with	 diameter	 of	 about	 100	 nm,	 and	
produced		a	saturation	magnetization	of	68.9	emu/g	(2148	
Gauss),	a	coercivity	of	5.7	kOe,	BHmax of 0.66 MGOe and 
σs/σr	of	0.83	for	sample	synthesized	at	pH	3,	dehydrated	
with microwave power of 231 Watt, and calcined at  
950 oC.

 A00908-03988 

Magnetic and Optical Studies on Chemically 
Synthesized Co-Doped CeO2 Nanoparticles

Sabari Arul NARAYANASAMY3; 
Dhayal Raj ALPHONSE1;2; Seetha MAHALINGAM1;2; 
Mangalaraj DEVANESAN2;3; Ponpandian NAGAMONY2;3 
1. Thin film and Nanomaterials Laboratory, Bharathiar 
University, Tamil Nadu, India
2. DRDO-BU Centre fro LifeSciences, Bharathiar 
University, Tamil Nadu, India
3. Department of Nanoscience and Technology, 
Bharathiar University, Tamil Nadu, India

Magnetically doped CeO2 is a promising Dilute Magnetic 
Semiconductor (DMS) which is anticipated that the 
introduction of room-temperature ferromagnetism into 
cubic system will facilitate the integration of spintronics 
device with advanced silicon microelectronic devices. CeO2 
and Co-doped CeO2 were prepared at room temperature 
using a precursor method which involves co-precipitation 
of Co2+ and Ce4+ ions using ammonia hydroxide from the 
aqueous cerium nitrate and cobalt nitrate solutions. Finally 
the	precipitated	products	were	characterized	by	using	X-Ray	
diffraction (XRD), Transmission electron microscopy 
(TEM), Field emission scanning electron microscopy 
(FESEM), Raman spectroscopy, Photoluminescence 
(PL) and Vibrating sample magnetometer (VSM). X-ray 
diffraction	 pattern	 shows	 a	 diffraction	 peak	 at	 29.4°	
corresponding	 to	 (111)	 reflection	 plane	 normal	 to	 c	 axis	
of	a	cubic	fluorite	structure	of	CeO2 . The XRD analysis 
of the as-prepared and annealed powders shows the same 
crystalline	fluorite	structure.	From	the	TEM	images,	it	was	
clear	 that	 the	 grain	 size	 of	 the	 spherical	 and	 nano-sized	
particles were found to be around 20 nm. The surface 
morphology	of	synthesized	Co-doped	cerium	oxide	shows	
the agglomeration on nanoparticles. In Raman spectra, 
a	peak	at	465	cm-1 corresponds	to	synthesized	CeO2 is in 
good	 agreement	 with	 the	 peak	 of	 commercial	 powder.	
Photoluminescence emission around 540 nm could be 
the result of defects including oxygen vacancies in the 
crystal with electronic energy levels below the 4 f band. 
These defects possibly act as radiative recombination 
centers for electrons initially excited from the valence 
band to the 4 f band of the oxide. The magnetic properties 

of	synthesized	powder	were	investigated	using	Vibrating	
Sample Magnetometer (VSM), by measuring hysteresis 
loops. Moreover, it has been observed that the increase 
of the Coercivity (Hc) value with the increase of doping 
concentration. The ability to create Co doped ceria with 
better	 magnetization	 at	 room	 temperature	 using	 co-
precipitation method can be used as a promising material 
for spintronics devices.

 A00928-01651 

Spin Current, Charge Current, Heat Current and 
Spin-Electronics

Sadamichi MAEKAWA 
Institute for Materials Research, Tohoku University, 
Sendai, Japan

In magnetic nanostructures, there are two conservation 
laws between the conduction electrons and the magnetic 
moment.	The	first	is	the	angular	momentum	conservation	
which brings about the spin angular momentum transfer 
between	 them.	This	 is	 a	 key	 concept	 for	 controlling	 the	
magnetization	direction	 in	a	variety	of	spintronics	 (spin-
electronics) devices such as magnetic tunnel junctions and 
nano-magnetic wire devices with domain walls. The other 
conservation law is that of energy between the conduction 
electrons	and	the	magnetic	moment.	When	the	internal	field	
on the conduction electrons due to the magnetic moment 
changes during the propagation in a magnet, the magnetic 
energy stored in the conduction electrons is released as the 
spin-motive force.

The spin-motive force is derived by extending the 
Faraday’s law of electro-magnetism: The non-conservative 
force	acting	on	the	electronic	charge	results	in	the	work,	
which is the origin of the electromotive force.  In the same 
way, the non-conservative force acting on the electronic 
spin	degree	causes	the	work,	which	brings	about	the	spin-
motive force.  When the numbers of up and down spin 
electrons are different in a magnet, the difference of the 
force acting on up and down spin electrons gives rise to 
the electromotive force.

Here, various phenomena caused by the conservation laws 
are discussed. We also examine spin and charge currents 
induced by temperature gradient and/ or heat current in a 
ferromagnet.
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Three-Dimensional Iron-filled Carbon Nanotube 
Arrays Synthesized by Floating Catalytic 
Chemical Vapor Deposition

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

Iron-filled	 carbon	 nanotubes	 have	 been	 attracted	 many	
attentions for their potential applications in magnetic force 
microscopy, biochemical nano-sensors, nanocomposites 
and electromagnetic wave-absorbing materials.

Ethanol as carbon source not only possesses low toxicity, 
easier storage and transportation, but also does not tend 
to form amorphous carbon on dissociation. So in our 
experiments,	we	use	ethanol	as	carbon	source	to	synthesize	
carbon nanotubes.

In	 this	 paper,	 we	 report	 floating	 catalyt	 chemical	 vapor	
deposition	 (FCCVD)	 for	 synthesizing	 three-dimensional	
iron-filled	carbon	nanotubes	arrays.	We	utilized	ferrocene	
as	 catalyst	 precursor	 to	 synthesize	 carbon	 nanotubes	 by	
FCCVD. The FCCVD setup consists of two-stage furnace 
fitted	 with	 independent	 temperature	 controllers,	 carbon	
source supply system, carrier gas supply system and 
pump system. The ethanol was introduced into furnace 
tube	by	bubbling	liquid	ethanol	under	carrier	gas	flow	of	
100sccm	 3%H2/Ar and 100sccm N2. Catalyst precursor 
ferrocene was place at low temperature (300°C) region. 
Then ferrocene gas was introduced into high temperature 
(higher than 850°C) region by carrier gas. Ferrocene was 
decomposed to form iron nano-particles as catalysts. 
These	catalysts	catalyzed	the	growth	of	carbon	nanotubes	
which were deposited on substrates and the wall of furnace 
tube. After about 3h synthesis time, we obtained mass 
production of carbon nanotubes.

The	 deposits	 were	 characterized	 by	 employed	 scanning	
electron microscopy, transmission electron microscopy, 
and Raman spectroscopy. 

The	iron-filled	CNTs	deposit	not	only	on	the	top	surface	
but	also	on	the	side	surfaces	of	the	quartz	substrate.	And	we	
can notice that the CNT arrays are all perpendicular to the 
surface, whether on the top surface or on the side surface. It 
means	that	the	fashion	of	growth	of	iron-filled	CNT	arrays	
is three-dimensional, which is a great difference with the 
previous	reports	on	the	growth	of	iron-filled	CNT	arrays

 A00958-04767 

Ion-implantation Studies on Perpendicular Media

Nikita	GAUR1;2; 
S.N. PIRAMANAYAGAM2; C.S. BHATIA1; 
Siegfried L. MAURER3; Ronald W. NUNES3 
1. Information Storage Materials Laboratory (ISML), 
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2. Data Storage Institute, Agency for Science Technology 
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3. IBM Thomas J. Watson Research Center, New York, 
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Magnetic	 films	 with	 a	 perpendicular	 anisotropy	 have	
application in several areas such as recording media 
for	 hard	 disk	 drives,	 spin-valves	 and	 MRAM	 devices.	
In	 one	 of	 the	 future	 technologies	 for	 hard	 disk	 media,	
perpendicular recording media needs to be patterned 
either lithographically or otherwise. Such patterned 
nanostructures will have magnetic islands in a sea of non-
magnetic matrix, providing improved thermal stability of 
magnetization	in	addition	to	providing	a	lower	noise,	ease	
of writing information etc. However, several challenges 
remain	 in	 making	 this	 technology	 practically	 useful	 for	
practical applications.

Even	 though	 obtaining	 small	 dots	 (<12	 nm	 in	 size)	
with a narrow spacing (<12 nm) by lithography is a 
challenge	 by	 itself,	 planarization	 –	 a	 process	 by	 which	
the	 lithographically	 modified	 topography	 is	 flattened,	 is	
considered	as	another	issue.	If	the	disk	is	not	planarized,	
the read-write head will have instability and drop in the 
flying	heights.	Therefore,	alternative	methods	are	sought	
to	make	 patterned	media	without	 lithography.	 Ion-beam	
modification	 is	 considered	 as	 one	 possible	 approach	 to	
make	patterned	media.	 Irradiation	with	 an	 ion-beam	has	
been found to modify the magnetic properties of   Co-Pt-Co 
sandwiches and (Pt-Co)n-Pt multilayers. In this study, we 
have studied the effect of ion implantation in CoCrPt-SiO2 
perpendicular media which are used in current generation 
perpendicular recording technology. 

The samples were conventional perpendicular recording 
media with soft magnetic underlayer, Ru intermediate 
layers and CoCrPt-oxide based recording layers. All the 
layers	were	sputtered	on	both	sides	of	the	disk	as	per	the	
norm	of	the	hard	disk	media	products.	The	samples	were	
irradiated	on	one	side	by	C12	ions	with	an	energy	of	78	keV,	
with doses of 2x1011 ions/cm2 and 1x1016 ions/cm2.  The 
irradiated and as-deposited sides were tested for magnetic 
properties by Polar Kerr Magnetometer, crystallographic 
texture	by	X-ray	Diffraction	(XRD),	thickness-dependent	
composition measurement using Auger Spectroscopy etc.

The as-deposited samples had a rectangular hysteresis loop 
with a coercivity of 5358 Oe. Ion implantation with a dose 
of 2x1011 ions/cm2	did	not	lead	to	any	significant	changes.	
However, a dose of 1x1016 ions/cm2 led to a reduction in 
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the coercivity to 2992 Oe. It was also interesting to note 
that the shape of the hysteresis loop changed from a slope 
of 0.033 mdegrees/Oe to 0.089 mdegrees/Oe. This increase 
in slope could arise from an increase of exchange coupling 
between the grains or from a decrease of anisotropy 
constant, which needs further studies.

The	XRD	θ-2θ	measurements	indicated	that	the	Co(00.2)	
peaks	shifted	towards	higher	angle	as	a	function	of	the	ion	
dose, indicating the possibility of a compressive stress in 
the	films.	 It	was	also	observed	 that	 the	Δθ50 of Co(00.2) 
peaks	showed	a	decrease	when	the	films	were	bombarded	
with a high dose of C ions. The origin of these results will 
be discussed in details. 
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Novel Reduction Diffusion Synthesis of Nd2Fe14B 

Shekhar	BHAME;	Pratapkumar	DEHERI; 
Viswanathan SWAMINATHAN; Raju RAMANUJAN 
School of Materials Science and Engineering, Nanyang 
Technological University, Singapore

Permanent magnets play a vital role in present day 
technologies	such	as	speakers,	home	appliances,	door	lock	
actuators, sensors, actuators, motors, automobiles, medical 
equipments, hard disc drives etc. NdFeB magnets have 
the highest energy product in the category of permanent 
magnets; hence they are the material of choice for several 
demanding high technology applications. However, the 
energy product and other magnetic properties obtained 
experimentally are considerably lower than theoretical 
predictions. Hence there is considerable interest in novel 
synthesis methods which can result in nanostructures 
with improved magnetic properties. The current methods 
of synthesis of NdFeB based magnets mainly comprise 
physical techniques such as mechanical milling and 
arc melting processes. Chemical synthesis of NdFeB 
based magnets still remains a challenge because of the 
high	 reactivity	 of	Nd	 and	 the	 difficulty	 in	 obtaining	 the	
appropriate chemical composition and crystal structure. 
Hence, there are only a few reports regarding the wet 
chemical synthesis of NdFeB based magnetic materials. 
We	 have	 approached	 this	 problem	 by	 synthesizing	 a	
mixed oxide system of Nd, Fe and B by glycine-nitrate 
combustion synthesis, followed by reduction using 
calcium hydride. The X-ray diffraction studies revealed 
the Nd2Fe14B phase formation along with minor amounts 
of CaO present in it. The magnetic measurements showed 
that coercivity for the unwashed powder higher than the 
washed powders. A maximum BHmax around 3 MGOe can 
be	 successfully	 obtained	 for	 samples	 synthesized	 using	
this novel method. These results will be discussed in detail 
in the presentation.
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Fe:TiO2 Nanosystem: Within and Beyond the 
Solubility Limit

Tushar JAGADALE1; Pravarthana D1; M. IKRAM1; 
Amit CHAWLA2; R CHANDRA2; B LEFEZ3; 
B HANNOYER3; Satishchandra OGALE1 
1. Physical and Materials Chemistry Division, National 
Chemical Laboratory, Pune, India
2. Indian Institute of Technology, Roorkee, India
3. University of Rouen, France

For the last few decades, scientists across the globe are 
pursuing rigorous research on TiO2 due to its multi-
functionality. Its most promising applications are emerging 
in	the	fields	of	environmental	science	(photocatalysis	and	
sensing) and energy (photovoltaics, water splitting, photo-
electro-chromics and hydrogen storage) due to increase 
in the demand of clean and sustainable energy. Also 
magnetic element doped-TiO2 is intensely investigated 
for spintronics applications. The literature reveals that 
the properties of the TiO2	 can	 be	 tailored	 significantly	
by doping metal/non-metal foreign elements in it. The 
properties	of	host	matrix	are	greatly	influenced	by	the	type	
of	 dopant,	 doping	 concentrations	 etc.	The	work	done	 so	
far	in	this	field	is	however	under	huge	controversy	due	to	
the issues of degree of dopant incorporation, its electronic 
state, homogeneity, solubility limit and so on. Much less 
attention is paid on a focused study of the effect of doping 
on host matrix and its properties changes, especially in 
nanosystem	configuration.	It	is	predicted	and	also	shown	
in some cases that self-cleaning of dopants does occur in 
nano-systems. 

In	 the	present	work,	we	have	employed	 the	popular	 sol-
gel	route	to	synthesize	Fe:TiO2 nanomaterials. Chemicals 
and materials used for the synthesis were Titanium 
tetraisopropoxide [Ti(OC3H7)4],  Ferric Nitrate [Fe(NO3)3] 
and Absolute Ethanol (C2H5OH). First, titanium tetra iso-
propoxide and ethanol in 1:8 volume ratio were mixed and 
Fe(NO3)3 was added to that in the desired stoichiometric 
amount.	Using	 specific	 amount	 of	water	 and	HNO3, the 
hydrolysis of the above mixture was achieved. After 
controlled hydrolysis, the gel with the time was slowly 
formed. The xero-gel was obtained after complete 
evaporation	of	the	solvent.	The	dried	xerogel	on	fine	ground	
and subsequently subjected to calcination at 300oC to yield 
Fe:TiO2 nanomaterials. We have attempted synthesis of 
undoped and Fe:TiO2 nanomaterials with Fe concentrations 
of	 1,	 3,	 5,	 10,	 20,	 30	 and	 40	 at.%	 to	 get	 the	 combined	
magnetic and semiconducting properties. Such magnetic 
semiconducting nanoparticles and nanocomposites can be 
used to explore many novel applications. 

Characterizations	were	performed	using	XRD,	FE-SEM,	
SQUID Magnetometry, XPS, Mössbauer spectroscopy, 
FTIR, ATR, Raman, PL and UV-VIS-NIR spectroscopy 
etc. X-ray Diffraction data show nanocrystalline 
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anatase phase in the undoped as well as low Fe-doped 
TiO2 nanomaterials with no impurity phases. As the 
concentration rises the XRD line width gets considerably 
broader, yet maintaining the basic anatase form. Optical 
studies using UV-VIS spectrometer yield band gap (Eg ) 
of ~ 3.5 eV for undoped case and extended band tailing 
for the Fe-doped cases. FTIR study gives information 
regarding	O-Ti-O	lattice	modifications	due	to	Fe-doping.	
The SQUID data show the absence of ferromagnetism in 
Fe-doped TiO2. The nanoparticles were also examined for 
photocatalysis.	These	data	will	be	analyzed,	presented	and	
discussed.

Funding Support: CEFIPRA grant no. 3808-2
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Synthesis of Hexagonal Mesoporous Material 
from Indonesian Natural Bentonite

Yateman ARRYANTO; Syahrul KHAIRI 
Department of Chemistry, Gadjah Mada University, 
Yogyakarta, Indonesia

Synthesis	 and	 characterization	 of	 a	 Hexagonal	
Mesoporous Clay (HMC) prepared from Indonesian 
Natural Bentonite has been studied. The natural bentonite 
was leached by hydrochloric acid and then suspended 
in tetradecyltrimethylammonium bromide (C14TMA) 
surfactant solution and followed by adjusting at pH 12 
and stirred for 24 hours. After stirring the suspended 
solution	was	ajusted	to	pH	9	and	then	refluxed	and	treated	
hydrotermally	for	48	hours	respectively.	After	filtered	the	
solid particle of the resulted HMC was calcined.

The	resulted	HMC	was	characterized	by	x-ray	difraction	
(XRD), N2 adsorption and FTIR. Leaching process by 
using hydrochloride acid caused dissolution of octahedral 
layer of clay and produced tetrahedral silicate layer. The 
silicate was templated by C14TMA surfactant  to produce 
the long range hexagonal mesoporous material (HMC) 
with basal spacing 41.13 Ao. From the isoterm adsorption 
shows that the resulted HMC has isoterm adsorption type 
IV, BET surface area of 600 m2 g-1,	and	the	framework	pore	
sizes	in	the	supermicropores	to	small	mesopre	range		(2-4	
nm)	with	average	pore	sizes	of		2.6	nm.	The	BJH	method	
were found to be closest to the experimental value of the 
pore	size	obtained	by	XRD.
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Suitability of Commercial Colloids in Magnetic 
Hyperthermia
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There is an obvious and widespread need for an alternative 
treatment of metastatic cancer that does not rely upon 
systemic therapies such as chemotherapy or radiotherapy, 
which can result in adverse side effects. In treating 
cancer cells, there is often damage sustained to healthy 
cells	 inducing	 increased	 strain	 on	 an	 already	 weakened	
body.	One	viable	solution	would	be	to	develop	a	specific	
localised treatment that would deliver biomolecular 
therapeutic agents, preferentially targeting cancer cells, 
that could then be activated in a controlled manner thus 
increasing	 the	 efficiency	 of	 the	 therapy	 where	 needed.	
One particular method relies upon heat generated from a 
magnetic	nanoparticle	under	the	influence	of	an	externally	
applied	 alternating	 magnetic	 field.	 This	 method,	 known	
as magnetic hyperthermia, is ideally suited for treating 
metastatic cancers which are highly susceptible to cell 
death as a response to a small increase in local temperature, 
typically between 3-5ºC. It is crucial to study the 
calorimetric	efficiency	of	nanoparticles	 to	optimise	 them	
for hyperthermic treatment. Commercial nanoparticles 
from Chemicell, Micromod and Bayer-Schering were 
characterised on hydrodynamic diameter, total iron content 
and relative ferrous iron content and crystalline diameter. 
Additionally	calorimetric	measurements	were	taken	using	
a	 900	 kHz	AC	magnetic	 field	 of	 3	 kA/m.	 Our	 findings	
conclude that 4 out of the 16 samples containing relatively 
high	(>18%)	ferrous	content	on	average	generate	an	intrinsic	
loss power (ILP, a system-independent parameter) of less 
than	12%	compared	to	other	particles.	Highest	ILP	(11.1	
nHm2/kg)	was	achieved	for	particles	with	hydrodynamic	
diameter of around 70 nm and crystallite diameter of 12 
nm.	Two	Chemicell	batches	(fluidmag-D	50	nm)	that	only	
differ	in	production	date	show	significantly	different	ILP	
as	a	result	of	different	individual	crystal	sizes.	Results	are	
compared to ILPs of natural and synthetic particles in the 
literature.
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Nanotubes

Julien BACHMANN1; Robert ZIEROLD1; 
Kristina PITZSCHEL1; Detlef GöRLITZ1; 
Juan ESCRIG2; Dora ALTBIR2; Kornelius NIELSCH1 
1. Institute of Applied Physics, University of Hamburg, 
Germany
2. Departamento de Fisica, Universidad de Santiago, 
Chile

A broad range of potential applications of magnetic 
nanostructures have been developed in the recent years. 
Magnetic data storage, microelectronics, or biomedical 
uses such as cell separation or biosensing present a special 
interest among these applications. Atomic layer deposition 
(ALD) is a very suitable method for the conformal 
deposition	of	magnetic	thin	films	in	pore	structures	of	high	
aspect ratio, while offering the precise tuning of the layer 
thickness	and	high	uniformity.	

For	 the	ALD	 of	Co	 and	Ni,	 initially	 a	metal	 oxide	 film	
based on CoCp2 (cobaltocene) and NiCp2	 (nickelocene)	
has been grown by the reaction of the precursor with 
ozone,	 respectively.	 Subsequently,	 the	 metal	 oxide	 film	
has been reduced in hydrogen atmosphere after the ALD 
process and converted to the metallic ferromagnetic phase 
with low-degree of surface roughness. In a similar manner, 
Fe3O4	 films	have	been	grown	by	 the	ALD	deposition	of	
Fe2O3	 films	 based	 on	 the	 reaction	 of	water	 and	 iron(III)	
tert-butoxide (Fe2(OtBu)6) and followed by a hydrogen 
reduction after the ALD process. On the other hand, we have 
observed that direct reaction of a metal-organic precursor 
and hydrogen during the ALD cycle always yields very 
granular	 films	 with	 ill-defined	 magnetic	 properties	 and	
very low deposition rates (<0.1 Å/cycle). 

By conformal coating of self-ordered Al2O3 membranes, 
arrays of magnetic nanotubes with diameters down to 
20	nm	and	wall	thicknesses	of	less	than	5	nm	have	been	
achieved. The magnetic properties of the nanotube arrays 
as	a	function	of	wall	thickness	and	tube	diameter	have	been	
studied by using SQUID magnetometry and compared 
with	magnetic	simulations.	As	an	outlook	we	will	discuss	
the properties of magnetic multi-layer nanotubes (core-
shell) and the application of conformal magnetic coatings 
of other template systems and 3D nanostructures.

 A01043-01817 

Magnetic and Optical Properties of Fe-doped 
SnO2 Nanoparticles Synthesized by Hydrothermal 
Method

Limei FANG1;2; Xiaolin WANG2; Xiaotao ZU1; 
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

We report the synthesis, microstructures, magnetic and 
optical properties of Fe-doped Sn1-xFexO2 nanoparticles. 
Samples with x=0, 0.01, 0.05, 0.1, and 0.2 were prepared 
by a simple hydrothermal method using SnCl4·5H2O 
and FeCl3·6H2O.	 Samples	 are	 characterized	 using	
X-ray	 Diffraction,	 Rietveld	 refinement,	 high-resolution	
transmission electron microscopy, UV-Visible absorption 
and Photoluminescence. Magnetic measurements were 
carried out over a wide range of temperature and magnetic 
field.	Our	 results	 show	 that	all	 the	samples	have	a	 rutile	
SnO2 structure	 with	 the	 particle	 size	 decreasing	 from	 6	
nm to 4nm nm when Fe concentration increases from 0 
to	20.0%.	We	did	not	observe	any	diluted	 ferromagnetic	
state in any of our samples. All the Fe doped SnO2 show 
a	 typical	 paramagnetic	 feature.	 The	 magnetization	 of	
samples increases with increasing Fe doping level. The 
spin	state	assessment	 indicates	 that	 the	Fe	 takes	3+	with	
high	spin	state.	A	relative	intensive	UV-violet	peak	at	388	
nm (about 3.20 eV) and a broad blue emission band 440-
480 nm (about 2.82 - 2.58 eV) were detected in all samples. 
These two absorption band edges show a considerable red 
shift	 as	 the	 Fe	 level	 increases.	 Our	 first-principles	 band	
structure calculations show that the impurity band from Fe 
3+	is	responsible	for	the	second	absorption	peak	and	the	
observed paramagnetism in our Fe doped SnO2 samples.
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Nanogranular L10 FePt-C-Ta2O5 Composite 
Media for Perpendicular Recording Applications

Kelvin M. CHER1; J. S. CHEN2; B. C. LIM1; J. F. HU1; 
P. W. LWIN1; B. LIU1 
1. Data Storage Institute, Singapore
2. Department of Materials Science and Engineering, 
National University of Singapore, Singapore

L10 FePt with large magnetocrystalline anisotropy of 
6.6-10x107 erg/cc has attracted much attention due to its 
potential to reach recording areal densities beyond 1Tb/
in2 [1]. To achieve this, small, well-isolated FePt grains 
which are chemically ordered are highly desired. Attempts 
to	reduce	grain	size	and	promote	decoupling	among	grains	
include the addition of non-magnetic materials to isolate 
the FePt grains. 
  
In this report, (Fe55Pt45)79C21-(x vol%)	 Ta2O5	 films	
(where x =	 0%	 to	 20%)	 were	 prepared	 using	 both	 low	
and high power magnetron sputtering on CrRu(30nm)/
MgO(2nm) underlayers. The microstructure and magnetic 
properties were discussed. 
  
Experimental	 results	 showed	 that	 FePt-C-Ta2O5	 films	
sputtered at low power showed an out-ofplane coercivity of 
7.2	kOe	even	with	Ta2O5	content	of	20	vol.	%.	Exchange	
decoupling improved with increasing Ta2O5 content as 
evident	from	the	 loop	slope	parameter,	α,	which	showed	
a	 monotonic	 decreasing	 trend.	 FePt-C-Ta2O5	 films	
sputtered at high power showed an initial increase in out-
of-plane	coercivity	 to	8.2	kOe,	as	well	as	 improvements	
in	 exchange	 decoupling	 at	 Ta2O5	 content	 of	 5	 vol.	 %.	
Subsequent	increases	in	Ta2O5	content	to	20	vol.	%	led	to	
both	a	decrease	in	out-of-plane	coercivity	to	below	1	kOe,	
as well as the deterioration of exchange decoupling. 
  
XRD spectra showed the presence of FePt (001) superlattice 
peak	in	films	sputtered	at	low	power	with	Ta2O5	content	
up	to	20	vol.	%,	suggesting	that	perpendicular	anisotropy	
was maintained. Films sputtered at high power showed 
FePt	 (001)	superlattice	peak	for	Ta2O5	content	up	 to	15	
vol.	%.	Perpendicular	anisotropy	was	lost	with	additional	
doping	of	up	to	20	vol.	%.	TEM	images	for	both	low	and	
high	power	sputtered	films	showed	improvement	in	grain	
isolation with increasing Ta2O5 dopant content. However, 
the	size	and	amount	of	soft	FCC	FePt	secondary	nucleation	
formed on the L10 FePt grains increased as well. 
 

 A01151-02077 

Superconductivity according to Densification of 
MgB2 using Spark Plasma Sintering Process

Kyoung	Rok	DO; Sung Hyun CHOI; Su Gun LIM; 
In Shup AHN 
School of Nano and Advanced Materials Engineering, 
I-Cube Center, K-MEM R&D Cluster, ReCAPT, 
Gyeongsang National University, Jinju, South Korea

Since discovery of MgB2 superconductivity in 2001, much 
research on MgB2  has been performed in enterprises and 
research institutions because MgB2 has lower production 
cost than high temperature superconductor, and can be 
applied to electric machinery by refrigerator without liquid 
helium.

Recently,	 as	 a	 new	 sintering	 process,	 the	 spark	 plasma	
sintering process shows the advantages of a very fast 
heating rate (up to 600 ℃/min or more) and short holding 
time (minutes), and it can obtain fully dense samples at 
relatively low sintering temperatures, typically a few 
hundred degrees lower than that of normal hot pressing.

In this study, Mg and amorphous B powders about 8 and 
2 micron were used as raw materials, respectively. MgB2 
sample	 was	 fabricated	 by	 spark	 plasma	 sintering	 under	
various temperature and time conditions after mixing of 
raw powders. The fabricated MgB2 samples were evaluated 
with XRD, EDS, FE-SEM, PPMS.

The	 densification	 of	 MgB2 microstructure showed at 
sintering temperature over 900℃, and the relative density 
of sintered sample for 20 min at 1000℃	was	about	97	%.	
Transition temperature (TC) of sintered samples at 1000℃ 
was about 37K, and it’s critical current density (JC) shows 
over 1.0*106 A/cm2 at T=20K, H=2.5T. This result expects 
that alternating current(A.C) loss was decreased by 
densification	behavior	of	microstructure.

 A01163-01992 

Giant Positive Magnetoresistance in (Fe0.2Ni0.8)10C90 
Granular Composites

Guruprasad MANDAL1; V. SRINIVAS2; V. V. RAO1 
1. Cryogenic Engineering Centre, Indian Institute of 
Technology Kharagpur, West Bengal, India
2. Department of Physics and Meteorology, Indian 
Institute of Technology Kharagpur, West Bengal, India

Recent	studies	on	micron	sized	powder	compacts	of	Fe-C,	
Ni-C, Co-C showed a very large magnetoresistance (MR) 
values	at	room	temperature	under	high	magnetic	field.	Xue	
et	 al.	 have	 reported	MR	 values	 of	 59%	 at	 300	K	 under	
8	 tesla	magnetic	field	while	105	%	under	5	 tesla	at	5	K	
in Co10C90	 granular	 compacts.	 On	 the	 other	 hand,	 54%	
and	44%	MR	values	at	300	K	 in	5	 tesla	magnetic	fields	
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have been reported for Fe20C80 and Ni20C80 respectively. 
However, interestingly enough all the above magnetic 
composites exhibit positive MR values and increase 
linearly	with	applied	magnetic	field,	which	is	contrary	to	
that of conventional granular materials where one observes 
negative	MR	values	with	nonlinear	field	dependence	and	
attributed it to spin dependent scattering. It is also well 
known	 that	 semimetallic	 graphite	 also	 exhibits	 positive	
MR	values.	Therefore	our	main	objective	of	this	work	is	
to understand whether the magnetic particles embedded 
in graphite matrix contribute to the large positive 
magnetoresistance values or not. In order to investigate 
this, we have replaced the transition metal element by a 
soft magnetic permalloy particle, which shows maximum 
value of MR close to (Fe0.2Ni0.8)10C90. Here we report the 
magnetic and transport properties of (Fe0.2Ni0.8)10C90 with 
varying	magnetic	particle	size.	

Mixtures of appropriate amounts of Fe (<10 micron, 
99.9+%)	and	Ni	(200	mesh,	99.9%)	powders	corresponding	
to the nominal compositions of Fe0.2Ni0.8 were mechanically 
alloyed using a planetary ball mill (RETSCH- PM 200) 
with tungsten carbide milling media. As-milled powders 
of Fe0.2.Ni0.8 under different milling times were thoroughly 
mixed	 by	 mortar	 and	 pestle	 with	 micrometer	 size	 C	
(graphite) and compacted into 11 mm diameter and 1-1.2 
mm	thick	pellets	at	a	pressure	of	3	ton	for	5	minutes.	All	the	
samples	show	semiconducting	like	resistivity	behavior	in	
the	temperature	range	10-300	K.	The	magnetization	of	the	
alloy powders reveals that the samples are ferromagnetic 
in nature at room temperature. The MR was measured in 
external	magnetic	 fields	 upto	 50	KG	 in	 the	 temperature	
range of 4 - 300 K. A strong anisotropic magnetoresistance 
in the samples has been observed using cryogen-free 
superconducting	 magnet	 system.	 The	 highest	 30.9%	
MR(L)	whereas	 6.8%	MR(T)	 at	 room	 temperature	 have	
been observed in 40 hrs ball milled (Fe0.2Ni0.8)10C90 alloy. 
From these studies, it is clear that one can obtain large MR 
values	in	the	present	samples	by	optimizing	the	magnetic	
particle	size,	though	a	significant	contribution	comes	from	
the graphite matrix.

 A01184-02038 

The Effect of Thickness on the Texture and 
Magnetic Properties of Single-layer FePt Films by 
Rapid Thermal Annealing

Sheng-Chi CHEN1; Ta-Huang SUN1; Wei-Hang HONG1; 
Po-Cheng KUO2 
1. Department of Materials Engineering, Ming Chi 
University of Technology, Taipei, Taiwan
2. Institute of Materials Science and Engineering, 
National Taiwan University, Taipei, Taiwan

L10	FePt	film	is	the	most	promising	candidate	of	magnetic	
recording media due to its high magnetrocrystalline 
anisotropy constant (Ku) to delay the onset of the 
superparamagnetism. The perpendicular magnetic 
recording has a narrow transition region between recording 
bits, which leads to a higher recording density than that 
of	 longitudinal	 recording.	 In	 order	 to	 use	 FePt	 films	 as	
perpendicular	 magnetic	 recording	media,	 the	 FePt	 films	
with	fine	grain	size	and	excellent	perpendicular	magnetic	
anisotropy	are	necessary.	However,	the	FePt	films	deposited	
at ambient temperature normally has (111) preferred 
orientation and tends to in-plane magnetic anisotropy. A 
MgO (200) underlayer or substrate has been widely used 
to improve the perpendicular magnetic anisotropy of FePt 
magnetic	layer.	In	this	work,	a	single-layer	FePt	films	with	
various	thickness	from	5	to	50	nm	are	deposited	directly	on	
an	natural-oxidized	Si	(100)	substrates	without	underlayer	
by dc magnetron co-sputtering of Fe and Pt targets, then 
posted-annealing at 700 °C for 3 min by a rapid thermal 
annealing (RTA) with high heating ramp rates of 100 °C/
sec.

The	 results	 show	 that	 both	 the	 grain	 size	 and	magnetic	
domain	 of	 FePt	 decreases	with	 decreasing	 the	 thickness	
of	FePt	film	and	the	preferred	orientation	for	FePt	film	is	
changed	gradually	from	(111)	to	(001)	as	the	film	thickness	
is	 decreased.	When	 the	film	 thickness	of	FePt	 is	 thicker	
than 20 nm, the L10 FePt(111) preferred orientation was 
presented and to incline to in-plane magnetic anisotropy. 
However, a L10 FePt(001) texture was obtained and exhibits 
perpendicular	magnetic	anisotropy	as	the	film	thickness	is	
decreased to 10 nm. Its perpendicular coercivity, saturated 
magnetization	 and	 perpendicular	 squareness	 of	 the	 film	
are	 to	be	12.6	kOe,	427	emu/cm3 and 0.72, respectively. 
Besides,	 the	grain	size	of	FePt	film	with	 thickness	of	10	
nm is as small as 9.7 nm and the domain structure of the 
film	 shows	 isolated	magnetic	 domains,	 which	 reveal	 its	
significant	potential	as	perpendicular	magnetic	 recording	
media for high-density recording.
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Growth of NiCoFe/Cu /NiCoFe Sandwich for Giant 
Magnetoresistance Material Using Opposed 
Target Magnetron Sputter

Mitra DJAMAL1; RAMLI 1;2;	Yulkifli	AMIR1;2; 
KHAIRURRIJAL 1 
1. Theoretical High Energy Physics and Instrumentations 
Research Group, Institute of Technology Bandung, 
Bandung, Indonesia
2. Department of Physics, Padang State University, 
Padang, Indonesia

We have grown NiCoFe/Cu/NiCoFe sandwich onto Si 
(100) substrates using opposed target magnetron sputter. 
The growth paramaters are: temperature of 100 oC, applied 
voltage	of	600	Volt,	flow	rate	of	the	Argon	of	100	sccm,	and	
growth pressure of 5.2 x 10-1 Torr. The NiCoFe target was 
prepared by solid reaction method with molar ratio Ni:Co:Fe 
=	60:30:10.	The	effects	of	thickness	of	ferromagnetic	and	
non magnetic layer on magnetoresistance (MR) ratio of 
GMR materials were studied. At room temperature, we 
have found that the MR ratio of the samples depend on 
the	thickness	of	ferromagnetic	and	non	magnetic	layer	was	
varied, as consequences of variation in time growth. The MR 
ratio	are:	24,39%,	18,31%,	and		0,16%	for	NiCoFe(70nm)/
Cu(60nm)/NiCoFe(70nm), NiCoFe(150nm)/Cu(103nm)/
NiCoFe(150nm), and NiCoFe(250nm)/Cu(247nm)/
NiCoFe(250nm), respectively. The numbers in parentheses 
indicate	 the	 thickness	of	 the	 layers.	The	 thickness	of	 the	
ferromagnetic	 and	 non	magnetic	 layer	 in	 thin	 films	will	
have an effect on to the magnetoresistance value. 
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Use of Polymers to Control the Transport 
Properties of Sintered Maganite Samples

Viorel SANDU1; Stelian POPA1; Carmen PLAPCIANU1; 
Maria Nicoleta GRECU1; Elena SANDU2; 
Nicolae HURDUC3; Camelia MIHAILESCU3; 
Florica DOROFTEI3 
1. Low Temperature Physics and Superconductivity, 
National Institute of Materials Physics-Bucharest, 
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2. Department of Life and Environment Physics, National 
Institute of Nuclear Physics and Engineering “Horia 
Hulubei”, Magurele, Romania
3. Department of Natural and Synthetic Polymers, 
Technical University “Gheorghe Asachi”, Iasi, Romania

We investigated the role of different methyl-methacrylate-
based copolymers to control the transport properties 
of La2/3Sr1/3MnO3 ceramic samples prepared by low 
temperature sintering. For the preparation we used 
polymethyl-methacrylate-co-styrene and polyacrylamide-
co-methyl-methacrylate. The temperature dependence 
of	 the	 resistance	 is	 characterized	 by	 a	 metal-insulator	

transition located below 80 K for the samples prepared with 
polymethyl-methacrylate-co-styrene, which shifts toward 
lower temperatures when the number of styrene units 
increases. When polyacrylamide-co-methyl-methacrylate 
is used, the metal-insulator transition occurs at 270 K 
and	an	additional	peak	 is	present	at	98	K.	The	 transport	
properties	 were	 correlated	 with	 the	 magnetization	 and	
electron spin resonance data.

 A01251-02156 

Magnetic and Optical Anisotropy in Epitaxial 
Cobalt Films

Nikolai	YAKOVLEV1;	Nikolai	SOKOLOV2; 
Andrey KAVEEV2 
1. Institute of Materials Research and Engineering, 
Singapore
2. Ioffe Physico-Technical Institute, St.Petersburg, 
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Cobalt	films	were	grown	by	molecular	beam	epitaxy	on	
CaF2 buffer layers on silicon and showed a variety of 
magnetic and optical effects. When the substrate is Si(111), 
CaF2	grows	as	flat	layer	with	(111)	surface	and	Co	grows	
on it in face centered cubic lattice. Magneto-optical Kerr 
effect (MOKE) from these structures is isotropic in plane. 
When the substrate is Si(100), CaF2 growth direction is 
[110] due to unique properties of CaF2/Si(100) interface. 
Then CaF2 surface has grooves with {111} facets and 
cobalt grown on it has in-plane magnetic anisotropy with 
easy axis along the grooves. The dependence of remanence 
magnetisation	and	coercivity	on	azimuthal	angle	(between	
the	grooves	and	field)	follows	single	domain	model	except	
the	range	between	80	to	90	degrees	-	there	is	a	peak	related	
to crystalographic anisotropy. MOKE from these structures 
can have different sign depending on incidence angle; 
this is consistent with calculations of multilayer model. 
We found that the sign of MOKE can change also versus 
azimuthal	 angle,	which	was	 unexpected.	 Physics	 behind	
this phenomenon will be presented.
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High Coercive Field and Magnetization Reversal 
in Core-shell Cum Nanotwin Driven Ni/NiO 
Nanospheres

Gunadhor S. OKRAM1; Ajay SONI1; 
Debashibhai T. ADROJA2; Niranjan P. LALLA1; 
Thoudinja SHRIPATHI1 
1. Electrical Transport Laboratory, UGC-DAE 
Consortium for Scientific Research, Madhya Pradesh, 
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2. ISIS Facility, Rutherford Appleton Laboratory, Oxon, 
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Recent intense research activity in the synthesis and 
functionalization	 of	 nanoparticles	 of	 various	 sizes	 and	
shapes with or without cappant has been due to their huge 
application potential. Synthesis of nanoscale materials with 
desired	 properties	 is	 difficult	 and	 therefore	 challenging.	
The nanoscale metals, pure at the time of preparation, 
normally	get	oxidized	spontaneously	at	 the	surface	or	as	
a whole of the nanoparticle and hence the pure (metal) 
nanoparticles get degraded with time unless it is capped 
with an appropriate surfactant, as their surface to volume 
ratio is exceedingly large. As a result nanocrystalline 
metals without appropriate cappant quite often lead to 
what	 is	usually	known	as	core-shell	structures.	This	gets	
further complicated if nanotwinning is also present, which 
has been seemingly not reported so far particularly for 
magnetic nanoparticles. 

Indeed, such structural disorders usually impose an 
incomplete description of the magnetic state of a 
ferromagnetic	 object	 from	 the	 field	 and	 magnetization	
due to the averaging over a unit volume. This causes an 
exceptionally complicated energy landscape, with an 
enormous local minima and saddle points. The stability 
of a given domain is naturally disturbed due to the 
variation	of	 the	applied	field	and	 the	continuous	 thermal	
agitation.  The local energy minima then become saddle 
points, spontaneously evolving towards a new equilibrium 
configuration.	This	rearrangement	may	be	quite	localized	
in space, with a small domain wall segment jumping to 
a neighboring stable position, or may involve the whole 
domain structure in considerable part of the object, as 
may occur for example when new domains of reversed 
magnetization	are	nucleated.	

This aspect is appropriate for detailed investigations in 
nanocrystalline	 nickel	 (n-Ni).	 Its	 synthesis	 with	 varying	
size	and	shape,	having	various	degrees	of	purity	and	hence	
some of their magnetic properties has been reported. 
Nonetheless, so far there is no detailed report on the 
synthesis,	 characterization,	 nanostructural	 analysis	 and	
their	correlation	with	coercive	field,	Hc. In our laboratory, 
we	 have	 synthesized	 n-Ni	 and	 other	 n-metals	 using	
an ethylene glycol (EG) reduction method. We have 
engineered	 the	particle	 size	 in	 the	 range	10	–150	nm	by	

changing	 the	 mole	 ratio	 of	 nickel	 acetate	 to	 EG	 in	 the	
presence (or absence) of sodium hydroxide.

In this presentation, we shall discuss our investigation 
on	 the	high	coercive	field	Hc	and	magnetization	reversal	
associated with its core-shell cum nanotwin in EG reduced 
n-Ni. 	High	coercive	field	of	1.44kOe	at	2K,	sharp	transition	
to	 superparamagnetism	 at	 ~20K,	 and	 magnetization	
reversal are observed in the NicoreNiOshell cum nanotwin 
driven	 spherical	 nickel	 nanoparticles	 of	 average	 particle	
size	 25nm	 having	 nanotwin	 thickness	 in	 the	 range	 of	
2-5nm. These characteristic properties are explained using 
a proposed model based on this unique nanostructure 
that leads to the uncompensated magnetic moment of 
ferrimagnetic-like	 Ni	 nanomultilayers	 combined	 with	
antiferromagnetic NiO shells. These features seem to be 
interesting from the point of memory effect studies and 
applications.

 A01303-02270 

Structural and Magnetic Characterization of 
Multifunctional CoPtAu Nanoparticles

Ji Hyun MIN1; Jun Hua WU2; Ah Young SONG1; 
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Korea University, Seoul, South Korea
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Nanoparticles of multiple components are constructed 
as smart nanovehicles to deliver diverse, multifold 
functionality demanded by converging nanotechnology. In 
the	study	of	magnetic	nanoparticles,	surface	modification	
and	 surface	 functionalization	 is	 of	 great	 import	 for	 their	
utilization	 in	versatile	potential	 applications,	particularly	
in drug delivery, cell separation and magneto-transfection. 
We have initiated a research program to prepare a variety 
of	 functional	 nanoparticles	 via	 an	 efficient,	 scalable	 and	
non-toxic synthesis approach for numerous biomedical 
applications. On the basis of the previous investigation on 
CoPt nanoparticles and nanowires, the incorporation of the 
Au	element	is	remarkable	owing	to	one	of	its	advantages	
in	easy	linkage	of	bio-molecules	and	organic	materials	via	
the mercapto groups. Such alloy nanoparticles amalgamate 
the magnetic, optical, catalytic, chemical and biological 
properties of each mono-metallic constituent in a single 
entity. In experiments, the synthesis of the multifunctional 
CoPtAu	alloy	nanoparticles	was	performed	via	a	modified	
polyol process. A typical synthesis was carried out in a 
flask,	mixing	Au(OOCCH3)3, Co(acac)2 and Pt(acac)2 in 
an ether with a reducing agent and a polymer surfactant 
under vigorous stirring to complete the reaction at high 
temperature. The compositions of CoPtAu NPs were 
adjusted by controlling the amount of each precursor 
added and specimens of three nominal compositions, 
Co0.34Pt0.33Au0.33, Co0.2Pt0.2Au0.6, and Co0.4Pt0.4Au0.2, 
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were prepared. The initial results and analysis on the 
multifunctional	CoPtAu	alloy	nanoparticles	as	synthesized	
were reported elsewhere. In this contribution, we focus on 
the	structural	and	magnetic	characterization	by	means	of	
synchrotron X-ray diffraction and the Physical Property 
Measurement System (PPMS). The structural analysis by 
synchrotron radiation further proves in more detail about 
the formation of the alloy nanostructures consisting of 
Au-rich and Pt-rich nanophases. The magnetic properties 
were measured systematically over a wide range of 
temperature	and	applied	fields.	As	revealed	in	the	series	of	
the hysteresis curves obtained from room temperature to 
4 K, both Co0.34Pt0.33Au0.33 and Co0.4Pt0.4Au0.2 nanoparticles 
show transition from superparamagnetic to ferromagnetic, 
in contrast to the soft ferromagnetic behavior of the 
Co0.2Pt0.2Au0.6 nanoparticles over the range of temperature. 
In	 the	 zero-field-cooling	 (ZFC)	 and	 field-cooling	 (FC)	
analysis, the nanoparticles show unconventional properties 
in the FC M~T curves but broad thermal response in the 
ZFC	M~T	curves.	Moreover,	the	Ms~T curves substantiate 
the observation in the FC measurements. The composition 
dependence	of	parameters	such	as	freezing	temperature	and	
blocking	 temperature	were	acquired.	 In	 the	presentation,	
we elucidate the relation between the magnetic properties 
and the microstructures.
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Surface and Microstructural Induced 
Ferromagnetism in Cu-Doped ZnO
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A	series	of	Cu-doped	ZnO	with	different	thickness	and	Cu	
concentration has been prepared.  Structure and magnetic 
properties	have	been	studied	in	the	dependence	of	thickness,	
partial pressure and deposition temperature.  It has been 
found out that magnetic properties are strongly dependent 
on microstructure and deposition condition.  We have also 
studied structure using various techniques, such as XRD, 
TEM, XPS and Raman spectroscopy.
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Enhancement of Ferromagnetic Behavior in Cu 
Doped ZnO:Fe
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Magnetization	measurements	were	performed	on	a	series	
of	 Zn0.9-x Fe0.1CuxO samples (x<0.15) prepared using 
solid state reaction and sol-gel methods. Although Cu is 
non-magnetic, we found that adding Cu concentration 
not	 only	 increases	 the	magnetization	 but	 also	 results	 on	
the appearance of the hysteresis loop. Arrott-Kouvel plot 
reveals the presence of spontaneous magnetic moment at 
low temperatures (<10K), while hysteresis losses have 
been observed at much higher temperatures. The inverse 
DC magnetic susceptibility versus T at high temperature 
indicates the presence of ferromagnetic (FM) exchange 
interaction. Moreover, we found that Cu-doping greatly 
enhance the FM exchange interaction. We also found that 
samples prepared using sol-gel technique showed enhanced 
ferromagnetic	 behavior,	 higher	 saturated	 magnetization	
and stronger FM exchange interaction.
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Encapsulated Nickel Nanoparticles: Preparation 
and Characterization
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AGH University of Science and Technology, Kraków, 
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Nano structured metal carbon composites are 
emerging as new materials for electromagnetic 
interference shields, drug delivery, and energy storage. 
Carbon	coated	nickel	nanoparticles	were	synthesized	
by low temperature chemical route. Their structure 
and magnetic properties were investigated by means 
of X-ray diffraction, high resolution transmission 
electron microscopy (HRTEM), micro Raman 
spectroscopy and vibrating sample magnetometry. 
The X-ray diffraction pattern reveals the formation 
of	fcc	phase	of	nickel	with	a	grain	size	of	40nm.	The	
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graphitic planes (d spacing of ~0.34Å) are observed 
over	nickel	nano	particles	from	the	HRTEM	images.	
The	catalytic	activity	of	nickel	during	the	formation	of	
carbon	nano	fibers	is	confirmed.	These	carbon	layers	
keep	the	highly	reactive	nano	nickel	passivated	from	
further	reactions.	Fingerprint	peaks	of	carbon	(D	and	
G	peaks)	are	observed	in	the	Raman	spectrum.	The	
shift	in	the	peaks	points	to	the	defects	occurring	due	to	
curling	of	graphite	planes	around	nickel	nanoparticles.	
The	 saturation	 magnetization	 of	 28.6emu/g	 is	
observed,	which	is	52%	of	that	of	pure	bulk	nickel.	
The	reduction	in	the	saturation	magnetization	can	be	
attributed to the small percentage of non magnetic 
components	like	carbon.

Thus highly crystalline, stable and magnetic carbon 
coated	nickel	nano	 structures	were	 synthesized	and	
characterized.	Such	material	can	find	potential	use	as	
microwave absorbing material at high frequency over 
the	Giga	hertz	range,	ascribed	to	it’s	higher	Snoek’s	
limit.
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Fabrication and Magnetic Properties of 
Electrospun TiO2 and Ti1-xFexO2 (0≤x≤0.01) 
Nanofibers
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Ti1-xFexO2	(0≤x≤0.01)	nanofibers	were	fabricated	by	a	simple	
electrospinning using a solution that contained poly(vinyl 
pyrrolidone) (PVP), iron (III) nitrate hexahydrate and  
titanium(diisoproproxide)	bis(2,	4-pentanedionate)	75	wt%	
in 2-propanol. The Ti1-xFexO2	nanofibers	with	diameters	of	
91–125 nm were successfully obtained from calcination of 
the as-spun Ti1-xFexO2/PVP	composite	nanofibers	at	600°C 
in air for 3 h. The as-spun and calcined Fe-doped TiO2 
composite	 nanofibers	 were	 characterized	 by	 TG-DTA,	
XRD, SEM, and TEM. For comparison, the pure TiO2 
nanofibers	 were	 also	 prepared	 and	 characterized	 using	
the similar procedures. The results of XRD and selected 
electron diffraction (SEAD) analysis indicated that the 

calcined samples of Ti1-xFexO2	 composite	nanofibers	had	
the mixed phases of anatase and rutile TiO2 structure 
without	any	significant	change	in	the	structure	affected	by	
Fe	 substitution.	Room	 temperature	magnetization	 results	
revealed a diamagnetic behavior for the undoped TiO2 
sample	 whereas	 a	 weak	 ferromagnetic	 behavior	 for	 the	 
Ti1-xFexO2 samples, having their hysteresis loop in the range 
of -2500 Oe < H <  2500 Oe, while outside this range the 
specific	magnetization	increased	with	increasing	field	and	
showed	no	sign	of	saturation	in	the	field	range	investigated	
(±	10	kOe).	The	origin	of	ferromagnetism	observed	in	the	
Ti1-xFexO2	nanofibers	was	also	discussed.

 A01427-02611 

Magnetic and Magnetocaloric Properties of 
Nanocrystalline PR1-xAxMN1-yCOyO3 (A = CA, SR) 
Manganite

Rabindra Nath MAHATO1; Sethupathi K1; 
Sankaranarayanan	V1; Nirmala R1; S. K. MALIK2 
1. Department of Physics, Indian Institute of Technology 
Madras, Chennai/TN, India
2. International Center for Condensed Matter Physics 
(ICCMP), University of Brasilia, Brasilia, Brazil

Structural, magnetic and magnetocaloric properties of the 
hole-doped manganites Pr1-xAxMn1-yCoyO3 (x = 0.3, y = 
0.5)	 (where	A	is	 the	divalent	cation)	can	be	modified	by	
partial	 substitution	 at	Mn	 site.	The	present	work	 reports	
the structural, magnetic and magnetocaloric property 
studies	 of	 nanocrystalline	 perovskite	 oxides,	 namely,	
Pr0.7Ca0.3Mn0.5Co0.5O3 and Pr0.7Sr0.3Mn0.5Co0.5O3. These 
nanocrystalline	 samples	 have	 been	 synthesized	 by	 sol-
gel method. The phase purity and crystal structure of 
these powder samples have been studied using powder 
X-ray diffraction and the samples are found to have 
orthorhombic and cubic structures with space group Pnma 
and Fm 3

m	 at	 room	 temperature.	 The	 crystallite	 size	 is	
calculated using Debye-Scherrer formula. The respective 
values for the samples are ~24 nm and 15 nm. The surface 
morphology of the powder samples is studied by scanning 
electron microscopy and the particles are found to be 
evenly distributed. High resolution transmission electron 
microscopy image shows that the particles are spherical 
in	 shape	 and	 the	 average	 particle	 size	 is	 34	 nm	 and	 20	
nm. Magnetic measurement is carried out using vibrating 
sample magnetometer (PPMS, Quantum Design) and 
it shows the Curie temperature as 153 K and 172 K in 
applied	magnetic	field	of	100	Oe	for	Pr0.7Ca0.3Mn0.5Co0.5O3 
and Pr0.7Sr0.3Mn0.5Co0.5O3 samples respectively. The 
paramagnetic susceptibility follows Curie-Weiss behaviour 
in the temperature range of 180 K – 300 K and a deviation 
from it is observed in the temperature window of 140 K to 
180 K suggesting possible presence of short range magnetic 
clusters. AC magnetic susceptibility was measured in the 
temperature range 5 K to 300 K with frequencies 33, 
133,	667,	1333	and	9333	Hz.	The	amplitude	of	 the	peak	
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appearing around 150 K and 167 K for Pr0.7Ca0.3Mn0.5Co0.5O3 
and Pr0.7Sr0.3Mn0.5Co0.5O3 samples is suppressed and 
the	 peak	 position	 shifts	 to	 higher	 temperature	 with	
increasing frequency. For Pr0.7Ca0.3Mn0.5Co0.5O3, sample 
M-H curves registered at different temperatures show 
significant	hysteresis	loops	below	150	K,	with	unsaturated	
magnetization	even	at	higher	fields	(up	to	7	T).	At	2	K,	the	
values	of	remanent	magnetization	and	coercive	field	Hc are 
estimated	 to	 be	 0.28	μB/f.u. and ~ 1 T respectively. The 
magnetocaloric	effect	is	calculated	from	magnetization	vs.	
applied	magnetic	field	at	various	temperatures.	Magnetic	
entropy change shows a maximum near Tc for both the 
samples. 

 A01428-02515 

Magnetron Sputtered Nanostructured  
Ferromagnetic Shape Memory Alloy Thin Films

Ritu VISHNOI1;2; Ashvani KUMAR1; Ajay KAUSHAL2; 
DEEPAK 2; Nitin CHOUDHARY1; Davinder KAUR1;2 
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Technology Roorkee, Roorkee, India
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Ferromagnetic Shape Memory Alloys (FSMAs) are a 
new class of material showing a unique combination of 
high energy densities, thermoelastic and ferromagnetic 
properties. These properties enable the simultaneous 
use of ferromagnetic and shape recovery forces in a 
single	 component	 part.	 FSMAs	 show	 magnetic-field-
induced strains at room temperature greater than any 
magnetostrictive,	 piezoelectric,	 or	 electrostrictive	
material, and faster frequency response than temperature-
driven shape memory alloys. However the applications 
of these materials in emerging  micro-devices such as 
magnetically driven microelectromechanical systems 
(MEMS) would require a high quality of FSMA thin 
films	grown	on	semiconductor	substrates	.	In	the	present	
study  attempts have been reported to grow highly 
oriented	 NiMnSn	 FSMA	 thin	 films	 on	 silicon	 substrate	
using DC magnetron sputtering technique. NiMnSn 
targets of different compositions were prepared using 
arc melting technique. X-ray diffraction studies reveal 
highly crystalline single phase austenite phase with cubic 
bcc L21 crystal structure and lattice parameter a=0.5977 
nm. Traces of secondary or spurious phases were not 
detected.	 Grain	 size	 and	 crystallization	 extent	 increases	
with increase in substrate temperature. Field induced 
martensite-austenite transformation has been observed in 
magnetization	 studies	 using	 SQUID	magnetometer.	 The	
value of transformation temperature is found to be lower 
in	comparison	to	bulk	value,	which	could	be	due	to	strain	
effect	 in	 thin	 films.	Hysteresis	 loops	measured	 at	 5K	&	
300K underline the ferromagnetic ordering of austenite 
and martensite. The electrical and magnetic properties of 
the	films	reveal	that	grain	size	plays	an	important	role	in	

the phase transformation temperature, which is of immense 
technological importance in MEMS applications.
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AFM Study of Nanostrucutred FePt Thin Films

Pei Ling LOW; Boon Hoong ONG; 
Mitsunori MATSUMOTO;	Teck	Yong	TOU 
Faculty of Engineering, Multimedia University, Selangor, 
Malaysia

Tetragonal L10 structure	 of	 FePt	 thin	 films	 has	 gained	
significant	attention	in	recent	years	because	of	their	very	
large magnetocrystalline anisotropy constant of Ku ~ 7 x 
107 erg/cm3 for the application in ultrahigh density magnetic 
storage media. The ordering temperature of the FePt thin 
films	from	disordered	fcc	to	ordered	L10 fct structures was 
reported	to	be	affected	by	the	surface	roughness	of	the	films	
itself, whereby a reduction of the ordering temperature was 
found	on	the	FePt	films	with	rougher	surface.	Therefore,	
this study have been carried out to investigate the surface 
morphologies of the as-deposited and post-annealed pure 
single-layer	FePt	thin	films,	which	deposited	respectively	
on three different substrates. In the experiment, 77nm-
thick	FePt	thin	films	have	been	prepared	by	DC	magnetron	
sputtering onto the normal glass, Corning 1737 glass and 
Si wafer respectively at room temperature with Argon 
process	pressure	of	10mTorr.	The	prepared	films	have	been	
subsequently post-annealed in furnace at 450ºC and 600ºC 
for 1-hour duration respectively. The surface morphologies 
of	 the	 prepared	 FePt	 thin	 films	 have	 been	 analyzed	 by	
using the atomic force microscope (AFM). From this 
experiment, large amount of FePt island structures have 
been	obtained	on	the	FePt	thin	film	that	deposited	on	the	
Si	wafer,	followed	with	the	thin	film	on	the	normal	glass	
slides, and the least island structures have been found 
on the Corning 1737 glass. After post-annealing in the 
air, there is more numbers of agglomerations or growths 
of FePt particles have been observed on all of the three 
different types of substrates. Besides, the resulting average 
roughness (Ra) and root-mean-square roughness (Rq) 
of	 the	films	have	been	 increased.	The	 increasing	surface	
roughness was found to be mainly due to the formation of 
oxide	layer	on	the	films	and	also	the	grains	growth	during	
the high temperature annealing process.
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Phase Transition in yBCO Superconducting 
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YBCO	is	well	known	for	 its	superconducting	properties.	
But all the reason is lying in the detailed investigation of 
the YBCO. One of the prime factor found to be involved 
is the phase transition in the various phases of YBCO. To 
study the effect of the phase transition  the material was 
developed in the laboratory in the controlled environment 
by the sol-gel method and some characterisation technique 
has been employed to reveal the problem. YBCO shows 
some interesting results about the properties related to 
different phases of formation. Various optical and crystal 
properties during the phase transition was investigated and 
hence an attempt is done to study the dynamics of phase 
transition

 A01442-02505 

Magnetic Behavioural Studies of Nano-particles 
of Substituted Calcium Hexaferrites

Kishor REWATKAR 
Physics, DR. Ambedkar College, Nagpur, India

Nanocrystalline particles of calcium hexaferrite of 
composition	Ca(ZnIr)xFe12-2xO19 with x = 0 to 1.0 produced 
by a sol-gel combustion technique using nitrate-citrate gel. 
The thermal decomposition process of the nitrate-citrate 
gels and as burnt powders was investigated from DTA/
TGA analysis. The results revealed that the nitrate-citrate 
gels exhibit a self-propagating behaviour after ignition. 
The phase composition of the samples was investigated by 
X-ray diffraction. The analysis reveals for all the samples the 
presence of the hexagonal M-type phase as the main phase. 
The	SEM	and	TEM	investigations	confirm	that	the	mean	
particle	size	of	calcium	hexaferrite	lies		between	20-	60nm	
and dramatically increases with increasing temperature 
i.e. from 400 to 700oC. The magnetic parameters were 
measured using vibrating sample magnetometer (VSM), 
shows	that	samples	synthesized	under	investigations	exhibit	
higher	saturation	magnetization	in	comparison	with	those	
synthesized	in	pure	form.	In	the	present	investigation	the	
effect	of	Zn+2-Ir+4 ions in the calcium ferrites were reported 
and	discussed	in	detail.	The	site	preference	of	Zn+2-Ir+4 and 
magnetic properties of the ferrites have been studied using 
Mossbauer spectra and hystereses. The results show that the 
magnetic properties are closely related to the distribution 
of	 Zn+2-Ir+4	 ions	 on	 the	 five	 crystallographic	 sites.	 The	
saturation	magnetization	systematically	increases.
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Coating non-Magnetic Metals with Fe3O4 - based 
Magnetic Fluids
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Fe3O4	particles	have	been	synthesized	using	co-precipitation	
method without and with poly-ethylene-glycol (PEG) 400 
in HCl as dissolving agents and NH4OH as precipitating 
agents.	The	 particles	 synthesized	without	 and	with	PEG	
400	 have	 the	 particle	 size	 <	 50	 nm	 by	 analyzing	 SEM	
and MFM images. After the particles were solved in 
tetra-methyl-ammonium-hydroxide (TMAH) surfactant 
to	 result	 in	magnetic	fluids,	 those	were	 then	 spin-coated	
onto an aluminium substrate. Magnetic properties of the 
particles were studied by Vibrating Sample Magnetometer 
(VSM).	The	 result	 of	 coating	 is	 characterized	 by	AFM/
MFM and SEM , signifying studies on the distribution of 
nanoparticles and their morphologies in nanoscaled 
structure, and possibly corrosion factor because of TMAH 
surfactant in microscaled structure.
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Fractal System in Polar Magnetic Fluids Studied 
by Small Angle Neutron Scattering
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The water-based Fe3O4	 polar	magnetic	 fluids	 have	 been	
synthesized	 using	 coprecipitation	 method	 with	 addition	
of Polyethylene Glicol (PEG)-400 as a template. The 
measurement of small angle neutron scattering were 
carried out to study the fractal structure and dimension 
as	well	 as	 size	 distribution	 of	 nanoparticles	 in	magnetic	
fluids	 synthesized	 with	 PEG	 and	 non-PEG.	 The	 fractal	
aggregation	of	particles	in	magnetic	fluids		were	identified	
by their scattering distribution, showing its correlation to 
the	magnetic	 particle	 concentration	 in	 the	 fluids.	 It	 was	
found a fractal dimension (D) in the range of 2 < D < 3 
in	 the	 non-PEG	 polar	 magnetic	 fluids.	 Meanwhile,	 the	
magnetic	 fluids	 with	 PEG	 shows	 the	 fractal	 aggregate	
from their scattering  distributions in the range  of 0.005 < 
Q < 0.02 Å-1 with fractal dimension value of D = 2.03(1), 
revealing that the particles have tendency to aggregate 
in	 2-dimensional	 space	 like	 elipsoidal	 or	 disc-like.	 The	
cluster	size	of	particles,		Ro ~ 200 Å, was obtained with the 
building	block	radius	of	30	Å	and	polydispersity	between	
0.47 and 0.63.
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Concentrated disordered magnetic systems with spinel 
structure are highly attractive as they show wide spectrum 
of magnetic structures useful for variety of applications.    
The	new	cubic	spinel	system	Zn	0.5 Cu 0.2 Ni 0.3 Fe x Cr 2-x O 
4 (0.8  ≤ x ≤ 1.1) has been prepared by ceramic technique 
and found to have single phase cubic spinel structure from 
XRD studies. The concerned cations site distribution for 
all	the	values	of	x	can	be	closed	to	Zn	0.5 Fe 0.5 [Cu 0.3Ni 0.2 
Fe x-0.5 Cr 2-x] O 4. System is investigated for its electrical 
and magnetic behavior.  

The dc resistivity and thermo-electrical measurements were 
carried out from room temperature to higher temperature 
for the all the samples.  From the resistivity – temperature 
curves, activation energies for all the compounds were 
found.  From the plots of ∆V vs. ∆T, the variation of 
Seebeck	coefficients	as	a	function	of	x	was	also	studied.	
The activation energy (∆E) of the system was found to 
vary	between	0.62	eV	and	0.47	eV.	Seebeck	coefficients	
(α) for the system are found to vary between +405 µV/K 
and +326 µV/K indicating p-type conductivity in all the 
four compounds.

The ac susceptibility measurements were carried to 
determine the Curie temperatures [Tc] and to study 
the nature of graph below [Tc].  The values of Curie 
temperatures	 were	 confirmed	 and	 the	 paramagnetic	
behavior above Tc was studied using Gouy’s balance. The 
magnetic moments are calculated from  σs values at 80K 
using Galilileo’s formula,

 nB = (σs × MW) / 5585.

From ac and dc magnetic susceptibility, measurements, 
Curie temperatures were investigated and found to be 
ferrimagnets. The magnetic hysteresis at 300K and 80K for 
all the samples were recorded using an ac electro magnet 
type loop tracer From higher values of Hc and JR/JS at low 
temperatures (80 K) and nature of Xac -T curves indicate 
single domain behavior in which magnetic crystalline 
anisotropy dominates.
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Ag-Fe3O4 Nanohybrid Heterodimer: A Novel 
Nanomaterial for Femtosecond and Nanosecond 
Optical Limiting
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We present a novel material: Ag-Fe3O4 nanohybrid 
heterodimer for optical limiting. The new nanomaterial 
functions effectively from femtoseconds to nanoseconds 
with ultrafast recovery. In the femtosecond regime, the large 
two-photon absorption of the semiconductor component 
(Fe3O4) in the nanohybrid heterodimer is responsible for 
optical limiting. The two-photon absorption cross-section 
(σ2) is determined to be 1.3 × 10-43 cm4 s /photon by open-
aperture	Z-scans	with	femtosecond	laser	pulses.	Up	to	now,	
this	value	is	the	largest	σ2 reported in the literature. In the 
nanosecond regime, nonlinear absorption and scattering by 
the Ag nanoparticle in the nanohybrid heterodimer play a 
dominant role in optical limiting. The experimental results 
show the limiting performance is better than SWCNT 
suspensions,	which	 is	a	benchmark	optical	 limiter	 in	 the	
nanosecond regime.The total photon excited electron-hole 
separation time in the Ag-Fe3O4 nanohybrid heterodimer is 
observed to be 50 ps or less with nondegenerate transient 
absorption technique. 
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We investigated the nanostructure and magnetic properties 
of a series of iron-containing borosilicatic glasses samples 
with different nucleators and the starting ratio SiO2/Fe2O3 
between 1.4 and 1.7. X ray diffraction data revealed the 
formation of magnetite as the major crystalline phase in a 
silica matrix for all samples. The presence of the magnetite 
is	 confirmed	 by	 the	 magnetization	 vs	 temperature	 data	
which showed two transitions for all samples: a low 
temperature crossover around 50 K which we associated 
with the change in the domain wall dynamics and a high 
temperature transition around 125 K which is consistent 
with the Verwey transition. The microscopic morphology 
and the phase structure were correlated with nature and 
amount of the nucleators. 
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Cobalt ferrite (CoFe2O4) is a promising material for the 
production of permanent magnets, magnetic recording 
media,	 magnetic	 fluids	 and	 catalysts.	 This	 study	 was	
aimed	at	 studying	 the	effect	of	particle	 size	variation	on	
magnetic and magneto-optical properties of cobalt ferrite 
nanoparticles in diluted and non-diluted regimes. Cobalt 
ferrite nanoparticles were prepared by Massart’s method 
and annealed for 1h and 2h at 100oC (CFO100) and 200oC 
(CFO200)	 to	 obtain	 different	 average	 particle	 sizes.	 The	
phase purity (cubic spinel structure with lattice constant ~ 
8.397	Å)	was	confirmed	by	X-ray	diffraction	(XRD)	and	
X-ray photoelectron spectroscopy (XPS). Using Debye-
Scherer	formula,	 the	crystallite	size	of	different	particles	
was found to vary from 12 to 15 nm. Transmission electron 
microscopy (TEM) images show uniform and narrow 
particle	size	distribution.	The	XPS	analyses	 indicate	 that	
the samples are composed of iron (Fe), cobalt (Co) and 
oxygen (O), with corresponding binding energies of 780.35 
eV (Co 2p3/2), 796.04 eV (Co 2p1/2), 710.55 eV (Fe 2p3/2), 
724.29 eV (Fe 2p1/2) and 529.75 eV (O 1s) respectively, and 
the valence states are found to be Co2+, Fe3+ and O2-. The 
analysis	of	the	Co	2p,	Fe	2p	and	O	1s	peaks	gave	Co:	Fe	
and Fe: O atomic ratios close to 1:2 and 1:2, respectively, 
as expected for the stoichiometric composition of cobalt 
ferrite. Raman spectrum of cobalt ferrite shows the 
presence	 of	 five	 peaks	 at	 200,	 315,	 467,	 624,	 and	 688	
cm-1,	in	agreement	with	five	Raman	active	optical	modes	
(A1g + 1Eg + 3F2g ) characteristic of cubic inverse-spinel 
structure space group O7

h (Fd3m). Mossbauer spectrum 
at room temperature shows the presence of a sextet with 
a	magnetic	hyperfine	field	Hhf and isomer shift values as 
457	 kOe	 and	 0.30	mm/s.	Magnetic	 studies	were	 carried	
out by using vibrating sample magnetometer (VSM). 
Room	temperature	saturation	magnetization	(MS) is found 
to be varied from 50.1 to 63.5emu/g. The observed Ms 
for nanoparticles will be very useful in magneto optical 
devices	and	in	biomedical	applications	like	hyperthermia	
and targeted drug delivery. Magneto-optical studies were 
carried out using these samples, to investigate the effect of 
particle	size	on	transmittance	properties.	The	cobalt	ferrite	
based	 ferrofluids	were	prepared	by	coating	cobalt	 ferrite	
particles with oleic acid as surfactant under vigorous 
stirring	 and	 dispersed	 in	 water.	 The	 transmittance	 (%T)	

was	 increased	with	applied	magnetic	field	(H)	from	0	 to	
100 Oe. All the results will be presented.

 A01554-02760 

DC Electrical Resistivity and Curie Temperature 
Study of Nanocrystalline Mg-Cd Ferrites

Ashok	GADKARI1;	Tukaram	SHINDE2; 
Pramod VASAMBEKAR3 
1. Physics, GKG College, Kolhapur, India
2. Physics, KRP Kanya Mahavidylaya Islampur, Islampur, 
India
3. Electronics, Shivaji University Kolhapur, Kolhapur, 
India

Ferrites with the general formula Mg1-xCdx Fe2O4 (x = 
0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) were prepared by oxalate 
co-precipitation method from high purity sulphates. The 
pellets were sintered at 1050 0C for 5 h. Chemical phase 
analysis has been carried out by powder X-ray diffraction 
(XRD)	 technique,	 which	 confirms	 the	 formation	 of	
single	 phase	 cubic	 spinel	 structure.	 	 Crystallite	 size	 lies	
in the range 28.86 nm to 30.40 nm. The lattice constant 
increases with increase in Cd2+ content x. The temperature 
dependence of electrical resistivity is increases where 
as the Curie temperature Tc decreases with increase in 
cadmium content. The resistivity of Mg-Cd ferrite is higher 
than prepared by ceramic method.  Activation energy in 
paramagnetic region is higher than that of ferromagnetic 
region. 

 A01593-02972 

Thermal Induced Magnetic Anisotropy of Fe over 
Layers on Pt(110) Surface

M. B. HOSSAIN1; C. G. KIM1; W. KIM2; C. Y. HWANG2 
1. Department of Materials Science and Engineering, 
Chungnam National University, South Korea
2. Division of Advanced Technology, Korea Research 
Institute of Standards and Science, Daejeon, South Korea

Surface morphology including their structures effect due 
to annealing on the magnetic system strongly induced 
in	 the	 magnetic	 anisotropy.	 This	 kind	 of	 ground	 state	
properties are dominated the magnetic anisotropy on the 
FePt nanoparticles or ultrathin layers which is the best 
candidate for the TB/in2 high density decoding media 
for the future generation. Our studies annealing induced 
magnetic anisotropy Fe over layers on the Pt(110) surface 
where Pt(110) shows 1x2 missing row reconstruction 
structure. Fe/Pt(110) system revealed high coercivity 
along (1-10) missing row direction and low coercivity 
along	(001)	direction	with	magnetization	always	in	plane	
via	square	shape	hysteresis	loop	for	low	dimensional	film.	
In room temperature it exhibited fcc phase and ordering 
L10 phase at high temperature. On between these two 



46     Symposium E - Nanostructured Magnetic Materials and Their Applications

temperature it give low coercivity along (1-10) direction 
and high coercivity along (001) direction compare with 
fcc phase of Fe/Pt (110) system. Spin random orientation 
through microtwin along (1-10) direction and anti phase 
boundary	along	(001)	direction	may	caused	such	kind	of	
magnetic phenomenon by the change in enthalpies on the 
system. At low temperature Fe/FePt system has shown 
exchange bias along (001) direction.   

 

 A01602-03126 

Room Temperature Ferromagnetism in Co-doped 
Titania Thin Films

Sudesh SHARMA; Sujeet CHOUDHARY; 
Neeraj PANWAR; Subhash KASHYAP; 
Dinesh PANDYA 
Physics Department, Indian Institute of Technology 
Delhi, Delhi, India

Development of a stable dilute magnetic semiconductor 
with a Curie temperature near or above room temperature 
is a challenging requirement for spintronic applications. 
Incorporation of cobalt in titania (TiO2) matrix has recently 
been reported to exhibit room temperature ferromagnetism 
(RTFM).  However, the origin of the observed RTFM is not 
yet fully understood.  While some research groups have 
ascribed Co clustering as the possible cause of RTFM, 
others have completely ruled it out.  Some reports have 
shown	weak	signature	of	RTFM	in	air	annealed	samples	
which got enhanced after vacuum annealing To clarify 
these aspects, therefore, a systematic study of Co-doped 
TiO2 thin	films	has	been	carried	out;	and	some	of	the	results	
are presented in this paper. 

Nanocrystalline Co-doped titanium dioxide [Ti1-xCoxO2 
(x=0.05%)]	 thin	 films	 have	 been	 deposited	 by	 spray	
pyrolysis	 technique	 on	 a	 quartz	 substrate.	 The	 substrate	
was heated at ~ 500°C prior to deposition, and nitrogen 
was	 used	 as	 a	 carrier	 gas.	 	The	 as-deposited	 films	were	
annealed in vacuum (1x10-5 Torr) at 500°C for one hour.  
These	films	were	 characterized	by	glancing	 angle	X-ray	
diffraction (GAXRD), energy dispersive analysis of 
X-rays (EDAX), atomic force microscopy, and SQUID 
magnetometry techniques.

Both	 the	pure	and	doped	 thin	films	were	nanocrystalline	
with	a	crystallite	size	of	nearly	30	and	20	nm	respectively.		
The	 as-deposited	 pure	 and	 Co-doped	 films	 exhibited	
only anatase phase, while a small amount of rutile phase 
had	 developed	 in	 the	 vacuum	 annealed	 5%	 Co-doped	
films.	 	No	signature	of	cobalt	clusters	could	be	 revealed	
even by careful and slow scan in XRD (recorded at 
scan rate = 0.01°/sec), suggesting the incorporation of 
Co in TiO2 matrix (at Ti-site).  While, the as-deposited 
pure TiO2	 film	 was	 diamagnetic	 in	 nature,	 the	 5%	 Co-
doped	 film	 elucidated	 the	 ferromagnetic	 behaviour	
with	 a	 saturation	 magnetization	 (Ms) of 5.35 emu/cm3. 

On vacuum annealing, Ms	 got	 enhanced	 by	 100%.	 	 In	
order to investigate the origin of ferromagnetism, M-T 
measurements were performed on the vacuum annealed 
sample	under	both	field	cooled	(FC)	and	zero	field	cooled	
(ZFC)	conditions.	The	field	cooled	measurements	indicated	
the presence of both FM and paramagnetic contributions 
to	the	overall	observed	magnetization	of	the	sample.		The	
observation of discernible hysteresis in the isothermal MH 
measurements at 300K, and the XRD data thus rule out 
the formation of Cobalt clusters (leading to FM).  In our 
view, the PM fraction is a result of non interacting Co+2 
ions. The electrical resistivity measurements showed that 
the as deposited as well as vacuum annealed Ti1-xCoxO2 
films	were	highly	insulating	in	nature	which	suggested	that	
the bound magnetic polarons (BMP) might be the possible 
cause of the observed RTFM.
 

 A01656-03370 

Highly Stable Photoluminescent and Magnetic 
Multilayers Using Nucleophilic Substitution 
Reaction of Functional Nanoparticles in a 
Nonpolar Solvent

Bokyoung	LEE; Younghoon KIM; Jinhan CHO 
School of Advanced Materials Engineering, Kookmin 
university, Seoul, South Korea

We introduce a novel and robust method for the preparation 
of nanocomposite multilayers, which allows the excellent 
magnetic and photoluminescent (PL) properties as well as 
the accurate control over the composition and dimensions 
of	multilayers.	By	exchanging	the	oleic	acid	stabilizers	of	
γ-Fe2O3	 and	quantum	dots	 (QDs)	 synthesized	 in	 organic	
phase with 2-bromo-2-methylpropionic acid (BMPA) in the 
same	organic	solvent,	the	BMPA-stabilized	nanoparticles	
were be alternately deposited forming the stable 
covalent-bonding with amino group of highly branched 
poly(amidoamine) dendrimer (PAMA) through layer-by-
layer (LbL) assembly process. Our approach does not need 
to be transformed into the water-dispersible nanoparticles 
with electrostatic or hydrogen-bonding groups, which can 
cause the loss of transfer rate and deteriorate their inherent 
properties, for the build up of multilayers. Therefore, the 
nanocomposite	 multilayers	 including	 γ-Fe2O3 or QDs 
exhibited the strong magnetic or PL properties achieving 
densely	packed	surface	coverage	in	comparison	with	those	
of conventional LbL multilayers based on electrostatic 
interaction.	Furthermore,	we	demonstrate	that	the	flexible	
multilayer	 films	 with	 integrated	 magnetic	 and	 optical	
properties can be easily prepared using covalent bonding 
between bromo and amino groups in organic media. This 
robust and tailored method opens a new route for the 
design	of	functional	film	devices	based	on	nanocomposite	
multilayers.
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 A01661-03127 

Thermal Process Effect on Microstructure and 
Magnetic Properties of Epitaxial FePd (001) 
Multilayer Films

D. H. WEI1; S. C. FONG2; Y. D. YAO3 
1. National Taipei University of Technology, Taiwan
2. National Tsing Hua University, Taiwan
3. Tatung University, Taiwan

Magnetization	 behavior	 in	 ferromagnetic	 intermetallic	
nanostructures	 is	 with	 great	 scientific	 and	 technological	
interest due to their large magneto-crystalline anisotropy 
constant (Ku~ 107 erg/cm3) that could have potential 
applications	 in	 modern	 magnetic	 devices.	 Little	 work	
has been done and paid to the change in the process 
temperature by shifting the composition of the FePd phase 
to the Fe or Pd-rich off-stoichiometric region. Therefore in 
this	work,	a	series	of	epitaxial	FePd	films	with	different	Fe	
concentrations	were	first	prepared	in	order	to	systematically	
investigate the effect between the alloy composition and 
chemical ordering. And	then	the	FePd	films	with	different	
compositions deposited with in-situ heating and post-
annealing	 at	 the	 same	 final	 process	 temperature	 was	 in	
order	 to	study	the	correlation	between	the	magnetization	
behavior and microstructure during different thermal 
processes.	 In	 this	 work,	 we	 fabricated	 [Fe	 (1.5~3	 nm)/
Pd (1 nm)]10 multilayers on MgO (001) substrates by 
molecular-beam epitaxial technique at different deposition 
temperatures (Tg) ranged from 200 to 500 oC, therefore the 
composition of Fe was varied in the range of 38~58 at. ％. 
As Fe increases to 2.5 nm (Fe52Pd48), the intensities of FePd 
(001)	and	(003)	superlattice	peaks	reach	to	the	maximum	
for all Tg, while the optimum composition for FePd (001) 
films	 with	 the	 highest	 ordering	 degree	 was	 Fe52Pd48. In 
comparison with different thermal process and buffer layer 
effects	 on	 the	microstructure	 and	magnetization	 reversal	
behavior, we also prepared Fe52Pd48	films	with	Pd	buffer	
layer from 5 to 20 nm at 100 oC, and then annealed at the 
same Tg for 1 hr to study the thermal effects between surface 
morphology and the magnetic properties. Low-temperature 
ordering of FePd could be achieved by introducing a Pd 
underlayer due to optimal strain form the lattice distortion. 
For the case of Fe52Pd48	films	grown	at	400	

oC, the isolated 
island-like	morphologies	were	observed	 and	displayed	 a	
perpendicular magnetic anisotropy with a coercivity of 
8000 Oe, which could be useful for application such as 
ultrahigh density recording media. On the other hand, the 
FePd	films	grown	at	100	oC and then annealed at 400 oC 
showed continuous surface and with a lower remanence 
corresponded to the alternate up and down orientations of 
the	magnetization	 due	 to	 stripe	 domains	 formation.	The	
significant	distinction	in	magnetic	exhibition	of	the	FePd	
films	was	due	to	the	marked	change	in	magnetic	domain	
and surface structures caused by interfacial energy during 
different thermal processes.

 A01661-03294 

Controlled Synthetic Conditions of FePt 
Nanoparticles with High Magnetization for 
Biomedical Applications

D. H. WEI1; Y. D. YAO2; D. S. HUNG3; P. H. CHEN4; 
C. S. HO4 
1. National Taipei University of Technology, Taiwan
2. Tatung University, Taiwan
3. Ming Chuan University, Taiwan
4. Tunghai University, Taiwan

Magnetic nanoparticles (NPs) by using chemical synthesis 
have been received considerable attention due to their 
wide	 range	 research	 field	 such	 as	 bio-applications	 in	
marker	 or	 labeling	 material,	 separation,	 drug	 delivery,	
therapy,	and	sensors.	As-synthesized	metal	based	NPs	are	
often with hydrophobic chains, causing the nanoparticles 
to be immiscible in the aqueous solutions. To satisfy the 
biological applications, it is important to develop methods 
to transfer the magnetic nanoparticles into aqueous 
solutions that could be easily dispersed in blood to exhibit 
good	 biocompatibility	 and	 directed	 to	 a	 specific	 target	
upon	applying	an	external	magnetic	field.	The	aim	of	this	
work	is	to	enhance	the	saturation	magnetization	(Ms) of the 
FePt nanoparticles (NPs) by controlling the initial mole 
ratio of Fe to Pt precursors and reaction conditions and 
to	 reach	 biocompatibility	 via	 surface	 modification.	 The	
initial mole ratio (Fe:Pt) is varied from 1 to 2 under the 
argon	blanket,	and	the	Ms increases from 1.5 to 4.5 emu/g 
with increasing mole ratio. The disordered fcc NPs are 
superparamagnetic	with	the	blocking	temperature	of	about	
18	K,	and	the	average	size	was	2.5	nm	without	significant	
aggregation for (2:1) NPs. With increasing reaction time 
of the (2:1) NPs from 1 to 3 hr, the intensities of the FePt 
(111)	and	(200)	diffraction	peaks	increased,	while	the	Ms 
increased from 11 to 36 emu/g due to the increased particle 
size	 and	 formation	 of	 FePt-Fe3O4 nanocomposites. The 
surface	modification	of	NPs	was	then	transferred	from	oil-	
to water-soluble (bio-compatible) state prepared by the 
C2H4O2S. Streptavidin conjugation to FePt NPs which was 
used	 to	 cross-link	 free	 carboxylic	 acid	 (COOH)	 groups	
on FePt NPs with amine-containing streptavidin. To 
examine the binding activity with antibodies, COOH- and 
EDC	modified	FePt	NPs	were	resuspended	in	PBS	buffer	
and biotin-antibodies were added. FePt NPs attached 
with streptavidin-biotin binding pair as a bridge for 
binding selective protein/antibodies/DNA for functional 
nanoparticles	 were	 identified	 by	 using	 Sodium	 dodecyl	
sulfate polyacrylamide gel electrophoresis (SDS/PAGE) 
analysis. The further result shows that the binding activity 
of streptavidin-FePt NPs with antibodies increased in a 
sigmoidal saturated fashion along with increasing amount 
of biotin-antibodies.
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Magnetic Tunabling of FeCo and FePt 
Nanostructures

Bee Eng YONG; Pei Ling LOW; Boon Hoong ONG; 
Mitsunori MATSUMOTO; Wah Pheng LEE 
Faculty of Engineering, Multimedia University, 
Cyberjaya, Malaysia

Ordered FeCo and FePt nanostructures show great 
potential in ultrahigh density magnetic recording due to 
their large magnetic anisotropy energy, Ku. This paper 
outlines	 the	 size,	 structural	 and	 magnetic	 properties	 of	
the FeCo and FePt nanostructures. In this study, FeCo 
nanoparticles	 have	 been	 chemically	 synthesized	 through	
polyol	process;	while	FePt	thin	films	have	been	physically	
deposited	 by	 DC	 magnetron	 sputtering.	 As-synthesized	
FeCo nanoparticles are of body-centred-cubic (bcc) 
structure. Particles that are subjected to heat treatment 
show gradual structure transformation. Similar for FePt 
thin	films,	where	as-deposited	films	are	face-centred-cubic	
(fcc) in structure, and high temperature annealing either 
by substrate heating and/or post-annealing is necessary to 
transform the disordered phase to ordered face-centred-
tetragonal (fct) structure. Theoretical simulation predicted 
both bct structure of FeCo and fct structure of FePt 
possess very high magnetocrystalline anisotropy energy.  
The dependencies of the magnetic properties on the two 
different magnetic alloy materials (FeCo and FePt) and their 
fabrication methods have been investigated. Morphologies 
and	 sizes	 of	 the	 prepared	FeCo	 and	FePt	 nanostructures	
have	been	analyzed	by	Transmission	Electron	Microscopy	
(TEM).	 Structural	 and	 phase	 identification	 have	 been	
carried out by X-Ray Diffractions (XRD), and magnetic 
properties	 have	 been	 characterized	 by	Vibrating	 Sample	
Magnetometer (VSM). 

 A01675-03452 

Substrate Effects on Magnetic FePt Nanofilm

Pei Ling LOW; Bee Eng YONG; Boon Hoong ONG; 
Mitsunori MATSUMOTO;	Teck	Yong	TOU 
Faculty of Engineering, Multimedia University, 
Cyberjaya, Malaysia

Tetragonal L10	structure	of	FePt	thin	films	has	generated	large	
interest for the application in ultrahigh density magnetic 
recording due to its extremely high magnetocrystalline 
anisotropy constant of 7 x 107 erg/cm3, which able to 
overcome	the	 influence	of	superparamagnetic	effect,	and	
allow	 magnetic	 grains	 with	 size	 of	 a	 few	 nanometers.	
Corning glass, MgO single crystalline glass, and Si glass 
are the substrates that usually been using in the preparation 
of	FePt	films.	It	have	been	reported	that	reduction	of	the	
L10	ordering	temperature	of	 the	FePt	films	is	required	to	
use glass or Si substrates, where the introducing stress 
and the exchange coupling have been found to reduce the 

ordering temperature effectively. This study investigates 
the consequences of substrates effect on the quality of 
the	 FePt	 films,	 including	 its	 crystalline	 structures	 and	
magnetic properties, for magnetic recording application. 
In	the	experiment,	80nm-thick	FePt	thin	films	have	been	
prepared by DC magnetron sputtering at room temperature 
onto	 three	 different	 kinds	 of	 substrates:	 Corning	 1737	
glass, normal glass, and Si wafer, respectively. The as-
deposited	FePt	films	have	been	subsequently	post-annealed	
in	 furnace	 at	 700ºC	 for	 1	 hour	 duration.	 Thickness	 and	
microstructural properties of the prepared FePt samples 
have been examined by x-ray diffractometer (XRD), and 
magnetic properties have been measured by vibrating 
sample magnetometer (VSM). The XRD spectras showed 
L10	 (001),	 (200),	 and	 (002)	 peaks,	 which	 indicate	 that	
ordered FePt structures have been obtained, and the typical 
hysteresis loops showed coercivity values ranging between 
2	 to	 4kOe.	Higher	 intensity	 peaks	 and	 higher	 coercivity	
have	 been	 found	 on	 the	 FePt	 films	 that	 deposited	 on	 Si	
wafer, followed by Corning substrates, and the least on 
normal glass. The structural and magnetic properties of the 
FePt	films	have	been	affected	by	the	structures	and	surface	
of the substrates itself, where the stresses that have been 
introduced during the growth of the FePt magnetic layer 
varied with substrates.

 A01715-02991 

Universal Surface Ferromagnetism in 
Nanoparticles of Inorganic Materials

Sundaresan ATHINARAYANAN 
Chemistry and Physics of Materials Unit, Jawaharlal 
Nehru Centre for Advanced Scientific Research, 
Bangalore, India

It	is	well	known	that	magnetism	in	materials	is	associated	
with	 magnetic	 moments	 of	 partially	 filled	 electrons	 of	
transition metals or rare-earth ions. We have found that 
many inorganic materials having no unpaired electrons 
exhibit room-temperature ferromagnetism when they are 
made	 at	 nanometer	 size.	 For	 example,	 the	 nanoparticles	
of CeO2, Al2O3,	 ZnO,	 MgO,	 In2O3, TiO2, SnO2, GaN, 
and CdS show ferromagnetism at room temperature 
with	 a	weak	 saturation	magnetization	 (	 ~	 0.001	 emu/g).	
Conversely,	 the	 bulk	 samples	 obtained	 by	 sintering	 the	
nanoparticles at high temperatures became diamagnetic. 
The ferromagnetism arises from magnetic moments 
created by cation or anion defects on the surface of the 
nanoparticles. The surface ferromagnetism could be seen 
even in superconducting oxides, YBa2Cu3O7-δ (YBCO) (Tc = 
91 K) and also in nitrides such as NbN and δ-MoN at room 
temperature. Interestingly, such a surface ferromagnetism 
could be combined with ferroelectricity to produce 
the classic ferroelectric BaTiO3 as multiferroic at the 
nanoscale where the ferroelectricity comes from the core 
while	the	ferromagnetism	is	confined	to	the	surface	of	the	
particles. In all these materials, the ferromagnetic transition 
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temperature is above 400 K. It should be noted that the 
ferromagnetism reported in the so-called Oxide Dilute 
Magnetic	Semiconductors	(ODMS)	are	either	thin	film	or	
nanoparticles form with critical temperature above 400 K. 
Moreover,	 the	 magnitude	 of	 saturation	 magnetization	 is	
comparable to that found in these nanoparticles. Therefore, 
it appears that the reported ferrmagnetism in ODMS has 
similar origin as these nanoparticles. 

 A01726-03008 

Synthesis and Characterization of Mn-Zn Ferrite 
Nanoparticles

Sangeeta DAHOTRE;	Lakshminarayan	SINGH 
Department of Physics, Dr. Babasaheb Ambedkar 
Technological University, Maharashtra, India

Ferrimagnetic substances exhibit a substantial spontaneous 
magnetization	at	room	temperature,	just	like	ferromagnetics,	
and	this	fact	alone	makes	them	industrially	important.	The	
large	resistivity	of	ferrites	makes	it	ideal	material	for	high	
– frequency applications.

High initial magnetic permeability, low magnetic loss 
and high electrical conductivity are the most advantages 
features	 of	Mn-Zn	 ferrites	 as	 the	main	 category	 of	 soft	
magnetic	materials.	Therefore	Mn-Zn	ferrites	are	mainly	
used for cores of inductors, transformers, recording heads 
and in switch mode power supplies. The properties of 
Mn-Zn	ferrites	depend	mainly	on	technique	and	condition	
of preparation which in turn affect cation distribution 
over the tetrahedral A-site and octahedral B-site. In this 
work	 the	 cation	 distribution	 and	 magnetic	 properties	 of	 
Mn1-xZnxFe2O4  (x = 0, 0.2, 0.35, 0.6, 0.65) were studied 
using X-ray diffraction, electron spin resonance and 
vibrating sample magnetometer.

Mn-Zn	ferrite	has	been	synthesized	by	sol-gel	technique.	
The	 crystallite	 size,	X-ray	 density,	 lattice	 parameter	 and	
interplaner distance are recorded from X-ray analysis. It has 
been	observed	that	crystallite	size	decreases	as	percentage	
of	zinc	addition	increases.	The	crystallite	size	varies	from	
20nm to 100nm and lattice parameter varies from 8.50A0  
to 8.71A0. It has also been observed that crystal density 
decreases with increase in Mn ion content, which could be 
attributed to the atomic weight and the radii of constituent 
ions. The crysal density for the samples varies from 4.65 
gm/cm3 to 5.14 gm/cm3. The calculation of the resonance 
line	width,	resonance	field	and	effective	g-factor	has	been	
done by ESR technique.

It has been found that the resonance line width is decreasing 
with temperature. It has also been observed that resonance 
field	 is	 increasing	 with	 temperature.	 The	 broadening	 of	
line width indicates that sample have more electric loss. 
The spin-spin relaxation time limits the broadening of 
line width. The IR-spectra of sample was also recorded 
by FTIR.

 A01755-03067 

Attacking Cancer Cell by Heat and Drug via 
Magnetic Nanoparticulates

Dhirendra BAHADUR 
Metallurgical Engg and Materials Science, IIT Bombay, 
Maharashtra, India

Nano	structured		magnetic	materials		find		applications	in	
variety of areas ranging from information technology to 
bio medical research. I shall present here some aspects of 
our	recent	work	in	this	area	at	IIT,	Bombay.		Magnetic	nano	
particulates ( MNPs) with different shapes, composites, 
hybrids,	 core	 shell	 	 structure	 and	magnetic	 fluids	 	 have	
been prepared by various soft chemical methods. Such 
magnetic materials with Curie temperature (Tc) between 
42°C	and	60°C,	with	sufficient	biocompatibility	are	the	best	
candidates for effective treatment for cancer by providing 
heat exploiting the hysteresis, Neel and Brownian losses 
such that during therapy it acts as in vivo temperature 
control switch and thus over heating could be avoided. 
We discuss here, a combined therapeutic approach, i.e 
magnetic nano particulates based hyperthermia along with 
chemotherapy for more effective therapy of cancer. For 
efficient	 delivery	 of	magnetic	 nano	 paticulates	 and	 drug	
to	cancer	tissue,	magnetic	fluid		based	release	systems	will	
be discussed with different possibilities of thermosensitive 
and pH sensitive polymers, gels and lipids. For the targeted 
and sustained delivery, some of our recent results will be 
discussed. The mechanism of cell death during controlled 
experimental conditions will be discussed. We will also 
address some diagnostic issues using these magnetic 
nanoparticulates. For example, the advantage of using 
these MNPs as contrast agent for magnetic resonance 
imaging will be brought about.

 A01770-03102 

Novel Glassy FePBNb Alloys with High 
Magnetization and Excellent Low Loss 
Characteristic for Inductor Core Material

Hiroyuki	MATSUMOTO1;	Akiri	URATA1; 
Yasunobu YAMADA1;	Akihiro	MAKINO2 
1. Research and Development Center, NEC TOKIN 
Corporation, Sendai, Japan
2. Institute of Material Research, Tohoku University, 
Sendai, Japan

INTRODUCTION

The inductor in a power supply is required to be capable 
of dealing satisfactorily with the high-current supply 
and to improve the power loss characteristic. Therefore, 
we focused on glassy metal alloys with low magnetic 
anisotropy, and developed novel glassy metal alloys with 
a chemical composition Fe(97-x-y)PxByNb3. Fe(97-x-y)PxByNb3 
can have a stable amorphous structure due to a high 
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glass-forming	ability,	achieving	a	 large	critical	 thickness	
of 110-150mm in a wide chemical composition range. 
Thereby, Fe(97-x-y)PxByNb3 features both a high saturation 
magnetic	flux	density	of	1.3T	and	excellent	low	core	loss	
characteristic	of	650kW/m3 ,which are suitable for glassy 
metal powder/resin composite core. In addition, optimum 
annealing temperature of 573-623K for these alloys also 
can be lower than that of 773-823K for the ordinary 
Fe73Si10B15Cr2, which is important for the mass production 
of inductor core using soft magnetic material powder. 

EXPERIMENTS

The glassy metal Fe(97-x-y)PxByNb3 and the amorphous 
Fe73Si10B15Cr2 alloy ingots were prepared by arc melting in 
an Ar atmosphere. A single-roller melt-spinning method in 
an	Ar	atmosphere	was	used	to	produce	the	rapidly	solidified	
ribbons	having	a	width	of	about	1mm	and	thickness	of	about	
25-30 µm. The as-quenched ribbons were punched out and 
laminated into a toroidal shape to be used as samples. The 
glassy	metal	alloy	powder	was	made	by	a	water	atomize	
method.	The	powder,	having	an	average	particle	size	of	15	
µm, was mixed with a resin binder, and after granulation, 
pressurizing	molding	was	 done	 to	 create	 the	 ring	 shape	
core　with	71-73%	packing	density.	Core	 loss	 (300kHz,	
50mT)	were	measured	by	B-H	analyzer.	

RESULTS AND DISCUSSION

Fe77P7B13Nb3 has	highest	critical	thickness	(Tmax)	of	150µm 
than conventional amorphous Fe73Si10B15Cr2 because of 
having the high glass-forming ability (GFA) relating the 
existence of the super cooled liquid region (∆Tx). A high 
glass-forming ability was observed in a very wide range of 
the composition from Fe77P13B7Nb3 to Fe77P7B13Nb3. Since 
Fe(97-x-y)PxByNb3 alloys has high glass-forming ability, these 
alloys	can	be	manufactured	in	the	case	of	making	glassy	
metal alloy powder for inductor. Therefore, Fe77P7B13Nb3 
has	 excellent	 low	 loss	 characteristic	 of	 650	 kW/m3 
compared with conventional amorphous Fe73Si10B15Cr2. 
Fe77P7B13Nb3 and Fe77P11B9Nb3 also have low optimum 
annealing temperature which is suitable for practical use 
of 623K than Fe73Si10B15Cr2 of 773K. 

CONCLUSION

The glassy metal alloy Fe77P7B13Nb3 has high GFA leading 
to	a	ribbon	with	a	critical	thickness	150mm	due	to	having	
a stable amorphous structure in wide range chemical 
composition. Therefore, glassy metal alloy Fe77P7B13Nb3 
shows excellent lower loss characteristics than the 
conventional amorphous alloy by approximately 1/3. In 
addition, lower optimum annealing temperature of the 
glassy alloy is useful for practical use.

 A01771-03103 

Intensive Enhancement of Magnetic Properties 
in Rare Earth and Cobalt Codoped ZnO based 
Spintronic Materials

Sean LI 
The University of New South Wales, NSW, Australia

Spin-polarized	 materials,	 which	 allow	 spin-polarized	
carriers	 to	 be	 efficiently	 injected,	 transported	 and	
manipulated in semiconductor hetero-structures, 
are	 essential	 for	 the	 realization	 of	 new	 spin-based	
multifunctional	devices.	 	In	this	work,	a	new	ZnO	based	
spintronic material was developed using rare earth 
elements and Co codoping technology.  The codoped 
material	 with	 optimized	 stoichiometric	 atomic	 ratio	 has	
3	times	higher	saturated	magnetization	than	the	materials	
doped with either rare earth element or Co only.  The 
appearance of strong magnetoresistance in the codoped 
materials indicates that the rare earth elements may 
play	 an	 important	 role	 to	 construct	 the	 spin	 polarization	
network.		Further	investigation	shows	that	the	orbital	spin	
of electrons induced by the rare earth ions in the materials 
are responsible for the superior magnetic properties.  
The individual magnetic moment contributed by the 
rare	 earth	 element	 and	Co,	which	were	 characterized	by	
X-ray magnetic circular dichrosim, is used to reveal the 
mechanism behind the intensive enhancement of electron 
spin	polarization.

 A01772-03104 

Giant Magnetoimpedance in Ferromagnetic and 
Antiferromagnetic Oxides

Mahendiran RAMANATHAN 
Department of Physics, National University of Singapore, 
Singapore

Impedance spectroscopy  is one of the powerful techniques 
used to investigate dielectric and structural relaxations 
in	 insulating	 	 and	 semiconducting	 solids.	 In	 this	 talk,	 I	
show that impedance spectroscopy is an extremely useful 
technique to investigate magnetic properties of metallic 
materials. It is shown that certain oxides show  a sharp 
increase in ac impedance at the magnetic transition which 
is not otherwise observed in dc electrical transport. The 
magnitude of ac magnetoresistance can be drastically 
decreased	 by	 a	 magnetic	 field	 of	 few	 hundred	 gauss	
(“Giant	magnetoimpedance	effect”)		which	makes	it	more	
attractive for practical applications as magnetic sensors. 
In addition, we show that although magnetoresistance  
is	 negative	 and	 shows	 a	 single	 peak	 at	 the	 origin	 
(H = 0 T) over a wide range of frequency and magnetic 
field,	 	magnetoinductance	changes	sign	from	negative	 to	
positive	and	single	to	double	peak	structure	with	increasing	
frequency. The observed features in magnetoreactance 
suggest possible occurrence of ferromagnetic resonance 
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in	MHz	 range.	We	 compare	 and	 contrast	 our	 results	 in	
ferromagnetic metallic manganites La0.67Ba0.33MnO3 and 
insualting antiferromagnetic   Pr0.5Sr0.5MnO3.

 A01790-03271 

Estimation of the Size Distribution of Magnetic 
Nano-particles Using Magnetization Curve by 
VSM

Wenzhong	LIU; Ming ZHOU; Li KONG; 
Jingjing CHENG 
Department of Control Science and Engineering, 
Huazhong University of Science and Technology, Wuhan, 
China

This	paper	illustrates	a	method	of	reconstructing	the	size	
distribution of magnetic nano-particles (MNP) using a 
magnetization	curve	measured	on	a	water-based	MNP.	To	
obtain	 the	 size	 distribution	 function,	 the	 solution	 of	 the	
integral	 equation	 describing	 fine	 particle	 magnetization	
in	 an	 external	 field	must	 be	 found,	without	 any	 a	 priori	
assumptions	on	the	shape	of	size	distribution	p(d). From 
an	engineering	perspective,	MNP’s	magnetization	property	
can be formulated numerically as

M(Hi) =A(i,j) p(dj) (1) 

Singular value decomposition (SVD) methods were 
previously	used	by	D.	V.	Berkov	to	solve	Eq.	(1)	in	order	
to	obtain	size	distribution	p(d).	For	the	sake	of	eliminating	
sedimentation and glomeration in a long time measurement, 
VSM	is	used	 instead	of	SQUID	 to	obtain	magnetization	
curve. Solution procedure consists of two steps. For the 
starting step a SVD of matrix A=U*S*V’ using singular 
value threshold smin. Due to the ill-conditioned nature of 
the problem the estimation quality of depends dramatically 
on the round-off error and experiment error. Then our next 
step	is:	reconstructing	size	distribution	using

p(dj)=V*S-1*U’*M(Hi)

Here * denotes multiply and ‘ denote matrix transposition. 
The question is a strong oversmoothing of the reconstructed 
peaks	occurs	with	oversized	threshold.	When	the	threshold	
is lowered, oversmoothing disappears, yet strong error-
induced oscillation is observed. From the computational 
mathematics perspective, possible reasons for the 
oscillation	could	be	any,	or	all,	of	 the	following:	 lack	of	
information, measurement error, and machine accuracy. 
In	 this	 study,	 a	method	utilizing	up	 to	 60	 sample	 points	
of	 magnetization	 curves	 obtained	 from	VSM	 is	 used	 to	
achieve a more favorable solution. This shows that proper 
sampling,	to	some	extent,	can	suppress	artificial	oscillation.	
However, eliminating oscillation in this manner could be 
difficult.	

Incorporating restrictive conditions according to prior 
knowledge	is	normally	conducted	to	attain	solutions	from	

ill-posed	 equations.	 In	 order	 to	 take	 advantage	 of	 more	
priori	 knowledge	 like	 nonnegativity	 nature	 of	 grain-size	
distribution,	Tikhonov	proposed	 a	 regularization	method	
used	 for	 ill-posed	 equation	 to	 suppress	 this	 artificial	
oscillation signals. First let

A*A’*p(dj)=A’*M(Hi)

and	 a	 threshold	 of	 ε	 is	 used	 to	 obtained	 a	 approximate	
solution of original equation, as

(A*A’+ε*I)*p(dj)≈A’*M(Hi)

Here	I	is	a	uint	matrix.	For	detailed	descriptions	of	Tikhonov	
regularization	method	please	refer	to	the	related	literatures.	
In	this	way,	we	find	that	size	distributions	from	Tikhonov	
SVD (TSVD) are stable and in good agreement with the 
magnetization	curve.	As	predicted	in	previous	theoretical	
analyses,	 and	 based	 on	 our	 estimates,	 a	 lognormal-like	
distribution of MNP can be found in single-origin MNP. 
The	results	were	found	to	be	in	accordance	with	the	size	
distribution obtained from TEM.

This paper is supported by Research Fund for the Doctoral 
Program of Higher Education of China (200804871136)   
and Natural Science Fund of Hubei Province, China 
(2008CDB320).

 A01802-03150 

The Mechanism of Magnetic Moment Enhancement 
in1-D Bimetallic Multi-Sandwich Molecular Wires

Lei SHEN1; Shuo-Wang YANG1; Yuanping FENG2 
1. Computational Material Science, Institute of High 
performance computing, Singapore
2. Department of Physics, National University of 
Singapore, Singapore

Followed by our pervious studies on 1-D monometal 
sandwich molecular wire, we extend our study to 1-D 
bimetallic multi-sandwich molecular wires (MSMWs), 
(FeCpMCp)∞ (M = Sc, Ti, V, Cr, Mn and Cp = 
cyclopentadienyl). Based on density functional theory 
calculations, it is found that aforementioned MSMWs to 
exhibit a large magnetic moment enhancement compared 
to the corresponding monometallic system (MCp)n. Here, 
we	focus	on	bimetallic	multi-decker	systerm	(FeCpVCp)∞	
which has been studied experimentally and aim to understand 
the mechanism of the magnetic moment enhancement. It is 
revealed that the magnetic moment enhancement is due to 
an unusual electron transfer between M and Cp as well as 
between	the	metals.	We	combine	crystal	field	theory	with	
DOS and band structure analysis to study the local electron 
configurations	on	Fe	and	V	atoms	and	elucidate	the	total	
magnetic moment per unit and the magnetic moment 
on each metal quantitatively. In addition, we propose a 
growth	 mechanism	 for	 the	 decker	 molecular	 clusters,	 
Vn(FeCp2)(n+1) (n=1~3), based on reported experimental 
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observations and our present theoretical results. Finally, 
we suggest that (FeCpMCp)∞ can be semiconducting, 
metallic, and even half-metallic depending on the metal 
chosen. 

 A01810-03160 

Magnetization Reversal of (Co/Pd) Magnetic 
Nano-dots

Rachid SBIAA;	Zhong	Hua	CHO; 
S. N. PIRAMANAYAGAM; Randall LAW; 
Seng Kai WONG 
Agency for Science, Technology and Research, Data 
Storage Institute, Singapore

Bit-patterned	media	(BPM)	where	magnetic	islands	“bits”	
are magnetically separated from each other offers a viable 
route towards terabits/in2 range areal density.

In this study we investigated the correlation between 
crystallographic	 texture	 and	 switching	 field	 and	 its	
distribution in BPM. Magnetic nanodots of (Co/Pd) 
multilayers with 60 nm diameter and 120 nm pitch have 
been fabricated by electron beam lithography and ion 
milling. Crystallographic texture of (Co/Pd) multilayer 
was	modified	by	depositing	 the	films	at	different	Ar-gas	
pressures ranging from 1.5 to 5 mTorr. 

It was observed that (Co/Pd) multilayers have better 
texture	when	 deposited	 at	 high	 pressure.	 Rocking	 curve	
measurements using X-ray Diffraction (XRD) indicated 
that	the	dispersion	of	fcc(111)	peak,	∆θ50, decreased from 
5.2º	at	1.5	mTorr	down	to	3.8º	at	5	mTorr.	Magnetization	
switching	of	the	patterned	films	determined	from	magnetic	
force microscopy (MFM) at remanence states, shows 
almost	no	difference	for	films	deposited	at	1.5	and	3	mTorr	
while	an	 increase	of	2	kOe	 in	mean	switching	field	was	
observed	for	films	deposited	at	5	mTorr.	By	normalizing	
remanence	magnetization	 curves	 by	 the	mean	 switching	
field,	 almost	 similar	 switching	 field	 distributions	 were	
observed	for	all	the	films	even	though	the	crystallographic	
texture was different. This suggests that the SFD may not 
be closely dependent on texture. However, the observation 
of	 higher	 switching	 field	 indicates	 that	 better	 texture	 is	
desired for thermal stability at high areal density. From 
these	 results,	 the	origin	 for	 the	 change	 in	SFD	 for	films	
deposited at different pressures may be related to other 
extrinsic	 and	 intrinsic	 factors	 such	 dots	 size	 distribution	
and anisotropy distribution from one dot to the other. 

Magnetic nanodots with 60 nm diameter are thermally 
stable due to large KuV/kBT (Ku is the anisotropy energy, V 
is	the	volume,	kB	is	Boltzmann	constant	and	T	is	the	absolute	
temperature). To evaluate thermal stability dependence on 
crystallographic texture, MFM measurements at different 
sweeping rates are conducted and thermal stability 
comparison with different structures will be presented.

 A01824-03819 

High Resolution Magnetic Force Microscopy 
Using Tips with a Narrow Dipole

Ei-Leen TAN; 
Seidikkurippu	Nellainayagam	PIRAMANAYAGAM; 
Seng Kai WONG; Rachid SBIAA; K. O. AUNG; 
Yew Seng KAY 
Spintronics, Media and Interfaces, Data Storage Institute, 
Singapore

Magnetic nanostructures are interesting from the point of 
view of fundamental understanding as well as potential 
applications.	 Hard	 disk	 media,	 spintronic	 devices,	 and	
magnetic nanoparticles  for biomedical applications are 
just a few among them. For several applications such as 
hard	disk	media	and	spintronics	devices,	the	sizes	of	such	
nanostructures	 keep	 shrinking	 in	 order	 to	 improve	 the	
performance of the devices. For example, the recording 
media	researchers	are	aiming	at	10	nm	sized	dots	with	a	
pitch of 20 nm for the next generation technology called 
patterned media. Even in the recording media used in 
current	hard	disk	drives,	 the	bits	are	closely	packed	at	a	
center-to-center spacing of 12-16 nm. Magnetic force 
microscopy could not be performed to resolve such 
bits	 without	 exhaustive	 modifications.	 Magnetic	 force	
microscopic tips with an antiferromagnetic coupling has 
been in the past, to obtain a narrow dipole, which could 
resolve features as small as 30 nm. In this paper, we have 
adapted a novel method to obtain pointed dipole which 
could help to obtain a resolution of 13 nm.

Standard uncoated force modulation tips (NanoWorld 
Arrow	(tm)	FM)	were	sputter	deposited	CoCrPt	thin	films	
under different conditions.  The tips have force constants 
of 2.8 N/m and tip radii of less than 10 nm.  MFM scans 
were obtained with a Veeco Dimension 3100 scanning 
probe microscope in tapping/lift mode.

To	 evaluate	 the	 spatial	 resolution	 of	 the	 tips,	 hard	 disk	
media with high-density information are the ideal choice. 
Therefore,	 data	 tracks	 were	 written	 onto	 CoCrPt:SiO2 
perpendicular media at linear recording densities ranging 
from	 800	 to	 1000	 kfci;	 these	 correspond	 to	 bit	 lengths	
of between 20 – 30 nm.  Magnetic force images of the 
data	tracks	obtained	using	our	tips	show	clear	transitions	
with well-resolved recording bits.  An analysis of the 
power	 spectra	 of	 the	 magnetic	 track	 profiles	 show	 that	
the resolution of the tips is approximately 13 nm.  The 
effect	 of	 sputtering	 conditions	 and	 film	 thicknesses	 on	
the magnetic image resolution is also investigated. The 
physics of the novel MFM tip and the experimental results 
will be presented in detail. 
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 A01861-03217 

Spin and Charge Pumping in Magnetic Tunneling 
Structures

T MORIYAMA1; W.G. WANG1; R CAO1; X FAN1; 
J KOLODZEY2; S.H. CHEN3; C.R. CHANG3; 
Y TSERKOVNYAK4; B.K. NIKOLIC1; John Q. XIAO1 
1. Department of Physics and Astronomy, University of 
Delaware, Newark/DE, United States
2. Department of Electrical and Computer Engineering, 
University of Delaware, Newark/DE, United States
3. Department of Physics, National Taiwan University, 
Taipei, Taiwan
4. Department of Physics and Astronomy, University of 
California, Los Angeles/CA, United States

Spintronics	has	attracted	much	scientific	and	technological	
interest in recent years.   The spintronic devices evolve 
from simple spin valve (SV) type structures to magnetic 
tunnel junctions (MTJ) based on amorphous Al2O3 barriers, 
and more recently to crystalline MgO barriers.  While most 
static properties have been understood, dynamic properties 
have	become	the	focal	research	effort.				It	is	well	known	
that	magnetization	 precession	 can	 be	 induced	 from	 spin	
polarized	 current,	 referring	 to	 the	 spin	 torque	 transfer	
effect. On the equal footing, a precessing ferromagnet 
excited	 by	 an	 rf	 external	magnetic	field	 can	 inject	 spins	
into a neighboring layer, termed as spin pumping effect.  
Unlike	 the	 spin	 torque	 transfer	 effect,	 the	 spin	 pumping	
effect is not expected in tunneling structures since the spin 
injection rate is negligibly small.  Nevertheless, our recent 
experiment has indicated, in Al/AlOx/Ni80Fe20/Cu (F/I/N) 
structures, that the dc voltage across the junction generated 
from precessing Ni80Fe20 is around several micro-volts, 
about an order of magnitude larger compared to the 
voltage signal observed in Cu/FeNi/Pt structures.  The 
results in F/I/F are even more intriguing, showing different 
voltage	signals	 in	parallel	and	antiparallel	magnetization	
configurations.	 All	 these	 experiments	 were	 performed	
by depositing and patterning MTJs on top of a coplanar 
waveguide, through which an amplitude modulated rf 
signal	was	 fed	 into	 the	MTs	 to	precess	magnetization	 in	
the NiFe layer.  Voltage across the junctions was detected 
using	lock-in	techniques.		

Theoretical analysis has revealed more subtle physics 
concerning charge and spin pumping in tunneling structures, 
which appears to be very different from SVs.  We have 
developed a novel theoretical formalism which provides 
quantitative	 tools	 and	 a	 remarkably	 simple	 physical	
picture to understand a variety of experimental setups with 
spin	and	charge	pumping	due	to	precessing	magnetization.		
In	 the	rotating	reference	frame,	where	 the	magnetization	
appears to be static, any multilayered junction with high 
frequency	magnetization	 dynamics	 can	 be	mapped	 onto	
a four-terminal dc circuit whose effectively half-metallic 
ferromagnetic electrodes are biased by the frequency of  
microwave	 radiation	 driving	 magnetization	 precession.	

The formalism is capable of addressing pumping problems 
in complicated setups where conventional approaches fail 
due	 to	 spin	 accumulation	 not	 being	 well-defined	 in	 an	
insulator.   These theoretical analyses indicate that both 
charge and spin pumping exist in tunneling structures 
which depends on the barrier properties.

This work was supported by US DOE DE-FG02-
07ER46374 and NSF DMR Grant No. 08242249

 A01868-03227 

Effective Approach for the Remarkable 
Improvement of Microwave Permeability

Desheng XUE; Xiaolong FAN; 
Guozhi	CHAI; Huigang SHI 
Department of Physics, Lanzhou University, Lanzhou, 
China

As	microwave	properties	can	be	significantly	affected	by	
the magnetic anisotropy, in order to improve the microwave 
permeability	 remarkably,	 an	effective	approach	 from	 the	
symmetry analysis of the magnetic anisotropy were given. 
It is found that a two-fold easy axis system is one good 
choice. Experimentally, high microwave permeability has 
been	 realized	 in	 soft	magnetic	 thin	 films	 and	multilayes	
with bianisotropy. By adjusting the magnetic anisotropy 
the resonance frequency can be changed in the range of 
5	GHz.	Furthermore,	 the	microwave	magnetic	properties	
of	multilayer	can	exceed	that	of	the	thin	film.	This	result	
is important for the microwave application in planar 
inductor, micro-transformer, electromagnetic interference 
suppressor and even in metamaterials.

This work were supported by the NSFC (Grant No. 10774062) 
and the Keygrant Project of Chinese MOE (Grant No. 309027).

 A01869-03228 

Surface Anisotropy and Tunable Exchange Bias 
in Magnetic Nanostructures

Hariharan SRIKANTH 
Department of Physics, University of South Florida, 
Tampa/FL, United States

Magnetic nanostructures are considered basic building 
blocks	 in	 spintronics	 and	 high-density	 data	 storage	
applications.	Surface	and	configurational	effects	in	oxide	
nanoparticle assemblies have been increasingly found 
to	 play	 significant	 roles	 in	 controlling	 the	 magnetic	
anisotropy.	Modification	 of	 the	 surface	 spin	 structure	 in	
magnetic oxide nanoparticles can be achieved by methods 
such as controlling the particle shapes, use of mechanical 
milling or surfactant chemistry to alter the coordination of 
surface atoms and forming interfaces with non-magnetic 
metals. We discuss how these effects often lead to novel 



54     Symposium E - Nanostructured Magnetic Materials and Their Applications

magnetic properties, useful for applications, such as 
tunable exchange bias and enhanced magnetocaloric 
effect (MCE). Surface terminations in soft ferrite 
nanoparticles, core-shell structures, composite metal-oxide 
nanostructures	and	competing	effects	due	to	blocking	and	
intrinsic geometric frustration in garnet nanoparticles 
can	 also	 contribute	 to	 significant	 changes	 in	 effective	
anisotropy. These contributions to magnetic anisotropy 
are	 notoriously	 difficult	 to	 resolve	 using	 conventional	
magnetization	 experiments.	 Over	 the	 years,	 we	 have	
pioneered the sensitive method of radio-frequency (RF) 
transverse susceptibility that is unique in terms of its ability 
to precisely probe such phenomena. We will present and 
discuss novel cooperative magnetic phenomena arising 
from surface and interface effects as probed by AC and 
RF dynamic susceptibility experiments in nanostructured 
materials.

Research supported by the US Department of Energy and the 
National Science Foundation

 A01914-03302 

Ferromagnetism in Co and F Codoped ZnO and 
SNO2 Thin Films 

Dinesh PANDYA1; Nirat RAY1; Umesh WAGHMARE2 
1. Physics Department, Indian Institute of Technology 
Delhi, New Delhi, India
2. Theoretical Sciences Unit, JN Center for Advanced 
Scientific Research, Bangalore, India

Presence of intrinsic ferromagnetism in wide band gap 
transparent	 conducting	oxides	 is	 the	key	 to	 their	use	 for	
spintronic applications. Incorporation of transition metal 
Co	 ions	 in	 the	 ZnO	matrix	 has	 been	 predicted	 to	 yield	
appreciable room temperature ferromagnetism (RTFM). 
There have been reports of obtaining robust RTFM in thin 
films	of	ZnO	and	SnO2	 doped	with	5	 -10	 at%	Co.	 	The	
magnetic moment of the Co ions in oxide matrix is rather 
low to meet the requirement of good spintronic material. 
We have attempted the codoping of the two oxides with 
Co ions at cation sites and F anions at the O-sites to study 
enhancement in the RTFM via the increased free carrier 
density	 induced	 magnetic	 ordering.	 Thin	 films	 of	 the	
codoped oxides have been produced by spray pyrolysis 
at substrate temperatures of about 400°C using aqueous 
inorganic salt solutions. The concentrations of Co and F 
upto	 10at%	 can	 be	 incorporated	 without	 any	 secondary	
phases	 being	 detected.	The	 highly	 transparent	 thin	films	
retain the parent crystallographic structure of the oxides 
with Co being incorporated as Co+2 ions at the metal ion 
sites. Magnetic moments per Co ion approaching 1 µB per 
ion have been possible. We have performed theoretical 
calculations based on density functional theory within a 
local spin density approximation to study the magnetic 
properties of transition metal (Cobalt) substituted SnO2. 
We compare our results with experimental data available 
and also with recent theoretical reports on ferromagnetism 

in	 ZnO.	 We	 investigate	 the	 effect	 of	 introducing	 extra	
carriers in the host material, which would be equivalent to 
co-doping, on the magnetic properties of the system, and 
also the conditions under which the ground state would 
be ferromagnetic. The detailed results will be presented in 
the paper.

 A01917-03310 

Synthesis and Characterization of Silver Selenide 
Particles and Bulk

Zhicheng	ZHONG1;2; Duanming ZHANG1 
1. School of Physics, Huazhong University of Science and 
Technology, Wuhan, China
2. Department of Physics, Institution of Xiangfan, 
Xiangfan, China

A	large	and	linear	field	dependece	of	the	magnetoresistance	
(MR)	effect	even	in	a	high	magnetic	field	has	already	been	
found	in	a	non-magnetic	material	like	silver	selenide	and	
telluride. This unusual MR effect attracted the interest of 
people science the potential application of the material for 
the	measure	of	a	high	magnetic	field.	So,	many	reserchers	
tried	to	find	an	appropriate	method	to	synthesize	the	material.	
Sodium chloride, selenide powder and ethylenediamine 
were used as precursors and silver selenide nanometer 
particles were prepared applying room temperature range 
of 300-600°C. Combined with X-ray diffraction analysis, 
scanning and transmission electron microscopy, the 
phase	and	the	topography	were	characterized.	The	results	
showed	 that	 α-phase	 Ag2Se nanometer particles with a 
high purity and orthorhombic structure were obtained; the 
bulk	maintain	a	orthorhombic	structure	and	stoichiometric	
ratio of Ag to Se was 2:1 which suggested that a Ag2Se 
bulk	was	prepared	successfully.

 A01918-04215 

Magnetic, Electronic, Magneto-Transport 
and Ordering Phenomena in Nanocrystalline 
Sm0.5Ca0.5MnO3 Manganites

S. K. GIRI; T. K. NATH 
Indian Institute of Technology Kharagpur, India

The rare earth doped manganites with general formula 
R1-xAxMnO3 (R= rare earth ion, A= divalent cation) 
crystallizes	in	ABO3	type	perovskite	structure. They show 
some complicated and unusual electronic and magnetic 
properties	 like	metal-	 insulator	 transition,	 ferromagnetic	
to paramagnetic transition, colossal magnetoresistance 
(CMR), electronic phase separation, charge-ordered (CO) 
state. Double exchange interactions in the Mn3+-O-Mn4+ 
network	 	 is	 supposed	 to	 be	 responsible	 for	 exhibiting	
ferromagnetism in these manganites. Charge ordering 
in doped manganites is real alternate space arrangement 
of Mn3+ and Mn4+ ions. For x = 0.5 charge ordering is 
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favorable because of the presence of equal proportion 
of Mn3+ and Mn4+ ions. Investigations show that charge 
ordering is the manifestation of charge carrier - phonon 
interaction where Jahn-Teller interaction is also important. 
The system Sm0.5Ca0.5MnO3 is a good candidate for 
studying charge ordering. The charge ordered phase is also 
an antiferromagnetic insulating phase. We have attempted 
to	 investigate	 the	effect	of	grain	size	on	charge	ordering	
of Sm0.5Ca0.5MnO3 down to nanometer scale. We have 
synthesized	 our	 samples	 through	 chemical	 pyrophoric	
reaction	route.	To	vary	the	particle	size	the	samples	have	
been sintered at different temperatures. The single phase of 
the	samples	has	been	confirmed	by	their	XRD	micrographs.	
TEM	 and	 FESEM	 micrographs	 have	 been	 utilized	 to	
determine	their	average	particle	size.	Temperature	dependent	
resistivity and ac susceptibility have been measured down 
to 77 K. We have observed an abrupt change in resistivity 
around charge ordering temperature TCO = 270 K and no 
metallic	 phase	 for	 the	 samples	with	higher	 particle	 size.	
The	magnetoresistance(MR)	{	defined	as	100[ρ(H)-ρ(0)]/	
ρ(0)}for	the	both	bulk	and	nanometric	sample	is	negative	
although  the value, as well as the temperature dependence 
is	qualitively	different.	The	insulating	CO	state	of	the	bulk	
sample is completely suppressed on application of high 
field.	The	MR	at	lowest	temperature	is	very	high	for	bulk	
sample in contrast of the nanocrystral sample.

 A01961-03394 

Compositional Dependent Study of Magnetocaloric 
Effect in La Based Manganites

Suresh Kumar VANDRANGI;	Vinayak	B. N; 
Mark	LAM; Mahendiran RAMANATHAN 
Physics, National University of Singapore, Singapore

Due	to	both	fundamental	as	well	as	significant	technological	
importance, the research on magnetic refrigeration (MR) 
near room temperature has been very actively developed 
in recent years. The conventional gas compression 
technology	offers	quite	 low	efficiency	and	working	with	
media such as freon leads to environmental concerns. In 
contrast, the magnetic solid materials have much larger 
magnetic	entropy	change	(ΔSM) near the Curie temperature 
TC,	crucial	to	MR,	and	the	energy	efficiency	of	a	magnetic	
cycle can be much higher than that of a gas process. As a 
consequence, magnetic materials exhibiting large magneto 
caloric effect (MCE) are considered as potential candidates 
for MR. Reports on manganites exhibiting large MCE 
have attracted a considerable attention in the last one-and-
half	decade.	A	remarkable	feature	in	manganite	systems	is	
that the Curie temperature and magnetic entropy change 
can be tailored for room-temperature applications through 
a suitable choice of chemical composition. Keeping in 
view	of	the	optimal	values	of	Curie	temperature	and	ΔSM, 
we have investigated magnetocaloric effect in La0.67Ba0.33-

xCaxMnO3 and La0.67Ba0.33-xSrxMnO3 (x=0, 0.1, 0.2, 0.25 
and 0.33) systems. The magnetic transition temperatures 

for La0.67Ba0.33-xCaxMnO3 are Tc= 317K, 301K, 281K, 
271K and 263K and for La0.67Ba0.33-xSrxMnO3 , Tc= 317K, 
337K, 354K, 368K and 373K for x= 0, 0.1, 0.2, 0.25 
and 0.33, respectively. With Ca and Sr doping  at Ba 
sites in La0.67Ba0.33MnO3 the Tc decreases and increases, 
respectively. La0.67Ba0.33MnO3, La0.67Ca0.33MnO3 and 
La0.67Sr0.33MnO3 exhibit	peak	values	of	3.32,	6.34	and	3.24	
J/kg	K,	respectively		for	ΔSM	under	external	field	variation	
of 3T and, as expected, the temperatures corresponding to 
these	 peak	 values	 are	 close	 to	 their	 respective	 transition	
temperatures. The paramagnetic to ferromagnetic transition 
in La0.67Ca0.33MnO3	 is	 accompanied	 by	 significant	 lattice	
changes. This concomitance of structural and magnetic 
transitions	strongly	influence	the	ΔSM and hence has highest 
value compared to La0.67Ba0.33MnO3 and La0.67Sr0.33MnO3, 
where in the transition is purely magnetic. Correspondingly 
the	nature	of	magnetic	transition	determined	to	be	first	order	
in La0.67Ca0.33MnO3 and second order in La0.67Ba0.33MnO3 and 
La0.67Sr0.33MnO3  as suggested by Banerjee. A comparison 
of	values	of	ΔSM as a function of temperature at different 
doping concentrations of Ca and Sr in La0.67Ba0.33MnO3 
reveals	that	ΔSM value increases with Ca doping at Ba sites 
in  La0.67Ba0.33MnO3	with	it’s	peak	position	shifted	to	lower	
temperatures whereas, there is no observable change in the 
peak	value	of	ΔSM of Sr doped La0.67Ba0.33MnO3,  except 
that	peak	position	shifts	to	higher	temperatures.

 A01982-03421 

Nanostructured SmCo5 Thin Films with 
Perpendicular Anisotropy 

Lina ZHANG1; Jiangfeng HU2; Jingsheng CHEN1; 
Jun DING1 
1. National University of Singapore, Singapore
2. Data Storage Institute, Singapore

SmCo5 alloy has the highest magnetic anisotropy constant 
(Ku= 1.1×108 erg/cm3 ) among all of the ferromagnetic 
materials. Recently, SmCo5	thin	films	with	a	(0001)	texture	
exhibiting perpendicular anisotropy have attracted great 
attentions for the application as a perpendicular recording 
medium. The (0001) texture of SmCo5 can be induced by 
the (111) texture of the Cu underlayer because of the small 
lattice mismatching between SmCo5 (0001) and Cu (111). 
There	 is	 only	 2%	 along	 the	 edge	 of	 hexagonal	 lattice.	
Recent studies indicate that a good (111) texture of the 
Cu	underlayer	requires	a	certain	thickness	(>100nm). By 
introducing	a	Ti	or	a	Ru	seedlayer,	the	critical	thickness	of	
Cu can be reduced. However, there is no obvious SmCo5 
(0001) texture observed.

In	 this	work,	we	prepared	SmCo5	 thin	films	with	a	high	
perpendicular	 coercivity	 up	 to	 20kOe.	We	 found	 a	 very	
thin seedlayer (4nm) of Ta can improve the crystallinity 
and texture of (111) Cu underlayer. The high quality 
Cu underlayer can result in high magnetic performance 
of SmCo5	 thin	 films.	 From	 the	 XRD	 results,	 the	 half	
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maximum	 of	 the	 rocking	 curve	 of	 SmCo5	 (0001)	 peak	
was as small as 3.4° and the high-index SmCo5 (0003) 
diffraction	peak	was	clearly	observed.	The	SmCo5 (000l) 
peaks	were	 shifted	 to	 the	 smaller	angle	compared	 to	 the	
standard powder sample which may indicate the formation 
of SmCoCu alloy through the Cu diffusion. SIMS and 
EDX	results	confirmed	the	Cu	diffusion	into	SmCo	layer.	
The magnetic properties of SmCo5	thin	films	were	found	
to be dependent on deposition temperature. 400°C is the 
optimized	 temperature	 for	 the	 magnetic	 properties	 of	
SmCo5	thin	films	and	325°C	is	the	minimum	temperature	
demand	for	the	crystallization	of	the	SmCo5 phase.

 A01997-03468 

Study of Magnetic and Electrical Properties of 
Nanocrystalline Mn Doped NiO

Philip Raja S;	Venkateswaran	C 
Department of Nuclear Physics, University of Madras, 
Chennai, India

Diluted Magnetic Semiconductors (DMS) are intensively 
explored in recent years for its applications in spintronics, 
which	 is	 expected	 to	 revolutionize	 the	 present	 day	
information technology. Nanocrystalline Mn doped NiO 
samples were prepared using chemical co-precipitation 
method	 with	 an	 aim	 to	 realize	 room	 temperature	
ferromagnetism.	X-ray	diffraction	(XRD)	patterns	confirm	
the phase pure formation of Ni1-xMnxO	up	to	2	%	doping	
of Mn. Scanning electron microscopy (SEM) and Energy 
dispersive X-ray analysis (EDAX) results reveal the 
nanocrystalline nature of the samples, agglomeration of 
the	 particles,	 considerable	 particle	 size	 distribution	 and	
the near stoichiometry. Vibrating Sample Magnetometer 
(VSM) measurements indicate paramagnetic behavior at 
room	temperature	for	the	phase	pure	samples.	The	lack	of	
free carriers is expected to be the reason for the absence of 
ferromagnetism, which is in agreement with the resistivity 
measurements using impedance spectroscopy. Arrhenius 
plot show the presence of two thermally activated regions 
and the values of activation energies for the nanocrystalline 
Mn doped samples were found to be greater than that of 
undoped NiO. This is attributed to the doping effect of 
Mn.	 However	 no	 significant	 change	 could	 be	 observed	
in the dielectric property of the samples because of the 
introduction of Mn ions in to NiO.

One of the authors SPR thank the CSIR, Government of India, for 
the award of a Senior Research Fellowship (2008).
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Magneto-optical Investigation of Local Magnetic 
Properties and Micromagnetic Structure of As-
cast and Annealed Nanocomposite NiFe/Cu and 
81NMA/Nb microwires

Elena SHALYGUINA1;	Aleksander	SHALYGIN1; 
Anatolii PROKOSHIN2; Vitalii MELNIKOV1 
1. Faculty of Physics, Moscow State University, Moscow, 
Russian Federation
2. Lab. of Ferrous Metallurgy, Central Research Institute 
of Ferrous Metallurgy, Moscow, Russian Federation

Results on the magneto-optical investigations of the near-
surface local magnetic properties and the micromagnetic 
structure	(equilibrium	distribution	of	magnetization)	of	the	
as-cast and annealed NiFe/Cu and 81NMA/Nb microwires 
are presented. The above wires of the diameters D = 50, 
100 and 140 µm	were	produced	by	pressing	the	rod	blank,	
its continuous drawing and subsequent annealing. The 
blank	consisted	of	Cu	 (Nb)	 rod	 in	NiFe	 (81NMA)	 tube.	
The diameters of the inner nonmagnetic core, d, and the 
magnetic outer shell were in the 40-100 and 10-27 µm 
range, respectively. A ratio of D/d was practically identical 
for all samples. The pieces of the above wires were 
annealed at temperature T = 750 and 780 oC for 1, 2 and 3 h 
under pressure P = 10-5 Torr. The length of studied samples 
was	15	mm.	An	alternating	magnetic	field	H of frequency 
f =	 80	 Hz	 was	 applied	 parallel	 to	 the	 sample	 length	 L. 
By scanning the light spot of 2-µm diameter along L, the 
distributions	of	the	near-surface	magnetization	components	
(both parallel, M||, and perpendicular, M⊥, to the applied 
magnetic	field)	and	also	local	magnetization	curves	were	
measured by using magneto-optical micro-magnetometer 
with	 a	 surface	 sensitivity	 of	 about	 the	 15-nm	 thickness	
depth and a spatial resolution up to 0.3 microns.

The	local	values	of	the	saturation	field,	HS, were discovered 
to depend on the disposition of the measured microparts 
and	on	the	thickness	of	the	magnetic	outer	shell,	tM. It was 
found that HS increases with increasing tM. In particular, 
the local values of HS for the central microparts of the 
as-cast NiFe/Cu wires with D = 50, 100 and 140 µm are 
equal to 9, 14 and 20 Oe, respectively. The magnitudes 
of HS for the end microparts are larger (about 3 times) in 
comparison with HS of the central ones that were ascribed to 
the	influence	of	variations	of	local	demagnetizing	factors.	
The	 strong	 influence	of	 annealing	on	 the	 local	magnetic	
properties was revealed. For example, in the 81NMA/Nb 
wires, annealed at T =750 oC for 1 and 3 h, the local values 
of HS were found to be respectively 2 times smaller and 
larger as compared with HS of the as-cast sample. These 
data were explained by structural peculiarities of the above 
samples.

The	 distributions	 of	 magnetization	 components	 along	
L were found to be periodic. It was found that the local 
magnetization	 components	M|| have the same sign, and 
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the circumferential components M⊥ have oscillatory, 
alternating-sign behavior. These data indicate that there are 
the near-surface circular domains with alternating left- and 
right-handled	magnetization	in	 the	neighboring	domains.	
The near-surface domain widths, W, were determined 
by using the M⊥(L)	 dependences.	 The	 magnetic	 field	
behaviour of the near-surface components shows that 
the	 dominant	 magnetization	 reversal	 mechanism	 of	 the	
microwires	 in	 the	 axial	magnetic	 field	 is	 the	 rotation	 of	
local	magnetization	vectors.

 A02030-04132 

Effect of Current Density on Magnetoimpedance 
of Electrodeposited NiFe/Cu

Amaresh MISHRA; Srinivas VEETURI; 
Awalendra THAKUR 
Department of Physics and Meteorology, Indian Institute 
of Technology Kharagpur, West Bengal, India

Since the discovery of giant magnetoimpedance (GMI) 
effect in soft magnetic materials there has been consistent 
effort to understand the phenomena in order to in order 
to tailor it’s value towards an optimum limit at relatively 
lower	 applied	 magnetic	 fields.	 Such	 a	 viability	 where	
tailoring of GMI depends on external parameters may 
be an attractive approach. It would permit tenability of 
GMI and enables us to exercise desired control over the 
properties of the material for application in magnetic 
sensors.	 In	 general,	MI	 can	 be	 defined	 as	 the	 change	 of	
impedance of a magnetic element carrying an alternating 
current,	as	a	function	of	the	external	dc	magnetic	field.	The	
MI	effect	is	generally	attributed	to	the	skin	effect,	and	can	
be related to the change of magnetic permeability when an 
axial	magnetic	field	is	superimposed	on	a	high	frequency	
AC	circumferential	field	created	by	a	current	flowing	along	
the sample.	Therefore	 soft	magnetic	films	 are	 needed	 to	
tune	the	skin	depth	easily	on	application	of	small	external	
magnetic	field.	Electrodeposition	method	is	a	simple	and	
cost	effective	method	for	the	preparation	of	thin	films	of	
binary/ternary alloys. It permits an effective approach 
to	 control	 of	 uniformity,	 thickness,	 microstructure	 and	
magnetic properties by tuning the deposition parameters 
such as deposition time, current density etc. 

In the present manuscript, we report the GMI response 
of	 ferromagnetic	 NiFe	 films	 electrodeposited	 onto	 100	
μm	 diameter	 copper	 wire.	 The	 electrodeposition	 bath	
composition	was	kept	unchanged	for	all	samples	deposited.	
However the current density of deposition was varied 
systematically from 10 mA/cm2 to 60 mA/cm2. The time 
of	deposition	was	accordingly	adjusted	so	that	thickness	of	
magnetic	film	remains	the	same	in	all	the	electrodeposited	
thin	 films.	 The	 magnetoimpedance	 of	 the	 coated	 wires	
were	measured	by	Agilent	4294A	impedance	analyzer.	A	
maximum magnetoimpedance response ((ΔZ	 /	 Z)%MAX) 
was observed in electrodeposited sample with a current 

density of 20 mA/cm2. SEM micrographs suggested 
a reasonably smooth surface microstructure of all the 
films	 i.e.	 almost	 independent	 of	 the	 current	 density	 of	
deposition (within the range used in the experiment). The 
magnetic measurement indicated that optimum softness 
was achieved at a current density of 20 mA/cm2. The EDX 
analysis conformed a composition of Ni79Fe21 was achieved 
for a current density of 20 mA/cm2. It is concluded that 
by changing the current density only, we can easily tune 
the magnetic property of electrodeposited wires without 
changing the bath composition.
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Large-Area Fabrication of Nano-network to Nano-
dot Arrays for High Density Magnetic Recording

M.	Tofizur	RAHMAN; Chih-Huang LAI 
Materials Science and Engineering, National Tsing Hua 
University, HsinChu, Taiwan

A non-lithographic fabrication method is demonstrated 
to fabricate magnetic nanostructure with gradual change 
from	nano-network	to	isolated	nanodots	covering	a	large	
area. The nanostructures are fabricated by depositing 
perpendicular Co/Pt multilayers ( MLs) on pre-patterned 
substrate.	The	whole	work	can	be	divided	into	three	parts:

In	the	first	part,	nano-network	of	Co/Pt	MLs	is	fabricated	
by	depositing	 them	on	anodized	alumina	 (AAO)	 formed	
on Si wafer where the pores (~ 10 nm) act as the pining 
sites and the areas between adjacent pores are the Co/Pt 
networks.	The	 fabricated	 structure	 can	 be	 considered	 as	
percolated perpendicular media (PPM). Coercivity and 
switching	 field	 is	 engineered	 by	 changing	 	 pore	 density	
from 2.5 to 12.1 ×1010 cm-2 in association with the variation 
of	network	width	41	nm	to	9	nm.	The	media	exhibit	strong	
perpendicular anisotropy and more than one order Hc 
enhancement	and	switching	fields	remain	unchanged	at	its	
minimum up to an angular deviation of 50° from the easy 
axis.	A	better	tolerance	of	switching-field	distributions	can	
thus be achieved, which may help to achieve a high signal-
to-noise ratio. 

In	 the	 second	 part,	 the	 gradual	 change	 of	magnetization	
process from domain wall motion to S-W rotation or the 
gradual	 change	 of	 network	 structure	 to	 dot	 structure	 is	
achieved by changing the aspect ratio of AAO. The (Co/Pt)/
AAO/Si	films	show	altered	reversal	mechanisms	depending	
on the aspect ratio of the AAO templates.  For high aspect 
ratios (A ~ 7.0 and 3.2) the Co/Pt primarily lies on top 
of the AAO and the reversal is dominated by the highly 
pinned motion of domain walls. This structure can be good 
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candidate for PPM.  As the aspect ratio is decreased to 1.6 
and	 0.7,	 magnetization	 reversal	 is	 primarily	 by	 rotation	
as the lateral dimensions of Co/Pt deposited both on top 
of AAO and inside the pores approach the domain wall 
width.	 ΔM	 measurements	 show	 a	 strong	 negative	 peak	
for the A~1.6 and 0.7 samples, indicating strong dipolar 
interactions.  This result suggests that the materials within 
the pores are physically separated from those on top of 
the	AAO.		These	composite	films	demonstrate	an	attractive	
fabrication procedure for patterned media. 

In the last part, sub 25 nm Co/Pt nanodot arrays are 
fabricated which can be used as a promising candidate 
for patterned media. The nanodot arrays are fabricated by 
depositing Co/Pt MLs onto the SiO2 dot arrays formed on 
a Si wafer. The average diameter and periodicity of the Co/
Pt nanodot arrays are 25.4 nm and 43 nm respectively with 
narrow distribution. The nanodot arrays exhibit strong 
perpendicular	 anisotropy	 and	 negative	 nucleation	 fields.	
The	 magnetization	 reversal	 is	 dominated	 by	 the	 S-W	
rotation.	Moreover,	the	strong	negative	ΔM	peak	indicates	
that the materials on the top of SiO2 dots and at the bottom 
are physically separated. These results suggest that the 
fabricated structure can be considered as an isolated 
nanodot arrays.
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Magnetic and Electrical Properties of Nickel 
Nanoparticles Prepared by Polyol Method
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Face	centered	cubic	structure	nanocrystalline	nickel	 (Ni)	
nanoparticles were  prepared by polyol method using 
nickel	 chloride	 as	 a	 precursor	 and	 	 ethylene	glycol	with	
hydrazine	 hydrate	 as	 protective	 agent.	 	 Transmission	
electron microscopy (TEM) shows spherical morphology 
of	Ni	nanoparticles	with	average	size	of	20	nm.	Vibrating	
Sample magnetometer (VSM) analysis reveals prepared Ni 
nanoparticles are superparamagnetic.  Magnetic saturation 
(Ms) and Corecivity (Hc) of prepared Ni nanoparticles is 
found to be 40 emu /g and 86 Oe respectively at 300 K. Hc 
increases to 252 Oe at low temperature (10 K). Electrical 
resistivity of Ni nanoparticles in low temperature range   
83 – 300 K is measured using four-probe technique. It is 
found to be 9 x 10-3	Ω	cm	at	83	K	and	12	x10-3	Ω	cm	at	
300 K.
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On the Ferromagnetism in Nanocrystalline 
ZnO:Ni
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The existence of room temperature ferromagnetism in 
transition	metal	(Co,	Ni,	Fe)	doped	zinc	oxide	is	still	under	
controversy.	 	While	 a	 large	 number	 of	 reports	 on	 ZnO	
suggest the intrinsic nature of the ferromagnetic character, 
some of the reports support the presence of secondary phase 
leading to the observed ferromagnetism.  The Ni doped 
ZnO	system	is	particularly	interesting.		The	solubility	limit	
of	nickel	in	zinc	oxide	is	quite	low	as	compared	to	Co,	Mn	
and Fe and it decreases as the processing temperature is 
increased.  In the present paper, we present the structural 
and	magnetic	properties	of	nickel	doped	zinc	oxide	system.		
The	ZnO:Ni	samples	were	prepared	by	chemical	method.		
The	samples	were	prepared	using	zinc	acetate	tetrahydrate,	
nickel	 acetate	dihydrate	 and	polyvinyl	pyrrolidane.	 	The	
precursor in the desired amount were dissolved in DI water 
and heated at 90°C.  The so formed mass was then calcined 
at 500°C for 1 h and then sintered at higher temperature 
of 600, 700, 800 and 900°C for 12h at each temperature.  
These	 pellets	were	 characterized	 after	 annealing	 at	 each	
temperature by x-ray diffractometer (XRD) for phase 
analysis and by vibrating sample magnetometer for 
the magnetic properties. The XRD data suggests that in 
addition	to	the	wurtizte	Zn1-xNixO, some secondary phases 
are present.  As the sintering temperature is increased, a 
systematic change in their relative amount of these phases 
is	 clearly	 evidenced.	 	The	magnetization	 studies	 support	
these	findings,	and	clearly	show	that	the	samples	sintered	
at	 different	 temperatures	 exhibit	 different	 magnetization	
behavior depending upon the processing conditions.
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Giant Magnetroresistance and X-ray Reflectivity 
Studies in Ion-beam Sputtered Co/Cu Multilayers
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Sujeet CHAUDHARY1 
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Since the Discovery of Giant Magnetoresistance, the new 
era of high-density data storage devices is booming very 
rapidly. The basis of this technological revolution is the 
highly	sensitive	magnetic	field	sensors,	comprising	of	ultra	
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thin magnetic layers separated by a non-magnetic spacer 
layer. In electrical transport the electrons with different 
spins undergo different amount of scattering in magnetic 
layers and at the interface leading to a structure having 
different resistance states depending upon the orientation 
of	the	magnetizations	of	two	adjacent	magnetic	layers.	It	
has been reported that the interface plays crucial role in 
deciding magnetic and electrical transport properties.

The Co/Cu multilayer structure is widely studied system 
but	most	of	the	work	is	concentrated	on	samples	deposited	
by	RF	and	DC	sputtering,	but	very	less	work	is	reported	on	
GMR studies in multilayers grown by Ion beam deposition 
technique.		In	the	present	work,	we	report	the	study	of	GMR	
in Co/Cu multilayers deposited by ion beam sputtering 
technique. We have grown a series of Co/Cu multilayers 
by	keeping	Co	 thickness	fixed	and	varying	 the	Cu	 layer	
thickness.	 	While	 the	base	pressure	 is	kept	~	3x10-6 torr, 
the	working	pressure	is	kept	~1.3x10-4 torr. This pressure 
is two orders of magnitude lower than that employed in 
RF/DC sputtering.  While the as deposited multilayers 
exhibited	 Cu-layer	 thickness	 dependent	 GMR~2-3%,	
the post deposition annealing is found very effective in 
stabilizing	 higher	 GMR	 values.	 Over	 400%	 increase	 in	
GMR has been evidenced in multilayers deposited on 
Si and glass grown at room temperature. The effect of 
annealing temperature on the GMR of Co/Cu multilayers 
has	 been	 studied	 in	 detail.	 	The	 saturation	field	 in	 these	
multilayers is observed to increase monotonically with 
temperature.  It is found that annealing beyond 300°C is 
very detrimental to GMR.  A detailed investigation of the 
X-ray	reflectivity	(XRR)	is	preformed	on	these	multilayers	
to understand the correlation between interface morphology 
and the observed GMR.  The XRR simulation reveals the 
formation of very thin alloy layer between the adjacent Cu 
and Co layers.  The densities of these layers are relatively 
smaller	 compared	 to	 their	 bulk	 counter	 part.	 It	 appears	
that	diffusion	of	Cu	in	Co	layer	is	taking	place	owing	to	
positive surface energy of Cu.  The detailed studies will be 
presented in the conference.
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Magnetic Properties and Phase Change Features 
in Fe-doped Ge-Sb-Te

Wen-Dong SONG; Lu-Ping SHI; Tow-Chong CHONG 
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Phase change materials exhibit different optical and 
electrical properties between amorphous and crystalline 
states.	 	 Based	 on	 the	 optical	 reflectivity	 difference	
between the two states and a fast phase change induced 
by	a	nanosecond	pulsed	laser,	 they	have	been	utilized	to	
produce	rewritable	optical	disks.	They	were	also	found	to	
be the favorable materials for nonvolatile memory such 
as phase change random access memory due to a high 
resistance ratio of the two states and a reversible phase 

change induced by an electric pulse of nanoseconds. 
Although the applications of phase change materials 
have	 been	 realized	 based	 on	 their	 optical	 and	 electrical	
properties, the present phase change materials do not 
contain magnetic ions and are nonmagnetic materials. If 
adding a new degree of freedom associated with the spin 
of carriers to the phase change materials, the materials may 
have magnetic property, which leads to a new data storage 
and multi-functional spintronic devices.

In addition, Fast control of ferromagnetism in a material 
and/or structure is one of the most challenging issues in 
physics and technology, which may provide the solution 
to the need for high speed data storage, manipulation 
and	 spintronic	 devices.	 So	 far,	 an	 electric-field	 control	
of	 ferromagnetism	 in	 a	 thin-film	 semiconducting	 alloy	
using	 an	 insulating-gate	 field-effect	 transistor	 structure	
and an optical control of ferromagnetism in magnetic 
semiconductor heterostructures have been developed. 
In this paper, we will present phase change control of 
ferromagnetism. 

Here we show a phase change magnetic material by doping 
Fe	into	Ge-Sb-Te	to	make	it	magnetic.	This	phase	change	
magnetic material exhibits a fast reversible phase change 
feature and different magnetic, optical and electrical 
properties between amorphous and crystalline states. By 
applying a nanosecond laser pulse (30 ns) to Fe-doped Ge-
Sb-Te for phase change between amorphous and crystalline 
states, we demonstrate a fast control of ferromagnetism by 
phase change. It is a direct control of ferromagnetism in a 
material without using a structure for assistance.
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Aluminium substituted yttrium iron garnet nano particles 
with compositional variation of Y3.0-xAlxFe5O12, where x was 
0, 0.5, 1, 1.5, 2, 2.5 and 3 were prepared using the sol gel 
technique. The x-ray diffraction results showed that the 
best garnet phase appeared when the sintering temperature 
was 800oC. Nano-crystalline particles  with high purity 
and	sizes	ranging	from	20	to	100	nm	were	obtained.	It	
was found that the aluminium substitution had  resulted 
in a sharp fall of the d-spacing when x = 2, which,  we 
speculated is  due to the preference of the aluminium 
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atoms to the smaller tetrahedron and octahedron sites 
instead of the much larger dodecahedron site. High 
resolution transmission electron microscope (HRTEM) 
and electron diffraction(ED) patterns showed single 
crystal nanoparticles were obtained from this method. 
The magnetic measurement gave moderate values of 
initial permeability; the highest value of 5.3 was shown 
by sample Y3Fe5O12	 at	 more	 than	 100MHz	 which	 was	
attributed to the morphology of the microstructure which 
appeared to be homogeneous. This had resulted in an easy 
movement of domain walls. The substitution of aluminium 
for yttrium is speculated to cause a cubic to rhombodedral 
structural	change	and	had	weakened	 the	super-exchange	
interactions thus a fall of real permeability was observed. 
This might have created a strain in the sub-lattices and had 
subsequently caused a shift of resonance frequencies to 
more	than	1.8	GHz	when	x	>	0.5.

 A02108-03633 

Highly Textured Growth of Mn1-xZnxFe2O4 Film 
on Glass Substrate

Jiabao YI; Jun DING; Xuelian HUANG 
Department of Materials Science and Engineering, 
National University of Singapore, Singapore

Mn1-xZnxFe2O4 is one of the soft magnetic materials for the 
applications of magnetic sensor, reading head for magnetic 
recording	 media	 and	 microwave	 engineering.	 The	 film	
with high quality can only be achieved by depositing the 
film	on	single	crystal	substrate,	which	is	not	economical.	
In	this	work,	Mn1-xZnxFe2O4	film	was	deposited	on	normal	
glass substrate at a temperature of 400 oC by pulse laser 
deposition (PLD) in a vacuum of 10-6 torr. The deposited 
film	 showed	 a	 saturation	 magnetization	 around	 100	
emu/g and a coercivity of 50 Oe. Under the examination 
of	XRD,	only	one	peak	 indexed	 (311)	was	 found	 in	 the	
film	 spectrum,	 indicating	 highly	 textured	 growth	 of	 the	
film.	The	 film	was	 deposited	 under	 different	 conditions,	
such as different substrate temperatures, different oxygen 
partial	 pressures	 and	 different	 thicknesses.	 The	 results	
showed that highly textured growth could be achieved at a 
temperature as low as 200 oC	when	the	film	was	deposited	
in vacuum. With increasing the oxygen partial pressure, 
the highly textured growth began to be deteriorated. In 
addition,	 the	 saturation	 magnetization	 of	 the	 film	 was	
strongly	 decreased.	 However,	 the	 coercivity	 of	 the	 film	
was also decreased. The highly textured growth is not 
dependent	 on	 the	 film	 thickness.	 Detail	 analysis	 of	 the	
film	by	XRD	and	TEM	suggested	that	the	stress	induced	
during	the	film	deposition	may	be	attributed	to	the	highly	
texture	growth	on	glass	substrate.	This	work	may	provide	
a	new	way	for	growing	high	quality	oxide	films	on	cheap	
substrate, i.e. glass.

 A02114-03641 

Self-assembling of Monodispersed Magnetic 
Cobalt and Iron Nanoparticles

Nurul Hiqmah NORDIN; Boon Hoong ONG; 
Mitsunori MATSUMOTO;	Teck	Yong	TOU 
Faculty of Engineering, Multimedia University, Selangor, 
Malaysia

Stable colloidal suspension of magnetic nanoparticles is 
a challenge in arrears to both van der Waals forces and 
magnetic dipolar interactions. Therefore, it is necessary 
to coat magnetic nanoparticles with a surfactant during 
chemical synthesis in order to prepare well-dispersed 
nanoparticles colloid. Both Cobalt and Iron nanoparticles 
were	 synthesized	 by	 polyol	 method	 using	 cobalt	 (II)	
acetate and ferrous chloride tetrahydrate, respectively 
as precursor in an organic solution with a presence of 
surfactant. A self-assembled superlattice were made with 
the help of an oleic acid or other surfactant coat around 
each nanoparticles lead to superlattice spacing which 
can be seen from the Transmission Electron Microscopy 
(TEM) image where mean diameter of iron and cobalt 
nanoparticles are around 32nm and 25nm, respectively. 
In order to discover good magnetic cobalt and iron 
nanoparticles,	 efficiency	 in	 controlling	 the	 parameters;	
ratio of the mixture, surfactant’s concentration, stirring 
rate, heating rate and how the solutions were injected 
were needed. The X-ray diffraction image indicates that 
the nanoparticles had a clear crystalline structure of face-
centered cubic on both cobalt and iron. From the Vibrating 
Sample Magnetometer (VSM) characterisation, it were 
found that both type of cobalt and iron nanoparticles 
are superparamagnetic. The concentration of oleic acid 
played a substantial role in preventing agglomeration 
of the particles. While trioctylphosphine oxide (TOPO) 
significantly	 reduced	 the	 growth	 of	 particles,	 implying	
greater steric hindrance. In this paper, a synthetic routes to 
monodisperse cobalt and iron nanoparticles with fcc form 
have been presented. Indication of controlled growth and 
steric	stabilization	of	the	nanoparticles	were	provided	by	
the combination of oleic acid and TOPO whereby a self-
assembled superlattice of monodispersed magnetic pure 
cobalt and pure iron nanoparticles were formed.
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Preparation of Biocompatible Iron Oxide 
Nanorods: In Vivo Study on Bio-Distribution and 
Pharmacokinetics

Bharathi SHIVA1;2; Seetha MAHALINGAM1;2; 
Nataraj D.1;2; Mangalaraj D.2;3 
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Biocompatible, monodispersed iron oxide nanorods of 
diameter 25-30 nm and length 150 nm were successfully 
synthesised by a low temperature solution growth, without 
any template or surfactant. The forced hydrolysis of iron 
(III)	 chloride,	 in	 the	 presence	 of	 mild	 mineralizer	 urea,	
played	 a	 key	 role	 in	 determining	 the	 pH	of	 the	 reaction	
and controlling the particle morphology. Structural and 
morphological	analysis	of	the	sample	obtained	by	refluxing	
for 12 hours showed the formation of nanospindles of 
akagenite.	The	 as-prepared	 akagenite	 nanospindles	were	
calcined at 300 oC to obtain iron oxide nanorods. The 
X-ray diffraction analysis, Fourier transform Infrared 
analysis	 and	 thermogravimetric	 analysis	 also	 confirmed	
the	 complete	 transformation	of	 akagenite	 to	hematite	on	
calcinating at 300 oC. The prepared hematite nanorods 
had an aspect ratio of around 6 with preferred growth 
along	 (104)	 plane.	A	protocol	was	 identified	 to	 evaluate	
the biocompatibility of the prepared nanorods without 
any	 surface	 modification	 by	 polymerizable	 surfactants.	
Thorough and systematic analyses were made on blood 
parameters and histopathological studies were conducted 
on the liver to assess the acute and chronic toxicity. The 
in vivo cytotoxicity study show excellent biocompatibility 
of the prepared nanorods even upto a concentration of 500 
ppm.	The	prepared	capsule-like	nanorods,	on	appropriate	
chemical	 modification,	 could	 serve	 as	 nanocarrier	 for	
controlled release of drugs.

 A02145-03692 

Concentration Dependent Magnetism Induced by 
Hydrogen Adsorption on Graphene and Single-
walled Carbon Nanotubes

Weifeng LI1;2;3; Yuguang MU1; Mingwen ZHAO3 
1. School of Biological Sciences, Nanyang Technological 
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We	 performed	 first	 principles	 calculations	 to	 study	 the	
magnetic properties of hydrogenated graphene and single-
walled carbon nanotubes (SWNTs) with different hydrogen 
concentrations. The hydrogen adsorption on a graphene 
and	SWNTs	generates	 localized	states	and	accordingly	a	
flat	band	near	 the	Fermi	 level,	opening	 substantial	gaps.	
The magnetic properties of the compounds depend on 
hydrogen concentration. At high hydrogen concentration, 
the	 flat	 band	 split	 into	 spin-up	 and	 spin-down	 branches	
locating above and below the Fermi level, respectively, 
making	 the	 systems	 spontaneous	 magnetic.	 However,	
the	 spin-up	and	 spin-down	branches	of	 the	flat	band	are	
energetically degenerated at low hydrogen concentration 
and the systems are therefore nonmagnetic. This result 
is understandable from the point of view of the direct 
interaction between the unpaired electrons of adjacent 
hydrogen-adsorption defects.

 A02146-03698 

Effect of Cation Substitution on Magnetic 
and Magnetoelectric Properties of the BiFeO3 
Perovskite

Vinayak	Bharat	NAIK; Ramanathan MAHENDIRAN 
Department of Physics, National University of Singapore, 
Singapore

Multiferroic materials that are simultaneously ferromagnetic 
and ferroelectric are currently attracting great attention 
because	the	possibility	of	modulating	electrical	polarization	
with	a	magnetic	field	and	magnetization	with	an	electric	field	
in these materials can pay away new technologies which 
will	exploit	both	electrical	and	magnetic	polarizations	 to	
store and manipulate information. 

BiFeO3	 is	 a	 good	 candidate	 for	 studying	 this	 kind	 of	
materials since it simultaneously possesses a magnetic 
ordering	and	a	ferroelectric	polarization	well	above	room	
temperature (Neel temperature TN ~ 370 °C and Curie 
temperature TC ~ 830 °C). However, the large magnetic 
moment and strong ferroelectric performance is required 
for BiFeO3 for magnetoelectric device applications. It is 
believed that the above limitations can be overcome by 
doping BiFeO3; for example, a proper substitution for Bi 
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can improve the magnetic moment in BiFeO3. Although 
the temperature dependence of structural and magnetic 
order parameters of BiFeO3 has been studied long ago, the 
magnetic measurements over a wide range of temperature 
(10 K – 700 K) as well as magnetoelectric coupling in 
Bi0.7A0.3FeO3 have not been reported and these are the 
driving	factors	for	the	work	reported	here.

We report the effect of divalent cation (A) substitution on 
magnetic and magnetoelectric properties in Bi1-xAxFeO3 
(A= Sr, Ba and Sr0.5Ba0.5; x = 0 and 0.3). The rapid increase 
of	 magnetization	 below	 100	 K	 and	 a	 peak	 at	 the	 Neel	
temperature TN = 642±2 K found in BiFeO3 is suppressed 
in the co-doped sample (A = Sr0.15Ba0.15). All the divalent 
cation	doped	samples	show	enhanced	magnetization	with	
a	 well	 defined	 hysteresis	 loop	 compared	 to	 the	 parent	
compound. Both longitudinal (L-αME) and transverse 
(T-αME)	 magnetoelectric	 coefficients	 with	 dc magnetic 
field	parallel	and	perpendicular	to	the	direction	of	induced	
voltage,	respectively,	were	measured	using	dynamic	lock-in	
technique. It is found that the T-αME increases in magnitude 
and exceeds the L-αME	with	increasing	size	of	the	A	cation.	
The maximum T-αME = 2.1 mV/cmOe in the series is found 
for A = Sr0.15Ba0.15, though it is not the compound with the 
highest	saturation	magnetization.	The	observed	changes	in	
the	magnetoelectric	 coefficient	 are	 suggested	 to	possible	
modification	in	the	domain	structure	and	magnetoelectric	
coupling in these compounds.
     
Acknowledgments: 
The authors acknowledge the Singapore National Research 
Foundation for supporting this work through the grant NRF-
CRP-G-2007, and the authors also wish to thank Dr. M. V. V. 
Reddy for helping out in performing Reitveld analysis. 

 A02161-03767 

Observation of a Cubical-like Micorstructure of 
Strontium Iron Garnet (Sr3Fe5O12) and yttrium Iron 
Garnet (y3Fe5O12) Prepared via Sol-gel Technique
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This is our initial response towards preparation of nano-
inductors garnet for high operating frequencies strontium 
iron garnet (Sr3Fe5O12) denoted as SrIG and  yttrium iron 
garnet (Y3Fe5O12 ) denoted as YIG. The garnet nano crystals 
were prepared by novel sol-gel technique. The starting 
solution was a mixture of iron nitrate Fe(NO3)3.9H2O, 
yttrium nitrate Y(NO3)3.6H2O and strontium nitrate 
Sr(NO3)3.9H2O. All the starting powder were dissolved in  
150 mL of citric acid,  C6H8O7.H2O.  The mixtures were 

stirred continuously, at about 250 r.p.m, in room temperature 
until the formation of a gel was observed. The gel was 
dried at 110 ºC in an oven to remove the unneeded water. 
The dried powder was calcined at 700ºC for the Sr3Fe5O12 
and 800ºC for the Y3Fe5O12  samples  for 3 hours in air. It 
was then wet crushed using a Fritsch Planetary Micro mill 
for	6	hours	to	obtain	the	fine	green	nano-particles	powder.		
The phase and crystal structure of the prepared samples 
were	 identified	by	using	x-ray	diffraction	analysis.	SEM	
images were done to reveal the surface morphology of the 
samples.  The magnetic properties of the samples namely 
initial permeability (µi), relative loss factor (RLF) and 
quality factor (Q-Factor) were done by using LCR meter. 
From	the	XRD	profile,	both	of	the	Y3Fe5O12 and Sr3Fe5O12 
samples	showed	single	phase	garnet	and	crystallization	had	
completely occurred at 9000C for the SrIG and 9500C for 
the	YIG	samples.	It	should	be	noted	that	this	is	about	30%	
lower than those prepared via conventional method. The 
YIG sample showed extremely low RLF value (0.0082) 
and high density 4.6239 g/cm3. Interesting however is the 
high Q factor (20 – 60) shown by the Sr3Fe5O12 sample 
from	 20	 -100	 MHz.	 This	 high	 performance	 magnetic	
property	is	attributed	to	the	homogenous	and	cubical-like	
microstructure.   

 A02174-03738 

Tunable Multi-magnons Interactions in 
Nanocrystalline NiOx Granular Films

Sheng Yun WU1; Shih Bin LIU1; Chih-Yeh HUANG1; 
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Nanocrystalline	NiOx	 granular	 films	 have	 been	 formed	
by	 annealing	Ni	 grid	 in	 a	 quartz	 tubular	 furnace	 in	 the	
temperature range 400 to 800 ℃ in a stream of oxygen at 
atmospheric pressure.  The morphology and structures of 
the	prepared	granular	films	were	characterized	using	field-
emission scanning electron microscopy, transmission 
electron microscopic, and high-resolution transmission 
microscopic images were obtained to study the crystalline 
structure.  Raman spectroscopy has the high spatial 
resolution and sensitivity necessary for probing the local 
atomic vibrations of nanowires.  This offers us direct 
observations	 of	 the	 influence	 of	 oxygen	 concentration	
with which to investigate the coupling strength resulting 
from the competition of phonon and two-magnons.

We have observed a phonon (LO) and two magnons 
(2M) excitations by confocal Raman scattering in 
nanocrystalline	NiOx	granular	films.		The	Raman	spectra	
reveal	three	main	peaks	in	a	granular	NiO	granular	film	
with annealing temperature 400 ℃, at 540, 1086, and  
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1410 cm-1, corresponding to the LO, 2LO and 2M 
symmetries, respectively.  The intensity of 2M modes and LO 
mode are changed sensitively with annealing temperature.  
The decreasing 2LO and increasing magnitude of 2M with 
the increment of annealing temperature were ascribed 
by the increase of antiferromagnetic spin correlations, 
while the strong magnetic Raman response caused by a 
Ni-O superexchange mechanism was associated with the 
concentration of oxygen due to the annealing.
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Transformation of phase and structure from an inorganic 
material to another via gas-solid or solid-solid reaction is 
a common approach for fabrication of the novel functional 
materials. Unfortunately, however, it usually results in the 
loss of their structural characteristics and single crystal 
nature, which is mainly attributed to the local strain/stress 
induced by grain to grain contact of heterogeneous phase 
during	 the	 transformation	 process.	 Compared	 to	 bulk	
materials, single crystal nanocrystals have less volume 
defect		and	better	flexibility	(enhanced	yielding	strength)	
which allow them to undergo a phase transformation and 
simultaneously maintain the structural and single crystal 
characteristics.	 In	 this	 work,	 by	 elaborate	 controlling	
the gas-solid and solid-solid reaction conditions in the 
experiments, we demonstrate that the single crystal 
trigonal Fe2O3 nanotubes could be rationally transformed 
into single crystal magnetite Fe3O4, maghemite γ-Fe2O3, 
metal spinel ferrites MFe2O4 (M=Co, Mn, Ni, Cu) and 
metallic bcc-Fe nanotubes without the loss of their tubular 
morphology.	 The	 size,	 composition	 and	 shape	 of	 the	
nanotubes can be easily tuned. These nanotubes can be 
used as a high effective catalyst or as a general nanocapsule 
for luminescent QDs for magnetic separating and optical 
probing lung cancer cells. In addition, this transformation 

process has been successfully applied to other transition 
metal nano-oxides, showing the potential as a general 
technique for the synthesis of transition metal-based 
nanotubes/nanorings. 
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Heat Treatment Effect on Magnetic and 
Magnetoresistance of Mn-doped Si Thin Films
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In	 the	 field	 of	 spintronics,	 one	 of	 the	 major	 focuses	 is	
the	 attempt	 to	 inject	 spin-polarized	 electrons,	 ultimately	
at room temperature. Diluted magnetic semiconductors 
(DMSs) are the materials which exhibit spontaneous 
ferromagnetism mediated by the carriers in the valence 
band and thus they are promising candidates for the 
applications in spintronics. Although all of DMSs are very 
interesting from a technological point of view, it would be 
extremely	prospective	if	Si-based	DMSs	could	be	realized,	
since Si plays an important role in electronic devices. 
Study systematically both the magnetic properties of Si1-

xMnx magnetotransport properties of Si1-xMnx is crucial 
step	 for	 application	 in	 spin-injection.	This	work	 focused	
on magnetic properties, magnetoresistance of Si1-xMnx and 
the heat treatment effect on them. 

Si1-xMnx	 thin	films	were	grown	on	Si	 (001)	 substrates	 at	
200 oC by MBE. Firstly, a thin SiO2 layer on the surface 
of Si substrates was removed by heating up to 1100 oC for 
30 minutes. After that, the system was cooled slowly to 
200 oC with a rate of 1 oC/second. During the deposition 
procedure, the substrate temperature was maintained at 
200 oC for 60 minutes. To fabricate	 films	with	 different	
Mn	 concentrations,	 the	 atomic	 Mn	 flux	 was	 controlled	
by changing the Mn-effusion-cell temperature. Finally, 
the	 fabricated	 films	 were	 measured	 the	 thickness	 by	 an	
Alpha-Step	 (500	 Profiler).	 After	 deposition,	 the	 films	
were respectively annealed at 400, 600 and 800oC in high 
vacuum MBE chamber for 30 minutes. 

The	films	have	a	thickness	of	about	63	nm.	By	means	of	
Rutherford	 backscattering	 microscopy,	 we	 obtained	 the	
Mn	 concentration	 in	 the	 sample	 to	 be	 3.0	 at.%.	 X-ray	
diffraction measurement shows that the as-grown samples 
and annealed samples were crystal without any secondary 
phases.	 The	 result	 of	 magnetization	 measurement	 by	
alternating gradient magnetometer reveals that the as-
grown samples and annealed samples all have room 
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temperature ferromagnetism. The magnetic and transport 
properties of annealed samples at 400oC do not change 
remarkably	 compared	with	 as-grown	 samples.	However,	
magnetization	 and	 magnetoresistance	 (MR)	 ratios	
were enhanced very much when annealing temperature 
was increased to 800oC. Furthermore, the MR exhibits 
interesting	angle	 and	field	dependence	behavior	 at	 room	
temperature.	The	MR	 reached	 to	46	%	at	300	K	 for	 the	
samples annealed at 800oC. 
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This is our initial response towards fabricating a magnetic 
filled	polymer	composite	samples	potentially	used	as	wave	
absorber. Samples of Y3.0-XLaXFe5O12 (where x = 0, 0.5 
,1.0,	1.5	,	2.0,	2.5,	3.0	)		were	synthesized	by	conventional	
solid state technique. Oxides of yttrium, lanthanum  and 
iron	with	purity	of	about	99.99%	were	milled	with	distilled	
water in a milling machine for 18 hours. They were then 
filtered,	dried	and	pre-sintered	at	1200°C	for	10	hours	in	
air.	After	the	final	sintering	which	was	done	at	1300°C	for	
10 hours. We used simple casting technique to fabricate 
the Y3.0-XLaXFe5O12-PVA composite. The samples were 
mixed with PVA solution for 48 hours to form composite 
suspension. The phase and crystal structure of the prepared 
samples	were	identified	by	using	x-ray	diffraction	analysis.	
From	the	XRD	characterization,	the	sharp	peak	spans	from	
32.61° to 32.29°, indicating the transition from yttrium to 
lanthanum based iron garnet. Scanning Electron Microscope 
(SEM) revealed the sample Y2.5La0.5Fe5O12 have a mean 
grain	 size	 of	 about	 4	 μm,	which	 is	 largest	 as	 compared	
to other samples. The 0.5 mole fraction of lanthanum 
substitute in the dodecahedron sub-lattice were found 
to be exhibit the highest initial permeability values. The 
high initial permeability value exhibited by Y2.5La0.5Fe5O12 
sample	 was	 attributed	 due	 to	 large	 grain	 size.	 	Atomic	
Force Microscope (AFM) was used to observe the surface 
morphology. The sample Y2.5La0.5Fe5O12 showed  much 
smoother  surface and with a maximum surface height of 
only 263.6 nanometres and gave a good Q-factor value 
due the relative thin surface. As a conclusion, Lanthanum 
helps	in	constituting	larger	grain	size	and	better	magnetic	
properties in forming the garnet-PVA composite.  
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Ll0-ordered	FePt(001)	film	is	a	most	promise	material	for	
future recording media owing to its outstanding magnetic 
and chemical properties. It have been reported that the 
preparation condition is crucial to structural and magnetic 
properties	 of	 the	 FePt	 film.	 In	 this	 paper,	 the	 effect	 of	
diffusion length on (001)-texture and ordering in FePt 
films	are	presented.	The	FePt	layer	is	alternately	deposited	
on	textured	Cr(200)	film	on	300˚C-heated	glass	substrate	
by sequential planetary sputtering of Fe and Pt targets. The 
thickness	of	Cr	and	FePt	layers	are	fixed	at	200	and	20	nm,	
respectively. The planetary rotational speed is changed 
from 1 to 20 rpm. The sputtering rate of Fe and Pt layers 
are	identical,	sets	to	1	nm/min.	Therefore,	the	thickness	of	
each Fe and Pt layer is adjusted within the range from 0.05 
to 1.0 nm as the rotational speed was reduced from 20 to 1 
rpm. X-ray diffraction results show a high order parameter 
of ~0.8 in the sample with 20 rpm and a disordered phase 
of	 FePt	 in	 the	 film	with	 1	 rpm.	 Both	 films	 also	 exhibit	
diametrically	different	microstructures.	In	the	film	with	20	
rpm,	the	mean	grain	size	of	FePt	is	about	60	nm	and	the	
orientation of lattice aligns along FePt(001) which grows 
from	the	Cr(200)	plane.	 In	 the	films	with	1	 rpm	a	much	
smaller	 average	 size	 of	 around	 20	 nm	with	 an	 isotropic	
orientation is observed in FePt layer. In the case of slower 
rotational	 speed,	 the	growth	of	 the	film	 is	dominated	by	
surface	diffusion,	a	low	activation	energy	path	for	thin	film	
growth. During the deposition process the adatoms deposit 
on the surface randomly and subsequently relax to nearby 
positions where the binding is strongest. Consequently, 
the lattice orientation of the FePt layer grown under this 
condition tends to align along the texture of the underlayer 
throughout	 the	 whole	 thickness.	 In	 the	 contrast,	 the	
speed rotation nucleates isotropically due to the rapid 
solidification	 from	 gas	 state.	 The	 ordering	 is	 caused	 by	
grain boundary diffusion and the activating barrier is about 
an order of magnitude larger than that of surface diffusion. 
Therefore, disorder structure and isotropic orientations 
are expected. In this study, it has been found that growth 
and ordering mechanism of the FePt layer can be well 
controlled with the adjustment of planetary rotational 
speed.	Different	rotational	speed	can	generate	significant	
differences in chemical ordering and the development 
of (001) texture. FePt layers with well-developed (001) 
texture and high chemical ordering can be fabricated via 
surface diffusion mechanism even at a temperature as 
low	as	300˚C.	Our	results	may	provide	useful	information	
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for the development of magnetic recording media in the 
future. 
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2. Centre of Nanotechnology, Indian Institute of 
Technology Roorkee, Uttrakhand, India

Highly	oriented	thin	films	of	La2NiMnO6, a ferromagnetic 
semiconductor, have been fabricated on different 
substrates by pulsed laser deposition. The x-ray diffraction 
studies	 reveal	 that	 the	 films	 are	 single	 crystalline	 and	
have an orthorhombic structure. The out of plane lattice 
parameter,	 c-axis,	 has	 been	 shown	 to	 be	 influenced	 by	
nature of substrate and substrate temperature. Atomic 
force microscope (AFM) reveals the uniform grain growth 
and increase in surface roughness with increasing the 
thickness	of	the	film.	The	magnetic	properties	of	the	films,	
including	the	coercive	field,	remanent	magnetization,	and	
Curie temperature, are found to be strongly dependent on 
the	 nature	 of	 the	 substrate.	 The	 optimized	 films	 exhibit	
a	magnetic	moment	 of	 4.32μB/f.u. at 5 K, with a Curie 
temperature close to 250 K. Dielectric properties of the 
films	were	studied	at	various	frequencies	and	temperature.	
The	film	characteristics	are	promising	for	potential	device	
applications in information storage, and sensors. 

 A02230-03871 

Nanoscale Spin Torque Transfer Materials, Devices 
and Systems: From Memory to Computation 

Jian-Ping WANG; Xiaofeng YAO; Andrew LYLE; 
Yisong ZHANG; Hui ZHAO 
Electrical and Computer Engineering Department and 
MINT Center, University of Minnesota, Minneapolis/
Minnesota, United States

This	 talk	 will	 discuss	 the	 key	 issues	 and	 solutions	 for	
designing and building future practical spin torque transfer 
devices, with a focus on the engineering aspects of magnetic 
materials,	emphasizing	spin	torque	transfer	device	design	
and fabrication. The discussion will start with a review 
of the re-emergence of magnetic random access memory 
(MRAM) and end with our recent effort to build magnetic 
computation systems. 

For	the	STT	memory,	the	talk	will	mainly	discuss	how	to	
make	storage	elements	with	low	critical	switching	current,	
yet adequate thermal stability. Topics include perpendicular 
anisotropy magnetic materials, the use of new magnetic 

structures such as exchange coupled composite material, 
and new recording schemes such as heat assisted magnetic 
recording.	The	 talk	will	demonstrate	 these,	based	on	 the	
author group’s successful research on lowering the critical 
switching current density for STT RAM cell by 1) composite 
free layer with nano-current-channel; 2) perpendicular 
STT RAM; 3) spin accumulation effect in STT RAM 
cell	 through	 an	 efficient	 double	 antiferromagnetically	
pinned structure; 4) successfully switching the synthetic 
antiferromagnetic structure through a heat assisted scheme; 
5) a practical design on multilevel spin RAM. 

In	 the	 second	 part	 of	 the	 talk,	 kinds	 of	 spintronic	 logic	
devices	 for	 computation	will	 be	 reviewed.	The	 talk	will	
focus on the early efforts on this topic by the author’s 
group including 1) the experimental demonstration of 
programmable logic components, including AND, OR, 
XOR, NAND, and NOR gates, based on a single MTJ 
cell; 2) the design of a full adder using only seven MTJ 
elements; 3)  the design of an arithmetic/logic unit (ALU) 
using a series of MTJ cells; 4) the design and demonstration 
of spintronic logic devices; 5) recent demonstration of 
communication between STT cells based on the spin 
torque transfer switching mechanism.
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 A02243-03825 

Study of the Phase Evolution, Microstructure 
and Magnetic Properties of Directly Quenched 
Sm(Co0.97Hf0.03)xCy (x=5-9; y=0-0.1) Ribbons

H.W. CHANG1;2; C.S. GUO1; C.C. HSIEH1;	Z.H.	GUO1; 
W.C. CHANG1 
1. Physics, National Chung Cheng University, Chia-Yi, 
Taiwan
2. Physics, Tunghai University, Taichung, Taiwan

Intermetallic Sm-Co compounds with SmCo5 and/
or Sm2Co17 or metastable SmCo7 phase have received 
intensive attention because of their superior magnetic 
intrinsic properties, including Curie temperature (TC), 
uniaxial	 magnetocrystalline	 anisotropy	 field	 (Ha), and 
saturation	 magnetization	 (4πMs). Dopant elements 
normally	have	a	large	influence	on	the	intrinsic	properties,	
especially Ha, of SmCo ribbons, whereas Hf was found to 
be	the	most	effective	element	in	stabilizing	SmCo7 phase 
and	 enhancing	 its	 anisotropy	 field.	 In	 this	 paper,	 firstly,	
we	would	like	to	show	how	the	(Co,	Hf)/Sm	ratio,	i.e.	x,	
on the magnetic properties of melt spun Hf-substituted 
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Sm(Co0.97Hf0.03)x (x = 5-9) ribbons quenched at the wheel 
speed of 40 m/s. X-ray diffraction analysis shows that the 
main phases exist in Sm(Co0.97Hf0.03)x ribbons are 1:5 phase 
for x = 5 and 5.5; 1:5 and 1:7 phases for x = 6-6.5; 1:7 
phase for x = 7-7.5; 1:7 and 2:17 phases for x = 8; and 2:17 
phase	 for	x	=	8.5-9,	 respectively.	The	grain	size	of	100-
400 nm for this series ribbons is almost unchanged when 
x is increased from 5 to 9. With the increment of x, the 
remanent	magnetization	(σr) is increased from 37.4 emu/g 
for x = 5 to 54.4 emu/g for x = 9, while the coercivity (iHc) 
is	decreased	from	21.3	kOe	for	x	=	5	to	2.6	kOe	for	x	=	
9. Besides, the energy product ((BH)max) is increased from 
3.8 MGOe for x = 5 up to maximum respective values of 
7.1 MGOe for x = 6.5, beyond which it then decreased to 
2.4 MGOe for x = 9. To further improve the microstructure 
and magnetic properties of Sm(Co0.97Hf0.03)x ribbons, effect 
of C addition on the magnetic properties of Sm(Co0.97Hf0.03)
xCy	(x	=	5-9;	y=0-0.1)	ribbons	are	also	studied.	It	is	verified	
that a slight C addition in Sm(Co0.97Hf0.03)x	ribbons	refine	
the	grain	size	from	100-400	nm	for	C	free	ribbons	to	30-80	
nm for C added ribbons, leading to the improved magnetic 
properties of Br	=	7.0	kG,	 iHc	=	11.8	kOe	and	(BH)max = 
11.0 MGOe in Sm(Co0.97Hf0.03)7.5C0.1 ribbons.

 A02243-03839 

Effect of Dopants on the Soft Magnetic Properties 
and High Frequency Characteristics of FeCoBM 
Thin Films (M= Ti, Nb, Hf, and Ta)

C.C. HSIEH1; T.H. LIN1; H.W. CHANG1;2; 
C.W. CHANG1; W.C. CHANG1; C.C. YANG3 
1. Physics, National Chung Cheng University, Chia-Yi, 
Taiwan
2. Physics, Tunghai University, Taichung, Taiwan
3. Nanopowders and Thin Film Technology Center, 
Industrial Technology Research Institute, Tainan, Taiwan

Fe-Co alloys have received intensive interest due to 
their	 high	 saturation	magnetization	 and	magnetostriction	
constant. In order to develop magnetic materials used in 
GHz	range,	the	soft	magnetic	properties	and	high	frequency	
characteristics were examined in the as-deposited FeCoB 
thin	 films.	 The	 magnetic	 properties	 required	 for	 high	
frequency	applications	are	large	saturation	magnetization	
(4πMs)	 and	high	 in-plane	magnetic	 anisotropy	field	 (Hk) 
because the ferromagnetic-resonance frequency (fFMR) of 
the	films	is	proportional	to	the	root	of	the	multiplication	of	
the	4πMs and Hk. In addition, to lower the eddy current loss, 
high	resistivity	 (ρ)	 is	one	of	 the	 important	 requirements.	
In	 this	study,	 the	FeCoB	thin	films	with	 the	 thickness	of	
180 nm were prepared by an oblique deposition method 
together	with	an	external	in-plane	magnetic	field	of	1.2	kOe	
during the sputtering process. For (Fe0.55Co0.45)100-xBx (x=0-
20)	thin	films,	with	the	increase	of	B	content,	the	resistivity	
was increased because B could decrease the crystallinity 
of	 the	 films.	 The	 (Fe0.55Co0.45)90B10	 thin	 film	 showed	 the	
optimum	properties,	where	4πMs =	16.1	kG,	Hce = 64.2 Oe, 

Hch = 13.5 Oe, Hk	=	310	Oe	and	ρ	=	338	μΩ-cm.	In	order	
to enhance the soft magnetic properties, the elements M, 
including Ti, Nb, Hf, and Ta, were selected to substitute 
for B in the (Fe0.55Co0.45)90B10-yMy	 (y=0-10)	 series	 films.	
The experiment results showed that the coercivity of the 
hysteresis loop along easy-axis was decreased drastically. 
On the other hand, multiple elements substitution could 
further	decrease	the	crystallinity	of	the	films	and	improve	
the soft magnetic properties and high resonance frequency. 
Finally, effect of annealing treatment on the magnetic 
properties	 of	 the	 thin	 films	 was	 also	 studied.	When	 the	
annealing temperature was increased, the magnetic 
anisotropy	field	increased	first	to	reach	a	maximum	value	
and then rapidly decreased. The (Fe0.55Co0.45)90B6Ti2Nb2 
thin	film	after	annealing	at	a	temperature	of	200	℃ for 30 
min	showed	the	optimal	properties,	where	4πMs =	15.8	kG,	
Hce = 4.8 Oe, Hch = 3.6 Oe, Hk	=	224	Oe	and	ρ	=	290	μΩ-
cm. The theoretical ferromagnetic resonance frequency of 
the	developed	films	can	be	higher	than	5	GHz.

 A02249-03844 

Study of the Solidification Process of Melt-spun 
α-Fe/Nd2Fe14B Nanocomposite Magnets

Hongchao SHENG1; Xierong ZENG2;3;	Jizhao	ZOU2;3; 
Xiaohua LI2;3; Shenghui XIE2;3; Qiang HU1 
1. College of Materials, Northwestern Polytechnical 
University, Xi’an, China
2. College of Materials Science and Engineering, 
Shenzhen University, Shenzhen, China
3. Shenzhen Key Laboratory of Special Functional 
Materials, Shenzhen, China

Melt-spun Nd9.5Fe81Zr3B6.5 ribbons are prepared under 
different	quench	 rate.	The	 rapid	 solidification	process	of	
the alloy is investigated by X-ray diffraction, differential 
scanning calorimeter, transmission electron microscopy 
observations,	 and	 magnetization	 measurements.	 It	 is	
indicates that melt spinning at different wheel velocities 
caused the as-quenched ribbons to have distinctive 
structure. The microstructure characteristics of the ribbons 
at various distances from the ribbon wheel side are 
obviously different, indicating strong internal variations 
in	quench	 rate	 across	 the	 ribbon	 thickness.	A	qualitative	
solidification	model	is	presented	that	details	the	evolution	
of microstructures related to the thermal gradient during 
solidification	of	rapidly	solidified	Nd9.5Fe81Zr3B6.5 alloys.
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 A02253-03842 

Magnetic Properties, Phase Evolution, and 
Microstructure of Melt Spun MM9.5Fe78.5Ti2B10 
(MM= Mischmetals) Nanocomposites

H.W. CHANG1;2; C.H. CHEN1; C.W. CHANG1; 
C.C. HSIEH1; W.C. CHANG1 
1. Department of Physics, National Chung Cheng 
University, Taiwan
2. Department of Physics, Tunghai University, Taiwan

Recently, the demand for the R2Fe14B-based magnets 
(R=Nd or Pr) is rapidly increased, and it leads to the 
shortage of pure Nd and Pr metals. Because Mischmetal 
(MM) is a cheaper natural ore and contains the combination 
of light rare earth metals, such as Nd, Pr, La, and Ce, it is 
motivated to adopt Mischmetal to replace the pure rare earth 
Nd or Pr to fabricate nanocomposite ribbons for bonded 
magnet application. In our previous study, the R-lean 
and B-enriched R9-11Febal.Ti2B9-11 nanocomposites with Ti 
substitution exhibited both high coercivity (iHc) and high 
(BH)max due to proper volume fraction of magnetically soft 
and	hard	phases	and	uniformly	fine	grains.	Among	them,	
Pr9.5Fe78.5Ti2B10 nanocomposites exhibited both high iHc of 
12.8	kOe	and	high	(BH)max of 16.3 MGOe. Therefore, in 
this study, three different MM alloys, including MM(A): 
71wt%	Pr,	27	wt%Nd,	and	25	wt%	Ce;	MM(B):	25%	wt	
Pr	and	75	wt	%	Nd;	and	MM(C):	8	wt	%	Pr,	32	wt	%	Nd,	
4	wt	%	Ce,	 and	56	wt	%	La,	were	 adopted	as	 the	main	
rare-earth elements to develop melt spun MM9.5Fe78.5Ti2B10 
nanocomposites. Besides, in order to explain the change 
of magnetic properties of the above ribbons, effect of 
various rare earth elements on the magnetic properties, 
phase evolution, and microstructure of melt spun  
 R9.5Febal.Ti2B10 (R = Pr, Nd, Ce, and La) nanocomposites 
were also compared. Based on the results of thermal 
magnetic	 analysis,	 only	 2:14:1	 and	 α-Fe	 phases	 appear	
for the alloy ribbons with R = MM(A) and Pr, and an 
additional Fe3B phase is present for R = MM(B), MM(C), 
Nd, and Ce, but only magnetically soft phases, containing 
amorphous, Fe3B	 and	 α-Fe	 phases,	 are	 present	 for	 the	
ribbon	with	R	=	La.	Besides,	uniformly	fine	grain	size	of	
20-40 nm is almost unchanged for the ribbons with various 
rare earth elements. Accordingly, magnetic properties of 
MM9.5Fe78.5Ti2B10 nanocomposites are mainly dominated 
by the composition of MM alloys and are consistent with 
the outcome for the combinations of magnetic properties 
of their corresponding R9.5Fe78.5Ti2B10 nanocomposites.  
The optimal magnetic properties of Br	 =	 9.3	 kG,	 iHc = 
12.1	kOe	and	(BH)max = 18.0 MGOe can be achieved for 
MM(B)9.5Fe78.5Ti2B10 nanocomposites.

 A02253-03863 

Investigation of Magnetic Properties and 
Microstructure of Ultrathin Co Films Grown on 
Si(111)- 7×7 Surface

H.W. CHANG1; J.S. TSAY2; Y.C. HUNG3; W.B. SU4; 
C.S. CHANG4; Y.D. YAO5 
1. Department of Physics, Tunghai University, Taiwan
2. Department of Physics, National Taiwan Normal 
University, Taiwan
3. Department of Physics, National Chung Cheng 
University, Taiwan
4. Institute of Physics, Academia Sinica, Taiwan
5. Department of Materials Engineering, Tatung 
University, Taiwan

Recently, the combination of magnetic matter with 
semiconductor has drawn much attention because this 
field	involves	abundant	science	and	potential	applications	
in the development of ultrahigh density media. In the past 
decades, magnetic and interfacial properties of ultrathin 
Co	films	grown	on	the	Si	surface	have	been	investigated.		
However, the detailed growth mechanism and magnetic 
properties	of	ultrathin	Co/Si(111)	films	are	 still	missing.	
Therefore, magnetic properties and growth mechanism 
of	ultrathin	Co	films	grown	on	Si(111)-7×7	surface	have	
been studied by using both surface magneto-optic Kerr 
effect (SMOKE) and scanning tunneling microscopy 
(STM), respectively. STM results show that the existence 
of three dimensional islands in x ML Co/Si(111) ultrathin 
film	 at	 room	 temperature	 without	 annealing	 has	 been	
observed	 with	 Stranski-Krastanow	 (SK)	 growth	 mode.	
Due to formation of CoSi2 layer, no magnetic signal 
could be detected by SMOKE for 1-4 ML Co deposited 
on Si(111) surface. Because of rougher surface, both 
longitudinal and perpendicular magnetic anisotropy 
configuration	appear	for	5-10	ML	Co/Si(111)	films.	When	
the	Co	thickness	is	increased	to	11	ML,	only	longitudinal	
anisotropy	configuration	exists,	which	might	 result	 from	
the contribution to the volume anisotropy. Furthermore, 
in-plane coercivity increases with Co coverage because of 
enhancement	of	ferromagnetic	coupling	with	Co	thickness,	
out-of-plane coercivity increases with Co coverage due to 
the	increment	of	demagnetized	field,	induced	by	rougher	
Co surface.
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 A02291-03910 

Current-induced Electroresistance in 
Nd0.5Ca0.5Mn0.95Ni0.05O3

Alwyn REBELLO; Ramanathan MAHENDIRAN 
Department of Physics, National University of Singapore, 
Singapore

We have investigated the dc and pulsed current-
induced electroresistance in phase separated manganite 
Nd0.5Ca0.5Mn0.95Ni0.05O3 as a function of temperature and 
magnetic	 field.	 It	 is	 shown	 that	 the	 negative	 differential	
resistance which appears above a threshold current (Ic) and 
hysteresis in the I-V progressively vanish with increasing 
period of the current pulses.  However a strong non-linearity 
in I-V	exists	even	for	a	pulse	period	of	6s.	The	peak	voltage	at	
Ic decreases in magnitude and shifts towards higher current 
values	with	increasing	strength	of	the	magnetic	field.	All	
the above results suggest that the negative differential 
resistance in the dc current sweep primarily arises from the 
rapid increases of the sample temperature. While the Joule 
heating assists electroresistance in the high current regime, 
it is shown that the resistance can be switched between a 
high and low value by controlling  the width and period 
of pulses in the current regime of negligible Joule heating 
which needs better explanation. 

 A02291-03916 

Composition Dependence of Magnetocaloric 
Effect in Sm1-xSrxMnO3 (x = 0.3-0.5)

Alwyn REBELLO; Ramanathan MAHENDIRAN 
Department of Physics, National University of Singapore, 
Singapore

We investigated magnetic and magnetocaloric properties 
in Sm1-xSrxMnO3 (x = 0.30-0.5). We report a magnetic 
field	 driven	 first-order	 metamagnetic	 transition	 in	 the	
paramagnetic state in x = 0.4 and 0.5 and a second-order 
transition in x = 0.3. The highest magnetic entropy (-∆Sm 
= 1.41 J/mol K for ∆H = 5 T at T = 125 K) that occurs 
in x = 0.4 is associated with the metamagnetic transition 
resulting	from	the	field-induced	growth	and	coalescence	of	
ferromagnetic nano clusters preexisting in the paramagnetic 
state. Our results suggest that manganites with intrinsic 
nanoscale phase separation can be exploited for magnetic 
refrigeration.

 A02342-04022 

An Optical Limiter Based on Ferrofluids

Swapna S. NAIR1; Jinto THOMAS2; 
Suchand SANDEEP C.S.3; Anantharaman M.R.1; 
Reji PHILIP3 
1. Department of Physics, Cochin University of Science 
and Technology, Cochin, India
2. Institute for Plasma Research, Gandhinagar, India
3. Light and Matter Physics Group, Raman Research 
Institute, Bangalore, India

A passive optical limiter is a device that can protect 
susceptible targets from accidental exposure to intense 
beams of light. An ideal optical limiter should be transparent 
to low intensity light and opaque to high intensity light, so 
that it can protect human eyes and optical sensors from 
harmful optical radiation. Several organic and inorganic 
compounds and metal and semiconductor nanoparticles 
have been investigated for their optical limiting properties. 
However, optical limiting studies had not been reported 
for	ferrofluids	so	far.	

Ferrofluids	are	stable	colloidal	suspensions	of	nanomagnetic	
materials, typically magnetite or cobalt, suspended in 
a	 suitable	 base	 fluid.	 Magnetite	 ferrofluids	 have	 good	
thermal stability and stability against agglomeration, 
which are desirable properties for optical limiting media. 
These	 smart	 fluids	 have	 been	 extensively	 used	 in	many	
engineering	applications	such	as	in	loud	speaker	coils	and	
pressure	 sensors.	 The	 magnetic	 field	 induced	 structural	
anisotropy	of	ferrofluids	 leads	 to	many	special	magneto-
optical	properties	like	field	induced	optical	birefringence,	
linear and circular dichroism, Faraday rotation and 
ellipticity. 

For the optical limiting measurements we used colloidal 
ferrofluid	 suspensions	 containing	 nanosized	 particles	
of approximately 80 Å diameter, with a number density 
of the order of 1022/m3. From absorption spectra, the 
optical bandgap was determined to be around 2.19 eV. 
Measurements were carried out using laser pulses of 7 ns 
(7 x 10-9 s) as well as 100 fs (100 x 10-15 s) durations, at 532 
nm	and	800	nm	wavelengths	respectively.	Samples	taken	
in 1 mm pathlength cuvettes, having a linear transmission 
of	 50%	 at	 the	 respective	wavelength,	were	 used	 for	 the	
investigations. The intensity dependent light transmission 
was	 measured	 using	 the	 standard	 open	 aperture	 z-scan	
technique.	The	 normalized	 transmittance	 of	 the	 samples	
(transmission	 normalized	 to	 the	 linear	 transmission	 of	
the sample) was then plotted as a function of the incident 
laser	fluence.	At	both	excitation	wavelengths	the	samples	
showed	an	efficient	optical	 limiting	behavior.	In	the	best	
case	 the	net	 transmission	dropped	from	50%	to	7.5%,	at	
the	highest	input	laser	fluence	used	(4	x	104 J/m2). 

The	optical	nonlinearity	was	found	to	fit	to	a	three-photon	
type absorption process, and the three-photon absorption 
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coefficients	were	calculated	 from	numerical	 simulations.	
For 100 fs laser excitation it is in the order of 10-30 m3/
W2, and the nonlinearity arises from genuine three-photon 
absorption. For 7 ns excitation it is in the order of 10-22 
m3/W2, and the nonlinearity arises essentially from two-
photon absorption followed by excited state absorption, 
which	 can	 be	 considered	 as	 an	 “effective”	 three-photon	
absorption process.

In	conclusion,	in	this	work	we	have	shown	experimentally	
that	 ferrofluids	 are	 potential	 candidates	 for	 fabricating	
optical power limiting devices. The good thermal stability, 
resistance	against	agglomeration	and	long	shelf	life	make	
them	attractive	for	this	application.	A	specific	advantage	of	
ferrofluids	is	that	the	optical	properties	in	these	materials	
are	tunable	by	an	applied	magnetic	field.	In	typical	device	
applications, such magnetic tunability can turn out to be 
very useful. 

 A02346-04027 

Electrical Spin Injection from TiO2:Co into 
Si(100) 

Edy SUPRIYANTO1; Aip SARIPUDIN2; 
Budi MULYANTI2; Pepen ARIFIN3; 
Moehamad BARMAWI3 
1. Physics, University of Jember, Jember, Indonesia
2. Electrical Engineering Education, Indonesia 
University of Education (UPI), Bandung, Indonesia
3. Physics, Institute of Technology Bandung (ITB), 
Bandung, Indonesia

Oxide ferromagnetic semiconductor TiO2:Co	 thin	 films	
were grown on Si(100) substrates by MOCVD method 
using titanium (IV) isopropoxide [Ti{OCH(CH3)2}4] and 
tris (2,2,6,6-tetramethyl-3, 5-heptanedionato) cobalt (III) 
[Co(TMHD)3] as sources of Ti and Co. Oxygen gas was 
used as O source. The Co(TMHD)3 powder was dissolved 
in a tetrahydrofuran (THF) solvent to form a source solution 
of 0.1 mol concentration of Co(TMHD)3. Solutions of 
precursors were stored in separate bubblers. The bubblers 
were heated at temperature of 50°C and 100°C to	vaporize	
the TTIP and Co(TMHD) solutions, respectively. Its vapor 
was then transported into reactor using argon carrier gas. 
At	the	optimum	growth	conditions,	the	grown	films	had	a	
Rutile	structure	as	confirmed	by	XRD	measurement.	The	
Co concentration in the TiO2:Co	films	depends	on	the	flow	
rate of Co(TMHD)3 vapour transported into the reactor.

The TiO2:Co	 thin	 film	 with	 a	 Co	 content	 of	 0.3%	 had	
been	 used	 as	 contacts	 in	 a	 configuration	 of	 non-local	
Hanle	 effect	 measurement.	 This	 configuration	 was	 used	
to investigate the electrical spin injection into Si(100), 
by means of electrical detection of spin transport. The 
distance between injection and detection contacts were 
30µm and 55µm, respectively, while the external applied 
magnetic	fields	were	in	the	range	of	-400	mT	and	400	mT.	

The experimental Hanle curves were observed at room 
temperature.	This	curves	confirmed	the	spin	injection	from	
TiO2:Co	into	Si(100).	We	analyzed	the	curves	using	a	drift	
diffusion equation model. 

 A02378-04071 

Preparation of Quaternary Ammonium Group 
Functionalized Magnetic Nanoparticles

Shu-Jen CHEN1; Pei-Chuan HSIEH1; Ray-Chi WANG2 
1. Department of Chemical and Materials Engineering, 
National Kaohsiung University of Applied Sciences, 
Kaohsiung, Taiwan
2. Department of Chemical and Materials Engineering, 
National University of Kaohsiung, Kaohsiung, Taiwan

The silica-coated magnetic nanoparticles were prepared 
by co-precipitation of ferrous and ferric iron electrolytic 
solutions,	followed	by	hydrolyzing	tetraethylorthosilicate 
(TEOS) in a 2-propanol solution in the presence of 
ammonium hydroxide.  XRD diffraction indicated that 
the magnetic particles were mainly composed of Fe3O4.  
Transmission electron micrographs showed that the 
nanoparticles of iron oxide	with	 the	size	 ranging	 from	5	
to 10 nm were dispersed in amorphous silica.  The surface 
of	magnetic	silica	nanoparticles	was	modified	by	grafting	
of aminopropyltriethoxysilane (APTS) followed by 
quaternarization	of	nitrogen	with	various	alkyl	iodides.		In	
addition	to	the	antibacterial	properties,	the	functionalized	
magnetic nanoparticles were capable of adsorbing anion 
biopolymers.  The adsorption capacity was affected by the 
length of hydrophobic chains in the quaternary ammonium 
groups.  The novel magnetic nanomateials are promising 
for bioseparation applications.

 A02412-04116 

NiW/Ru Underlayer for CoPt-SiO2 Perpendicular 
Recording Media

Lisen HUANG1; Jingsheng CHEN1; Jiangfeng HU2 
1. Department of Materials Science and Engineering, 
National University of Singapore, Singapore
2. Data Storage Institute, Singapore

Perpendicular magnetic recording has replaced longitudinal 
recording as the new generation recording technology used 
in	hard	disk	drives.	Granular	CoPt-SiO2	magnetic	film	is	
one of the promising candidates for perpendicular recording 
media, as it has a relatively high anisotropy constant 
of around 1-2×107 erg/cc. Higher magnetic anisotropy 
enables higher areal density without compromising the 
thermal stability of the recorded information. Although 
some	 recording	materials	 like	 L10 phase FePt and CoPt 
with higher anisotropy constant are hot for research, CoPt-
SiO2 has its advantages because no heating or annealing 
is required to generate its desired texture. As have been 
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reported frequently, Ru is the best underlayer material to 
induce the Co hcp (0002) texture with its easy axis normal 
to	the	film	plane.	However,	Ru	is	rather	expensive,	and	its	
resource is limited. So to reduce the product cost, it is very 
beneficial	 to	 reduce	 the	Ru	 layer	 thickness	 or	 even	 find	
new underlayers for CoPt-SiO2.  

In	current	work,	we	proposed	a	NiW	underlayer	to	reduce	
the	Ru	 layer	 thickness	 but	 at	 the	 same	 time	generate	 an	
equally good Ru (0002) texture. Ni crystal has an fcc phase, 
and its (111) plane has the same atomic arrangement as Ru 
hcp (0002) plane. So Ru (0002) texture can epitaxially grow 
on Ni (111) texture under a reasonable lattice mismatch. 
As	pure	Ni	film	is	a	soft	magnetic	material,	the	increasing	
of media noise is concerned. To solve this problem, we 
alloyed W atom to Ni to destroy its magnetic property, and 
mean well reduced its lattice mismatch with Ru layer, as 
W has larger atomic lattice then both Ni and Ru. To induce 
small grains and smooth surface due to the high melting 
temperature of W are the other reasons that we chose W as 
the alloying element to Ni. 

Magnetic sputtering deposition was used to fabricate 
the samples with the structure of W(3nm)/Ni1-xWx/ 
Ru(10nm)/CoPt-SiO2 (15nm).	The	influence	of	W	content	
in	NiW	film	and	 the	film	 thickness	on	Ru	 layer	 texture,	
recording layer microstructure and the magnetic properties 
were	 investigated.	 The	 results	 showed	 that	 NiW	 film	
magnetization	decreased	dramatically	to	0	as	the	W	content	
was	over	10	vol%.	As	the	W	content	increased,	the	lattice	
mismatch between NiW layer and Ru layer reduced. And 
rocking	 curves	 showed	 that	 FWHM	 of	 Ru	 (0002)	 peak	
decreased with the increasing of W content. The addition 
of Ni80W20 layer made the magnetic grains more isolated 
and decreased inter-granular exchanging coupling. Our 
results	demonstrated	 that	 the	 thickness	of	Ru	underlayer	
for CoPt-SiO2 based magnetic recording media can be 
reduced to below 10nm through epitaxial growth on NiW 
layer.  
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The	main	task	of	hard	disk	industry	in	the	next	few	years	
is to achieve a recording areal density of 1 Tbits/in2 and 
beyond. Now for perpendicular recording to approach this 
destination,	the	only	way	is	to	reduce	the	recording	bit	size.	
However, by concerning the signal-to-noise ratio (SNR) 
and the thermal stability of the magnetic grains, materials 
with extremely large uniaxial anisotropy constant Ku are 
required for the recording media. 

FePt is one of the candidate materials for future ultra-
high density recording, as fully ordered FePt L10 phase 
has a very large anisotropy constant Ku of 7×107 erg/cc. 
And as has been reported that C additive can enhance 
grain isolation and reduce inter-grain exchange coupling 
to obtain a high SNR.  Hence, FePt-C composite material 
was chosen as the recording material. And the ordering 
of FePt L10	 phase	 is	 affected	 by	many	 parameters,	 like	
deposition	 atmosphere,	 deposition	 temperature	 and	 film	
thickness.	 In	 this	work,	 the	 dependence	 of	 FePt	 texture,	
magnetic properties and microstructure on temperature 
and	film	thickness	were	investigated.

The samples were prepared by using magnetic sputtering 
deposition, and followed the layer structure of Corning 
glass\CrRu(30nm)\MgO(2nm)\FePt-C. CrRu and MgO 
underlayers were to promote FePt L10 texture. The 
deposition temperature of FePt-C layer varied from 290°C 
to 390°C. FePt (001) texture improved as the deposition 
temperature increased, and relative good texture formed 
from 340°C and above. Out-of-plane coercivity increased 
significantly	from	2kOe	to	12kOe	as	deposition	temperature	
increased from 290°C to 390°C. And TEM planar view 
images	 showed	 that	 the	 film	 grain	 size	 increased	 with	
the increasing of deposition temperature. Then FePt-C 
films	 with	 different	 thickness	 were	 studied.	 The	 results	
showed that large out-of-plane coercivity and well isolated 
magnetic grains were obtained. And interestingly, there 
was	 a	 critical	 thickness	 of	 FePt-C	 film	 to	 demonstrate	
the desired texture and anisotropy constant. The results 
showed	that	FePt-C	film	texture,	grain	size	and	magnetic	
properties	can	be	controlled	by	both	temperature	and	film	
thickness.		And	this	may	help	us	to	design	the	FePt-C	based	
ECC or graded media for future research.
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1. Department of Materials Science and Engineering, 
Chungnam National University, Daejeon, South Korea
2. National Center for Electron Microscopy, Lawrence 
Berkeley National Laboratory, California, United States

One dimensional (1-D) TiO2 diluted magnetic 
semiconductor (DMS) nanostructures are one of intense 
interest for fundamental research and promising spintronic 
device applications. Among potential DMS materials, 
transition metal-doped TiO2 has been extensively studied 
as one of the most promising candidates since cobalt (Co)-
doped TiO2 (Ti1-xCoxO2) was shown to be ferromagnetic 
with TC up to 400 K. However, litter information is 
available on the synthesis and characteristics of 1-D 
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Ti1-xCoxO2 nanostructures. Synthesis methods of 1-D 
Ti1-xCoxO2 nanostructures have been limited to template-
assistant fabrication and solution-based techniques such 
as hydrothermal treatment so far. Moreover, the origin 
of the room-temperature ferromagnetism (RTFM) of Ti1-

xMxO2 DMS is the most important issue, but, whether it is 
due to an intrinsic or an extrinsic effect (transition-metal 
clusters) remains controversial. Recently, we reported 
the synthesis of Ti1-xCoxO2-δ nanobelts by metallorganic 
chemical vapor deposition and their room-temperature 
ferromagnetic properties. In this study, we mainly focus 
on the ferromagnetic properties of undoped TiO2-δ and 
lightly Fe, Co-doped Ti1-xMxO2-δ	 nanobelts	 (x<1	 at.	 %).	
The	nanobelts	were	synthesized	without	using	any	metal	
catalysts by metalorganic chemical vapor deposition. The 
nanobelts	 consisted	 of	 ~10-20	 nm	 size	 nanocrystallites,	
which were dominantly rutile structure. The undoped 
and Fe, Co-doped TiO2-δ	nanobelts showed ferromagnetic 
behaviour at room temperature. We will further discuss the 
growth mechanism and the origin of the room-temperature 
ferromagnetism of the nanobelts.

 A02422-04147 

Magnetic Properties of CoPt/Ag and SiNx/CoPt/
Ag Thin Films

Sin Liang OU1; Po Cheng KUO1; Pai Li LIN1; 
Yen Hsiang FANG1; Ger Pin LIN1; Sheng-Chi CHEN2 
1. Institute of Materials Science and Engineering, 
National Taiwan University, Taipei, Taiwan
2. Department of Materials Engineering, MingChi 
University of Technology, Taipei, Taiwan

Recently,	 FePt	 and	 CoPt	 alloy	 films	 with	 L10 ordered 
structure are proposed to apply in the ultra high 
density magnetic recording medium due to their high 
magnetocrystalline anisotropy and high coercivity. 
These	 two	 as-deposited	 films	 have	 face-centered-cubic	
(FCC) phase which could be transferred to face-centered-
tetragonal (FCT) phase by high temperature annealing.  
The	 preferred	 crystal	 oriented	FePt	 or	CoPt	 film	 can	 be	
obtained by introducing a proper under-layer. In this 
study, CoPt/Ag and SiNx/CoPt/Ag	thin	films	with	different	
thicknesses	of	Ag	under-layer	are	prepared	by	magnetron	
sputtering.	The	effects	of	Ag	under-layer	thickness	and	the	
addition of SiNx capped layer on the microstructures and 
magnetic	properties	of	the	CoPt	film	are	investigated.	

The CoPt/Ag and SiNx/CoPt/Ag	thin	films	with	different	
thicknesses	 of	 Ag	 under-layer	 were	 deposited	 on	 glass	
substrates at room temperature by magnetron sputtering. 
All	films	were	annealed	at	700°C	for	30	min	in	vacuum.	
The	 thickness	 of	 the	 films	 were	 measured	 by	 using	 an	
atomic	force	microscope	(AFM).	The	structure	of	the	films	
was	analyzed	by	a	x-ray	diffractometer	(XRD)	with	Cu	Kα	
radiation.	Magnetic	properties	of	the	films	were	measured	
by using a vibrating sample magnetometer (VSM) with a 
maximum	applied	field	of	20	kOe.

The I001/I111 ratio is usually used to describe the degree of 
(001) texture, where I001 and I111	are	the	peak	intensities	of	
(001) CoPt and (111) CoPt, respectively. It is found that the 
I001/I111 values	are	decreased	as	the	thickness	of	Ag	under-
layer increases from 25 nm to 200 nm, and the I001/I111 
values	of	CoPt(20	nm)/Ag(x	nm)	films	are	always	higher	
than those of SiNx(32	nm)/CoPt(20	nm)/Ag(x	nm)	films.	
The perpendicular coercivity (Hc⊥) values of the CoPt(20 
nm)/Ag(x	 nm)	 films	 are	 all	 higher	 than	 that	 of	 SiNx(32 
nm)/CoPt(20	nm)/Ag(x	nm)	films,	and	the	maximum	Hc⊥ 
value	of	the	CoPt(20	nm)/Ag(x	nm)	films	is	13525	Oe.
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We  report the effect of Bi doping on magnetic, electrical, 
magnetotransport and magnetocaloric properties in 
the ferromagnetic La0.7Sr0.3MnO3. It is shown that with 
increasing Bi content (x),  ground state of  La0.7-xBixSr0.3MnO3   
transforms from a ferromagnetic metal (x = 0) to a spin 
glass insulator (x = 0.2), with further increase (x > 0.4), 
it transforms into an antiferromagnetic charge ordered 
insulator. Evidences for mixed phases with coexistence of 
ferromagnetic and antiferromagnetic phases were found 
between x = 0 and 0.2. The x = 0.2 compound shows 
unusual	magnetic-field	 induced	first	 order	metamagnetic	
transition which results in colossal magnetoresistance. The 
largest		magnetocaloric	effect,	characterized	by	magnetic	
entropy	(∆SM = 5  J/KgK )  in this series was found close to 
Tc in x = 0.05  and it decreases with increasing Bi content. 
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Annealing Atmosphere Effect on the 
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L10-FePt and L10-CoPt	nanostructured	films	have	received	
much attentions as the potential candidates for ultrahigh 
density  magnetic recording media due to their high 
anisotropy.	In	this	work,	the	annealing	atmosphere	effect	
on the microstructure and magnetic properties of the FePt-
TiO2 and CoPt-TiO2 nanocomposites has been investigated. 
The FePt-TiO2 and CoPt-TiO2 nanocomposites were 
prepared by alternate sputtering of Fe (Co)Pt and TiO2 
layers and then post-annealed at 700 0C in Ar atmosphere  
and	in	Ar+4%H2  atmosphere respectively. 

Results	show	significant	differences	of	the	microstructures	
and magnetic properties between samples annealed in Ar 
and those annealed in Ar+H2. XRD results show that for 
FePt-TiO2 nanocomposite, the chemical ordering of FePt 
is improved when the annealing atmosphere changed 
from Ar to Ar+H2. For CoPt-TiO2 nanocomposite, both 
samples annealed in Ar and in Ar+H2 show L10-ordering. 
TEM results show that for samples annealed in Ar, there 
are slightly coalesced magnetic particles separated by the 
amorphous TiO2 matrix. But there is large coalescence 
between magnetic particles annealed in Ar+H2. And 
the degree of coalescence is greater in CoPt-TiO2 
nanocomposite than in FePt-TiO2 nanocomposite. VSM 
results show that samples annealed in Ar+H2 have larger 
coercivity than those annealed in Ar. And this difference 
is much larger for CoPt-TiO2 nanocomposite than for 
FePt-TiO2 nanocomposite. On the other hand, CoPt-TiO2 
nanocomposite has a larger coercivity than FePt-TiO2 
nanocomposite. The differences of the microstructures and 
magnetic properties between samples annealed in Ar and 
in Ar+H2 can be understood by diffusion-limited ordering 
and grain growth which resulted from the slight oxidations 
of Fe atom Co atom in Ar which are evidenced by the XPS 
results. The difference between FePt-TiO2 nanocomposite 
and CoPt-TiO2 nanocomposite can be understood by more 
oxidized	Fe	atoms	than	Co	atoms	which	resulted	from	the	
lower formation energy for Fe oxides than for Co oxides. 
The above results suggest that the annealing atmosphere 
could be considered as a parameter to control the ordering 
and microstructure of L10-FePt or L10-CoPt nanostructured 
thin	film.
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One of the major challenges for future increasing the areal 
density of perpendicular magnetic recording media is to 
reduce	grain	size	so	as	to	improve	the	signal	to	noise	ratio	
and	 optimize	 the	magnetic	 transition	 parameters.	 In	 this	
work,	the	Ru/Ru-SiO2 underlayer was used to reduce the 
grain	 size	 of	 the	 CoPt-SiO2 magnetic layer. The effects 
of the SiO2 volume fraction  of the Ru-SiO2 underlayer 
and the sputtering pressure on the microstructure and 
magnetic properties of the CoPt-SiO2 magnetic layer were 
studied.	The	films	with	the	structure:	glass\Ta	(4	nm)\Ru	
(low pressure, 15 nm)\Ru-SiO2 (10 nm)\CoPt -SiO2 (15 
nm) were deposited at room temperature. The Ru-SiO2 
underlayers were deposited at low and high pressure with 
SiO2	varied	from	0	to	20%.	

Full	 width	 at	 half	maximum	 (FWHM)	 of	XRD	 rocking	
curves of Ru/Ru-SiO2 underlayer were of 3.40 and 3.550 
for Ru-SiO2 deposited at low pressure and high pressure 
respectively. The FWHM of Ru deposited at both low 
and high pressures increases slightly and then decreases 
with the SiO2 volume fraction.. TEM results show that 
the	 average	 grain	 sizes	 of	 Ru-SiO2 underlayer decrease 
with the increase of SiO2 volume fraction.  But the grain 
size	distributions	increase	with	the	SiO2 volume fraction. 
Average	 grain	 size	 around	 6	 nm	with	 narrow	 grain	 size	
distributions are observed in the CoPt. Though the poorer 
(0002) texture for the Ru-SiO2 underlayer deposited at 
high pressure, the hysteresis loops of the CoPt-SiO2	film	
show a much higher coercivity and remanence ratio than 
those deposited at low pressure. The higher coercivity 
and remanence ratio at higher pressure were due to the 
improvement of lateral exchange decoupling as shown 
in the angular dependent coercivity results and the higher 
anisotropy constant as shown in the results calculated 
from	 the	 Sharrock’s	 equation.	 The	 best	 grain	 isolation,	
highest anisotropy constant around 3.9×106 erg/cm3 and 
best thermal stability are obtained at Ru-SiO2 with SiO2 
volume	fraction	of	5%	deposited	at	higher	pressure.	The	
above	results	show	that	utilizing	the	composite	underlayer	
of Ru/Ru-SiO2	 could	 reduce	 the	grain	 size	of	CoPt-SiO2 
films	without	much	deterioration	of	magnetic	properties.
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Diluted magnetic semiconductors have attracted much 
attention in recent years for their potential application in 
spintronics. Room temperature ferromagnetism in TM 
(transition	 metal)	 doped	 ZnO	 have	 been	 theoretically	
predicted. However, the experiments showed controversial 
results, indicating that the magnetism greatly depends 
on the preparation method and condition. In this study, 
Co	 doped	 ZnO	 is	 prepared	 by	 diffusing	 Co	 atoms	 into	
subsurface	 of	 ZnO.	 We	 first	 evaporate	 Co	 atoms	 onto	
clean	ZnO	(0001)	surface	and	the	sample	is	annealing	at	
700°C under ultra high vacuum (UHV) conditions. The 
Co	atoms	form	clusters	on	 the	ZnO	(0001)	surface,	 then	
after	annealing,	the	surface	reverts	to	atomic	flat	one,	but	
the surface reconstruction becomes disordered, indicating 
Co	clusters	have	been	diffused	 into	 the	ZnO	subsurface.	
The	Co	doped	ZnO	shows	weak	ferromagnetism	at	room	
temperature. Cross-section HRTEM and XPS are used to 
identify	 the	 Co	 bonding	 in	 ZnO	 and	 the	 mechanism	 of	
ferromagnetism will be discussed. 
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The L10 CoPt media has generated great interest for 
ultra high density magnetic recording due to its large 
magnetocrystalline anisotropy energy to delay the onset 
of superparamagnetism.  However, the current write 
heads	 cannot	 produce	 sufficiently	 large	 field	 to	 reverse	
the extremely hard magnetic grains.  Exchange coupled 
composite (ECC) media with a magnetically hard layer 
and a magnetically soft layer has been proposed to reduce 
the	 switching	 field.	 	 Since	 CoPt	 can	 be	 produced	 as	 a	
high-anisotropy L10 phase and as a low-anisotropy fcc 
phase, it is an ideal homocomposite system to investigate 
exchange coupling effect between hard and soft layers.  In 
this	work,	the	magnetic	media	with	the	structure	of	MgO	
(001) single crystal substrate/L10 CoPt-10	 vol.%	 SiO2 
10nm/fcc	 CoPt-10vol.%SiO2 x nm (x=0, 2, 4, 6) were 
prepared by magnetron sputtering.  The formation of this 

ECC media was achieved by co-sputtering equiatomic 
CoPt	and	10	vol.%	of	SiO2 from Co50Pt50 composite target 
and SiO2 target under different deposition temperatures, 
700 ºC for L10 ordered CoPt-SiO2 hard layer and room 
temperature for fcc CoPt-SiO2 soft layer.  Nonmagnetic 
SiO2 was added in CoPt because it can help the magnetic 
decoupling	in	the	film	and	hinder	the	grain	growth.		After	
introducing the soft layer, the ratio of the intensity of the 
(001)	peak	to	the	(002)	peak	decreased,	which	suggested	
fcc	 CoPt	 (200)	 component	 increased	 in	 the	 films	 with	
increased	 soft	 layer	 thickness.	 	 The	 grains	 in	 the	 CoPt-
SiO2 soft layer deposited at room temperature were fcc 
(200) grown epitaxially on L10 CoPt (001) grains.  With 
increasing	 the	 thickness	 of	 the	 magnetically	 soft	 layer,	
both	 the	 coercivity	 and	magnetization	 squareness	 of	 the	
film	 decreased.	 	 The	 reversal	 mechanism	 was	 explored	
by determining the angular dependence of coercivity and 
remanent coercivity for the single hard layer perpendicular 
media and ECC media.  The experimental results indicated 
that the angular dependence of Hc for L10 CoPt single hard 
layer and ECC media were both consistent with that of 
Stoner-Wolfarth mode.  But more incoherent switching 
behavior	was	observed	with	increasing	soft	layer	thickness.		
The	 results	 also	 indicated	 a	much	 lower	 switching	 field	
and a large tolerance of the angle dispersion for the ECC 
media than that for the single hard layer.  The ECC media 
developed in this study has the potential to be used as 
future perpendicular magnetic recording media.
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In the research area of dilute magnetic semiconductor 
(DMS), it is essential to develop semiconductor materials 
that possess the room temperature ferromagnetism such that 
the spin as well as the charge of the carriers can be coupled 
by	 the	 external	 magnetic	 field.	 ZnO,	 being	 a	 potential	
candidate of DMS, have received extensive attentions due 
to its applications in electronic and optical devices. Dietl et 
al	predicted	that	the	Curie	temperature	(Tc)	of	ZnO	doped	
with transition metals (TM) is well above room temperature. 
On the other hand, Coey et al found room temperature 
ferromagnetism (RTF) in non-transition-metal-doped 
ZnO.	The	mechanism	of	the	ferromagnetism	is	explained	
by the formation of the impurity band interacting with the 
localized	d	orbital.	Furthermore,	undoped	ZnO	films	show	
RTF as well. The mechanism of RTF was explained by 
the	defects	 in	ZnO	 triggering	magnetic	order.	Moreover,	
several other mechanisms have been proposed to explain 
the	 origin	 of	 room	 temperature	 ferromagnetism	 in	 ZnO	
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such as the secondary phase segregation (clusters) and 
the formation of bound magnetic polarons. However, the 
origin of ferromagnetism is still unclear.

In	 this	 paper,	 we	 present	 that	 Zn1-x AlxO	 film	 showed	
room temperature ferromagnetism at a certain Al doping 
concentrations.	 The	 Zn1-x AlxO target was fabricated 
by	 sintering	 of	 ZnO	 and	Al2O3 powders (Good Fellow, 
99.99%).	The	atomic	concentration	of	Al	(x)	is	in	the	range	
from	2at%	to	40at%.	The	Zn1-x AlxO	film	was	prepared	by	
the	pulse	laser	deposition	(PLD)	on	quartz	substrate	(110)	
at 800oC under an oxygen partial pressure of 10-4 torr. 

Zn1-x AlxO	film	 shows	 ferromagnetism	when	 the	Al	 at%	
reaches	12	at%	with	Ms=2.55	emu/cc.	The	ferromagnetism	
is enhanced with increase in the doping concentration of 
Al	 into	 ZnO	 film.	 The	 maximum	Ms	 is	 obtained	 when	
Al	 at%	 reached	 20	 at%.	 However,	 the	 ferromagnetism	
disappeared	when	the	Al	at%	further	increases	to	40	at%.	
Therefore, the ferromagnetism is possibly correlated with 
the	Al	 doping	 concentration	 in	 ZnO	 film.	 The	 structure	
characterization	 of	 the	Zn1-x AlxO	film	 showed	 that	 ZnO	
(002)	disappeared	when	 the	Al	 at%	 reached	20	at%	and	
there was no other phase observed. It was suggested that 
the	 amorphous	 phase	 presented	 in	 the	 film	 with	 high	
concentration	of	Al	 (>	12	at%)	 induced	 ferromagnetism.	
It	was	also	found	that	the	film	possessing	ferromagnetism	
was highly resistive. HRXRD showed that the FWHM of 
ZnO	(002)	peaks	increased	with	Al	doping	concentration.	
XPS showed that only Al3+ phase presented and there was 
no	metal	cluster	in	the	film.	Therefore,	it	is	concluded	that	
this	room	temperature	ferromagnetism	found	in	the	Zn1-x 
AlxO	film	is	highly	probable	due	to	the	amorphous	phase	
in	the	film.	Furthermore,	this	work	also	provides	a	method	
to	induce	ferromagnetism	in	ZnO. 
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This	research	utilizes	the	electronless	nickel	plated	method	
on the honey-comb to discuss the electromagnet wave 
absorbent. The honey-comb structure is non-conductive 
material, so we use different condition to causes it has 
the electrical conductivity and the magnetic conductive 
material, such as the pH value and temperature of the 
solution,	and	also	change	the	size	of	honey-comb	to	increase	
the electromagnet wave absorbent. From this study, we 
can understand the different pH value and temperature 
will	affect	the	nickel	on	the	honey-comb	surface	structure	

and	 the	 different	 honey	 comb	 size	will	 also	 influent	 the	
electromagnet	wave	absorbent,	such	as	the	thickness	and	
hole of honey-comb structure.
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Diluted magnetic semiconductors which include Mn-
doped GaAs are promising as materials for spintronics 
focusing on spin-dependent transport phenomena and 
related devices. We have investigated the thermodynamic, 
transport and magnetotransport properties of free charge 
carriers in a diluted magnetic semiconductor with a 
quantum well InGaAs in the GaAs with delta-doped by C 
and Mn. In order to determine the density of the holes in a 
quantum well, we carried out thermodynamic calculations 
of	 the	 system	 of	 free	 holes	 and	 partially	 ionized	 Mn	
impuritie. We calculated the temperature dependence of 
resistance and magnetoresistance of holes in the quantum 
well. The contributions of various scattering mechanisms 
of	 holes	 to	 the	 resistance	 were	 analyzed.	 The	 negative	
magnetoresistance are explained as the reduction of spin-
flip	scattering	by	aligning	spins	of	the	magnetic	field.	

 A02522-04316 

Effect of Structural Characteristics on 
Ferromagnetism of Nano-scale Metal-oxides 

Shih-Yun CHEN1;	Tzu-Wen	HUANG2 
1. Department of Polymer Enginering, National Taiwan 
University of Science and Technology, Taipei, Taiwan
2. Institute of Physics, Academia Sinica, Taipei, Taiwan

The origin of ferromagnetism in metal-oxides, especially in 
un-doped ones, is a mysterious issue.  In these several years, 
it has been proposed that the change of electronic structure 
may play an important role in inducing ferromagnetism in 
metal-oxides, particularly in nano-materials.  In order to 
reveal spatial dependence of electronic structure in nano-
materials,	in	this	study,	well-crystallized	and	circular	metal-
oxides particles (CeO2)	was	synthesized	by	using	chemical	
method (thermal decomposition).  With modulating the 
synthesis	process,	 the	 size	distribution	can	be	controlled	
precisely (from several to several tens of nano-meters).  
In addition, oxygen vacancies were introduced by post 
annealing	process.	 	With	 the	characterization	of	SQUID,	
TEM, and STEM/EELS, the relationship between 
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ferromagnetism and structural characteristics of these 
particles	(e.g.	size,	crystallization,	concentration	of	oxygen	
vacancy, and distribution of defects, etc.) was established.  
At last, the density of states (DOS) of metal-oxides particles 
for different concentration of vacancies and with different 
crystalline	sizes	will	also	be	calculated	in	this	study.

 A02523-04318 

Nanomagnets: Poles or no Poles

Chia-Ling CHIEN 
Department of Physics and Astronomy, The Johns 
Hopkins University, Maryland, United States

Although	 magnets	 have	 been	 known	 since	 antiquity,	
the intriguing phenomena in nanomagnets have been 
revealed only in recent years after the advent of advanced 
fabrication, magnetic imaging and measurements, theory 
and micromagnetic simulations. Nanomagnets are small 
magnets	 with	 well-defined	 shapes	 in	 the	 submicron	
size	 range	 with	 competing	 exchange,	 anisotropy	 and	
magnetostatic	energies.	By	tuning	the	size	and	shape	of	the	
nanomagnets,	one	can	realize	a	variety	of	spin	structures,	
some of which have no macroscopic counterparts. 
Nanomagnets that contain vortices and antivortices also 
display	fascinating	dynamics	under	a	magnetic	field	or	an	
electric current. Patterned nanomagnets are exploited in 
read-heads	and	MRAM,	where	the	size	and	shape	of	 the	
nanomagnets are as important as the intricate effects that 
enable the technologies.

 A02560-04654 

One-dimensional Nanostructured Magnonic 
Crystals

Z.K.	WANG1; V.L. ZHANG1; H.S. LIM1; S.C. NG1; 
M.H. KUOK1; S. JAIN2; A.O. ADEYEYE2 
1. Department of Physics, National University of 
Singapore, Singapore
2. Department of Electrical and Computer Engineering, 
National University of Singapore, Singapore

A magnonic crystal is a periodic composite structure of 
at least two magnetic materials with different magnetic 
properties. Such a crystal exhibits frequency bandgaps 
within which the propagation of spin waves (magnons) is 
forbidden. Magnonic crystals form the basis of magnonics, 
an	emerging	field	which	aims	to	control	the	generation	and	
propagation of information-carrying spin waves by means 
analogous to the control of light in photonic crystals. As 
such, synthetic magnonic crystals are expected to show 
great promise in applications such as in magneto-electronic 
devices. Despite their importance, experimental data on 
synthetic magnonic structures are very scarce. Here we report 
the	first	experimental	observation	of	frequency	bandgaps	in	
synthetic nanostructured magnonic crystals. The samples, 

fabricated with advanced lithographic techniques, are in 
the form of one-dimensional periodic arrays comprising 
alternating ferromagnetic Permalloy (Ni80Fe20) and cobalt 
nanostripes of rectangular cross section. Brillouin light 
scattering, a spectroscopic technique, has been employed 
to map the dispersion relations of the spin waves in these 
samples. The centre frequency and width of the bandgaps 
are	 found	 to	 be	 tunable	 by	 an	 applied	 magnetic	 field.	
Dispersion	relations	calculated	based	on	the	finite	element	
method are in agreement with the measured data. Our 
findings	are	expected	to	stimulate	further	development	of	
the theory and applications of magnonics. 

 A02567-04387 

Control of Magnetization Dynamics Using 
Patterned Structures

Robert L. STAMPS; K. L. LIVESEY; M. KOSTYLEV; 
P. J. METAXAS 
School of Physics, University of Western Australia, 
Australia

High power absorption phenomena in ferromagnetic 
resonance provides familiar examples of threshold 
processes, such as subsidiary absorption. The threshold 
for this, and other important low order processes, is 
determined by rates of microwave absorption and 
dissipation. These rates are largely determined by intrinsic 
material parameters, nevertheless possibilities exist for 
strongly modifying process thresholds by patterning and 
multilayering	of	films.

We discuss factors impacting spin wave interaction 
processes in constrained geometries, and during 
magnetization	 reversal.	 In	 particular,	 we	 describe	 how	
patterning	of	magnetic	films	into	wire	arrays	and	elements	
can be used to modify spin wave dispersions and low order 
interaction thresholds. We also consider how transient 
dynamics, such as occur during precessional reversal, can 
give rise to high order processes affecting reversal rates 
and dynamics.

High	frequency	spin	wave	dynamics	are	intrinsically	linked	
to	 underlying	 magnetic	 configurations.	 Other	 examples	
of	 element	 shape	 modified	 threshold	 behaviours,	 not	
directly related to spin wave dynamics, are therefore also 
important. Relevant cases include magnetic domain wall 
depinning	in	wires	and	patterned	films.	In	these	examples,	
we	discuss	briefly	how	low	frequency	magnetic	dynamics	
and	 quasistatic	 configurations	 can	 be	 controlled	 through	
geometrical constraints and patterning techniques.

We gratefully cknowledge the Australian Research Council 
and FAST. PJM acknowledges support under a Marie Curie 
Fellowship
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 A02568-04388 

Reduction of Switching Field Distribution in 
Bit-patterned Media with Antiferromagnetically 
Coupled Recording Layer

Suzi	DENG1;2; S.N. PIRAMANAYAGAM2; R. SBIAA2; 
K.O. AUNG2 
1. Chemistry and Science, National University of 
Singapore, Singapore
2. Data Storage Institute, Singapore

Patterned magnetic recording media is considered as 
a	 potential	 technology	 for	 hard	 disk	 drives	 to	 take	 over	
the current perpendicular recording technology. In such 
media, the magnetic islands are uniformly patterned 
lithographically or by other means. In the extreme case 
of	a	single	bit,	where	magnetization	of	all	the	neighbours	
are in the opposite/same direction, a reduction/increase 
in	 switching	 field	 will	 be	 seen.	 Thus,	 magnetostatic	
interactions in patterned media are responsible for 
increasing	 the	 switching	 field	 distribution	 (SFD)	 and	
reducing the thermal stability of patterned media. One 
way to reduce the bit-to-bit interactions is to reduce the 
remanence	magnetization,	Mr, without changing MS. In that 
case, materials with high MS and high anisotropy energy Ku 
can be used without much worry about writability because 
the	anisotropy	field	of	 the	bit	 is	equal	 to	2Ku/MS. In this 
study, we show that the antiferromagnetically coupled 
(AFC) structure can provide a reduction of Mr, which will 
help	to	minimize	interactions	between	the	magnetic	dots,	
consequently resulting in a narrower SFD. 

For the experimental studies, the two magnetic layers were 
made of CoCrPt-SiO2 with perpendicular anisotropy and 
patterned in array of dots using electron beam lithography 
and	 ion	milling.	The	 switching	field	HSW and SFD were 
determined by magnetic force microscopy (MFM) for 
samples	with	60	nm	dot-size	and	60	nm	and	40	nm	spacing.	
The	thickness	of	the	first	magnetic	layer	t1	was	fixed	to	15	
nm	while	the	thickness	t2	of	the	top	layer,	called	stabilizing	
layer, was varied from 3 nm to 6.7 nm.  For nonpatterned 
films,	it	was	observed	from	magnetometry	measurements	
that the AFC coupling at remanence state occurs only when 
for	the	thickness	of	stabilizing	layer	is	smaller	than	5.5	nm.	
For larger t2,	both	layers	have	their	magnetizations	parallel	
at remanence state which is not desirable for reducing the 
interactions.

MFM	 images	 taken	 from	 patterned	 films	 at	 different	
magnetic	fields	show	that	 the	SFD	was	wider	for	40	nm	
spacing than 60 nm case. This is mainly due to an increase 
in	the	stray	field	originating	from	neighbouring	dots	as	the	
spacing between the magnetic dots is reduced. The HSW was 
increased with t2, for both 40 and 60 nm spacing. The SFD 
for 40 nm spacing array was reduced for the AFC structure 
with t2 of about 5.3 nm. From these results, it can be seen 
that there is an optimal t2 which both the antiferromagnetic 
coupling at remanence state between the two recording 

layers and increase HSW can be achieved. This will help to 
reduce	the	bit-to-bit	interactions	and	stabilize	the	recorded	
data. In conclusion, a systematic study of patterned AFC 
media has been made and will be presented in detail.  

 A02639-04532 

Synthesis of Water-soluble ZnO Nanoparticles 
Towards Biolabeling Probe

Xiaosheng TANG; Junmin XUE 
Department of Materials Science and Engineering, 
National University of Singapore, Singapore

Photoluminescent semiconductor nanoparticles with 
potential applications as biolabeling have received great 
interest	 during	 the	 past	 decade.	 ZnO	 nanoparticles	 are	
advantageous over other semiconductor nanoparticles 
such as CdSe and CdTe due to their lower cytotoxicity. 
There have been many reports on the use of various 
surfactants, such as trioctylphosphine oxide and oleic 
acid,	 to	 synthesize	 ZnO	 nanoparticles.	 However,	 the	
resultant	 ZnO	 nanoparticles	were	 normally	 hydrophobic	
in	nature.	Synthesis	of	water-soluble	ZnO	nanoparticles	is	
an	actual	challenge	in	this	field.	Herein,	we	report	a	facile	
polyol hydrolysis approach that was designed purposely 
for	 fabricating	 water-soluble	 ZnO	 nanoparticles.	 The	
as-synthesized	 ZnO	 nanoparticles	 with	 around	 5	 nm	 in	
diameter exhibited a blue-green emission at 460 nm under 
the	 excitation	 of	 365nm,	 with	 quantum	 yield	 of	 61%.	
The PL quality of these particles could remain stable at 
pH ranging from 4.5 to 11 for at least 3 days, and there 
was	no	significant	loss	in	emission	intensity	after	storing	
the particles in water for more than 21 days. NMR and 
FT-IR	 chemical	 analyses	 verified	 the	 as-prepared	 ZnO	
nanoparticles were coated with an amphiphilic ester 
compound, as a consequence of the reaction between 
stearate and triethylene glycol. Cell viability assays have 
demostrated	 that	 the	 as-synthesized	 ZnO	 nanoparticles	
were safe for living cell when their concentrations were 
below	 10	 μg/mL,	 and	 cell	 labeling	 experiments	 have	
shown	ZnO	nanoparticles	were	effective	 for	biolabeling.	
The	 present	 work	 proves	 that	 ZnO	 nanoparticles	 have	
promising prospects in biological applications.
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 A02715-04666 

Magnetism Study of p and n Type Doped ZnO 
Thin Films by Sol-gel Method

Daxue XIA1; Jianbin XU1; Rong ZHANG2 
1. Electronic Engineering Department, The Chinese 
University of Hong Kong, Hong Kong
2. Physics Department, Nanjing University, China

Co	co-doped	with	other	p	or	n	 type	impurity	based	ZnO	
thin	films	were	prepared	by	sol-gel	spin-coating	method.	
Single	 phased	 thin	 films	 were	 confirmed	 by	 various	
characterization	 techniques.	 Electrical	 and	 magnetic	
behaviors	 for	 both	 p	 and	 n	 type	 doped	 thin	 films	 were	
investigated under different rapid thermal annealing (RTA) 
ambient, ---Ar, N2 and O2. Anomalous Hall effect was 
studied to clarify the interaction of carriers and magnetism, 
with	 the	 conclusion	 that	 ZnO	 based	 ferromagnetic	
semiconductors	could	be	 realized	by	proper	 introduction	
of carriers, although defect-related ferromagnetism could 
not be completely excluded.

 A02741-04714 

Exchange Bias in Co-Cr2O3 Nanocomposites

Muhammad Farooq NASIR1; Sadia MANZOOR1; 
Kevin O’GRADY2 
1. Physics, COMSATS Institute of Information 
Technology, Islamabad, Pakistan
2. York Institute for Materials Research, University of 
York, York, United Kingdom

The phenomenon of exchange bias is the shift of the 
magnetization	 hysteresis	 loop	 along	 the	 field	 axis	 and	
occurs due to interfacial coupling of ferromagnetic 
and antiferromatnetic spins. Magnetic nanocomposites 
of ferromagnetic cobalt (Co) nanoparticles (average 
size	 3	 nm)	 embedded	 in	 antiferromagnetic	 chromium	
oxide (Cr2O3)	 have	 been	 synthesized	 using	 the	 sol-gel	
method. The objective was to explore the effects of Co 
concentration	 and	Co	 particle	 size	 of	 the	 exchange	 bias	
of the nanocomposites. The Co concentration was varied 
between	 20	 and	 80%	 and	 the	 samples	were	 annealed	 at	
different	temperatures	to	obtain	different	particle	sizes.		

The	 structure,	 composition	 and	 particle	 size	 have	 been	
analyzed	 using	 x-ray	 diffraction	 (XRD),	 transmission	
electron microscopy (TEM) and energy dispersive x-ray 
spectroscopy	(EDX).	Magnetic	characterization	has	been	
done using a vibrating sample magnetometer (VSM). The 
exchange bias and coercivity have been carried out at 
different temperatures ranging from 5 K to 295 K using 
a specially devised technique which removes effects of 
thermal instabilities in the antiferromagnet. At very low 
temperature	 the	spin	freezing	effect	have	been	observed.	
It	 has	 been	 found	 that	 for	 comparable	 particle	 sizes	 the	
exchange bias at low temperatures demonstrates a non-

monotonic dependence on cobalt concentration, whereas the 
coercivity decreases with increasing cobalt concentration. 
We	 interpret	 our	 results	 within	 the	 framework	 of	 the	
independent antiferromagnetic particle model.

 A02790-04769 

Creation of Nanobiocomposite Structure 
Including DNA and Cobalt Ferrite Nanoparticles

Alexandra PERSHINA1; Alexey SAZONOV1; 
Volya ITIN2; Olga TERECHOVA2; Anna MAGAEVA2 
1. The Siberian State Medical University, Tomsk, Russian 
Federation
2. Department of Structural Macrokinetics, Siberian 
Branch of Russian Academy of Sciences, Tomsk, Russian 
Federation

It was develop method of creation of nanobiocomposite 
structure including DNA and ferrimagnetic cobalt ferrite 
nanopaticles. The cobalt ferrite nanoparticles were prepared 
by using the mechanochemical synthesis. The structure of 
the	 particles	 was	 characterized	 using	 X-ray	 diffraction.	
The	sizes	of	 the	nanoparticles	were	between	6-12	nm	in	
diameter (TEM), the surface area - 113 m2/g. Magnetic 
measurements demonstrated the superparamagnetic nature 
of these nanoparticles. It was shown that cobalt ferrite 
nanoparticles associated with double-stranded DNA in 
water solution (Tris-HCl) resulting to bionanocomposite 
formation. As shown by electrophoresis, the nanoparticles 
were strongly attached to the nucleic acid. The adsorption 
capacity of the nanoparticles in relation to DNA was 
5.25x10-3 Mol/m2. It was investigate the interaction of 
cobalt ferrite nanoparticles and DNA in bionanocomposite 
by FTIR-spectroscopy and analysis of DNA desorption 
from the particles surface under the change of pH, ionic 
force, and chemical composition of the media. On the 
basis of the overall body of data, a mechanism of the 
interaction between a polynucleotide and cobalt ferrite 
nanoparticles was considered. It was supposed that the 
linkage	 is	 based	 on	 the	 coordination	 interaction	 of	 the	
backbone	phosphate	groups	and	DNA	bases	(oxygen	atoms	
of thymidine and guanine) in major groove with metal ions 
on the surface of the particles. The interaction can result 
to	partial	destabilization	of	the	DNA	structures;	however,	
the	polynucleotide	keeps	B-conformation.	This	data	can	be	
used to fabricate the ordered magnetic DNA-nanoparticles 
hybrid structures.
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Synthesis of Dense/Hollow Superparamagnetic 
Silica Composite Microspheres via an Oil-in-DEG 
Microemulsion Route

Ling LI; Jun DING; Jun Min XUE 
Materials Science and Engineering, National University 
of Singapore, Singapore

Silica-based superparamagnetic composite nanospheres 
have been widely investigated due to their promising 
applications in various biomedical and environmental 
fields.	However,	the	weak	magnetic	response	of	the	silica-
based composite spheres due to their low loading density of 
superparamagnetic iron oxide nanoparticles (SPIONs) has 
been	a	major	limitation	for	real	applications.	In	this	work,	
a novel oil-in-DEG (diethyleneglycol) microemulsion 
technique is developed for fabricating superparamagnetic 
silica composite microspheres with ultra-high loading 
density of SPIONs. Through this method, the loading 
density of SPIONs in the resultant composite microspheres 
can	 reach	 as	 high	 as	 80	wt%.	More	 importantly,	 hollow	
microspheres with SPIONs loaded in the shells were 
also obtained by purposely increasing the amount of the 
unreacted solvent, i.e. toluene. Through holes with typical 
size	larger	than	50	nm	were	observed	in	the	composite	shell,	
which were resulted from the increase of liquid pressure 
during the reaction. The obtained dense/hollow composite 
microspheres	 possess	 well-defined	 superparamagnetic	
properties and demonstrate strong response to external 
magnetic	 field,	 allowing	 them	 to	 be	 used	 in	 various	
applications, such as magnetic separation and removal of 
contaminants from water.

 A02804-04810 

Effect of Interlayer Diffusion on Magnetic and 
Transport Properties of Co/Pd-based Pseudo 
Spin Valves

Taiebeh TAHMASEBI1;2; Randall LAW1; 
Rachid SBIAA1; S. N. PIRAMANAYAGAM1; 
Tow-Chong CHONG1;2 
1. Data Storage Institute, Agency for Science and 
Technology Research, Singapore
2. Electrical and Computer Engineering Department, 
National University of Singapore, Singapore

Giant magnetoresistive (GMR) devices based on layers with 
perpendicular magnetic anisotropy (PMA) are receiving 
increasing interest as they provide better thermal stability 
and uniform magnetisation switching compared to in-
plane anisotropy devices. (Co/Pd)N multilayers have been 
intensively investigated as ferromagnetic electrodes for 
both soft and hard layer in GMR spin valves. By changing 
the	thickness	ratio	between	Co	and	Pd	layers	it	is	possible	
to change the magnetic anisotropy and other properties 
such	 as	GMR	 ratio,	 which	makes	 the	 system	 extremely	

flexible	for	the	optimisation	of	PMA.	On	the	other	hand,	
magnetic tunnel junctions (MTJ) with crystalline MgO 
barriers exhibit giant tunneling magnetoresistance (TMR) 
values that are much higher than MTJ with amorphous 
barriers such as AlOx. However, high temperature 
annealing of MgO-MTJ above 300°C is necessary for 
better crystallisation and ordering of the tunnel barrier 
and ferromagnetic electrodes. Unfortunately, Co/Pd-based 
devices	 show	 significant	 degradation	 of	 their	 transport	
properties above 200°C	due	 to	 significant	 inter-diffusion	
between the Co and Pd layers, which is undesirable in the 
case of MgO-MTJ.

We have previously achieved current-in-plane (CIP) GMR 
of	 up	 to	 10%	 in	 Co/Pd-based	 spin	 valves,	 and	 showed	
that vacuum annealing at 230°C for 1 hour increases the 
coercivity of the magnetic layers but reduces the GMR by 
more	than	50%.	This	is	due	to	the	reduction	of	the	magnetic	
layer spin polarisation as a result of layer inter-diffusion. We 
studied magnetic and transport properties of Co/Pd-based 
pseudo spin valves under rapid thermal annealing (RTA) at 
different temperatures and annealing time (in the order of 
seconds to several minutes) to determine if the magnetic 
properties of the spin valve can be improved without 
degradation in the GMR signal. Pseudo-spin valves with 
the structure Substrate/ Ta30 /Pd50 /(Co6/Pd8)2 /Co6 /Cu20 
/Co6 /(Pd8/Co3)10 /Pd30	 /Ta50	 (thicknesses	 in	 Å)	 were	
deposited on thermally oxidised Si wafers using ultra-high 
vacuum dc magnetron sputtering at base pressures below 
5x10−9	Torr.	The	as-deposited	films	exhibit	CIP-GMR	of	
about	5%	before	annealing.	A	detailed	study	of	the	effect	
of annealing on both magnetic and magneto-transport 
properties will be presented. By using RTA, we observed 
sharper magnetisation reversal of the Co/Pd multilayers up 
to 300°C	without	significant	increase	in	the	coercivity	of	
both magnetic layers, suggesting reduced inter-diffusion in 
the magnetic layers.

 A02834-04854 

Effect of Vanadium Content on Magnetic 
Properties of Doped ZnO Thin Films

Liwei WANG; Fujun ZHANG;	Zheng	XU; 
Suling ZHAO; Lifang LU; Xurong XU 
Institute of Optoelectronics Technology - Key Laboratory 
of Luminescence and Optical Information, Beijing Jiao 
Tong University, Bejing, China

A	series	of	ZnO	thin	films	doped	with	various	vanadium	
concentrations were prepared on silicon wafer by direct 
current reactive magnetron sputtering and the properties 
were discussed from the effect of various vanadium 
concentration on the structure, morphology and magnetic 
properties	of	ZnO:V	films	in	details.	The	X-ray	diffraction	
(XRD)	patterns	show	 that	 the	wurzite	 structure	does	not	
change with lower doping concentration. Furthermore, 
we	could	not	find	any	V	cluster	or	phase	separation	in	the	
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X-ray diffraction patterns. The residual stress, estimated 
by	 fitting	 the	 XRD	 diffraction	 peaks,	 and	 the	 grain	
size	 also	 have	 been	 calculated	 from	 the	 XRD	 results.	
The	 surface	 morphology	 of	 the	 ZnO:V	 thin	 films	 were	
examined by atomic force microscopes (AFM). The 
photoluminescence	 of	 ZnO:V	 thin	 films	 with	 different	
V dopant concentration were investigated. The room 
temperature photoluminescence spectrum indicates that 
the	films	have	purple	band	with	370nm	and	the	bands	with	
475nm	and	490nm,	the	peak	intensity	of	room	temperature	
photoluminescence spectra was affected by vanadium 
contents and its position remained stable. The intensity 
of band with 370nm decreases with raising the vanadium 
concentration. However, the intensity of the band with 
475nm and 490nm changed little.  The hysteresis behavior 
was examined by superconducting quantum interference 
device	 (SQUID).	 The	 results	 indicate	 that	 films	 were	
ferromagnetic at 50K. Ferromagnetism was observed for 
the	film	with	lower	doping	concentration,	which	exhibited	
a ferromagnetic behavior at Curie temperature higher than 
300K. The results implied that the doping concentration 
and	 crystalline	 microstructure	 influence	 strongly	 the	
film’s	magnetic	characteristics.	All	 the	 results	have	been	
discussed in relation with doping concentration.

 A02848-04877 

Synthesis and Characterization of Fe3O4 
Nanoparticles by Sonochemical Coprecipitation 
Method

Le Van PHONG; CheolGi KIM; Jong-Ryul JEONG 
Department of Materials Science and Engineering, 
Chungnam National University, Daejeon, South Korea

Magnetic nanoparticles are one of great interest for 
researchers from a wide range of disciplines, including 
magnetic	 fluids,	 catalysis,	 biotechnology/biomedicine,	
magneticresonance imaging, data storage, and 
environmental remediation. Among potential magnetic 
nanoparticles, iron oxides have been extensively studied 
due to their potential uses such as pigment, magnetic 
drug targeting, magnetic resonance imaging for clinical 
diagnosis, recording material and catalyst, etc. There are 
many various ways to prepare Fe3O4 nanoparticles, such 
as arc discharge, mechanical grinding, laser ablation, 
microemulsions, and high temperature decomposition 
of organic precursors. However, these method requires 
some complicated conditions such as high temperature, 
inert gas requirement, high cost, long times. And well-
dispersed aqueous Fe3O4 nanoparticles have met with 
very limited success. In this study, a coprecipitation 
method with the presence of ultrahighsonic machine has 
been developed in order to solve these problems. In this 
method, ultrahighsonic machine was used to prevent the 
agglomeration and increase the well-dispersion of Fe3O4 
nanoparticles at room temperature.

The Fe3O4	nanoparticles	were	synthesized	with	FeCl2.4H2O 
(2.587 g), FeCl3.6H2O (7.033 g), ethanol (50 ml), ethylene 
glycol (50 ml), and ammonia solution (14 ml). The 
ultrahighsonic was used during 60 minutes of the synthesis 
reaction. When the reaction completed, the product was 
washed there times by distilled water and four times with 
ethanol, respectively. After washing, Oleic acid (8.5 ml) 
and Oleylamine (7.5 ml) was injected as the surfactant. 
By dispersed in Hexan, monodisperse Fe3O4 nanoparticles 
were	finally	obtained.

The morphology and crystalline structures of Fe3O4 
nanoparticles	 were	 characterized	 using	 a	 field-emission	
scanning	electron	microscopy	(FESEM),	a	field-emission	
transmission electron microscopy (FETEM), and X-ray 
diffractometer (XRD). The magnetic properties were 
measured with a vibrating sample magnetometer (VSM). 
This preparation process can provide successfully the 
superparamagnetic Fe3O4 nanoparticles of about 4 nm 
with high crystallinity and very low coercivity (9 Oe). 
We will further discuss the mechanism of synthesis and 
monodispersion of Fe3O4 nanoparticles.

 A02901-04959 

Structural, Thermal and Magnetic Properties 
of Ba-Ca Hexaferrite Particles Synthesized by 
Reverse Micelle and Co Precipitation Routes 

C. C. CHAUHAN1; K. R. JOTANIA3; S. K. MENON4; 
R. B. JOTANIA2 
1. Nirma University of Science and Technology, Gujarat, 
India
2. Department of Physics, Gujarat University, Gujarat, 
India
3. Department of Physics, The M.S. University of Baroda, 
Gujarat, India
4. Department of Chemistry, Gujarat University, Gujarat, 
India

The preparation of BaCa2Fe16O27 hexaferrite powders by 
reverse micelle and chemical co precipitation routes have 
been investigated with and without presence of surfactants 
(cationic, anionic and non ionic). The precursor was 
calcinated at 950ºC for 4 hrs in a furnace to obtained 
BaCa2Fe16O27 crystalline ferrite powder. The prepared 
samples	were	characterized	by	using	various	instrumental	
techniques	 like	XRD,	SEM,	VSM	and	TGA.	It	has	been	
observed that type of surfactant plays a crucial role in 
deciding	morphology	of	the	particles.	There	is	a	significant	
change	 in	 crystalline	 size	 of	 resultant	Ba-Ca	 hexaferrite	
prepared in presence of anionic surfactant (SDS) and 
reverse micelle route. The samples prepared in presence 
of cationic and non ionic surfactants show agglomeration 
of particles. Magnetic study revels that the magnetic 
parameters also depend upon the type of surfactant used.
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BaW Hexaferrite Precursor in Presence of 
CTAB and Tween 80: Dielectric and Magnetic 
Properties

R. B. JOTANIA1; R. B. KHOMANE2; 
A. S. DESHPANDE2; C. C. CHAUHAN1; 
B. D. KULKARNI2 
1. Department of Physics, Gujarat University, Gujarat, 
India
2. Chemical Engineering and Processing Division, 
National Chemical Laboratory, Pune, India

The preparation of  BaW hexaferrite by a Stearic acid 
gel route with and without surfactant (CTAB, Tween 
80)  has been investigated at 650°C,750º C,850º C,950º 
C and 1050º C. The prepared BaW hexaferrite samples 
were	characterized	using	various	experimental	techniques:	
XRD, SEM, DTA-TG, FTIR and VSM. The effect of 
sintering temperature on the Magnetic and  Dielectric 
properties has been investigated. It was observed that type 
of surfactants plays a crucial role in deciding morphology 
of	 particles.	The	 value	 of	 saturation	magnetization	 (Ms)	
depends on types of surfactant used. The sample prepared 
in the presence of polyoxyethylene (20) sorbitan monooleat 
(Tween	 80)	 shows	 low	 saturation	 magnetization	 (Ms	 =	
15.10 emu/g), whereas the other sample prepared in the 
presence of a surfactant cetyltrimethylammonium bromide 
(CTAB)	 exhibits	 high	 saturation	 magnetization	 (Ms	 =	
24.60 emu/g) compared to the normal sample.

 A02908-04970 

Perspectives for 10 Tbits/in2 Magnetic Recording

Tow-Chong CHONG 
Data Storage Institute, Singapore

Hard	 disk	 drives	 (HDD)	 have	 come	 a	 long	 way,	 from	
occupying a small room with 5 MBytes capacity (1956) 
to	 fitting	 in	 your	 packet	 with	 500	 GBytes	 of	 capacity	
(2008). HDDs have remained as the dominant devices for 
storing lots of information coupled with faster speeds and 
cheaper prices. This has been possible due to continuous 
efforts to innovate and implement. Several physical and 
engineering limitations have been proposed in the past and 
HDD	disk	technology	has	consistently	broken	those	limits.	
The latest limit for areal density of 40 Gbits/in2, estimated 
around	1997,	was	broken	within	the	next	5	years	and	hard	
disk	drives	with	ten	times	this	areal	density	are	in	market	
now.	 Just	 six	 years	 back,	 a	milestone	of	 1	Tbits/in2 was 
considered	as	a	significant	task	for	the	research	community	
in HDD technology. With the recent demonstration of areal 
densities above 800 Gbits/in2, 1 Tbits/in2 is achievable 
within the next one year or two. The research community 
has focused its attention now on 10 Tbits/in2 areal density 
as the next major milestone to be achieved. 

10 Tbits/in2 simply translates into an area of about 64 nm2 
per bit. In the conventional scaling method - where the 
number	of	grains	and	the	grain	size	are	scaled	with	respect	
to areal density - a simple calculation would indicate 4 (to 
16)	grains	with	a	diameter	of	4	(to	2	nm).	For	significant	
signal-to-noise ratio, 16 grains are desired, indicating the 
need for a grain diameter of 2 nm. While achieving 2 nm 
grains would be a considerable engineering challenge by 
itself,	it	is	not	known	if	a	2	nm	grain	could	still	maintain	a	
high	anisotropy	to	have	a	thermally	stable	magnetization.	
An alternative method would be to store the information in 
patterned magnetic islands, which are lithographically or 
otherwise isolated from each other. In this case, a magnetic 
island of about 4 nmx 4nm using a high anisotropy 
constant material would store the information. This 
approach poses several challenges in terms of lithography, 
writing information on the smaller bits (strength of the 
field	 as	 well	 as	 positioning	 the	 writer	 over	 the	 islands	
precisely) and reading information from the bits. In any 
of the possible approaches, there are several mechanical 
engineering challenges too, such as precisely aligning the 
head	over	the	tracks	with	a	track	mis-registration	close	to	
a few atoms in length. In alignment with the theme of the 
symposium, I would present the challenges of 10 Tbits/
in2 for the nano-magnetics community and present some 
possible approaches by which the magnetic nanostructures 
can help to overcome these challenges. 
 

 A02933-05013 

FeTaC Magnetic Soft Underlayer for L10 FePt 
based Perpendicular Recording Media

Phyoe Wai LWIN; J. F. HU; B. C. LIM; K. M. CHER; 
T. J. ZHOU; B. LIU 
Data Storage Institute, Singapore

As the increase of the magnetic recording media areal 
density, the conventional magnetic recording technology 
is	 finally	 facing	 the	 superparamagnetic	 limit	 due	 to	
the thermal instabilities of the magnetic grains in the 
longitudinal magnetic recording. The perpendicular 
magnetic recording technology is capable to defer the 
density limit beyond what is achievable with longitudinal 
recording.

In	 perpendicular	 magnetic	 recording,	 the	 writing	 field	
generated between a soft magnetic underlayer (SUL) and 
a single pole head increases nearly twice in comparing 
with the longitudinal recording. SUL acts as virtual write 
head	pole	to	return	the	magnetic	flux	to	the	head	so	that	
recording	 bit	 is	 positioned	 along	 the	 flux	 direction	 and	
increase	 the	writing	efficiency.	Higher	writing	efficiency	
enables	 the	 utilization	 of	 the	media	material	with	much	
higher magnetic anisotropy, which allows higher areal 
density without compromising the thermal stability of the 
recording data.
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L10 ordered FePt having high magnetic anisotropy is one 
of the promising candidates for perpendicular magnetic 
recording. The development of L10 ordered FePt on (200) 
textured CrRu underlayer for recording media application 
had	 been	 reported	 in	 our	 previous	 works.	 Due	 to	 the	
lower noise characteristic in comparing with other SUL 
candidates, FeTaC was chosen as SUL for L10 ordered 
FePt based recording media. The integration of SUL into 
FePt based recording media structure imposes several 
issues	such	as	noises	 in	read	back	signal	and	 the	 texture	
development for recording layer. Furthermore, the effect 
of the high temperature process for the formation of the 
L10 FePt on FeTaC SUL needs to be addressed.

In this paper, we are going to investigate the effect of the 
high temperature process on magnetic properties and the 
surface morphology of FeTaC SUL. The development 
of the (200) textured CrRu on FeTaC layer was also 
demonstrated.
  
Two sets of samples, FeTaC (100 nm)/CrRu (30 nm) and 
FeTaC (100 nm) without CrRu, were prepared on corning 
glass in magnetron sputter system with in-situ substrate 
heating and RF bias capability. For both sets of samples, 
optimized	 atomic	 compositions	 for	 FeTaC	 were	 Fe=79	
%,	 Ta=9	%	 and	 C=12	%	 respectively.	 For	 FeTaC/CrRu	
samples, FeTaC was deposited at room temperature and 
CrRu at 350°C. Before CrRu deposition, sample was held 
for 15min at 350°C for temperature uniformity. For samples 
without CrRu, FeTaC was deposited at room temperature 
and annealed in the same sputter chamber at 350°C with 
different annealing durations, 15min and 40min.
  
Decrease in coercivity (Hc) and increases in magnetic 
induction (Bs) were found for FeTaC with increasing 
annealing duration. High temperature, however, increased 
the FeTaC surface roughness due to the grain coarsening 
and/	 or	 crystallization,	 consequently,	 deteriorated	 the	
crystallographic texture development of the CrRu layer on 
top of FeTaC. RF plasma etching was applied to eliminate 
the surface roughness of FeTaC and improved the CrRu 
(200) texture. RF plasma etching and CrRu deposition 
on FeTaC was found to have impact on changing FeTaC 
properties. These changes in magnetic properties might 
be due to the elemental compositional change in FeTaC 
layer.

 A02991-05112 

Vortex State Reversal in Artificially Structured 
Nanomagnets

Kai LIU 
Physics Department, University of California - Davis, 
United States

Magnetic vortices are a common occurrence in sub-
micron nanomagnets. Typically, in circular dots the vortex 
annihilation	 field	 is	 independent	 of	 where	 the	 vortex	
core is expelled from the dot.  In realistic assemblies of 
nanomagnets,	 however,	 variations	 in	 shape,	 size,	 and	
intrinsic anisotropy inevitably exist and affect the reversal 
processes. We have investigated the effects of shape 
asymmetry	and	aspect	ratio	on	magnetization	reversal	 in	
arrays of magnetic nanodots and nanowires. In an earlier 
study on Fe nanodots made by alumina templates, we have 
found	two	distinct	annihilation	fields	depending	on	which	
side of the dot annihilation occurred [1,2]. The primary 
cause is the asymmetry in the dot shape due to deviations 
from perfect circles. The shape asymmetry is randomly 
distributed, leading to asymmetric reversal in individual 
dots but overall isotropic behaviors in the array. In a recent 
study on Co dots made by e-beam lithography, the circular 
shape	in	all	the	dots	has	been	broken	in	the	same	fashion	
to	 create	 edge-cuts.	 We	 find	 that	 the	 vortices	 can	 be	
manipulated to annihilate at particular sites under different 
field	 orientations	 and	 cycling	 sequences.	 Interestingly,	
when	 the	applied	field	 is	at	certain	angles	relative	 to	 the	
flat	edge,	the	half	loop	extrudes	outside	of	the	major	loop,	
exhibiting	a	larger	vortex	annihilation	field	than	that	along	
the major loop. In another study of electrodeposited Co/Cu 
multilayered	nanowires	where	the	magnetic	Co	nanodisks	
are	embedded,	 the	magnetic	configurations	can	be	 tuned	
by adjusting the Co aspect ratio [3]. A superposition of 
giant and anisotropic magnetoresistance is observed for 
nanowires in the vortex state, along with distinct features 
in	 its	first-order	 reversal	curve	(FORC)	distribution.	Our	
results demonstrate an intrinsic effect of the nanomagnet 
shape and illustrate how it can be used to manipulate the 
vortex reversal.
 
Work supported in part by US-NSF, CITRIS, and Alfred P. Sloan 
Foundation. 
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