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SM18 
Effect of substrate on the anisotropic magnetotransport in 
Sm0.45Nd0.10Sr0.45MnO3 thin films 
Pawan Kumar1, M. K. Srivastava1, G. D. Verma2, R. K. Dwivedi3 and H. K Singh1 

1 Quantum Phenomena and Applications, National Physical Laboratory (CSIR), India
2 Department of Physics, IIT Roorkee, India
3 Department of Physics & Materials Science and Engineering, Jaypee Institute of 
Information Technology (Deemed University), India 

Sm0.45Nd0.10Sr0.45MnO3 thin films on single crystal LAO and STO substrates were 
prepared by ultrasonic nebulized spray pyrolysis. The PM-FM transition was observed 
at TC - 153 K and 150 K in film on LAO and STO, respectively. The magnetic moment 
was found to be smaller in film on STO and it showed stronger bifurcation between the 
ZFC-FC magnetization. The isothermal M-H loops measured with H applied parallel 
and normal to the film surface showed that the easy axis was in the film plane, while 
the hard axis was along the normal. The dominance of the shape anisotropy explains 
the in-plane magnetic easy axis. Large low field magnetoresistance (MR) is observed in 
both films. The occurrence of significantly smaller peak anisotropic magnetoresistance 
(AMR) at a temperature lower than the TIM and the broadening of the AMR-T curve 
suggest that films on STO have higher fraction of the AFM-COI phase. The difference 
in the magnetotransport anisotropy in the set of films has been explained in terms of 
substrate induced strain, e.g., STO provides tensile strain, which is known to favor the 
AFM-SE and CO-OO phases. 

SM17 
Properties of hybrid superconductor/ferromagnet (SC/FM) multilayers 
U. D. Chacon Hernandez1, Y. T. Xing2, William E. Alayo1, Magda B. Fontes1, Jorge L. Gonzalez3, Liying 
Liu4, G. Solorzano4 and E. Baggio-saitovitch1 
1 Centro Brasileiro de Pesquisas Fisicas, Rio de Janeiro, Brazil, Brazil
2 Universidade Federal Fluminense Niteroi, Brazil, Brazil
3 Universidade Federal do Espirito Santo, Vitoria, Brazil, Brazil
4 PUC-Rio de Janeiro, Brazil 

Recent research on systems that contain two types of materials (hybrid systems) shows that new phenomena can 
be observed. One of such hybrid systems is superconductor/ferromagnet (SC/FM) nanocomposites, which shows 
coexistence of superconductivity and ferromagnetism with unusual properties. We use niobium (Nb) as the 
superconducting layers with fixed thickness (50 nm) and cobalt or permalloy (NiFe) as the ferromagnetic layers 
with different thickness (5, 10 and 20 nm). The films prepared by magnetron sputtering deposition technique, 
have been characterized by x-rays diffraction and in some cases the cross section at interface were studied by 
TEM. Characterization of SC and FM transitions was done by resistivity and magnetization measurements. The 
properties of superconductor changed at the SC/metal interface because of the proximity effect, for example, 
decrease of Tc. Moreover, the magnetic layers between superconducting layers will give have more influence on 
the superconductivity due to its stray field. Our results show that when the external magnetic field is close to the 
upper critical field Hc2, the SC/FM multilayers can have a vortex solid to a liquid phase transition. We believe 
that the stray field of the magnetic layers contributes to the melting of the vortex solid state. 

[1] A. I. Buzdin. Rev. Mod. Phys., 77(3):935, 2005. [2] Y. T. Xing, H. Micklitz, T. G. Rappoport, M. V. Milo sevi c, I. G. Sol orzano-Naranjo, and E. Baggio-
Saitovitch. Phys. Rev. B, 78(22):224524, 2008. [3] Y. T. Xing, H. Micklitz, W. T. Herrera, T. G. Rappoport, and E. Baggio-Saitovitch. The European Physical Journal 
B - Condensed Matter and Complex Systems, 76:353{357, 2010. [4] E. A. Demler, G. B. Arnold, and M. R. Beasley. Phys. Rev. B, 55(22):15174{15182, Jun 1997. [5] 
I. A. Garifullin. Journal of Magnetism and Magnetic Materials, 240(1-3):571 - 576, 2002. 4th International Symposium on Metallic Multilayers. 

SM16 
Magnetic coupling in manganite-based thin film heterostructures 
studied by Electron Holography 
Luis Alfredo Rodriguez1, Lorena Marin2, Cesar Magen3*, Irene Lucas4, Pedro Antonio Algarabel4, 
Luis Morellon2, Jose Maria De Teresa4 and Manuel Ricardo Ibarra1 
1 LMA-INA, Universidad de Zaragoza, 50018, Zaragoza, Spain
2 INA, Universidad de Zaragoza, 50018, Zaragoza, Spain
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Advances in nanofabrication of magnetic nanomaterials leads to search for new tools to measure physical 
properties at the nanoscale, such as magnetization. Accurate characterization of the magnetization states in 
nanostructures is of the utmost importance in the development new devices such as magnetic tunnel junctions 
(MTJs) [1]. Transmission electron microscopy (TEM) techniques such as Electron Holography (EH) allows the 
quantitative imaging of the magnetization states of ferromagnetic materials with unprecedented spatial resolution 
at the nanometer level [2]. Furthermore, EH can be combined with the in situ variation of external parameters such 
as magnetic and electric fields, temperature, etc. In particular, we use a TEM cryo-holder to image magnetization 
states of ferromagnets with low TC (down to 100 K) while varying in situ the magnetic field applied by the 
objective lens of the TEM. In this work, we present the EH study of the magnetization switching of La-Sr and La-
Ca manganite thin films (TC = 180 and 300 K, respectively) and manganite-based MTJs [3]. The (de)coupling of 
magnetic electrodes in MTJs is analyzed by performing hysteresis loops at 100 K to determine the switching fields 
from the direct observation of the magnetization orientation of the electrodes upon magnetic field [4]. 

[1] S Yuasa et al., Nat. Mat. 3 (12): 868-871 (2004); S. S. P. Parkin et al. Nat. Mat. 3 (12): 862-867 (2004). [2] R. E. Dunin-Borkowski, M. R. McCartney, D. J. Smith, Electron 
Holography of Nanostructured Materials. In Encyclopaedia of Nanoscience and Nanotechnology; Nalwa, H. S., Ed.; American Scientific Publishers: Stevenson Ranch, 
California, 2004; Vol. 3, pp 41-100. [3] M. Bowen et al., Appl. Phys. Lett. 82, 233 (2003). [4] E. Javon, A. Masseboeuf, C. Gatel and E. Snoeck, J. Appl. Phys. 107, 09D310 (2010) 

SM15 
Influence of crystallographic orientation on the magnetic properties of 
NiFe, Ni, and Co epitaxial fcc films grown on single-crystal substrates 
Taiki Ohtani*, Tetsuroh Kawai, Mitsuru Ohtake and Masaaki Futamoto 
Chuo Univercity, Japan 

NiFe, Ni, and Co crystals with fcc structure are soft magnetic materials and have been used in magnetic 
thin film devices like magnetic heads and sensors. Magnetic property varies depending on the film texture 
[1,2]. In the present study, Ni80Fe20 (at. %), Ni, and Co films with fcc (100) and (111) orientations were 
prepared by hetero-epitaxial growth on single-crystal substrates of GaAs(100) and Al2O3(0001). The 
magnetic anisotropy, the magnetization structure, and the magnetostriction were investigated by employing 
RHEED, XRD, Bitter, and magnetostriction measurements. NiFe, Ni, and Co films of fcc(100) orientation 
showed four-fold symmetries in-plane magnetic anisotropy. The easy magnetization axes were parallel to 
[011] and [01-1] directions. 90° magnetic domain walls were observed for the epitaxial films. The in-plane 
magnetization properties were reflecting the magnetocrystalline anisotropies of respective bulk fcc crystals. 
On the contrary, the in-plane magnetization properties were isotropic for NiFe, Ni, and Co films with 
fcc(111) orientation. In magnetostriction measurement, the magnetostriction behavior of epitaxial magnetic 
thin film depended delicately on the magnetic domain structure and the domain wall motion under an 
influence of magnetic field. At the conference, the inter-relationships of magnetic anisotropy, magnetization 
structure, and magnetostriction will be discussed for these epitaxial thin films. 

[1] Y. Nukaga, M. Ohtake, M. Futamoto, F. Kirino, N. Fujita, N. Inaba.: IEEE Trans. Magn., vol. 45, pp. 
2519-2522, 2009. [2] M. Ohtake, T. Tanaka, K. Matsubara, F. Kirino, M. Futamoto.: J. Phys.: Conf. Ser., vol. 
303, pp. 012015_1-6, 2011. 

SM14 
Structure and magnetic properties of Fe3O4 thin films on different 
substrates by Pulsed Laser Deposition 
Xuelian Huang, Yang Yang and Jun Ding* 
Materials Science and Engineering, National University of Singapore, Singapore 

Magnetite is an attractive magnetic oxide to be used in magneto-transport applications.[1]Many 
researchers have studied how to optimize the deposition condition for high quality magnetite thin 
films.[2]In this work,magnetite thin films were deposited on different substrates at temperatures 
varying from 100°C to 450°C,and their structure,magnetic and magneto-transport properties have 
been studied. XPS and Raman spectra reveal single phase of Fe3O4 on all the substrates.When film 
thickness is small and temperature is relatively high(>300°C),magnetite thin films on single crystal 
SiO2,Si and amorphous glass exhibit strong (111) texture,no matter they have either a huge lattice 
mismatch or none matching with Fe3O4.The (111)texture can be formed at lower temperature(100°C) 
on (002)-ZnO due to the minimization of both surface and interfacial energy.The films on (0001)-
Al2O3 show (111)-epitaxial structure in a large temperature range(100-450°C). The saturated 
magnetization for all the (111)oriented magnetite films are in the reported thin-film range.Magneto 
resistance up to 4% has been obtained.The out-of-plane MR exhibit quadratic behavior up to 6000 
Oe,whereas the in-plane MR is linear in this regime,which suggests the presence of anti-phase 
boundaries.[3]Large substrate-induced strain was found in the films grown on Al2O3 due to the lattice 
mismatch (8%),which significantly affected the magnetic anisotropy of the thin film. 

[1] H. Liu, E.Y. Jiang, H.L. Bai, R.K. Zheng, H.L. Wei, X.X. Zhang, Appl. Phys. Lett. 83 (2003) 3531. [2] S. Kale, S.M. Bhagat, S.E. Lofland, 
T. Scabarozi, S.B. Ogale, A. Orozco,S.R. Shinde, T. Venkatesan, B. Hannoyer, B. Mercey, W. Prellier, Phys.Rev. B 64 (2001) 205413. [3] W. 
Eerenstein, T. T. M. Palstra, S. S. Saxena, and T. Hibma Phys. Rev. L 88 (2002) 247204. 
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Growth temperature dependence of crystal orientation and magnetic 
properties of CoMn2O4 thin films 
Taeyoung Koo1, Jaeyoung Kim1, Sunhee Kang2, Illwon Kim2, Yoonhee Jeong3, Myunghwa 
Jung4 and Jonghyun Song5* 
1 Pohang Accelerator Laboratory, Korea
2 Physics, Ulsan University, Korea
3 Physics, Pohang University of Science and Technology, Korea
4 Physics, Sogang University, Korea
5 Physics, Chungnam National University, Korea 

CoxMn3-xO4(0≤x≤3), which crystallize in the spinel structure, are strong candidates of multiferoics which can be 
used in various technical applications due to their thermal, electrical and magnetic properties. In the present work, 
we report on the growth of epitaxial CoMn2O4 thin films on Nb-doped SrTiO3(001) substrate using Pulsed Laser 
Deposition and their magnetic properties. With all other growth parameters fixed, the growth temperature (Tg) was 
changed from 720oC to 920oC. The sample with Tg =720oC shows a strongly tensile strained epitaxial crystal 
structure with the orientation of (400). The M-H loops shows a ferrimagnetic behavior with the coercive field of 
~1.7 T. However, with increasing Tg up to 870oC, the tensile strained crystal domain becomes weaker whereas 
the domain of mixed orientations of relaxed (400) and (004) appear and has gained predominance. The M-H loops 
shows a weakened ferrimagnetism compared to the sample with Tg =720oC. With further increasing Tg to 920oC, 
interestingly, the crystal structure turns to be oriented (004) and the magnetic properties exhibit enhanced saturated 
magnetization with negligible coercive field. These observations indicate that the growth temperature plays a 
crucial role in determining the crystal structure and magnetic properties of CoMn2O4 thin film. 

[1]. V. Eladio, M. R. Rosa, L. M. V. Jose, and G. M. Oscar, Chem. Mater. 8, 1078 (1996). [2]. H. T. Zhang and X. H. Chen, Nanotechnology 17, 1384 (2006). 
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Enhanced magnetization by substitution of Zn2+ in Fe3O4 films 
Chang-yup Park1, Jong-hyun Song2, Chun-yeol You3 and Sung-chul Shin4* 
1 Department of Physics and Center for Nanospinics of Spintronic Materials, Korea 
Advanced Institute of Science and Technology, Daejeon 305-701, Korea
2 Department of Physics, Chungnam National University, Daejeon 305-764, Korea
3 Department of Physics, Inha University, Incheon 402-751, Korea
4 Department of Physics and Center for Nanospinics of Spintronic Materials, KAIST, 
Daejeon, Department of Emerging Materials Science, DGIST, Daegu, Korea 

Fe3O4 is one of the key materials as efficient spin injector for spintronic device. Thereby 
considerable researches have been carried out to obtain high magneto resistance ratio 
(MR), however no report show enough MR because of interface concerned problems 
and uncertainty of half metallic identity itself. Hence we choose Fe3O4 to investigate 
its nature and enhancement of magnetic and electric properties by substitution of Zn2+ 
ion. Firstly we carried out magnetization hysteresis loop measurement by means of 
alternating gradient magnetometer. To find out a role of Zn substitution, we fabricated 
Fe1.8Zn1.2O4 film and the saturation magnetization strikingly enhanced to 283 emu/cc 
from 79 emu/cc of the epitaxial Fe3O4 film. We believe that the 3.6 times enhancement 
is ascribed to the substitution of Zn2+ ion instead of Fe ion at tetrahedral A site which 
spin is antiparallel to that of Fe ion at octahedral B site in inverse spinel structure of 
Fe3O4. 

SM11 
Substrate-dependent electronic anisotropy of epitaxial multiferroic 
DyMnO3 and Dy0.8Ca0.2MnO3thin films 
Kueih-tzu Lu, S. C. Haw, T. L. Chou, J. M. Lee, S. A. Chen and J. M. Chen 
National Synchrotron Radiation Research Center, Taiwan 

We investigated the substrate-dependent electronic structure and anisotropic bonding 
of the Mn 3d states in DyMnO3 and Dy0.8Ca0.2MnO3 thin films on SrTiO3(001) and 
LaAlO3(110) substrates using polarization-dependent x-ray absorption spectroscopy 
(XAS) at O K-, Mn L- and Mn K-edges for three polarizations, E || a, E || b and 
E || c. Polarization-dependent x-ray absorption spectra at O K-, Mn L23- and Mn 
K-edges of orthorhombic DyMnO3/LaAlO3(110) thin films show a strong polarization 
dependence, whereas orthorhombic DyMnO3 /SrTiO3(001) thin films show nearly 
isotropic spectral structure. The main peak in polarized Mn L2,3-edge XAS spectra 
of DyMnO3/LaAlO3(110) thin films for the E || b polarization lies at a lower energy 
than for polarizations E || a and E || c. This indicates a great anisotropy in Mn 3d-O 
2p hybridization, reflecting an orbital ordering and a highly anisotropic coplanar 
Mn-O bonding in DyMnO3/LaAlO3(110) thin films. Orbital ordering of eg-orbital 
and the highly anisotropic in-plane Mn-O bonding is an indispensable factor to the 
formation of complicated incommensurate modulated magnetic structures observed 
in orthorhombic DyMnO3. The present results provide important implications for the 
microscopic understanding of the multiferroic DyMnO3. 

SM10 
Effects of dimensionality on magnetization of Ho and Sm-doped 
BiFeO3 thin films 
Tae-young Kim1*, Anupati Telugu Raghavender2, Sugawara Takashi3, Makio Kurisu3 and 
Nguyen Hoa Hong4 
1 Physics, Seoul National University, Korea
2 Physics, Seoul National University, India
3 Physics, Ehime university, Japan
4 Physics, Seoul National University, France 

BiFeO3 is promising multiferroic material due to high ferroelectric (1100 K) and antiferromagnetic (650 
K) ordering temperatures. Reports of other groups have suggested that by reducing the dimensionality, the 
spiral magnetic ordering could be suppressed [1]. Thus, multiferroics in thin films and nanocrystalline forms 
could enhance the magnetic properties [2]. In BiFeO3, if Bi is substituted by a small amount of divalent or 
trivalent metal ions, or Fe is substituted by transition metal ion, a significant enhancement in magnetization 
can be achieved. We have prepared the nanocrystalline RE-BiFeO3 (RE = Sm and Ho) by using sol-gel 
method to be target materials for thin films fabrication. RE-BiFeO3 films were grown on LaAlO3 substrates 
using pulsed laser deposition technique. All the films show a single phase of rhombohedral structure with 
space group R3c. Significant changes in the structural properties were observed as the thickness of the films 
increases. The magnetization observed in the case of Ho is much higher than those reported in literature 
and also Sm-doping shows better magnetization values. The magnetization increases as the film becomes 
thinner. This is a strong evidence for the origin of surface magnetism that exist in the films. 

[1] P. Thakuria and P. A. Joy, J. Appl. Phys. 97 (2010) 162504. [2] J. Wang, J. B. Neaton, H. Zheng, V. Nagarajan, S. B. Ogale, B. Liu, D. Viehland, V. 
Vaithyanathan, D. G. Schlom, U. V. Waghmare, N. A. Splandin, K. M. Rabe, M. Mutting and R. Ramesh, Science, 299 (2003) 1717 . 

SM09 
Magnetic properties of co thin films on polyethylene naphthalate 
organic substrates 
Hideo Kaiju*, Taro Abe, Kenji Kondo and Akira Ishibashi 
Research Institute for Electronic Science, Hokkaido Univerisity, Japan 

Recently we have proposed spin quantum cross (SQC) devices, in which molecules 
are sandwiched between two edges of magnetic thin films deposited on organic 
substrates with their edges crossed. According to our recent calculation, SQC devices 
exhibit large magnetoresistance effect at room temperature. In this study, towards the 
fabrication of SQC devices, we have investigated magnetic properties and surface 
morphologies of Co thin films on polyethylene naphthalate (PEN) organic substrates. 
Co thin films were thermally evaporated on PEN substrates under a magnetic field in a 
high vacuum chamber. The magnetization curves were measured by focused magneto-
optic Kerr effect techniques at room temperature. The surface morphologies were 
analyzed by atomic force microscope. As a result, the surface roughness decreases 
from 1.3 to 0.55 nm with increasing the Co thickness up to 55 nm, where a two-step 
smoothing phenomenon can be seen. As for magnetic properties, the coercive force 
and the squareness of the hysteresis loop show the maximum values at a Co thickness 
of 5.3 nm. This peak is due to the rotation of the uniaxial magnetic anisotropy formed 
from both the induced magnetic anisotropy and the shape magnetic anisotropy affected 
by the surface morphologies of Co/PEN and PEN substrates. 

SM08 
A basic study of magnetic anisotropy strength control using FeSiB 
magnetostrictive thin film 
Jaewon Shin*, Sung Hoon Kim, Genki Kitazawa, Shuichiro Hashi and Kazushi Ishiyama 
Research Institute of Electrical Communication, Tohoku University, Japan 

The Magneto-Impedance (MI) sensors are used for various applications [1, 2]. A magnetic anisotropy 
controlling is important to improve sensitivity of MI sensor. Therefore, our research group proposed a new 
and simpler method to control magnetic anisotropy using inverse-magnetosriction and difference of thermal 
expansion coefficient in bimetal thin film[3]. To exploit the proposed method, investigation of a fabrication ratio 
between two layers (thickness and length) requires due to the sensitivity of proposed MI sensor is determined by 
changes in fabrication ratio. In this paper, we introduce the changes of magnetic anisotropy field (Hk) strength 
to develop high and adjustable sensitive MI sensor according to changes in geometrical properties of layers. The 
thin films were deposited by RF magnetron sputter. Fe72Si14B14 and Molybdenum were used for the magnetic 
and conductive layer, respectively. The fabricated thin films annealed to release the local stress. We carried 
out magnetic domain observation by Kerr-microscope. Moreover, Hk value was obtained by VSM. Based 
on the experiments, we could confirm that Hk value was controlled by the geometrical properties because the 
geometrical properties can determine the generated stress in the magnetostrictive magnetic layer. This research 
provides the fabrication range and expectation of the sensitivity of MI sensor. 

[1]Y. Murayama, T. Ozawa, S. Yabukami, K. Ishiyama, and K.I. Arai, “High-Frequency Carrier-Type Magnetic Field Sensor with a Sub-pT 
Resolution Using a Magnetic Film and a Transmission Line,” J. Magn. Soc. Jpn, 31, 17-22, 2007. [2]T. Morikawa, Y. Nishibe, H. Yamadera, 
Y. Nonomura, M. Takeuchi, and Y. Taga, “Giant Magneto-Impedance Effect in Layered Thin Films,” IEEE Trans. Magn., 33, 4367-4372, 
1997. [3] Jaewon Shin, Sung Hoon Kim, Yasuaki Suwa, Shuichiro Hashi, Kazushi Ishiyama, “Control of In-plane Uniaxal Anisotropy of 
Fe72Si14B14 Magnetostrictive Thin Film Using a Thermal Expansion Coefficient,” J. Appl. Phys (will be published in April) 
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Improvement in structural and magnetic properties of laser ablated 
Ni-Zn Ferrite thin films 
Raghavender A T1*, Nguyen Hoa Hong1, Ekaterina Chikoidze2, Yves Dumont2 and 
Kurisu Makio3 

1 Department of Physics and Astronomy, Seoul National University, Korea
2 Laboratoire GeMAC, Universite de Versailles, France
3 Department of Physics, Ehime University, Japan 

Zinc, as known as non-magnetic element, has been doped into Nickel-Ferrites under 
thin film form, with a hope to modify its structural and magnetic properties, in order to 
have the appropriate requirements for high frequency applications. Laser ablated Ni1-

xZnxFe2O4 (0 ≤ x ≤1) thin films grown on R-cut Al2O3 (0001) substrates using pulsed 
laser deposition (PLD) technique are single phase with (l l l) orientation, and they 
are room temperature strongly ferromagnetic, while others’ similar works reported 
ferromagnetism only at low temperatures. Additionally, the higher HC value in our 
films compared to what others reported indicates that somehow we have found an 
appropriate way to make Ni-Zn ferrites become potential candidates for modern 
miniaturization of electronic devices. The zero field cooled ? field cooled (ZFC-FC) 
magnetization curves for all the films shows the blocking temperature (TB) suggesting 
a strong anisotropy. Research on Ni1-xZnxFe2O4 (0 ≤ x ≤1) thin films would be very 
promising for device market. 

SongO
사각형




