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SPIN CROSSOVER MOLECULAR MATERIALS

Spatio Temporal Spin propagation Thin films Nanostructuration
and Devices

Azzedine Bousseksou,™ Gabor Molnar," Lionel Salmon,' Saioa Cobo,! José¢ Antonio Real,?
Christophe Vieu,? and Koichiro Tanaka*
1LCC/CNRS, Toulouse, France, boussek@lcc toulouse.ft, Universidad de Valencia, Spain,
*LAAS/CNRS, Toulouse, France., 4Kyoto University, Japan.

The spin crossover phenomenon in inorganic materials is one of the most spectacular examples of molecular
bistability, which means that these molecules may exist in two different electronic states within a certain range
of external perturbations. Most notably, the existence of a thermal hysteresis in certain complexes (in the solid
state) confers a memory effect on these systems." In our group we are particularly interested in the synthetic
elaboration of nanometric thin films* and nano-sized patterns5 that we obtain by electron beam lithography and
in the application of an external perturbation in the hysteresis loop of spin crossover materials leading to an
irreversible switching of their physical properties.2 recent hot results conceming the spatio-temporal spin
propagation and visualisation of nucleation and growth of spin domains in spin crossover single crystals will be
presented. Experiments under different pulsed external stimuli such as intense magnetic field and light irradiation,
dielectric properties leading to molecular memories after elaboration of bistable thin films and their nano-

structuration will be also presented and discussed.”™

Ok 4.0mm x10

Combined Top - Down and Bottom -Up Apporoach for the nanoscale pattering of {Fe(Pyrazine)[Pt(CN)4]}.
Inserts: Schematic structure on Gold surface of {Fe(Pyrazine)[Pt(CN)4]} ; reversible nanosecond photo switicing
in the hysteresis loop at room temperature and memory device prototype using the dielectric properties of spin

Crossover Compounds.
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Neutron Scattering at HANARO

J. M. Sungil Park'

'Korea Atomic Energy Research Institute

Thanks to their magnetic moment, neutrons have been instrumental in studying magnetic materials, from the
spin structures of simple antiferromagnets to the spin fluctuations in high-temperature superconductors. Since
neutron scattering requires powerful research reactors or spallation neutron sources, the method has been available
only in select countries. HANARO, Korea's large-scale research reactor with a neutron flux comparable to those
of the most powerful research reactors around the world, is one of those places where serious neutron scattering
research of magnetic materials can be performed. In this tutorial, we discuss the very basics of neutron scattering
and introduce the suite of instruments available or being built at HANARO. Access to the facility will also be

discussed.
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Magnetic & Crystal Structure Studies with Neutron
Diffraction

Seongsu Lee'*
'Korea Atomic Energy Research Institute

Neutron diffraction is a very powerful experimental tool for studying magnetic and crystal structure in
macroscopic point view. After refining the neutron diffraction diagrams, we can get the impotent structural
information such as atomic position, lattice parameter, thermal motion, magnitude of spin, spin configuration etc.
Especially, multiferroics system which is coexisted two order parameters as well as ferroelectricity and magnetism
in one material is strong candidate for requiring the neutron diffraction studies. Neutron diffraction can be
investigated the origin of multiferroric phenomena such as coupling mechanism between the ferroelectric and
magnetism.

In this talk, I will present how we can refine the magnetic and crystal structure using neutron powder
diffraction. This talk will be introduced the analyzing method to refine a neutron diffraction data with Fullprof
program. For example, I will explain detail crystal and magnetic structure of multfiferroric hexagonal manganite
with neutron diffraction. According previous our neutron diffraction studies, the hexagonal manganites RMnO3
undergo an iso-structural transition at magnetic transition temperature with unusually large atomic displacements:
two orders of magnitude larger than those seen in any other ordinarymaterials, resulting in a uniquely strong

magneto-elastic coupling.
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Deterministic Control of Morphotropic Phase Boundary
using Electric Field

Kwang-Eun Kim'*, Byung-KweonJang1, JinHongLee1, Chan-HoYang1’2
1Department of Physics, KAIST, Daejeon 305-701, Republic of Korea
*Institute for the NanoCentury, KAIST, Daejeon 305-701, Republic of Korea

1. Introduction

A multiferroic refers to a material that is both ferromagnetic(or antiferromagnetic) and ferroelectric(or
antiferroelectric). It has a spontaneous magnetization that can be switched by an applied magnetic field and a
spontaneous polarization that can be switched by an applied electric field as a result of intercoupling between
magnetism and electricity. Very few compounds exist in nature or have been synthesized in the laboratory.
Bismuth ferrite is one of the multiferroic material which has ferroelectric and antiferromagnetic orders at room
temperature. Moreover, morphotropic phase boundary (MPB) where tetragonal-like monoclinic phase and distorted
rhombohedral phase coexist, has been found in BiFeO; (BFO) films grown on LaAlOs substrates. The MPB
regions in the BFO films possess large piezoelectric response and non-zero spontaneous magnetic moments. We
report that La substitution improves the formation of well-aligned MPB regions. Using piezoresponse force
microscopy (PFM), MPB regions can be created or erased. By changing the scanning direction of tip, the MPB
alignment angle can be controlled. Our work is focusing on how we can obtain more dense and uniform MPB

area and control the MPB alignment angle in a deterministic way.

2. Experiment

We investigated inter-relations between the electrical writing angle of PFM and the MPB alignment direction.
First, we obtained the surface image of films and then the sample surface was partially scanned with a tip voltage
of -9V using PFM. After electrical poling, we could get the alignment of MPB. Finally, we tried electrical

overwriting to check that the electrically-written regions could be rearranged as expected.

3. Experiment result

Changing the tip scanning direction, we can control the MPB alignment dirction. There are only 4 variant
MPB alignment angles and the net in-plane polarization is not perpendicular to MPB alignment but tilted more
by ~15 degrees (tilted by ~30 degrees with respect to a crystal axis). The formed MPB pattern can be overwritten

by another electrical poling process.

4. Consideration

The MPB alignment angle is likely to be determined by interaction between in-plane electric field of the tip
and the net polarization of MPBs. During tip scanning with a DC electric bias, the final in-plane electric field
is parallel to the slow scan axis. By choosing a proper tip scan axis, we can create a MPB region to be aligned

as we want.
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5. Conclusion

We report that La-substituted BFO shows dense and uniform stripe MPB patterns with large scale continuity
of the alignment. By changing the scanning direction of tip, we can control the direction of MPB alignment as
well. We also determined the in-plane polarization direction in the region of MPB to be tilted by ~30 degrees
with respect to a <100> substrate crystal axis. Moreover we demonstrated that the large scale MPB patterns can
be repeatedly overwritten on the same area with different poling directions. Our findings provide pathways to

deterministic control of high-quality MPBs in an electric way.
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[1] R. J. Zeches et al., Science. 326, 977 (2009)
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1. Introduction

In the world of nano science technology, SrRuO; is known as one of the most promising materials used as
the bottom electrode. SrRuO; exhibited an excellent conducting properties even at room temperature. However,
at the ultrathin layer SrRuOs film showed metal-insulator transition which is studied recently.[1,2] The studies
in the metal-insulator transition not only restricted in ultrathin SrRuO; films. The oxygen stoichiometry, substrate
properties, and annealing process also have various effect in the conducting properties of SrRuO;.[3] In this work,
we reported that the disorder due to external treatment can also change the conducting properties of SrRuOs. The
change of conductivity was closely related to the structural properties of SrRuO; films. The expansion of SrRuO;

lattice constant was regarded to the oxygen vacancy concentration in the plasma-treated SrRuO; thin films.

2. Experimental

25 nm-thickness of SrRuOs film was grown on SrTiO; (001) substrate using pulsed laser deposition with a
KrF excimer laser. The temperature and oxygen partial pressure was maintained at 750°C and 100 mTorr,
respectively. The structure and film orientation of SrRuO; were characterized using high-resolution XRD. After
film deposition, the film was exposed in the plasma ambient in a conventional RF plasma chamber. To generate
O, plasma we used O, gas, while H, gas to create the H2 plasma. The plasma-treated film was measured using

high-resolution XRD to see the effect of plasma treatment in the structural change of SrRuO; thin films.

3. Results

The main result of our experiment was shown in the figure 1. In the Fig. 1(a), we found that the conductivity
of SrRuOs; thin film was decreased in the O, plasma-treated SrRuO; thin film (SRO25-O). Meanwhile, the
conductivity of H, plasma-treated SrRuO; thin film was drastically decreased showing semiconductor properties.
Having looked closer to the low temperature region, we also revealed that the transport mechanism could be

explained using the Anderson transition method which used the Mott-type variable-range-hopping.[5]
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Figure 1 (a) Temperature dependence of resistivity for SRO25, SRO25-O, and SRO25-H films; (b) electrical
conductivity of the SRO25-H fitted using the two-fluid model[4], and (c) electrical conductivity of SRO25-H,
fitted using the Mott-type variable range-hopping conduction (Anderson insulator) model.[5]

4. Conclusion

The Anderson transition method can be used to explain our H, plasma-treated SrRuOs thin films. In the low
temperature region of resistivity Mott-type variable-range-hopping showed the 3D hopping process and
multi-phonon processes. Even though the source of disorder generating the metal-insulator transition was quite
different from the other experiment using Ti-doped SrRuOj;, both experiment showed a clear linear relationship

and the values of the fitting parameter were quite similar in order of magnitude.

5. Reference
+ cu-jung@hufs.ac.kr
[1T Y. J. Chang, et. a., Phys. Rev. Lett., 103, 057201 (2009).
[2] D. Toyota, et. al., J. Appl. Phys., 99, 08N505 (2006).
[3] Q. X. Jia, et. al., Appl. Phys. Lett., 81, 4571 (2002).
[4] M. A. Lopez de la Torre, et. al., Phys. Rev. B., 63, 052403 (2001).
[5] K. W. Kim, at. al., Phys. Rev. B., 71, 125104 (125104).
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Photon Polarization Dependence of Photocurrent in
Multiferroic BiFeO3 Thin Films
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*Institute of NanoCentury, KAIST

1. Introduction

Conventional silicon-based solar cells generate photo-induced electron-hole pairs which are separated through
an electric field created at the boundary of p-n junction. But, a ferroelectric material shows different photovoltaic
mechanism. Ferroelectric domain walls play an important role in ferroelectric photovoltaic effect; it has been
found that open circuit voltage can be increased without a limitation of band gap in proportion to the number
of domain walls between two coplanar electrodes. BiFeO3BFO) is a material that has both ferroelectric and
anti-ferromagnetic properties. It is G-type antiferromagnet and has a ferroelectric polarization along <111>. When
BFO is grown on DyScO3DSO)(110), substrate, two-variant stripe ferroelectric domain structure with
highly-ordered 71° domain walls can be formed as a result of different in-plane lattice parameters of the substrate.
We measured photocurrent of the BFO thin film through coplanar electrodes deposited on the top of the film.
We report that the photo-induced short circuit current has dependence of light polarization. Whenever the light

polarization is perpendicular to the stripe domain walls, the photocurrent can be maximized.

2. Experiment

BFO was grown on DyScO;(110), substrate by pulsed laser deposition(PLD) and we obtained well-ordered
71° domain walls. Electrodes were deposited so as to be parallel with domain walls. Linear polarized light (405
nm in wavelength) was illuminated on the film considering that the band gap of BFO is ~2.7 e¢V. We measured
[-V curves rotating samples azimuthally fixing the linearly-polarized light. We measured the short circuit current

rotating the inter-angle between photon polarization and ferroelectric domain walls.

3. Results

We plotted the short circuit current as a function of the inter-angle between photon polarization and
ferroelectric domain walls. It shows the maximum short circuit current at the angle of 90° where photon

polarization and ferroelectric domain walls align vertically.

4. Consideration
The inter-angle of 90° between light polarization and ferroelectric domain walls means that photon polarization

is parallel to the net ferroelectric polarization.
5. Conclusion

Photon polarization dependence of photocurrent was measured. Parallel alignment of net polarization and

photon polarization maximized photocurrent. The anisotropic photocurrent phenomenon suggests that the
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well-aligned BFO domain walls can be potentially used for light polarization detector.
6. Reference

[1] S. Y. Yang. e al. Above-bandgap voltages from ferroelectric photovoltaic devices. Nature nanotechnology,
5, 143-147(2010)
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Effect of Preparation Conditions on the Structural and
Magnetic Properties of NiZn Ferrite Nanoparticles
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1. Introduction

Ferrites are advantages over other soft magnetic materials for applications in high frequencies because they
exhibit high electrical resistivities combined with useful ferrimagnetic properties. Recently, there has been
enhanced interest in developing ferrite materials at nanoscales. When the size of the magnetic particle is smaller
than the critical size for multidomain formation, the particle exists in a single domain state and domain wall
resonance is avoided; therefore the material can work at higher frequencies."” In this respect, more investigations
of ferrite particles at nanoscales need to be carried out in order to understand the physical properties and to meet
the technological requirement for high frequency applications.

Regarding the synthesis methods of nanoparticles, chemical methods often provide better homogenieity and
greater uniformity in particle size and size distribution.’ Among various chemical synthesis routes, sol gel in
2-methoxyethanol is simple and excellent in composition control. In this work, we discuss the effects of precursor
solution concentration and annealing temperature on the structural and magnetic properties of NiZn ferrite

nanoparticles synthesized by sol gel in 2-methoxyethanol.

2. Experimental Method

Iron(IIT) nitrate nonahydrate(Fe(NOs)s - 9H,0), nickel nitrate hexahydrate (Ni(NOs),-¢H,O) and zinc nitrate
hexahydrate (Zn(NOs), - 6H,O) were used as precursors for the preparation of the starting sol. The precursors were
dissolved in 2-methoxyethanol with molar ratio of Ni:Zn:Fe=1:1:4. The precursor concentration was adjusted by
the volume of the solvent 2-methoxyethanol. The precursor solution was stirred for 3 h at room temperature to
form a stable solution. Then the solution was evaporated at ~60C to remove most of the liquid. The solution
was finally dried at 95C in an oven to form powder, which was annealed at 300~800°C to crystallization and

form nanoparticles.

3. Results

The annealing temperature showed critical effect on the crystallization of the NiZn ferrite nanoparticles. It is
clearly shown in Fig 1. that NiZn ferrite crystallized at annealing temperature higher than 600°C. The better
crystallinity also induced an improved magnetic property, which was confirmed by the M-H curve measurement

using Vibrating Sample Magnetometer (VSM). as illustrated in Fig. 2.
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Fig. 2 M-H curves of NiZn ferrite
Fig. 1 XRD of NiZn ferrite nanoparticles nanoparticles annealed at different
annealed at different temperatures. temperatures.

The effect of the concentration of the precursor solution was also investigated. The concentration of the
precursor solution was adjusted to 0.1, 0.3, 0.5, and 0.75M by 2-methoxyethanol. The VSM measurements
revealed that the saturation magnetization of the NiZn ferrite nanoparticles increased increased with the precursor
solution concentration. Through the XRD, and TEM measurement, we will discuss the change of structural and

magnetic properties of NiZn ferrite with the concentration of the solution.

4. Conclusion
The effects of preparation conditions (annealing temperature and solution concentration) of NiZn ferrite
nanoparticles using sol gel in 2-methoxyethanl were investigated. According to these results, it is possible to

adjust the properties of NiZn ferrite nanoparitcles according to applications by varying the preparation conditions.

5. References
[1] A. C. Razzitte and S. E. Jacobo, J. Appl. Phys. 87, 6232 (2000).
[2] Z. X. Tang, C. M. Sorensen, K. J. Klabunde, and G. C. Hadjipanayis, Phys. Rev. Lett. 67, 3602 (1991).
[3] B. P. Rao, G.S.N.Rao, A. M. Kumar, K. H. Rao, Y. L. N. Murthy, S. M. Hong, C.-O. Kim, and C.G.
Kim, J. Appl. Phys. 101, 123902 (2007).

- 45 -



SMo7

H}o|of

A K=
— e TT

12 I1F

- —
SsA

HO|E M2

o| ZHL 9}

=% ol 0IXI= ¥

zeu™ Agsl, as® st Aas'
A s A R E A Fet)
A eta A7) Z8t
SmEista A aA) Bk
skl A
1. 42
ZY2 Ao E ML A2ofA] TET 5 Qi 2] A F PRI ISR e w9 Belse
7WR =AM Z0] litolet. BlAu Aol iRl AR 27 utoloja ARE Qlrste] TEFY, Ho|o]
2 AR AAA| ) ApglolFo] olat sl aH A2} glo] A |Eu HES 75EHA Sk ARlo] gt
HACH[1-2] 0] 7 HHAle] AAL 2p4 ofEu A ofolo]E o] gate] ofat RS AF A o] AR
2 ANE 2855l Aeti, 7] But TES sto] o =o| Zsla 7hekgk AE e s g A 5 9l
2 Ao AL Hlojo]a ARI} 7|Hul & ZeA Ao|E MM Zhwel 24 Welo] njXE JgFe =
Apsk7] Q13 voloz HFe] A7]S JPHSIHA ofEw 2 ofolo]o] Ay] QuEAS AL, AlA Q] £
EAS zAEkAT
2. AIG-II:IH:H
dholoj ARE Q7IEHHA ob=Em A tojoo] 27| QJuHAS ZAF}7] 93] Fig 1. o] A9HE Bias T
322 o gdlo] 24 stgltt. o] TR YE LA (Agilent 8714 ES)2t HUFTF7I(NF VP4610)o] A7
Tlo] &4 Ful4= 0.3 MHz ~ 3 GHz, Hlo|o]lA AEE= 0 ~ 100 mA HEoA AT X AHA 9] 7+

Ha3457] 1) A WHFOR N WEER 1A FAO| HRS X5k 9% AAZ 0 ~ 30 Oe

= 7PSHEA 54 SHeckFig. 2). oFE w2 gholoje] 2] YlEAl UEYD B417]9] MAMS o] 3
o Z4atgc
I 10~ 100mA] 0
[
CL L 350
k > g 300
'1 c ) g 250
S % 0
2 £
<" L L g 150
( i C s DC bias current
Network Analyzer - 100 ---0mA
Power : 0 dBm / Ie “0=20 mA
(/:\ 1 1 ] 50 =50 mA
=/ i Amorphous Wire ~o-100mA

Jl Lenth : 10 mm

N 0.5 1

External Magnetic Field [Oc]

15 2
Thickness : 0.1 mm

.. Magneto-impedance ratio at

Fig. 1. Proposed Bias T Curcuit 7.8 MHz

- 46 -



3. MY P 0N
Fig 2.8 7.8 MHz9] A7) 99| Rl2g 243 agolth vroloj AFe A7)0 utel 7] Qlul€l ()
o a77} teng adne Jeie el 4

Magneto— Inpedance Radio %] =

& olgste] Uetiglch. Z(Hpy) e A AAZE Hpyd W] duds, Z(H) = 97 AA7E 0 d oo
duldrolan, 2p7] duEs HlE&S 27] YHHEXNZ(H,)E 7IEe2 Ueict

Fig. 2. oA UrEM~ AXE < AHAl s 27| JudA7E M 7= A2 vholojs HF77t
T7MEeS A= AE & 5 vk AA L] A7) duldso] wghe gl AA|e] FARE oEste] HE)
[4]517] wizel, ZM AL TJefjzoA My Ee 23} B AHS AlA e S, 22 Vel=
el 244 Q1 AHAE etk oAb FukeE 7.8 MHz, vho]o]A Z177E 0 mA €} 20 mAo| A Xt ¢} ]
Ha e o AAZE 242 0.6 Oe, 1 OeollA S0 =ik o) HakeS 7= A2 viojojs
AR7E 715 2 9 Aol SAEAARE 229 7|27 vhololart AF77E St fas)
Atk o] Yol YEYE A7) &8 Aol 0 dBm (0 mW)E A4 ¢tojojo] x8l2 23}A7]7] 93
3t AC AR FFE A a1, DC Hlo]olA AFR7F AC AFRETE 2 LR QI7FE 7] fjRog o

]o

ml

4. BE
B AL Hpolojx ARI FEYA Aol AA L] Aol nlAt GeEE A7) 918, AQkE Bias T3]

2o YEQD 2478 Adsto] WANOR olB A Solole] 7] YuUAS ZAskelet. voloj2 AR
% AHA ASpE Zase A3 AAZ A AR Selstel, A solol 17 A

o 24 WS F7HIA FE 22 S 95 A T Y H MBS volojx AR oES
= 4we naAw, AR E251) A6 FET AC A7) AlHA Eee] HEOR B

AC RS} uolol2 ARE QNS o) 7wt 75 B~ Ao|= MY gEet 54 Wizt

N
ol\
N
g M
s T

Sasada, “Orthogonal fluxgate mechanism operated with dc biased excitation”, J. Appl. Phys., vol.91,
n. 10, p.7789-7791, 2002
[2] E. Paperno, “Suppression of magnetic noise in the fundamental-mode orthogonal fluxgate”, Sensors and
Actuators A 116, p.405-409, 2004
[3] J. P. Sinnecker, “Magnetoimpedance aftereffect in a soft magnetic amorphous wire,” Phys. Rev. B, vol.55,
issue.6, p.3362-3365, 1997

- 47 -



STO1

HIZ & FeNiSiB & XIS 50l &2iCt 0|F X729
EO.==-O = Ad EJS

27", =x|12", MM AMZAS? Shinji Isogami®, Masakiyo Tsunoda®, Migaku Takahashi®,
7l4a’
a0 O -
' meith st AR F )
s A7
3Department of Electronic Engineering, Tohoku University, Sendai, Japan

1. Mz

o]% Z}71¥'d A gH(magnetic tunnel junction)2 E]d 3 Z}7]# &4 (tunnenling magnetoresistance ratio)ill A
eroj&AJo] a1, A48-%9 AR 15 &S (current induced magnetization switching)2] YA A FU=S
2A1Z 5 Qe ARE 7H AR A ok

a8y A4 MgOZt i F Higlolz AREE S 5
& 200% o)/ A7 AT E e BHY, o]F Hd Y uijE|oj7t AREE
ez dd A7IEE o] v W Ayatt Bal gal gtk & A= oS AVIEEHTY AT
of Bl GRS FeNiSiB2 MUt A7 A@u|E FEA7IAL 7Pl e 7= B4 4

=
of 2L F3 AR AyE e,

2. Ao

B Ao A ALEH ARES 21AF U EE AHE Y AAHS AFLEte] ZHE QI AFREH AA
@%%@E@M@A@oaﬂwaﬂﬂwa1 Ao} 9l FAol, 7 W] 27] WFELE 5x107 Torr
o|ate] 2TAFS AR §AHATE F2E AV EEHTFS 2L T ¢} o] 2y] W AL o] &
§kﬂﬂ%@%~%ﬂd1@4szaﬂﬂfﬂﬁéwﬂﬂ%a , B 5 1A dAE AAYEHTE: 107
Torr)ol| Al 4 kOe®] 247142 <l7tsln] x]2|S §6}%] .01, 4-point probe A28 o] &5to] 7|2 B4
2743tk

3. Alsi gt 9l &k

I8 12 33004 A ArTEd e A7 AGHE KAl ey - e E AR5 A
27} CoFeBSl 790l 121%2] A7 A& Yt il 1=t CoFeBI} FeNiSiB& o] ARG 7-f-of 24
off mkeh 2t 195%9] 52 A7| A0S Holal 3tk o= FeNiSiBZ AMS-3F3E 7470 MgO E'duljz]ofe}
A 25?1 CoFeBS Ato]2] Aol 2ok zfojof ogt Aoz ﬂ*E}El—tﬂ AT A S Foke] o
013} A} FeNiSiBL AFL3}9LS A, CoFeBZo AA3I/} ¢ o] ¥ Aoz stolwgict

a9 2% Q7bHSte] WE A7 A g o] WIS &8 Mo R HojRl Aog A§Zo] ¢ CoFeBZS
AEHE Aol A7 AR el whE 28 AY S AVIARETE 2A o e Bl YA,
CoFeBZ- FeNiSiBS-& 2ol AH3lS Z-F-olle Ay Wl Aogle 234500l 4 Fde 2o+
i QUek o]ef o] FeNiSiBS& ARE-sHdlS o, 7HAlE Feo] A7|AZu7F Uehde o< o :
A7) A gu] o] Q7bSke] mE 5442 Hdug oot AT Abele] AW Aol e FdE ol A H
=, CoFeBSRF ARE-8HHS -9 B 9#12] o]l w2 CoFe/MgO A o] 2Asr} o fA x3E o] %

ille
i)
il
iw)



2o A% AW} ok dhelol A% Awe] AElvt Debx 7] Eek v CoFeB% Atolo] FeNiSiB
2 790 CoFeBoll 4| B 1749] o]50] FeNiSiB% WaFO2 FrEslo] 912 a4 Z/ujelo] A
JZ el of Al ARStET} v st Hol AA7t o|F BuelA B A FARE 84S

—a— MgO/CFB 1/NFSB 2.67/CFB 1.5/MgO
® - MgO/CFB 1.5/NFSB 1.33/CFB 1.5/MgO| 1.4
200 —A— MgO/CoFeB 4/MgO = Single CFB 4nm

PN —h—A— A A — e CFB 1nmM/NFSB 2.66nm/CFB 1nm
4 S 12t
175 | \ Z
[eo—o o @ Q—\& oo | > 10}
< ) ‘eat 2
g S | g) 08
2 ¥ o
w= 100 | \| = 06|
S | S
x | 04l
= 3
02f
25| 5
i O oo}
0% 2 - TRET) o5 00 o5 o 5
H (Oe) Bias voltage (V)
29 L AeE FAC B 2 A 29 2. AAbAYe] whe Zeere] W)

4.22

B APAAL o)F A/ HEHT] AfEl HHY FAAF FeNiSiBEE Asto] 471 4GS &
Oli QRG] WE A7 A9 WEE RO ANt olF AV HLHT H5S P A7IE
2 Asheck

5. Xk 23

[1] Z. Diao, A. Panchula, Y. Ding, M. Pakala, S. Wang, Z. Li, D. Apalkov, H. Nagai, A. Driskill-Smith, L.-C.
Wang, E. Chen, and Y. Huai, Appl. Phys. Lett. 90, 132508 (2007)

[2] C. Heiliger, P. Zahn, B. Yavorsky, and I. ,Mertig, Phys. Rev. B 72, 180406 (2005)

[3] G. Feng, S. V. Dijken, J. F. Feng, J. M. D. Coey, T. Leo, and D. J. Smith, J. Appl. Phys. , 105, 033916
(2009)

[4] H. D. Gan, S. Ikeda, W. Shiga, J. Hayakawa, K. Miura, H. Yamamoto, H. Hasegawa, F. Matsukura, T.
Ohkubo, K. Hono, and H. Ohno, , Appl. Phys. Lett. 96, 192507 (2010)

- 49 -



STo2

1. ME
AF Q7 ALY o]%5(Current-induced domain wall motion; CIDWM)-Z o9~ Su| 2.9 E2]%] FAro|til,
2]. 22 A7 Eo|A CIDWM | Z(Creep) W 2S WETH3] A2 &2 ofdly -2 WA wpe} ot
*\— 1/4
29l 4 V= Viexs| -0 L | e arern sick sl vk 54 % 0k oA 4 by

il 2=5 Uehdth. 53] A & ARl 8] BHE Fa5 A7S ouidth e AR
E <7kt & D(oule heating)®] WA O2 w7} F7FeH=t], ojuf CIDWMOIA =4eh A5 at
5 l gt A7 ol ATFEolA obu2 WA ZHE 54 SEe} ofuix] A<
= o] FEsh Areta AR, Ao ERE kp7 FUE 2% JPOR uHEgch AT wwd
PYCo/Pt LAl %Lz_oﬂ A AF UE 10" Am’ 0]31e] CIDWMO A Afol 42 2= F7p7t 2 wiglefA
olggt 7hgol 2§ s AT et g 2 S 7 Wglol e A7) Ao Mske aez A
b wol Wg Ao AztEch wekd 54 =0 ofux] 4o & oEA HE A7t Basich

2. Moy
H ALE 4=38517] Y3l Si/SiOx/Ta(5 nm)/Pt(2.5 nm)/Co(0.3 nm)/Pt(1.5 nm) =2 R}7|o|A] vl A g &
ARSI SE9] 296 K 4] 318 K 744 2714w A o)L BAb] A2 K Magneto-optical

Kerr effect; MOKE) @dn|74S £ zasiqich

3. My

Zkzte] 2rollA iRl ol7), Vo(7)E 28 1 (), 0ol HEFHAL, o(7), Vi (7)7F 2= w2t 54

S WEE Bskeh e oR 2w RRA Aelx 959 HANS Myl o5 19 1 ). (b))
ool W2 (D), V(7)9 ABME olgstel, AT¥ ofF HEE: oo 4% HE
RT
* 74 T ‘
V= Vi exp 1n{ V0<T>}5<OT> 7| = Ak 7ol Tk e elulsin, geolne] 84 &

Lo} oL A] B RT: Vo(To) » O T:a(To) - Zro] yeffiiet 19 1 (a), (b)‘/] ZY71O| Aol 2%
BFEE o183t 2 BN HiAlE A3 25 Y 1 (o) Zo] WESIAT: 17 1 (02 AaollA
UEhSo] 2= aaprt viAlE SEe vttt 2ok S5kl B A2 A S HA T A
ol sde T 4 AUk

\:l

|

>
ey

=
ATE T3l 71E9 obHUe-2 WAl 2 ZEx FoA a(7), Vo (7)7F =6 o3-S gelat
Ack. 2= 250 A o(D), Vi (1)7F &= TS aesto], ofg] 2Eo|A 2717 Q17 28] o] g2

ot

ol



o

R = |

AL gHolatgin) weks L2 wWE o(7), V,(7)S CIDWM o #-&3}o], CIDWMO|A & &
]

(o] —
T gt AR AT AT 4 UATh AP ARARFES 25 =0T o Folnt.

Xk

MO
r

[1] R. A. Duine and C. M. Smith, Phys. Rev. B 77, 094434 (2008).
[2] Stuart S. P. Parkin, Masamitsu Hayashi, and Luc Thomas, Science 320, 190 (2008).
[3] J.-C. Lee, et. al, Phys. Rev. Lett. 107, 067201 (2011).

—~
g 1.4 (a) 10 [
F d
— E
- F
N 1.0F 1
o —~ 407 F
=~ os} n [ [0 296.331K
— P F <7 299.107K
3 10° . L . L E r 300.927 K
(b) ~ F O 302733K
. * r 304.533 K
wn 2 -10 [> 306.797K
= 10 10F 309.039 K
E @) [ O 311.296K
N ¥ O 313534K
>¢;101 [ % 315787K
E O 318.014K
10‘13 [ 1 1 1 1
5 9 10 19

295 300 305 310 315 320
T(K

[H (T)] ™

*

Y 1 (@exd TE Uz A o, b)eEo 2 EA £V, (oF Vo] gigt vV

- 51 -



STo3

Transition of Magnetic Properties with Various Annealing

Temperature in CoFeB Films

Cheong-Gu Cho'*, Sang-Jun Yun', Joon Moon', Cheol-Hyun Moon?, Hyo-Jin Kim®,
Sang-Im Yoo®, and Sug-Bong Choe'

1Department of Physics and Astronomy, Seoul National University
*Center for Spintronics, Korea Institute of Science and Technology
3Department of Materials Science and Engineering, Seoul National University.

CoFeB film is one of the candidates for the next-generation nonvolatile random access memory because of
its small Gilbert damping. The Gilbert damping constant a is related to the critical current density and the domain
wall speed by the spin transfer torque. The CoFeB film has been therefore extensively examined for the potential
application for the STT-MRAM [1] and the domain wall device [2]. The magnetic properties of CoFeB films
are known to change with respect to the annealing temperature [3]. In this report, we report an experimental
observation of the annealing temperature dependence of magnetic properties. For this study, ferromagnetic CoFeB
films with various capping/seed layer are prepared on GaAs(100) substrate by dc magnetron sputtering. After
deposition process, a series of the films is annealed with different temperatures from 200°C to 400°C in high
vacuum condition (< 3.0010° torr). The change of the magnetic and structural properties is examined by use
of a vibrating sample magnetometer (VSM) as well as an x-ray diffractometry (XRD), as summarized by Figs.
1 and 2, respectively. The magnetization precession is then observed by use of a timeresolved magneto-optical
Kerr effect measurement to examine Gilbert damping constant. For this measurement, the pump beam is focused
onto a spot with a diameter 1 Om and magnetic field of 2.5 kOe is applied at an angle 10° from the sample

normal. The correlation with the magnetic and structural properties will be discussed.
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Fig. 1. The hysteresis loop using vibrating sample magnetomer(VSM)
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1. Introduction

For multilayer films of alternating ferromagnetic and nonmagnetic layers, the broken symmetry at the interface
can induce the strong perpendicular magnetic anisotropy (PMA). Multilayer systems based on Co/Pt, Co/Pd are
(111) textured, the grain boundaries act as pinning sites, and it causes irregular switching behaviors. In this
research, we investigate the PMA of CoSiB/Pd multilayer system by replacing Co with amorphous CoSiB. The
thermal reversal domain processes such as domain wall motion and the nucleation of reverse magnetization at
grain boundaries are confirmed by the magnetic optical Kerr effect (MOKE) microscopy and sweep rate

measurements.

2. Experiments

The samples were deposited by DC magnetron sputtering system at room temperature with Ar gas pressure
of 2 mTorr from Co7sSi;sBio target. The multilayers consist of SiO, (100)/Ta (5)/Pd (3)/[CoSiB (fcosis)/Pd
(1.3)]s/Ta (5) with various thickness, fcosiz = 0.2, 0.3, 0.4, 0.5, and 0.6, (unit is nm). The domain wall (DW)
motion due to thermal activation is confirmed with MOKE microscopy measurement. The sweep rate dependence

of coercivity was observed by using a vibrating sample magnetometer (VSM).

3. Results and discussion

For fcosis = 0.2, 0.3, 0.4, and 0.5 nm, the PMA is clearly observed. The maximum coercivity (261 Oe) was
found for CoSiB thickness of 0.3 nm. Figure 1 shows the MOKE image of [CoSiB (0.3 nm)/Pd(1.3 nm)]s
multilayer with waiting time (30 and 180 sec) at -150 Oe. It is described the DW motion related to thermal
activation [1, 2]. The fluctuation field, Hy, is useful parameter to understand the thermal reversal process [3, 4].
The sweep rate dependence of coercivity of CoSiB/Pd multilayers with various thickness are shown in Fig. 2.
Hy is obtained from fitting to the equation deduced by Bruno et al. [5]. In results, the coercivity is larger with

smaller H.
4. Conclusion

We investigate the thermal activation related to time dependence of magnetization reversal process in

CoSiB/Pd multilayers with PMA. The coercivity is intimately associated with the fluctuation field. More detail
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analysis including thermal activation energy and the nucleation energy barrier will be discussed.

180 sec

Fig. 1 Magnetic optical image for [CoSiB (0.3 nm)/Pd (1.3 nm)]s multilayer after (a) 30 sec and (b) 180 sec

at -150 Oe.
250 T T T T T T T 1 ® 02nm
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Fig. 2 Sweep rate, In(dH/dr), dependence of the coercivity of [CoSiB (fcosip nm)/Pd (1.3 nm)]s multilayer with

various thickness, fcosis = 0.2, 0.3, 0.4, 0.5, and 0.6 nm. The solid lines represent fit curves to the fluctuation
filed, (Hy).
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1. Introduction

We studied the magnetic couplings in a free-layer stack of MgO/ CosFesBy/ Ta/ CosFesB,/ MgO and a
pinned-layer stack of CosPti/ Co/ Ta/ CosFesB./ MgO for perpendicular magnetic tunnel junctions (MTJs). The
MgO/CoFeB/Ta stack is known to have a large perpendicular magnetic anisotropy (PMA) as well as high tunnel
magnetoresistance (TMR) of over 120%[1]. It has been recently reported that a MgO/ CoFeB/ Ta/ CoFeB/ MgO
structure with two CoFeB/MgO interfaces has a high thermal stability factor of 95 with a junction size of 70
nm[2]. The CoPt alloy is a decent choice of pinned layer material, since it has a high coercivity and a large
PMA [3,4].

2. Experiment Method
The samples were deposited using both DC and RF magnetron sputtering on the oxidized Si(100) substrates.
The magnetic properties were characterized by vibrating sample magnetometer (VSM), and the magnetotransport

properties by four-point probe method.

3. Results and Discussion

A PMA was observed both in the free layer of MgO/ CosFesB,/ Ta/ CosFesBo/ MgO and in the pinned layer
of CosPt;/ Co/ Ta/CosFesBy/ MgO after annealing the structures at 300 C. The Ta interlayer thickness affects
the magnetic coupling between CoPt (or CoFeB) and CoFeB layers in the pinned (free) layer. The magnetic
configuration of the two layers, parallel or anti-parallel states, can be controlled by changing the Ta thickness.
For example, a 0.4-nm-thick Ta layer gives rise to ferromagnetic (F) coupling, whereas a 1.2-nm-thick Ta layer
results in antiferromagnetic (AF) coupling. Especially, the AF-coupling in the pinned layer can be used to enhance

the thermal stability of the free layer by reducing the stray field.

4. Conclusion

In summary, we show that the magnetic couplings in MgO/ CosFesBy/ Ta/ CosFesBy/ MgO and CosPti/ Co/
Ta/ CosFesBo/ MgO depend strongly on the Ta interlayer thickness. The structures studied in this paper can be
used for perpendicular magnetic tunnel junctions (p-MTJs) having a free-layer of MgO/ CosFesB,/ Ta/ CosFesBo/
MgO and a pinned-layer of CoszPti/ Co/ Ta/ CosFesBy/ MgO.

5. Reference
[1] S. Ikeda, K. Miura, H. Yamamoto, K. Mizunuma, H. D. Gan, M. Endo, S. Kanal, J. Haykawa, F.
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1. Introduction

When current passes from one ferromagnetic layer through a tunnel barrier into another ferromagnetic layer
in magnetic tunnel junctions (MTIJs), the spin-polarized current can exert a spin torque on the second
ferromagnetic layer. Here we reports the tunnel magnetoresistance (TMR), current induced magnetization
switching (CIMS), switching phase diagram (SPD), and spin torque diode spectra of nano-patterned MgO MTIJs
with a CoFeB single free layer. The measurements of SPD and spin-torque diode spectra are useful methods to

quantify the magnitude of spin torque[1-4].

2. Experiments
We have prepared MgO MTlJs consisting of substrate/ buffer/ CoFe/ Ru/ CoFeB/ MgO/ CoFeB/ capping layer
using an ultra-high vacuum DC/RF magnetron sputtering system. The films were patterned into elliptical-shaped

MTJs of 270 nm x 90 nm size using electron beam lithography and Ar ion milling.

3. Results

The TMR of MTJs having a 1.7-nm-thick free layer is 132% at room temperature. In CIMS measurements,
the magnetization was reversed by spin polarized current. The magnetization switching from parallel (P) to
anti-parallel (AP) state occurred at -0.6 mA, and AP to P switching at +0.7 mA at zero net magnetic field. The
switching phase diagrams (SPD), where H,. is measured as a function of bias voltage or current, was investigated
to quantify the spin transfer toque in this system.

The results obtained from the SPD measurements are analyzed in comparison with the measurements of spin
torque diode spectra under various dc bias voltages at room temperature. We have observed small-amplitude
oscillations in the spin torque diode spectra. The shape and amplitude of the resonance peak varies with the
applied dc bias, presenting quantitative information of spin transfer torque. The SPD and spin-torque diode

measurements allow us to study the bias dependence of spin transfer torque.

4. Conclusion
The magnitude of spin torque in MgO MTJs with a CoFeB single free layer is analyzed using the
experimental measurements of TMR, SPD, CIMS, and spin torque diode spectra. This provides a consistent

understanding of spin transfer torque in nano-patterned MTlJs.
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on Py Layer
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The generation and detection of a spin current through inverse spin-Hall effect(ISHE) phenomena are the
important technique for developing applied spintronic devices. The ISHE has been observed using the
spin-pumping[1,2] and the non-local method[3] in Py/Pt films. Above all, the spin pumping method represent to
the generation of spin currents from precessing magnetization in a ferromagnetic/paramagnetic bilayer system. And
then a spin current is pumped out of the ferromagnetic layer into the paramagnetic layer in the ferromagnetic
resonance(FMR) condition. The FMR linewidth and spectroscopy measurement technique provides a convenient
way for not only measuring the Gilbert damping constant and the saturation magnetization in magnetic layer[4]
but also material characterization such as composition[5].

In our experiment, FMR signal and output voltage of ISHE behavior depending on the magnetic field are
distorted according to the exposed time into atmosphere. This dependency severely reduces the accuracy of the
experimental results. As shown in Fig. 1 (a), the FMR curve compare as-dep. and 240 hours passed. For the
Py/Pt sample after 240 h passed, the amplitude of absorption peak is decreased at Hy(resonance field) = 1 kOe.
And additional resonance peak is appeared at 3 kOe such as similar with that of Fe;Os. Therefore we can estimate
to be generated iron oxide due to exposure of atmosphere. According to the oxidation of Py layer, the electric
voltage is measured in Py/Pt films by using ISHE, the oxidation of Py layer is a reason that the output voltage
reduction and distortion in Fig.1(b). To make the conclusive results, surface analysis measurement such as
ellipsometry, X-ray Diffraction(XRD), and X-ray Photoelectron Spectroscopy(XPS) is carried out. So a possible

origin of distorted output voltage signal for oxidation of Py layer will be discussed in detail.

Fig. 1
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Fig. 1. (a) The FMR curve compare as-dep. sample and Pt/Py sample after 240 hours. (b) The output voltage

as a function of magnetic field in Pt/Py sample.
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Structural and Magnetic Properties of Epitaxial CosFeAl
Films Grown on MgO Substrates for Different Growth
Temperatures

1. M&
The objective of this research was to elucidate the correlation between crystalline structure, electronic
structure, and magnetic properties of Co,FeAl films as a function of growing temperature (Tg) by experimentally

and theoretically.

2. Ay
The CosFeAl thin film samples were prepared on lem x lem MgO (100) single crystalline substrates with

various growth temperatures by molecular beam epitaxy (MBE).

3. 2HEY

The degree of atomic site ordering (S) is calculated by the integration of the intensity ratio of the (200) and
(400) diffraction peaks in the XRD pattern. The S for the sample grown at 600°C is much higher than that of
the sample grown at RT (53%:35%), indicating that the degree of order on the Co sites increase with T,. The
sample grown at RT has a structural or crystalline disorder that disappears with increasing T,. This disappearance
results from the improvement of the structure at the atomic level and represents a transition from short-range to
long-range crystallographic order with increasing T,. Based on TEM and XRD results, the Co.FeAl film grown
at RT is initially in the partially disordered B2 state, but then transitions to a much higher ordered structure with
increasing T,.

From the EELS spectra, we found that the Co L3 and L2 peaks for the sample grown at 600°C was much
higher than those of the sample grown at RT,and the I(L3)/I(L2) ratios were 2.3 and 1.9, respectively. Those
intensities reflect the occurrence of vacancies in the d-band. Therefore, the higher intensity indicates a larger
number of unoccupied 3d states in the sample grown at 600°C. The Fe L3/L2 ratio and peak intensity, however,
do not show any significant variation, regardless of T,. These changes in the I(L3)/I(L2) ratio should be related
to the microstructural and chemical evolution associated with the growing temperature, since the TEM and XRD
results show a clear trend in the modification of the structure to a more ordered B2 structure with increasing
Te.

As Tg increases, the I(L3)/I(L2) ratio and peak intensity of Co become more dominant than those of the Fe.
Moreover,the degree of order on the Co sites increase with Tg. Therefore, the increase in the Co contribution
and degree of order on the Co sites with Tg result in the increment of Hc due to the relatively higher magnetic

anisotropy of Co than that of the Fe.
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We performed inductive magnetization dynamics measurements on Co,FeAl films. By increasing T,, damping
constant (o) increased. Our T, dependence of the acharacteristics differ from the results of other groups, where
the avalues decrease with increasing degree of atomi corder by annealing."! We deduce that the increase of a
resulted from the increasing Co effects with Te. a is proportional to the square of the spin-orbit coupling
parameter and is a consequence of spin-orbit interaction. Th eorbital moment, resulting from the spin-orbit
interaction, is proportional to the difference between the number of states of majority and minority spins at the
Fermi level. Fe is a weak ferromagnet with the Fermi level intersecting both the 3d up and down spin bands,
while Co is a strong ferromagnet having holes in its 3d down band; hence, the orbital moment in Co is larger
than in Fe. Moreover, as the T, increases, larger numbers of unoccupied 3d states in Co are observed. Therefore,

the increase of a with T, resulted from the increasing spin-orbit interaction of Co.

4. O&

Our experimental results will help with the design of high spin polarized with low o materials such as
CosFeAl full-Heusler alloy and realize a low current density for current induced magnetization switching in a
high-density MRAM. These well-defined properties change can be regulated by T, control and the method

presented herein is easily extended to other material systems.

5. BE

In summary, we clarify the correlation between crystalline structure, electronic structure, and magnetic
properties of Heusler Co,FeAl films as a function of growing temperature. The CoFeAl film grown at RT is
initially in the partially disordered B2 state, but then it gains a much higher ordered structure with increasing
Te. As T, increases, higher I(L3)/I(L2) ratio and many more unoccupied 3d states in Co are observed and hence,

o increases due to a strong spin-orbit interaction.

6. D2
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When antiferromagnetic (AF) layer is grown on top of ferromagnetic (F) layer or vice versa in the applied
magnetic field during growth (in-situ field growth) or they are field-cooled from above blocking temperature after
growth (ex-situ field cooling), center shift and broadening of magnetic hysteresis (M-H) loop from zero along
negative or positive field axes, are simultaneously shown owing to the interfacial exchange coupling between F
and AF layers and are named as exchange bias field and coercivity enhancement, respectively. Generally, it is
well-known that the deposition of AF layer on top of fully saturated F layer is preferable to the other case to
get the large exchange bias field. y fcc FesoMnso is a noncollinear antiferromagnetic phase and (111) orientation
is a perfectly compensated spin structure at the interface. y fcc FesoMnso(111) is the most relevant factor in order
to get the largest exchange bias field in NiFe/FeMn bilayers empirically. FeMn and NiFe layers are grown on
Ta(5 nm)/Cu(5 nm) underlayer to promote y fcc FeMn(111) texture. The sample structure we made by magnetron
sputtering technique consists of Si(substrate)/Ta(5)/Cu(5)/NiFe(5)/FeMn(5)/Ta(5) and Si/Ta(5)/Cu(5)/FeMn(5)/
NiFe(5)/Ta(5). The number in above parenthesis represents the layer thickness in nanometer unit. We prepared
in-situ field-growth sample and ex-situ field cooling sample as well in order to compare the exchange bias field
among them. For structural analysis, we measured low-angle x-ray reflectivity and high-angle x-ray diffraction.
For compositional depth profile, we measured x-ray photoelectron spectroscopy(XPS) depth profiling. For
magnetic analysis, we measured vibrating sample magnetometer(VSM). We report the experimental evidence that
exchange bias of FeMn(bottom)/NiFe(top) bilayer is larger than that of NiFe(bottom)/FeMn(top) bilayer for both
in-situ field growth and ex-situ field cooling cases. We suggest that the composition ratio of FeMn at the F/AF

interface affects dominantly the exchange bias field of our samples.
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-
H_, =-0.172 kOe
= 0.0 =
2 Cu-Py-FeMn (ex-situ field cooling)
He, = -0.178 kOe
— ©— Cu-FeMn-Py (in-situ field growth)
-0.5 H,, = -0.233 kOe
— v — Cu-FeMn-Py (ex-situ field cooling)
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Fig. 1. Magnetic hysteresis loops and each exchange bias field of FeMn/NiFe and NiFe/FeMn bilayers with Ta/Cu

underlayer on silicon substrate.
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Probe of the Spin-Switching in Spin-Crossover Materials: A
Micro-Magnetometer

Ferial Terki'*, Tran Quang Hung', Mourad Dehbaoui’, Souleymane Kamara', Richard Dumas’,
Salam Charar' Azzedine Bousseksou® and CheolGi Kim®
" Laboratoire Charles Coulomb UMR 5221 CNRS-Université Montpellier 2, Montpellier, France
? Laboratoire de Chimie de CoordinationCNRS UPR-8241, Université de Toulouse, Toulouse, France,
*Departments of Materials Science and Engineering, Chungnam National University, Daejeon 305 764, Republic of
Korea

The work is driven by two reasons: (f)Spin-crossover (SCO) materials are of interestsince they are one of the
bestknown forms of an inorganic electronic switching. Variation thermal energy at the crossover leads to both
an electronic and structural change, often observed as a change of colour and/or a magnetic moment. A number
of research have been reported concerning the synthesis of nanoscale of SCO nanoparticles [1]. The development
of these new, tailored architectures is central for the exploration of the physical properties of these materials, at
the mesoscopic scale the SCO is a prototype example of mixed-valence crystals and many efforts have been done
to understand charge transfer process between the iron sites. Indeed, metal-to-metal electron transfer phenomena
in the complexes play an important role in the intense colors of these compounds, in their electrical conductivity,
in their electrochemical properties and influences also their magnetic properties. Not surprisingly, electron transfer
processes are involved in nearly all practical applications of these new functional materials, such as electrochromic
windows, electrocatalytic and electroanalytical devices, molecular based magnets, sensor, display, information
storage and nanophotonic devices. (ii))Up to now, the observations are essentially reduced to the simple
investigation of the temperature dependence of the magnetisation or the optical absorption in a huge ensemble
of nanoparticles with different degrees of size dispersion by using high sensitivity conventional measurement
systems such as superconducting quantum interface device (SQUID), or by transmission electron microscopy
and/or dynamical light scattering measurements. Magnetoresistivemagnetometer[2]canovercomethesesdrawbacks.
Compared to the SQUID based ultrasensitive magnetic detection systems, the magnetoresistive technology has
advantages of room temperature operation, less complex instruments, and hence more portable and flexible
implementation. They could be microscopic in size and sensitive to the presence of small magnetic particles when
they are in close proximity. They can detect extremely weak magnetic fields, for example, the magnetic field at
nano or picotesla generated by the magnetization of a single micro/nano size object. Such a magnetometer will
enable and well adapt for studying the magnetic properties of a single object of SCO molecular based materials.
The talk deals withoptimization of novelmagnetoresistive sensor to detect the spin-switching of SCO materials
down to nano world and to understand of sizerelated spin-crossover properties. Several measurement methods to
enhance the sensitivity of the magnetometer are also discussed. The final target to detect a single SCO particle

will be done in collaboration among three groups by combining the forces from France and Korearesearchers.

A. Bousseksouet al.,Chem. Soc. Rev., 40, 3313 (2011)
C. Kim et al.,.Book chapter, INTECH(2012) http://dx.doi.org/10.5772/52820
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3Department of Electronic Engineering, Graduate School of Engineering, Tohoku University, 6-6-05 Aza-Aoba,
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To realize this more ideal social infrastructure in various IT and also power devices, necessity issue is to
develop a new ecological system applying a highly potentialized material newly developed. Surprisingly, nearly
half of total electric power, especially in Japan, has been wasted by the motor drive application, therefore, the
construction of new motor system with low power consumption should be one of the key urgent issues. For
current high performance motors, Nd-Fe-B permanent magnet is commonly used. In order for more powerful and
torque full motor accompanying with down sizing in the future, not only high coercivity, H., but also higher
saturation magnetic flux density, Bs, should be indispensable. From scientific view point, in currently used
Nd,Fe 4B magnet, the magnetocrystalline anisotropy of this phase is still enough to show high H.. However, we
cannot expect the high magnetization, M,, 168 emu/g. That means, we cannot expect higher increment of energy
product, (BH)max,~ 64 MGOe in this compound. That is the theoretical limit for (BH)max in Nd>Fe;sB magnet.
While from a mineral resources view point, rare earth elements such as Nd, Dy, Sm and etc. commonly used
for permanent magnet industry exist in highly deviated regions in the world, therefore, the mineral resources
problem in the world wide scale become much more serious for the rare earth elements, especially for Dy.

In this study, we will focus on an 96™-Fe¢N, iron nitride metastable phase with b.c.t structure as a new
candidate for the futured permanent magnetic material with rare earth element free. This unique £6-FeisN, phase
was firstly announced by M. Takahashi et al. in ‘72 as a thin film form with giant saturation magnetization about
290 emu/gl. After that, so many groups also including first reporter’s group have been devoted to synthesize this
phase for a couple of decade, resulting in from 240 emu/g to 315 emu/ngs. Thus, poor reproducibility of the
giant saturation magnetization had been so-called “magic moment”. Concerning for this physical ambiguity,
magnitude of M, one of the present authors, M. Takahashi (junior) has already pointed out in his review article’
and also clarified the magnitude of magnetocrystalline anisotropy constant, K, of this phase was 1 x 107 erg/cm3.6
From this view, this compound is hopeful for futured magnetic material with rare earth free.

Gram scale of single phase $5-Fe (N, nanoparticle powder from several tens to several hundreds nm in size
could be successfully synthesized with extra high reproducibility via our uniquely developed multi-step procedures
using home made iron oxide nanoparticle powder as a precursor. Thus synthesized 99”-Fei¢N, nanoparticle

powder shows 234 emu/g of saturation magnetization at 5 K and and 8.7 x 10° erg/em’ of magnetocrystalline
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anisotropy energy constant, whose values are superior to those of bulk pure iron and comparable to those of 957-
FeisNy sputtered thin film reported by one of the present authors™®, X-ray diffraction and Mossbauer spectra
revealed the perfect formation of the single phase 26”-Fei¢N,. These results could open a new way of a bulk
formation of non-equilibrium metastable interstitial iron nitride phase and will be utilized for the new permanent

magnet material.
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Magnetic Micro-transporters: Applications in
Bioengineering

R. Sooryakumar*
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The application of targeted directed forces to individual microscopic objects or biological entities in near-native
environments is central to numerous emerging opportunities in engineering and medical research. The need for
control over the relevant forces in these situations has become even more important since the functionality of
micro- and nano-electromechanical systems (MEMS, NEMS) continues to become more complex. Driven in part
by these needs, development of micro-manipulation techniques has witnessed many successes. For instance, the
ability of light and oscillating electric fields (optical tweezers) to grasp and move micro-scale objects in a non-
contact manner and the technique of dielectrophoresis where an electric field results in a force on a charged or
polarizable neutral unit, have enabled selective spatial manipulation of tiny objects. Likewise, conventional
magnetic tweezers have evolved into a useful tool in soft condensed matter and biological physics. They have
been used to study transport of ferrofluids, to stretch and manipulate DNA, and to probe protein networks in

the cell environment.

In advancing techniques that provide pico- to femto-Newton scale forces at the micro- and nano-scale several
challenges must often be addressed. These challenges arise from: (a) the need for non-contact manipulation, (b)
the necessity, especially with diminishing object size, for large localized optical fields, or electrical/magnetic fields
with high gradients that do not adversely affect the targeted object, (c¢) stochastic forces such as those arising
from Brownian fluctuations that hinder directed movement, (d) parallel manipulation for improved throughput and

(e) selectiveness to maneuver objects with desired characteristics across different surfaces.

We have developed new approaches, based on programmable magnetic signatures patterned on a surface, to
create microscopic transporters whose trajectories and functionalities are remotely controlled. Requiring only five
tiny electromagnets, a game controller to direct the motion and the power equivalent to a 60W light bulb, tunable
femto- to pico-Newton range forces guide, assemble and manipulate magnetic nano-particles, as well as labeled

and unlabeled biological cells in a fluid environment.
Highlights of these joystick- and voice-activated approaches for fundamental nanoscience, engineering,

biomagnetics and medicine will be discussed as we move towards realizing new micro- /nano-scale devices and

intra-cellular probes.
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Biomedical Applications of Sensitive Magnetic
Measurements Based on SQUIDs: Brain Research and
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In-Seon Kim', Seong-Joo Lee', Seong-Min Hwangl and Chan-Seok Kangl
'Korea Research Institute of Standards and Science (KRISS)

1. Introduction

As the most sensitive magnetic sensors at low frequency, magnetometers based on SQUID (superconducting
quantum interference devices) can be applied to measurements of magnetic signals from human body, for example,
brain and heart, etc. By measuring these so called biomagnetic fields, functional understanding of brain and
diagnosis of heart diseases can be done. In KRISS, we have developed several sensitive multichannel SQUID
systems for brain research or cardiac diagnosis, and key technical feature and clinical applications are described

in this paper.

2. SQUID systems for magnetocardiography and magnetoencephalography

To measure weak biomagnetic field signals, with amplitudes in the range of 100 fT (brain) ~ 10 pT (heart),
sensitive SQUID systems are needed. We developed a second-generation SQUID systems based on new type of
SQUID, double relation oscillation SQUID (DROS), which has high flux-to-voltage transfer coefficients and
enables the use of simpler flux-locked loop circuits for SQUID operation. Among the SQUID systems we
developed, 64-channel first-order axial gradiometer for magnetocardiography (MCG) measurements, and
160-channel helmet-type first-order gradiometer system for magnetoencephalography (MEG) measurements are in

routine operation in the hospitals. Fig. 1 shows the MCG and MEG systems installed in the hospitals.

(b)
Fig. 1. Multichannel SQUID systems installed in the hospitals. (a) MCG in Asklepios Klinik Hamburg Harburg,
Hamburg, and (b) MEG system in Yonsei University Hospital, Seoul.
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Tremendous progress is being made in the development of biosensors integrated with Lab-on-a-chip platform,
driven by the advances in biotechnology, nano~/micro-technologies, and microfludics[1]. The advantage of these
small, highly integrated systems play crucial role on the development of two applications; single cell analysis and
next generation bioassay equipping high resolution, more rapid, and multiplexed analysis and reduced reagent
sample volume. That is, the ability to analyze the cellular contents of individual microorganisms would
significantly benefit our understanding of many mechanisms in the minute world of microorganism biology. Rapid
developments in lab-on-a-chip technology offer significant advantages over standard techniques for the analysis
of individual microorganisms. Integrating the trapping concept to current available technologies will provide the
opportunity to analyze microorganisms at the micro levels.

On the other hand, even though innovative sensors have achieved specific biomolecule detection down to ~
fM resolution[2], the nm ~ um sized sensors resolution is not limited by the signal transduction limitation, but
by analyte transport in solution which governs the detection time [3]. Therefore, controlling specific biomolecules
to sensing site is a prerequisite in ideal Lab-on-a-chip platform for overcoming diffusive accumulation in solution,

which would offer high detection resolution of analytes and short detection time.

Since late 1990, magnetoresistive sensors have been initiated for sensing the biomolecules with the help of
superparamagnetic nanoparticles or micro-bead labels [4], which can play a role of bio-analytes carriers for
transportation as well. Moreover magnetic transporting could offer the great advantages; i) magnetic interaction
are generally not affected by surface charges, pH, ionic concentrations or temperature, and ii) bio-analytes with
superparamagnetic nanoparticles or micro-bead labels are manipulated by the remote external field for their
transport, trapping and positioning, separation and sorting [5]. Here, on-chip soft magnets have gained a lot of
interest in trap positioning and transporting bio-agents using superparamagnetic bead carriers with appropriate
surface modifications [6], rather than micro-coils which generate heat. A soft on-chip magnet is not only managed
by low magnetic field, ~ a few tens of Oe, but also generate no heat, which is essential to the manipulation

process for biological entities.
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Fig. 1. (a-h) Images of irreversible movement of magnetic beads on a diode pattern and (i-j) schematic

representation of magnetic bead motion on the diode pattern (See movie in online: http.//www.nbest.org).

As for the manipulation process for biological entities, it is necessary to develop magnetophoresis circuitry
elements for the completion of digital microfludics. In this talk, firstly I will overview the current status of
bioassay sensors, and digital microfludics for Lab-on-chip integration. Secondly I will introduce the
magnetophoresis circuitry elements; resistor, transistor, inductor, diode, capacitor for biological entities, especially
focused on material diode. Thirdly, I will show on chip manipulation and trapping of individual biological agents
at designated positions in a microfluidic channel, including the concentric translocation of the bio functionalized

magnetic beads regulating the diffusive movement of biological entities.

Fig. 2. (a) Characterization of transporting objects using confocal microscope (i. Bright field image of algal cells:
ii. Fluoresence image of algal cells: iii. Amine beads: iv. Algal cells loading on magnetic beads: v. Fluoresence
image from image iv: vi. Ovelapping image of image iv and v) and (b) magnetic room array pathway and
trapping of living cells (i. Magnetic pathway with magnetic rooms array: ii. Trapped cells in magnetic room

array).
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1. Introduction

In spite of no straight forward theory for explaining the coercivity mechanism in the Nd-Fe-B-type magnet,
it has been generally accepted that the microstructure consisting of ultrafine Nd,Fe4sB grains with a size close
to a single domain grain size (~300 nm for Nd>Fe;4B) is crucial for achieving high coercivity. The HDDR
treatment can lead effectively to the ultrafine microstructure of the Nd-Fe-B-type alloy. It would be very promising
if the HDDR powder can be consolidated into high density bulk magnet keeping the ultrafine microstructure in
the HDDR powder state [1]. In the present study, an attempt was made to consolidate the HDDR powder by
means of hot pressing technique. The desorption nature of residual hydrogen in the HDDR powder and its effect

on the coercivity in the course of heating for consolidation were also investigated.

2. Experimentals

The starting material was Ndi2sFegosBs4GaosNboo HDDR powder with intrinsic coercivity of 13.5 kOe.
Desorption behavior of the residual hydrogen in the HDDR powder was examined by vacuum gauge and TPA
(thermopeizic analyser) with heating rate 7 °C/min. The powder was compacted by hot pressing in vacuum (3.2
x 10° mbar at RT) at a temperature ranges from 400 — 850 °C in a closed type die with induction heating at
the rate of 200 °C /min. Magnetic characterization of the material was undertaken by means of vibrating sample
magnetometer (VSM). Microstructure studies of the compacted material were performed using TEM, SEM and
XRD.

3. Results and discussion

Fig. 1 shows the hydrogen desorption trace studied by TPA for the Ndi»sFegosBs4GaosNbo, HDDR powder
and HD materials. The desorption traces for alloy ingot and for the hydrogen decrepitated (HD) alloy were also
carried out for comparison. The desorption behavior of HDDR powder was quite good agreement with HD alloy
except that the amount of desorbed hydrogen was much smaller with respect to the HD material. These results
indicated clearly that the HDDR powder contained significant amount of hydrogen. Hydrogen analysis performed
by LECO Hydrogen Determinator revealed that hydrogen content in the starting HDDR powder was
approximately 1520 ppm. The HDDR powder was hot pressed at different temperatures, and coercivity of the
compact was shown in Fig. 2. Coercivity of the compact was lower than that of the initial HDDR powder, and
it decreased with increasing the hot pressing temperature. It is worth noting that coercivity of the compact was

radically reduced when the compaction was performed at the temperature above 650 °C. Microstructure
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observation of the hot pressed compact by SEM showed that no significant difference in the grain size was noti
ced before and after the hot pressing at higher temperature. TEM observation showed, however, that in some local
area, the o-Fe and Fe;B phases were found in the compact hot pressed at higher temperature. It is believed that
these o-Fe and Fe;B phases may have been formed by the disproportionation of the Nd,FesBH. The presence
of these soft magnetic phases, o-Fe and Fe;B may be responsible for the radical coercivity reduction in the
compact hot pressed above 650 °C. The magnetic soft phases facilitate the nucleation of reverse domain in a

demagnetising field, hence reducing coercivity radically.
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Fig. 1. Hydrogen desorption traces for (a) HDDR  Fig. 2. Coercivity variation of hot pressed compact
powder (b) fully hydrogenated of alloy ingot of Nd Nd i25Fe g6 B ¢4Ga ¢3Nb o HDDR powder as a

125 Fesos Bea Gags Nboa function of hot pressing temperature.

Reference

[1] N. Nozawa , H.Sepehri-Amin , T.Ohkubo , K.Hono , T.Nishiuchi, .Hirosawa ,“Coercivity enhancement of
HDDR-processed Nd-Fe-B permanent magnet with the rapid hotpress consolidation process” J.
Magn.Magn. Mater., 323, pp. 115-121, (2011).
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VI-3
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VI-4

Trend in Research and Development
Related to Permanent Magnets for
Solving Rare-earth Resources Problem

Since Nd-Fe-B magnet was first synthesized in 1983, many new applications have emerged in the past two
decades. With regard to motor market, it will expand because of strong energy saving requirements from the
automobile and electric application markets. Especially, permanent magnet motors for hybrid and electric vehicles
are drawing great attention and the usage of Nd-Fe-B magnets will increase all the more hereafter. There is,
however, a serious problem as motors in such eco-friendly cars are said to operate in high temperatures of about
200C. Nd-Fe-B magnet has a drawback of dramatically decreasing coercive force with the rise of temperature.
In order to improve this aspect. the best way is to add dysprosium (Dy) into the magnet. So, Dy has become
an essential element for Nd-Fe-B high-performance magnet as it helps to maintain coercive force even at high
temperatures.

On the other hand, the rare earth resources in the earth crust are eccentrically-located and its majority is
produced in China. There is a need to reduce its usage as, especially compared to light rare earth elements as
neodymium (Nd) and samarium (Sm), heavy rare earth elements including Dy are unevenly distributed to a
dramatic degree, their output low, and their prices are about 10 times that of Nd.

The present presentation includes a summary of the trend in research and development of permanent magnets

to solve rare-earth resources problem.

An2H
[1]1 J. G. Lee, J. H. Yu, H. J. Kim and T. S. Jang, Journal of the Korean Magnetics Society, vol. 22, pp.
58-65, 2012.

[2] J. G. Lee and J. H. Yu, Ceramic Korea, vol. 25, pp. 86-95, 2012.

This research was supported by a grant from the Fundamental R&D Program for Core Technology of
Materials funded by the Ministry of Knowledge Economy, Republic of Korea.
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VI-5

Critical Issues for High Performance Hexaferrite
Permanent Magnets

Sang-Im Yoo*
Department of Materials Science and Engineering & Research Institute of Advanced Materials (RIAM), Seoul
National University, Seoul 151 744, Korea

Recently, industrial demands on high performance rare earth and ferrite magnets are continuously increasing
for their diverse applications such as automobiles, household appliances, medical equipments, and etc. To achieve
high maximum energy product (BH)max, both remanence Br and coercive field Hc should be large. While the
Br value is an intrinsic property dependent upon the components of the magnet compounds, the Hc value is an
extrinsic property sensitive to relative density, grain size and shape, and grain alignment of magnets which are
determined by the fabrication processing parameters. The Nd-Fe-B permanent magnets currently exhibiting the
highest performance are being utilized as various motors including driving motor of the hybrid electric
automobile. However, because of a recent abrupt increase in the cost of rare earth elements, world-wide R&D
activities are under progress to develop cost-effective new materials. One of such efforts is to improve the
performance of hexaferrites. Although M-type hexagonal ferrites such as BaFe2019 and SrFe2019 exhibit the
(BH)max value of around 3~4.5MGOe, and thus those are applicable to the motors for laundry machine and for
the fuel pump and starter of automobiles, further improvement in their performance is highly required for wider
replacement of the rare earth magnets. In this presentation, I will discuss the critical issues to improve the

performance of hexaferrites.
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Fig.1 FE-SEM image of Ni tube array with wall thickness of 60 nm and diameter of 400 nm.
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Fig.2 Angular dependence of FMR derivative spectrum of the Ni tube array with wall thickness of 60 nm and

diameter of 400 nm.
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Nuclear Magnetic Resonance in Ferromagnetic
Materials: Correlating the Structure and Morphology of
Thin Films, Multilayers and Nanocomposites to their
Physical Properties

Christian Meny1*

'Institut de Physique et Chimie des Matériaux de Strasbourg(Institute of Physics and Chemistry for Materials of
Strasbourg) UMR 7504 UDS-ECPM-CNRS, BP 43, 23 rue du Loess, 67034 Strasbourg Cedex 2, France

Nuclear Magnetic Resonance (NMR) is a technique that is very commonly used in medicine, chemistry or
biology, but it is much less used to study ferromagnetic materials. However when used to study ferromagnetic
materials, it has the ability to provide, simultaneously and at the same scale, information about the local structure
as well as about the local magnetic properties of the probed atoms. In the first part of this talk I will present
the basis of NMR and more particularly I will point out the particularities of the technique when it is used to
study ferromagnetic materials. As an example the NMR spectrum of a Cobalt thin film is shown in the following
figure: The high frequency side shows the NMR sensitivity to the bulk crystallographic structure of Co (cubic,
hexagonal and stacking faults) while the low frequency side shows the sensitivity of NMR to the Co chemical
environment (interfaces with the neighbouring layers). In addition to these structural information, magnetic
information for each local environment observed in the NMR spectrum can also be obtained. For this purpose
we have developed 3D NMRI in ferromagnets to visualise simultaneously the structural and the magnetic
in-homogeneities into the studied samples. The magnetic information is recorded in the form of a local magnetic
susceptibility (or more exactly a local magnetic stiffness: ~1/c). A detailed description of this aspect of NMR
will be given during the talk. In the second part of this presentation I will give examples of studies of thin films,
multilayers, and nano-composites taken from very different research fields: Thin films for magnetic " and optical2

applications, supported Co particles for catalyses3...
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Neutron Diffraction Study of the GasFe,.xO3 Compounds

Christophe Lefevre"**, Francois Roulland’,Alexandre Thomasson', Christian Meny1, Florence
Porcher®, Gilles André® and Nathalie Viart'

'Institut de Physique et Chimie des Matériaux de Strasbourg (UMR 7504 CNRS-UDS), BP 43, 23, rue du Loess,
67034 Strasbourg Cedex 2, France
2Department of Physics, Ewha Womans University, Seoul, 120-750, Korea
*Laboratoire Léon Brillouin (UMR12 CEA-CNRS), Bat 563 CEA Saclay, 91191 Gif sur Yvette, France

Neutron scattering methods are indispensable in studying structure-property relationships. The determination
of magnetic structure in magnetically ordered materials makes neutron diffraction among the major tools in the
research on magnetoelectrics because to understand why a given compound displays or does not display the
expected properties calls for detailed information on microscopic level. We present here a thermal study by
neutron diffraction of both GaFeO; and GayeFe; 403 samples which have been proved to be magnetoelectric at
room temperature making them then extremely interesting in new potential electronic device. These compounds
crystallize in an orthorhombic structure (S.G: Pc2in) with a~8.7 A, b~9.4 A and c~5.1 A. The compounds have
been prepared as polycrystalline powders by solid state reaction route. Neutron experiments were carried out at
the LLB (Saclay, France). The powder diffraction patterns in the paramagnetic state have been registered at 300K
for GaFeOs and at 400K for GageFe;40; on the 3T2 (A=1.225A) diffractometer and thermal evolution from 1.8
to 290 K of the diffraction pattern have been recorded on the G4.1 (A=2.423A) multidetector diffractometer. The
nuclear refinements indicate a preferential cationic distribution within the structure. Moreover, astonishing results
about the magnetic structures have been obtained. Indeed, the magnetic moments of GaFeOs; are oriented along
the ¢ axis whereas a tilt is observed for Gag¢Fe;40s.These structures as well as the different magnetic parameters

will be introduced.
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Doped Graphene Induced Magnetization Reversal and
Spintronics of Ni/Graphene/Co

Jisang Hong*, Dongyoo Kim, and Hashmi Arqum
Department of Physics, Pukyong National University

Using the full potential linearized augmented plane wave (FLAPW) method, we have investigated the
magnetization reversal induced by carrier doped graphene in Ni/Graphene/Co and the potential application for
spintronics devices. In undoped Ni/Graphene/Co, the Ni and the Co layers have an antiferromagnetic coupling
in ground state and this feature is still preserved even when hole carriers are doped in graphene. Interestingly,
we find magnetization reversal from antiferromagnetic (AFM) to ferromagnetic (FM) interaction between two
magnetic layers and this behavior is induced by Cl doped graphene. In addition, the Ni and Co layers show the
opposite spin asymmetry near the Fermi level, thus we propose that the Ni/Graphene/Co structure can be utilized
for potential spintronics application because the oppositely spin polarized in-plane current will be generated if an

external bias is applied.
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Size Distribution and Temperature Dependence of
Magnetic Anisotropy Constant in Ferrite Nanoparticles

Sunghyun Yoon*
Department of Physics, Gunsan National University, Gunsan 573-701

Abstract

The temperature dependence of the effective magnetic anisotropy constant K(7) of ferrite nanoparticles is
obtained based on the measurements of SQUID magnetometry. For this end, a very simple but intuitive and direct
method for determining the temperature dependence of anisotropy constant K(7) in nanoparticles is introduced in
this study. The anisotropy constant at a given temperature is determined by associating the particle size
distribution f{r) with the anisotropy energy barrier distribution f4(7).

In order to estimate the particle size distribution f{r), the first quadrant part of the hysteresis loop is fitted
to the classical Langevin function weight-averaged with the lognormal distribution, slightly modified from the
original Chantrell's distribution function.[1]

In order to get an anisotropy energy barrier distribution fa(7), the temperature dependence of magnetization
decay Mrp of the sample is measured. For this measurement, the sample is cooled from room temperature to
5 K in a magnetic field of 100 G. Then the applied field is turned off and the remanent magnetization is measured
on stepwise increasing the temperature.

And the energy barrier distribution fa(7) is obtained by differentiating the magnetization decay curve at any
temperature [2]. It decreases with increasing temperature and finally vanishes when all the particles in the sample
are unblocked.

As a next step, a relation between r and 7 is determined from the particle size distribution f{r) and the
anisotropy energy barrier distribution fa(7). Under the simple assumption that the superparamagnetic fraction of
cumulative area in particle size distribution at a temperature is equal to the fraction of anisotropy energy barrier
overcome at that temperature in the anisotropy energy barrier distribution, we can get a relation between r and
Ts, from which the temperature dependence of the magnetic anisotropy constant was determined, as is represented
in the inset of Fig. 1.

Substituting the values of » and 7w into the Néel-Arrhenius equation with the attempt time fixed to 10° s
and measuring time being 100 s which is suitable for conventional magnetic measurement, the anisotropy constant
K(T) is estimated as a function of temperature (Fig. 1).

As an example, the resultant effective magnetic anisotropy constant K(7) of manganese ferrite decreases with
increasing temperature from 8.5¢10" J/m’ at 5 K to 0.35¢10" J/m’ at 125 K. The reported value for K in the
literatures is 0.25¢10° J/ms.[3] The anisotropy constant at low temperature region is far more than one order
of magnitude larger than that at 125 K, indicative of the effects of inter-particle interaction, which is more

pronounced for smaller particles.

yn2H

[1] S.-H.Yoon, M. Gonzales-Weimuller, Y.-C. Lee, and Kannan M. Krishnan, J. Appl. Phys. 105, 07B507
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[3] V. A. M. Brabers, in Handbook of Magnetic Materials, edited by K. H. J. Buschow (Elsevier Science,
Amsterdam, 1995), Vol. 8, Chap. 3.
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Spin Orbit Coupling and Correlation Effect on the
Structural Optimization of Telluride Alloys ; First-principles
Approach

Tran Van Quang' and Miyoung Kim?
1Dept of Physics Hanoi Univeristy of Transport and Communications, Vietnam
2Dep‘[ of Nano Physics, Sookmyung Women’s University, Korea

Correlation effect due to the strongly localized electronic bands often needs to be treated with additional terms
beyond the general exchange correlation potentials such as the local density approximation (LDA). Spin-orbit
coupling also plays crucial role for most of materials in this category. Here, we report the first-principles
investigation on the effect of the correlation and spin-orbit coupling interactions on the structural optimization for
telluride alloys. The all-electron full-potential linearized augmented plane-wave (FLAPW) [1] method is employed
within LDA with and without +U and the second variational treatment of spin-orbit coupling is adopted. We found
that the optimized lattice constants of the telluride alloy are affected by SOC as shown in the figures below and

the lattice distortion upon the Gd doping is critical to precisely determine the conducting property.

[1] E. Wimmer, K. Krakauer, M. Wienert, and A.J. Freeman, Phys.Rev B 24, 864 (1981).
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Thickness Dependent Energy Product and Coercivity Field
of Exchange Spring Magnet FeCo/FePt Multilayers

Dongyoo Kim*, Hashmi Arqum, Jisang Hong
Department of Physics, Pukyong National University

Using the full potential linearized augmented plane wave (FLAPW) method, we have investigated the
magnetic properties of the rare earth free exchange spring magnet FeCo/FePt(001) multilayers. In this study, we
have increased the thickness of FeCo layers from 3 to 9 monolayer (ML). Also, coverage of FePt layers are
considered as 5 and 7 ML. The average magnetization and estimated maximum energy product increase with
FeCo thickness. Besides, we find a giant perpendicular magnetocrystalline anisotropy (MCA) energy for all
multilayer systems. We have also estimated the FeCo thickness dependent maximum coercivity field based on
MCA energy. In particular, the suppression of coercivity field with FeCo thickness is very weak, while the energy
product is rapidly increasing. From energy product and coercivity field calculation, we may imply that the

FeCo/FePt multilayer systems can be utilized for potential rare earth free exchange spring magnet materials.
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First-principles Investigation on Fundamental Magnetism
and Electronic Structures of a-Mn

Won Seok Yun*, Jee Yong Lee, and In Gee Kim"

Graduate Institute of Ferrous Technology, Pohang University of Science and Technology, Pohang 790-784, Republic
of Korea

TCorresponding Author: igkim@postech.ac.kr

1. Introduction

Manganese is known to be the most complex metallic element and have four allotropic modifications
exhibiting a complex phase diagram [1]. From the various experimental results, a-Mn, which is the stable phase
below 1000 K, orders in non-collinear antiferromagnetic (AFM) structure [2, 3]. The 29 atoms per primitive unit
cell (58 atoms per cubic cell) are distributed over four crystallographically inequivalent sites (denoted as Mny,
Mny, Mnyg, and Mny) with complex simple cubic structure. a-Mn undergoes a paramagnetic to AFM phase
transition at the Néel temperature of Ty = 95 K.

In density functional study, Hobbs er al. [4] exhausted extensively structural and magnetic properties of o-Mn
using first-principles calculations with reviews. The a-Mn formed by strongly magnetic (Mn;, Mny) and weakly
magnetic (Mnmr) or even nearly nonmagnetic (NM) (Mnyy) atoms in its AFM state. Note that a pseudopotential
method very occasionally predicts erroneous higher magnetic moment than a real value due to disregarding the
spin polarization of core electrons. For this reason, the studies for more reliable information to the electronic and
magnetic properties of a-Mn have been required. Therefore, we used the all-electron full-potential linearized

augmented plane wave (FLAPW) method [5], well known for its most suitable in magnetic system calculation.

2. Computational Method
The Perdew-Burke-Ernzerhof form of the generalized gradient approximation (GGA) [6] for the exchange

correlation potential was used. An energy cutoff of 4.58 (2n/a), where a is the lattice parameter, was employed
for expanding the linearized augmented plane wave basis set. An 18.44 (2m/a) star function cutoff was used for
depicting the charge density and potential in the interstitial regions. Lattice harmonics with / < 8 were employed
to expand the charge density, potential, and wave functions inside each muffin-tin sphere, with radii of 2.0 a.u.
for Mn atom. Integrations inside the Brillouin zone (BZ) were performed using the improved tetrahedron method

over a 15x15x15 mesh within the three-dimensional (3D) BZ.

3. Results and Discussions

From previously reported literatures [2-4], the bulk a-Mn for AFM phase crystallized in a tetragonal structure
with the [-42m space group. However, the resultant c/a ratio estimated too small values which have 0.99955 and
0.9999 for experimental observation [3] and first-principles calculation [4], respectively. Therefore, our calculation
was performed that the atomic structure of a-Mn assumed as cubic symmetry (I-43m space group) for two
magnetic states (NM and AFM).
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As a result, the equilibrium lattice constant calculated to be 8.572 and 8.667 A for NM and AFM states,

respectively. In ferromagnetic (FM) state case, we could not determine equilibrium lattice constant since the

calculated data did not fit well. As compared to experiment [3], these values are reduced to 3.31 and 2.37 %

for NM and AFM states, respectively. Furthermore, the AFM state of o-Mn is energetically favored by 33.55

meV/Mn over the NM state. Above mentioned, there are four inequivalent sites in a simple cubic system, of

which the calculated magnetic moments per Mn atoms are listed in Table I. For comparison, the results for

neutron diffraction experiment and another first-principles calculation also given. As shown in Table I, our results

are in well agreement with theoretical results, but calculated the magnetic moments of Mny; and Mnyy are not

in perfect agreement with experimental results.

Table 1. The calculated spin magnetic moments (in units of 1B/Mn) at the crystallographically four inequivalent

sites of a-Mn.

Site Present work Lawson et al.’ Hobbs et al.”
Mnl 2.82 2.83 2.79
Mnll 2.28 1.83 2.22
MnlII 1.34 0.55 1.00
MnlV 0.02 0.47 0.0

"Ref. [3] (neutron diffraction measurement)

°Ref. [4] (pseudopotential calculation)

4. Summary

In this study, the magnetic and electronic properties of o-Mn have been investigated using the all-electron

FLAPW method based on the GGA. The local magnetic moment of Mn atoms are consistent with previously

calculated results. Detailed discussion on the structural, magnetic, and electronic properties of a-Mn will be given.

5. References
[1] J. Donohue, The Structures of the Elements (Wiley, New York, 1974).

2] T. Yamada et al, J. Phys. Soc. Jpn. 28, 615 (1970).
3] A. C. Lawson et al., J. Appl. Phys. 76, 7049 (1994).

5] E. Wimmer et al., Phys. Rev. B 24, 864 (1981); M. Weinert, et al., ibid. 26, 4571 (1982).

2]
[3]
[4] D. Hobbs ef al., Phys. Rev. B 68, 014407 (2003).
[5]
[6]

6] J. P. Perdew et al., Phys. Rev. Lett. 77, 3865 (1996); ibid. 78, 1396 (E) (1997).
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1. Introduction

Alloy consists of several kinds of atoms which make superlattice order, and this superlattice order breaks
down in consequence of thermal agitation, as the temperature increases. This characteristic makes difficult to study
alloy systems, due to its complexity of considering randomness of their configurations. One of the simplest one
is the Bragg-Williams approximation [1] which models alloy system similar to the Ising model, within the
mean-field theory. It calculates the energy of the system from the interchange energy between different atoms
proportional to the order parameter of the system. Another one is the Bethe approximation [2], which utilizes
the partition function of the short-range interactions between atoms, and also considers the long-range interactions.
In the previous study, the analytic and numerical results of Bragg-Williams approximation were given [3]. In this
present work, analytic results of Bethe approximation are given, and also the two different models of alloy are
to be compared. Their interaction parameters of the ordered state were obtained from the density functional
calculations. Moreover, the results are also to be compared with experimental values, in order to verify the

relevances of the alloy models we considered.

2. Calculation models
For the case of binary alloys which consist of two atoms A and B, the equilibrium condition of

Bragg-Williams approximation is obtained by equating two functions f; and f, such that

. p(l—r—a+mp) A
f@) =PI at 8 () )

where p is the probability for an A atom to occupy at one of the A-sublattice, and a, and r are parameters

which represent the value of p for complete disorder, and the fraction of the number of A-sites, respectively.
Also, ¢ is the order parameter of the alloy, which is defined by ¢ = (p—a)/(¢— a), with ¢ as the maximum
value of p, and A is the value of increased internal energy by interchanging an A atom in the A-sublattice with
a B atom in the B-sublattice.

Meanwhile, the Bethe approximation, which considers local flluctuations of the order parameter, utilizes the
partition function,

1

z(1+¢€)\™ "
) = GumA\'1t” )

Z
1+ ez?

nm — 9nm

1 1
e+z )" e+ a2 (5371)7175m
1+ex 1+ ex?

for the case of second approximation of quadratic lattice system, with
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Here, g,,,, is the weighting factor of the configuration of the first characterized by the number n of wrong
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atoms in the shell and the number m of pairs of unequal neighbors in it. z is the coordination number, x is
the Boltzmann factor exp(— J/k7), where J=1/2(J,, + JBB)* Jup with Jy 4, Jpp, and J, p, the interaction

energies between the atoms A A, B B, and A B, respectively. € is a factor of partition function for each wrong

atom in the first shell, giving long-range interaction to it.

3. Analytic thermodynamic functions

Fig. 1 shows how Bethe's second approximation works. We choose, in the atomic lattice, an arbitrary atom
as a central atom, and consider the configurations of its surrounding atoms, called as "shell"s. In the Fig. 1, the
crossed circle is the central atom. The squares surrounding it are the nearest neighbor atoms of the central atom,
which are called as the "first shell", and the crosses and the circles surrounding the first shell are called as the
"second shell", and so on. While the first approximation only utilizes the configuration of the central atom and
the first shell, and consider the outer shells as a effective field, the second approximation also uses the

configurations of the second shell, which makes the approximation much more realistic.

+ X
+ X +
+ o o o + c 0O ©
+XD®GX+XD®DX
+ o O o +
+ x4+ c O o
* X

Figure 1. Bethe's approximation

) ) ) Figure 1. Bethe's approximation
in the quadratic lattice.

in the quadratic lattice [2].

The analytic result of Bethe's second approximation for quadratic lattice is as in the following.
The partition function is
etz )4( e+’ )4

etz €+ 2? ?
1+ex 1—'—6:1;2 1+€$){1+(1+6x2)J (4)

B el )

We obtained the explicit forms of the following thermodynamic functions calculated by:

1 alnz -+ U oU
F=——=InZ, U=— ) =— (C= (—) 5
B B Iy v T T I, v ®)

From these relations, the analytic form of each thermodynamic property was obtained explicitly. The details

Z=(1+z"1+ +42(1+2?)

+4w2( ctrw )2

1+ex

will be discussed in the presentation.
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Figure 1. Geometrical structure for the RS NaN-CaN simple interface system and mixed interface system.
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Fig.2 Current density distribution for the Fe-Si

Fig.1 Fe-Si sheet model for the FEM analysis
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*Center for Spintronics Research, Korea Institute of Science and Technology

Magnetic thin films with perpendicular magnetic anisotropy (PMA) provide useful features for application to
the domain-wall-based memory devices such as the magnetic random access memory and the racetrack memory
[1]. To achieve a high domain-wall speed for fast operation, it is crucial to inject a high current density into
the devices. However, such high current density also induces sizeable Oersted field inside the devices, which in
turn affects the domain-wall configuration.

In this study, we have derived an analytic prediction on the domain-wall deformation caused by the Oersted
field, using the variational principle to get the energy minimum state. An exact solution on the tilting angle of
the domain wall is then achieved as a function of the current density, the wire geometry, and the magnetic
properties. The tilting angle increases as the current density increases, and, at a certain current density, the domain
becomes split into bi-domains across the nanowire. This is related to the upper bounds of both the feasible current
density and the maximum data storage density. We have confirmed the validity of the theory by comparison with

the micromagnetic simulations.

Tilting angle (degree)

035 1.0 15 20 25 30

Current density (10" Aim%)

Fig. 1. Illustrations of (a) the initial domain state Fig. 2. Domain-wall tilting angle at the center of the
and (b) deformation of the domain-wall after the nanowire as a function of the current density for the

injection of current different wire widths

L |
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[1] S. S. P. Parkin et al., Science 320, 190 (2008)
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1. Introduction

The iron aluminides based on Fe;Al (DO0s-type) and FeAl (B2-type) intermetallic compounds have been the
subject of intense study due to their potential technological and industrial applications. In particular, the B2
ordered Fe-Al intermetallic compounds are being investigated since their intriguing properties such as, low density,
good corrosion resistance, good thermal conductivity, and low material cost, and so on. Moreover, these materials
have excellent soft magnetic properties. However, it is known that these systems have low ductility and brittle
fracture toughness at ambient temperatures. In order to improve their mechanical and magnetic properties, recently
several studies are in progress on alloying element additions into Fe-Al alloys, but few investigations are
presented [1]. Therefore, there is a need for a systematic first-principles study on fundamental thermodynamic
and magnetic properties of transition metal (TM) substituted B2 ordered FeAl intermetallic compounds. In this
work, we used the all-electron full-potential linearized augmented plane wave (FLAPW) method [2], well known

for its most suitable in magnetic system calculation.

2. Computational Model and Method

In the present calculations, we used the various alloying elements (3d and 4d TMs) substituted 2x2x2
supercell (contained 16 atoms) of the B2-FeAl structure. This composition corresponds to a alloying element
content of 6.25 at.%. In order to find preferential site stability, we consider the alloying element substitute into
a Fe or Al site. Note that there are only two nonequivalent sites (denoted as Fe- or Al-site). In the FLAPW
calculation, the generalized gradient approximation (GGA) [3] for the exchange correlation potential was used.
An energy cutoff of 4.5 (2m/a), where a is the lattice parameter, was employed for expanding the linearized
augmented plane wave basis set. An 18.0 (2m/a) star function cutoff was used for depicting the charge density
and potential in the interstitial regions. Lattice harmonics with / < 12 were employed to expand the charge density,
potential, and wave functions inside each muffin-tin sphere. Integrations inside the Brillouin zone (BZ) were

performed using the improved tetrahedron method over a 13x13x13 mesh within the three-dimensional (3D) BZ.

3. Results

In order to determine preferential site occupations of alloying elements in the B2 FeAl, we calculated the

formation enthalpy AH, which also can be understood as the relative stability. As a result, it was shown that the
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early 3d and 4d TMs would occupy Al-site, whereas the late 3d TMs would occupy Fe-site, from the formation
enthalpy calculation. In addition, we found out that the formation enthalpy of Ti, V, Co, Ni, Zr, and Nb
substituted Fe-Al systems are lower than that of binary B2 FeAl. This means that these elements show good
solubility in B2 ordered Fe-Al system. On the other hand, Cr, Mn, Cu, Zn, and Mo elements seem to disturb
forming of B2 ordering.

In Table I, we list calculated spin magnetic moments for 3d and 4d TMs substituted B2 FeAl. In the Cu
substituted system, it is interesting to find out that even though the starting spin configuration is set to a
ferromagnetic, the self-consistent calculation is converged to the nonmagnetic state. Moreover, the Sc substituted

system has the highest total magnetic moment.

Table I. The calculated spin magnetic moments (in units of uB)

Magnetic Moments

™ Stable Site

™ Fe atom Al atom Total
Sc Al -0.122 0.845 -0.039 6.233
Ti Al -0.211 0.708 -0.029 5.117
\'% Al -0.292 0.583 -0.022 4.122
Cr Al -0.339 0.456 -0.015 3.109
Mn Al 1.968 0.557 -0.030 6.192
Fe - - 0.771 -0.031 5.869
Co Fe 0.040 -0.601 0.027 -4.690
Ni Fe 0.061 0.634 -0.027 4.429
Cu Fe 0.000 0.000 0.000 0.000
Zn Fe 0.296 -1.205 0.009 -3.060
Zr Al -0.139 0.710 -0.034 5.169
Nb Al 0.142 -0.557 0.024 -4.060
Mo Al -0.128 0.412 -0.017 2.982

4. Summary

In this study, the thermodynamic and magnetic properties of alloying element substituted B2 FeAl systems
have been investigated using the all-electron FLAPW method based on the GGA. It was shown that the important
changes take place in the structural properties as well as in the magnetism when alloying element is substituted
by Fe or Al site in B2 FeAl. Detailed discussion on the thermodynamic and magnetic properties and electronic

structure of these intermetallic compounds will be given.

5. References
[1] P-H. Chen, et al., Metall. Mater. Trans. A 43A, 757-762 (2012).
[2] E. Wimmer ef al., Phys. Rev. B 24, 864 (1981); M. Weinert, et al., ibid. 26, 4571 (1982).
[3] J. P. Perdew et al, Phys. Rev. Lett. 77, 3865 (1996); ibid. 78, 1396 (E) (1997).
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Electrical injection of spin-polarized electrons from a ferromagnetic metal (FM) into a semiconductor (SC)
has great interest in the application of spintronics. The epitaxially grown MgO tunnel barrier between FM and
SC has been widely introduced to overcome the conductivity mismatch that prevents efficient spin-polarized
electron transfer from FM to SC. Recently, the use of alternative SC substrates is introduced to improve the
efficiency of spin-polarized electron transfer. Among the SC substrates, we focus on InAs substrate due to long
spin relaxation time and large spin-orbit coupling strength. In the previous studyl), the mirostructural evolution
of epitaxial Fe/MgO layers grown on InAs(001) with respect to MgO growth temperature was investigated.
However, the relation between structural properties and magnetic properties was not shown clearly. In this study,
4 nm thick MgO thin films and the subsequent 7 nm thick Fe layers were grown on InAs(001) substrates by
a molecular beam epitaxy system and magnetic properties was measured by a vibrating sample magnetometer.
Figure 1 shows the hysteresis loops for Fe/MgO/InAs thin film. It is well known that the thin Fe two dimensional
layer shows magnetization switching including both domain wall motion and magnetization rotation. On the other
side, when the magnetic field is applied perpendicular to the film plane, magnetization reversal takes place by
only magnetization rotation. From the results, we investigate the detailed relation between the microstructures and

magnetic properties by using energy equation with single domain assumption”.
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Fig 1. VSM hysteresis loops of the Fe/MgO/InAs with the MgO layer grown at 2007C.
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Fig. 1. H,s, and AHpp with magnetic field angle in NiFe thin film (=20 nm)
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Fig. 2. M,y and AHpp with thickness of NiFe thin film
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Co is one of ferromagnetic materials which has been used in real applications such as magnetic data storage,
spin valve and microelectronic devices because Co plays an important role due to high spin polarization of
carriers at Fermi level [1, 2] In this work, we report the magnetic properties of Co thin films grown on
GaAs(100) substrates grown at RT, 100°C 200°C via molecular beam epitaxy (MBE).

Temperature dependent resistivity showed metallic behavior. The magnetoresistance (MR) measured under the
out of plane magnetic field showed that a high positive transverse MR effect was observed in Co thin film grown
at 100°C and reduced with the increase of growth temperature. We will discuss in detail about substrate and

growth temperature dependent magnetic properties in epitaxial Co thin films.

SnER
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1 G. Nath, F. Maeda, S. Suzuki, Y. Watanabe, J. Appl. Phys 90 ,3 (2001)
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Blood Velocity and Pusle Wave Velocity by using
ECG-PPG-Radial Artery Pulse Wave Equipped with
Magnetic Hall Device

Joo-Hyung Lee*, Jae-Yeon Lee, Jun-Yi Hur, Nam-Kyu Lee, Keun-Ho Kim, Jong-Gu Choi, and
Sang-Suk Lee
Dept. of Oriental Biomedical Engineering, Sangji University, Woosan-dong, Wonju-si, Gangwon-do

Through U(Ubiquitous)-health care era of the new medical paradigm has arrived, a confined diagnosis and
treatment of existing medical services is expected now be expanded into the realm of real-life. Overseas global
IT companies as Intel, IBM, etc predicted an advent of U-health care era are preparing the expansion of business
to the east business line already. Thereby, the technical development to domestic companies is needed. U-health
care is not only important as a new growth industry for next generation, but it can be the primary means of
reduction for medical expenses in the nation’s that economy keep increasing the medical expenses for the elderly
by elderly society. Thus, development research of a wearable medical device which is able to analyze the U-health
care’s bio-signal of blood velocity is required.

In this study, we used clip-type pulsimeter which is fixed a permanent magnet on radial protrusion of wrist
indicating pulse wave that hall device is sensing the change of magnetic field by work of radial artery. In other
words, the hardware system detecting the voltage signal was applied through equipping the hall device right upper
side after sticking a permanent magnet in the center of radial artery which is “Chawn”. We developed the system
that measures PRG and PPG simultaneously connecting with clip-type pulsimeter and PPG measuring equipment
and researched capabilities and measurement of blood velocity through analyzing measured PRG and PPG
simultaneously. The measured result of blood velocity that gained by simultaneous measurement system of PPG
and clip-type pulsimeter was indicated 0.8 m/s and it became to be the grounds of being a bio-signal which can
do monitoring. PRG-PPG hereby can be applied from simultaneous display monitor apparatus for patient to
principal clinical parameter. This finding showed us using possibility of U-Health care Bio-monitoring system
indicating continuous blood pressure and pulse measurement data by measuring the blood velocity using
unpressured type conveniently with a PPG connection and furthermore analysis algorithm of pulse wave.

Fig. 1(a) is the explanation of functional several parts of and Fig. 1(b) schematic of the basic structure of
a typical clip-type pulsimeter. Here is one form of the radial artery pulsimeter’'s pulse-sensing and skin-contacting
parts by using Hall device and permanent magnets, respectively. The pressure chamber between the
skin-contacting and pulse-sensing parts is full of air. The status of working stages; Fig. 1(c) pulse measurement

and Fig.1 (d) data process and results display.
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Fig. 2

Fig. 2 is a schematic of three dimensional motion of radial artery. Relationship of arterial pulse’s motion,
ECG (electro cardiograph) and blood flow of radial artery according to the cardiac cycle. Fig. 3 is two differently
PRG (pulse of radial artery graph) and PPG signals obtained by the simultaneous measurements from clip-type
pulsimeter and PPG meter mounted with left hand wrist and finger. Here At; is time interval measured from ith
phase difference of two pulse waveforms. The analysis of blood velocities in ascending order of Fig. 3(a) systolic
bood pressure, Fig. 3(b) diastolic blood pressure, Fig. 3(c) heart rate, and Fig. 3(d) pulse rate measured from

clinical 40 participants. The average value of blood velocity is about 0.8 m/s.

£ el e el
N TRt e S Tolc
\A {0 N N | :,/1.‘ PRG
/j_ AW | 8N FARON DAV AN BV
Raldial artery /< R ES P
'~ pulse wave

Fig. 5

Fig. 4 is configuration of ECG and radial artery pulsimeter for the measurement of PWV. Here RP, RD, HP,

and HD are maximum peak of ECG pulse wave, distance of heart position, starting point of radial artery pulse
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wave, and distance of radial wrist position, respectively. Fig. 5 is ECG, PRG, RESP signals obtained by the
simultaneous measurements from ECG meter and clip-type pulsimeter mounted with I, II, III and axis for the
standard (anode) limb lead and a left hand wrist, respectively. Here Art; is time interval measured from ith phase
difference of two pulse waveforms.

Fig. 6 is the analysis of PWV from clinical 40

participants. The average value of PWV is about 6 m/s.

Therefore, in the this research, two simultaneous peaks Ofﬁ\
radial artery pulse wave and ECG pulse wave measured by £
using clip-type pulsimeter and ECG were investigated in§
order to analyze pulse wave velocity. The measured value of-

a pulse wave velocity is about 5~7 m/s, it is proved one new

o =, N W A~ OO O N o ©

method to measure an exact value of pulse wave velocity

more than the typical biomedical signal monitoring system. 15 10 15 20 25 30 35 40
This result implies that data measured by the oriental medical Clinical Patient Number
diagnosis apparatus as pulsimeter is clinically used in future. Fig. 6.

% This study was supported by a grant of the Oriental Medicine Advanced Technology R & D Project,
Ministry for Health, Welfare & Family Affairs, Republic of Korea (B100030).
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(Extraction of Respiratory Rate by using FFT for Radial Artery Pulse
Waves Acquisited by Clip-type Pulsimeter with a Hall Sensor)
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to each respiratory rate, respectively.
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(Fabrication and Characteristics of a Highly Sensitive GMR-SV
Biosensor for Detecting of Micron Magnetic Beads)
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Fig. 1. Detecting experiment of magnetic bead ; (a) GMR-SV bio-sensing stage system with microscope,
electromagnet, and electrode probe, (b) several magnetic beads(x400) with a solution of 50 mg/ml(Si-OH), and

(c) magnetic bead dropping status upon the GMR-SV devices.
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Fig. 2. Photograph of magnetic bead
upon on device (2x4 ') of GMR-SV
bio-sensor ; (a) (x400) and (b) (x800).
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Perpendicular Magnetic Anisortropy Properties of
[COéOCU40/ PT](, Mul’riloyers

Dong Su Son*, Sang Ho Lim, and Seong-Rae Lee

Department of Materials Science and Engineering, Korea University, Seoul 136-713, Korea

Magnetic tunnel junctions with perpendicular magnetic anisortropy (PMA) have attracted a lot of research
interests. This is because distinct advantages of this system over in-plane magnetic anisotropy are found in the
reduced critical current density (J.) for magnetization switching with high thermal stability. Among the various
PMA materials, Co/Pt multilayers are promising candidate owing to its high anisotropy energy (K,). However,
in order to make commercially viable device using this material, it would be desirable to decrease the M for
feasibility of reducing J.. Although conventional Co/Pt multilayers consisted of thick Pt with thin Co layer
coincide with this requirement, it should be lead to degradation of PMA during post annealing process. In this
respect, low M, material, CosoCuso(~37% smaller Ms than pure Co [1]) was considered in this study and an effort
to constitute thermally stable multilayers having low M was made by inverted layer structure of thick CoCu with
thin Pt layer.

The structure of Ta / Pt / Ru / [CosoCuso(tcocu)/Pt(0.2 nm)]s / Ru was fabricated on a Si/SiO, substrate using
a DC magnetron sputtering system. The base pressure was 7x10"® Torr while working pressure was fixed at
2x10”Torr. Post annealing was carried out temperature range of ~500C and magnetic properties were measured
by vibrating sample magnetometer.

As shown in Fig. 1(a) the values of K, are mainly affected by fcocu. For the as-deposited sample, increase
of K, is observed from 0.33 to 1.12x10%rg/cc as increasing the fcocu of 0.3~0.5nm. Although these values are
slightly increased by the post annealing process, the effect is not prominent. In the case of M,, however, quite
different dependencies on post annealing are observed. As shown in Fig. 1(b), the values of M are nearly
proportional to fcocy, variation trends of which are similar to the case of K,. However, post annealing at 500C
effectively reduce the M; values over the whole #cocy range. Transmission electron microscopy results demonstrate
that layer intermixing between CoCu and Pt is attributed to reduced M. As a consequence, the most desirable
properties of strong PMA (Ku~1.39><106erg/cc) with low M, value (340 emu/cc) is obtained from
[CogoCus0(0.5nm)/Pt (0.2nm)Js structure annealed at 500°C.
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Structure and Magnetic Properties of FeGa Thin Film on
GaSb (100)

Anh Tuan Duong', Yooleemi Shin’, Tran Viet Cuong®, and Sunglae Cho'
1Department of Physics, University of Ulsan, Ulsan 680 749, Republic of Korea
2Department of Solid State Physics, Faculty of Physics, Ho Chi Minh University of Natural Sciences, 227 Nguyen Van
Cu Street, 5 District, Ho Chi Minh City, Vietnam

The Fe-Ga alloys have recently attracted great interests because they exhibited ferromagnetic properties with
high Curie temperature (Tc), high saturation magnetization (Ms) and unique magnetostriction properties which are
promising to real applications such actuators, acoustic sensors, torque sensors, and positioning devices in particular
for micro and nano-electromechanical systems (MEMS and NEMS) and the integrated magnetostrictive devices
(MagMEMS) [1-4]. Clark et al. reported that in the bulk Fe;«Gayx (4<x<27) alloy, the magnetostriction constant
(®100) has two maximum values; 265 ppm at x = 19 and 235 ppm at x=27[1]. Similar results are reported by
Kellogg et al. that single crystal FeosiGaoi9 has the saturation magnetostriction and magnetization of 298 ppm
and 1265 emu/cm’ at 80 °C, respectively, and by Cullen et al. that Fegs,Gaois has ~300 ppm [5, 6]. In addition,
there is less information about transport and magnetism properties of the epitaxial Fe-Ga thin film which grown
on semiconductor substrates. Expitaxial Fe;«Gax (x = 40; 50) thin film has been grown on GaSb (100) substrate
by molecular beam epitaxy. The bec $5-Fe crystal structure (A2) with the lattice parameter as 2.967A was
observed by X-ray diffraction. The saturation magnetization and coercivity at room temperature of FegGaso and
FesoGaso are 570 emu/cm’; 170 (Oe) and 180 emu/cm’; 364 (Oe), respectively. The temperature dependent
resistivity of both samples showed metallic behavior. The Hall resistance, Ruan, is given by the sum of the
ordinary Hall effect (OHE) due to the Lorentz force and the anomalous Hall effect (AHE) originating from
asymmetric scattering in the presence of magnetization. The carrier densites of sample increased from 1.71x10%
(cm-3) to 10.38x10> (cm-3) with increasing the Ga concentration from 40 to 50% at room temperature which are

calculated from Hall measurement results.
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Structural and Magnetic Properties of FeSi Films Grown on
Si(001)

Yooleemi Shin*, Duong Anh Tuan, and Sunglae Cho
Department of Physics, University of Ulsan, Ulsan 680-749, Republic of Korea

Since the discovery of skyrmion lattice formation in Fe)sCo:Si, the growth of Fe(Co)Si thin films has
attracted much interests during the last several years. The high reactivity between 3d transition metal Fe and Si
produces a number of stable phases (FesSi, e-FeSi, a-FeSi,, B-FeSi;) and metastable silicides (c-FeSi, y-FeSi»). The
semiconducting B-FeSi, has attracted much attention for optoelectronic devices because of its band gap of 0.9
eV, corresponding to the adsorption minimum of silica optical fiber!"). Ultrathin ferromagnetic Fe;Si films has been
used as a spin injector in spin devices.”! The stable &FeSi is a paramagnetic narrow band gap (0.05 eV)
semiconductor. Berling et al. reported that the Fe magnetic moment depends in the chemical composition of iron
silicides and that the Fe magnetic moment decreases from ~2.2 pg (bulk Fe) to 0 (FeSi) with increasing the Si
concentration”. Here we report on the modified magnetism from paramagnetic to ferromagnetic states in &-FeSi
thin films. Firstly, we grew Fe thin films on Si(100) substrates at 30 and 600 °C using MBE. Interestingly, the
crystal structure was changed to £FeSi for the samples grown at 600 °C. The temperature dependent resistivity
changed from metallic to semiconducting with growth temperatures. In order to investigate the correlation between
magnetization and charge carrier transport, we performed magnetoresistance and Hall resistance measurements.
The saturated magnetization and coercive field of the samples grown at 30 and 600 °C are 1129 emu/cm’; 86

Oe and 4.6 emu/cm’; 29 Oe at 300 K, respectively.

x|
[1] D. Leong, M. Harry, K. J. Reeson, and K. P. Homewood, Nature 387, 686 (1997).
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The Magnetic Entropy Change on Ldg 7Bag sMny.xFexOs
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J. S. Hwang, D. M. Jang, K. S. Kim and S. C. Yu*

'BK21 physics Program and Department of Physics, Chungbuk National University, 12 Gaesindong Cheongju
361-763 Chungbuk, Korea

l. Introduction

The magnetic caloric effect (MCE) is intrinsic to magnetic solids and is induced via the coupling of the
magnetic sub-lattice with the magnetic field, which alters the magnetic part of the total entropy due to a
corresponding change in the magnetic field. It can be measured and calculated as the adiabatic temperature change
ATw (T, AH) or as the isothermal magnetic entropy change ASy (7, AH). Traditionally, diluted paramagnetic slats
and rare earth intermetallic compounds that display significant MCE have been considered as attractive materials
for cryogenic applications [1,2]. Especially, double perovskite Ba,FeMoOs (BFMO) shows room temperature
magnetoresistance and a ferrimagnetic phase transition with a Curie temperature of 310 ~ 330 K [3,4]. Therefore,
it would be very interesting to study the magnetocaloric effect for this kind of materials because of the Curie
temperature being near room temperature. We have already published reports on the magnetocaloric effect of
Ba;gLag 1 FeMoOs compound [5]. The magnetic entropy change can be tuned by suitable sintering process. In this
work, the magnetocaloric effect of LagsBaosMn«Fe<Os compound was investigated. Materials with proper Curie
temperature and large spontaneous magnetization have many peculiar properties that are attractive for applications

as magnetic refrigerants.

Il. Experiments

Polycrystalline Lag;Bag3;Mn;«FecO; (x=0.0, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07) samples were prepared by
standard solid-state reaction in a stream of 5% Hy/Ar gas at sintering temperatures of 1273 K for 12 h. A
stoichiometric mixture of high purity Fe;Os (99.99%), FeOs (99.99%), BaO; (99.99%) and MnO; (99.999%)
powders were fired in an ALOj; crucible at 1573 K in an electric furnace. X-ray diffraction patterns were taken
with a Phillips diffractometer using Cu Ko radiation. The temperature dependence of the magnetization was
measured with a commercial vibrating sample magnetometer (VSM) at various temperatures from 80 K to 500
K in fields up to 10 kOe.

lll. Results and discussion

Figure 1 shows the temperature dependence of magnetization for LagsBagsMn«Fe<Os compound measured at
100 Oe from 80 K. The magnetic transition temperature, T, defined as the minimum temperature of the dM/dT
vs. T curve. The sharp decrease in magnetization implies the occurrence of magnetic ordering. As shown in figure
1, the Curie temperature decreased from 346 to 132 K with increasing Fe concentration.

Figure 2 show the temperature dependence of the magnetic entropy change for Lag;BagsMni«FexO; compound

with an external field of 10 kOe. The magnetic entropy change, a function of temperature and magnetic field,
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can be seen in figure 2, with a magnetic field varying from to 0 to 10 kOe, ASy, is about 0.415 J/kg K ~ 1.140

J/kg K. Our results show that the maximum value of ASy obtained at x=0.2 compound. The magnetocaloric effect

|
produced by the variation of the magnetic field from 0 to Hmax is calculated by

is taken place around room temperature, especially. The superior features of this compound make it a competitive
candidate for a working material in room temperature magnetic refrigeration because of proper substitution of Fe.

This opens promising applications in magnetic cooling systems, probably.

IV. Conclusion

The magneto-caloric effect and magnetization behavior have been analyzed in the double-perovskite
LagsBagsMni«FesO3 compound with the sintering temperature at 1273 K. Samples were fabricated by
conventional solid-state reaction method. X-ray diffraction measurements revealed that all the samples are single
phase in cubic structure. The Tc decreased with increasing Fe content. The magnetic entropy changes, ASy of
about 0.42 ~ 1.93 J/kg K were obtained in the temperature range of 145 K ~ 350 K. The maximum values of
ASy obtained at x=0.02 compound with Curie temperature of 297 K.

Magnetization (emu/g)
Magnetic-entropy change (J/kg.K)

1 1 1 1 1 1 1 1 1 1 1 1 1
50 100 150 200 250 300 350 400 450 500 100 150 200 250 300

Temperature (K)

350 400
Temperature (K)

Fig. 1 Temperature dependence of magnetization for Fig. 2 Temperature dependence of the magnetic

Measured at 100 Oe on Lag7Bag3Mn;.xFexOs compound. entropy change for LagsBaosMn;.xFexO; compound.
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1. M&

Magnetoelectric (ME) property has become an growing issue because of multifunctional or multibit device
application. Among of ME materials, (Ga,Fe),03; (GFO) is the candidate material because of high magnetic Tc
as 370 K at Fe=1.4 and non-zero remnant magnetization. However, GFO has serious issue about ferroelectricity
that should be solved for new room temparature multiferroic. Ferroelectric polarization of GFO have not been
reported yet due to high level charge conduction. Recently, we have solved the issue by substituting Mg [1].
However we cannot be sure the conservation of magnetic property such as high Tc. Thus we have tried different

element as Co that is magnetic one.

2. MYy

Co doped GFO (GFO:Co) thin films were deposited by pulsed laser deposition method with different Co
concentration at 750C with oxygen gas as 200 mTorr on SrRuOs/SrTiOs(111) and Pt/Ti/YSZ(111) substrates.
Composition of the GFO:Co was obtained by energy dispersive spectrometer with scanning electron microscopy.
Their crystallization was studied using x-ray diffraction patterns. Charge conduction behavior was characterized
by HP 4145B semiconductor parameter analyzer equipped with probe station. M(T) and M(H) curves were
obtained by SQUID measurement to study magnetic properties of the GFO:Co thin films. Scanning probe
microscopy was employed to show their surface morphology and charged state. Especially, piezoresponce force

microscopy (PFM) was used when we obtained local ferroelectricity.

3. Mgz
The GFO:Co thin films were epitaxially grown along b axis shown in Fig. 1. Charge conduction was reduced
with increasing Co concentration until the GFO:Co 1.34%. The magnetic Tc was also reduced and M(H) curves

showed ferrimagnetic shape. We could obtain ferroelectric polarization using PFM.
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Figure 1. (a) X-ray diffraction patterns for the GFO:Co thin films on Pt/Ti/YSZ(111) to
characterize their crystalline structure. (b) Rocking curve for the GFO:Co 1.18% thin

films

4. &

In the GFO:Co showed the lowest charge conduction charge conduction, magnetic Tc was the lowest as 355
and 332°C depending on substrates and bottom electrodes that is still above room temperature by SQUID
measurement because Fe ions were substituted by Co ion. The mechanism of ferroelectric polarization of the
GFO:Co is charge density modulation without dipole of a cation and anion pair[2]. When there is
non-centrosymmetric charge distribution, polarization can be generated only with cations. In the GFO:Co thin

films, Co,+ and Fes+ induced ferroelectric polarization.

5. 48
GFO:Co showed ferrimagnetic M(H) by SQUID and ferroelectric P(E) behaviors by piezoresponce force

microscopy owing to charge density modulation. Therefore, we suggest the optimal Co concentration in GFO thin

films for a new room temperature multiferroic material.

6. X2
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Abstract

A Ptskin Pt;Ni(111) surface was reported to show high catalytic activity. In this study, we investigated the
magnetic properties and electronic structures of the various oriented surfaces of bulk-terminated and Pt-segregated
Pt3Ni by using a first-principles calculation method. The magnetic moments of Pt and Ni are appreciably
enhanced at the bulk-terminated surfaces compared to the corresponding bulk values, whereas the magnetic
moment of Pt on the Pt-segregated Pt;Ni(111) surface is just slightly enhanced because of the reduced number
of Ni neighboring atoms. Spin-decomposed density of states shows that the dz2 orbital plays a dominant role in
determining the magnetic moments of Pt atoms in the different orientations. The lowering of the d-band center
energy (2.22 eV to 2.46 eV to -2.51 eV to -2.65 eV) in the sequence of bulk-terminated (100), (110), (111),
and Pt-segregated (111) may explain the observed dependence of catalytic activity on surface orientation. Our d-
band center calculation suggests that an observed enhanced catalytic activity of a Pt;Ni(111) surface originates

from the Pt-segregation.

Keywords: Pt3Ni, density-functional theory, magnetism, electronic structure, catalytic activity
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A study on Spontaneous Hall effect in Amorphous
CoSiB/Pt/CoSiB sandwich structure

Y.K. Kim™, S.Y. Kim", I.S. Park’, H.N. Lee', H.J. Kim", TW. Kim'
1Department of Advanced Materials Engineering, Sejong University, Seoul, 143-747, Korea

Magnetic multilayer films with perpendicular magnetic anisotropy have been extensively studied for the
application of magnetic recording media and magnetic sensor. The spontaneous Hall effect (Extraordinary Hall
effect) in magnetic metals and alloys which is caused by spin-orbit interaction is substantially larger than the
ordinary Hall effect due to Lontz force. Some materials exhibit quite large spontanecous Hall effect suitable for
Hall sensor. These materials include amorphous rare earth (RE)-transition metal (TM) alloy and Pt-based magnetic
multilayer.

In this study, we have quantitatively investigated the Spontancous Hall effect (SHE) in amorphous
CoSiB/Pt/CoSiB sandwich structure. The amorphous CoSiB/Pt/CoSiB sandwich structure were prepared by
changing Pt thickness. The thickness of Pt were varied in the range of from 11 to 42A. The amorphous
CoSiB/Pt/CoSiB sandwich structure exhibited moderate spontancous Hall resistivity (pH, 0.016x10°Q-cm~
O.39x10'6£2-cm) and large Hall angle(pH/p, 2.5~9.5%), which was larger than those of amorphous rare-transition
metal alloys(pH/p, 3%) and normal transition metal alloys(pH/p, 6~8%).
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Anisotropy Magnetoresistance(AMR) Effect in the Co-TbN
two-phase system

S.Y. Kim"™, H.N. Lee', Y.K. Kim', H.J. Kim", .S Park', T.W. Kim'

lDeparTment of Advanced Materials Engineering, Sejong University, Seoul, South Korea.

Two-phase magnets are a new class of phase separated magnetic materials. In materials with two magnetic
phases it is possible to have exchange coupling at the phase boundary when the two phases are in intimate
contact. A two-phase magnet Co-TbN, which consists of TbN particles in a Co matrix, showed the giant
magnetoresistance(GMR) at room temperature. The GMR effect of the CoTbN system was explained by
scattering of spin polarized conduction electrons on antiparallel exchange coupled spins at the phase boundary
between TbN particles and the Co matrix1). The recent study examined an AMR effect of two-phase magnet Co-
TbN which consists of two phase, HCP Co matrix and highly-ordered TbN precipitates. The Co-TbN exhibited
a large AMR effect. The magnetoresistivity (6p) and magnetoresistance (5p/p) of Co-TbN thin film is about ~1x107
Qcm and ~3 % at room temperature up to the field of 5000e.

Reference
[1] TW. KIM , R.J.Gambino & T.R. McGuire , Journal Of Applied Physics, 89(1), 7299(2001)
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