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Spin—Dependent Transport in MgO-Based Tunnel Junctions with Fe Nanoparticles
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Studying the magnetism and the transport properties of a system consisting of magnetic nanostructures
such as ferromagnetic nanoparticles and magnetic adatoms are indispensable for miniaturized data storage
and spintronics devices as well as for exploring the underlying physics in the field of condensed matter
physics.

In this dissertation, I investigated the transport properties in magnetic tunnel junctions with single
crystalline Fe nanoparticles embedded in MgO barriers. The magnetic tunnel junction consists of an Fe under
electrode layer / MgO under barrier layer / Fe nanoparticles / MgO upper barrier layer / Fe upper electrode
layer. Particle diameters were varied from 1.3 nm to 3.5 nm by changing amount of deposited Fe. Since
current only flows through Fe nanoparticles, I could observe magnetic and electronic properties of them, and
found an increase in the tunnel magnetoresistance when the size of the Fe nanoparticles decreases. The effect
is not understood as an influence of the Coulomb blockade effect but as an influence of an enhanced spin
polarization in the single crystalline Fe particles. Bias voltage dependence of a dynamic conductance (dZd V)
and a voltage derivative of it (d2//d 12) revealed the existence of Kondo effect at low temperature and particle
size dependent spin wave excitations.

The experiments using junctions with single crystalline Fe nanoparticles and non-magnetic counter
electrodes showed a tunneling anisotropic magnetoresistive effect (TAMR) for the first time in nanoparticle
systems. The effect may originate from single crystalline structure of the Fe nanoparticles. dZd Vand d2/d 12
spectra revealed an existence of the Kondo effect and absence of the spin wave excitations.

The results showed new quantum effects in magnetic nanoparticle systems and may contribute to the

development of the future spintronics device of sub-nm in size.
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PR S U7 50 SRR A C 8 DMgOH IZFe DR 1- % 20K STIZ /3 H L . & HIZZ O 43HiE o E T I ssme: &
DWVIXFEME O XM B Z B R VS ROBRBEICAT 2RI ONTEHRB L D TH D, i
FTIZ B FERRFIE DR E LD o 7228, REFIEIT A EM - MgOfafz)d - Fefhi 7O 2 TR L F v LI
R LIZ Bt T 5 BRI ER S 5,

FeZ xIMBEM & LIz 85E, BT R IS 2SR RN G D e, 2 ORRILE v Bt TRk T- OB
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RIZBIT DAV RBEDOHEKIZERNT 55D TH D LIRS,
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7o BIEIXEER OB F 2 Uiz b pUEE & L CHR SN, B8 I3 A U HGEMREIER ISR
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