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AFmCIE. “Perpendicularly magnetized heterostructures for magnetization orientation control and spin filtering
(BEALBEEMEIBHEAE L TANE — DD DBERL~T fEiE)” LEEL CHEFETILIRES, Chapter 1 735
Chapter 6 DFf 6 EDDAERKIN TS,

Chapter 1 “Introduction (FF&&)” Cld, AMFFEORE FIZ DWW TS L, RO BRIEE R, HIEIC O\ T
RABTND,

Chapter 2 “Switching of magnetic anisotropy symmetry in magnetic metal/BaTiO; heterostructures (144
JB/BaTiO, (~7 & IZ BT DR B R D AA v F 2 7)) " Cld, BEEMHEA/BaTiO;, ~7 Bz
WT, FUEE B DR R OB KR T DO BRI 52 DB OV THEL TV, TDRER, BaTio,
DOREEFHEERB IV, Fe/BaTiO, DRERE T HENFEIEEN T 4 B 2 EEFHMIEL 52 8% AH
L. ¥, Fe/BaTiO, & Fe,0,/BaTiO; TIXELROMKEFTHEOEANBRERTHILEHALNIILTND, IHIZ
T U HELSY YeiEE AV T BaTiO;, DIRFE BN AN BELBIE T 5T LT, KRR T MED R FRIED K
MEZNIRZN LT BaTiO, D it E S E IR T I L2HLMIIL TS,

Chapter 3 “Electric field induced magnetic anisotropy switching of perpendicularly magnetized ferromagnetic
multilayers/BaTiO; heterostructures (FEE LR BEMEL BIE/BaTiO, ~7 HEICRBITIERTFTERTES
YAy F U 7)) Cid, BEMKE T EEH T 25BN S B B/BaTiO, ~7 I >V T, BRICLIFHE
ENDREALRB DAL 9 F T HRIZOVDTREL, R RE TO BaTiO; DIEFHE BN AN AEEZER T
DX HTET, BERBMERNRICE SV TR L BIROBALR A Z Ay F LV SEDTLNFARETHDHILE
EEFELTND, Fio, BN B SRR EEESELIE T, BRICKOMALREBR A THLIEETER
LTW5, ZHbDREALEL M FIEIZ BV TIE, 16k, M2 B R E THRRETHEEER THIE TS
COIZUBETHToBRELB LT, 2 #7 2L L/ NS ER CRALEL MRS F R Th DL RL TV D,

Chapter 4 “Electrical spln detection at magnetic metal/modulation doped GaAs interfaces (Bt J&/ZZ TR N
—7 GaAs FEICBITHERWAL L) Tt ARAACVEEEEZ AW T, REEIEE/ LR —7
GaAs ﬁ@@:%c%%éﬁéﬁxt VRRHEIZ DUV TRREL TS, Fe,O/EN —7 GaAs &S 35 ARG
EIENBRDFED, 7= NVIERITBITD Fey,0 DALV RBRNA THHILERRL T, Fe/ERN—7
GaAs HEDREIEEFAERESF 2R T LWLl JFRICEARRELFF D GaAs LI
Fe,0, &9 HZE T, Fe,0, BIRIZB W T/ LI LRBED AL MRIBE R FFSE DI LB AIRETHHIE R
I TVD,

Chapter 5 “Electrical spin detection at perpendicularly magnetized ferromagnetic multilayers/GaAs interfaces
(B ERALIREMEZ BIE/GaAs SREIZBITHERMAL M) " Tid, GaAs(001)EAR LIZp& L7 ikt
ZRBIENBEMAELFT OO DMRSMNEREL ., BEB( LIRS EIE/GaAs REIZI T 27 BRI
BCTOARE Y T4 NZ = RIZOVWTHRIEAE VR EEZ AV TRHEL T2, ZOFER, IEG M AT R
041V OBEZENMNTHZET, ALARIENEIRO R E /AT ABIERF IR L 74V 2 — SN R BEAE
LT DT LERTREINRE—7BERTNDT L RHL TS, £o, ARGCKELEROBIRFIED
EEMCEBEMEZ BEORLBRE BT 2ATIEAT IV AL R T IEE REL, ERIRETAE L 71
N REFALIAC AR B A RETHDHIEERL TND,

Chapter 6 “Conclusions (#&#) " Cl, KA THROIEREBIEL T2,
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A new concept for controlling magnetization orientation in ferromagnet/ferroelectric heterostructures is
indispensable for future spintronics to be operated at a low energy consumption level, compared with the
conventional controlling technologies of magnetization orientation. With this view, issues of how to control
magnetization orientation using magnetoelectric effects at the interface are of crucial importance. Despite great
efforts so far, the issue has been still elusive. On the other hand, the detection of electron spin is also very
important to pave a new pathway to developing spintronic devices. A number of studies of electron spin
transmission across ferromagnet/semiconductor interface have been done for a robust approach to detecting
electron spin, although it has not been established yet. This work sheds some light on these two issues by
focusing the research on perpendicularly magnetized multilayers to control the magnetization orientation by
external means as well as to detect electron spin in semiconductor at remanence. Magnetic anisotropy of
magnetic metal and multilayers on ferroelectric BaTiO; was investigated through electrical and thermal means.
Clear switching behavior of magnetic anisotropy symmetry of Fe epitaxial layers has been found as BaTiO;
underwent the phase transition from the tetragonal to orthorhombic structural phase transition. Also, electric
field driven magnetization switching and even magnetization reversal have been demonstrated in
perpendicularly magnetized multilayer/BaTiO; heterostructures via magnetoelastic coupling effect. These results
clearly show that perpendicularly magnetized multilayers/ferroelectric heterostructures are promising for electric
field control of magnetic anisotropy. Spin filtering effect across magnetic metal and multilayer/GaAs interfaces
was also studied using optical spin orientation method. The spin dependent photocurrent showed that the flatness
of the interface is one of the most critical factors to maintain the spin polarization of magnetic metals.
Furthermore, spin dependent photocurrent exhibited a marked feature at a forward bias voltage for
perpendicularly magnetized multilayer/GaAs interfaces, while the circular polarization dependent photocurrent
showed a hysteretic behavior. The results revealed that perpendicularly magnetized multilayers have a great
potential to be used as a spin detector in future spintronic devices. From these results, this research shows
epitaxially engineered structures composed of ferromagnets, ferroelectrics and semiconductors provide a

promising basis for designing spintronic devices in the future.
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