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MgAl,Oy is considered a promising alternative barrier material to MgO for magnetic tunnel junctions (MTJs)
due to its tunable lattice constant). The interface-induced perpendicular magnetic anisotropy (PMA) at an MgAl,O4
interface is a crucial property for applications of perpendicularly magnetized MTJs (p-MTJs). Based on a recent
theoretical calculation,? the areal PMA energy density of ~1.3 mJ/m? was predicted at an Fe/MgAl,O4(001) interface,
which is nearly comparable to that at an Fe/MgO(001) interface (~1.5-1.7 mJ/m?). However, a much smaller PMA
energy density ~0.4 MJ/m?? comparing with ~1.4 MJ/m?® in Fe/MgO,Y has been experimentally reported in
Fe/MgAl,04(001) where the MgAl,O4 layers were prepared by post-oxidization of an Mg-Al metallic layer. Therefore,
further improvement in the PMA energy of ultrathin-Fe/MgAl,04(001) interfaces is expected if a sharp interface is
obtained by suppressing atomic intermixing and over-oxidation through process optimization. In this study, we report
achievement of large PMA at an Fe/MgAl,O4 by introducing electron-beam deposition of MgA1,0s4.>

Stacks of Cr bufter(30)/Fe(0.7)/MgAl>O4(tmao= 2 or 3 nm) (unit in nm) multilayers were epitaxially grown
on an monocrystalline MgO(001) substrate by electron-beam

evaporation. The Cr and Fe were post-annealed at 800°C and 250°C, 1
@400°C

%

respectively. The MgALlLO4, were post-annealed at various
temperatures between 350°C and 500°C to modify the interface
conditions. Magnetic properties were investigated using a vibrating

1

=,

sample magnetometer(VSM) and VSM incorporated with (o=
superconducting quantum interference device (SQUID). The

ultrafast magnetization dynamics property was measured by the
time-resolved magneto-optical Kerr effect (TR-MOKE) method.
Figure 1 shows the M-H curve of an optimized Fe (0.7 -

5.
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nm)/MgALO4(tmao = 2 or 3 nm) interface with a large PMA energy
up to ~1.0 MJ/m3, comparable to the reported value for an Fe (0.7
nm)/MgO? (~1.4 MJ/m?). We also found that the PMA energy and
saturation magnetization (M) were not very sensitive to
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measurement temperature, where from 100K to 300K, K; drops from
~2.0 mJ/m? to ~1.7 mJ/m?. The effective damping constant was also
evaluated to be ~0.02 by TR-MOKE under high magnetic fields.
This study demonstrated robust interface @~ PMA in
ultrathin-Fe/MgAl1,04, which is useful for p-MTJ applications. 1
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Figure 1 M-H curves for samples annealed at 400°C
with fmao =2 and 3 nm.
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Theoretical study on perpendicular magnetic anisotropy at Fe/MgAl,O, interface
Keisuke Masuda and Yoshio Miura
(NIMS)

W b xRS (MT)) 2R 7 X L7 78AAEY (MRAM) ([ZISHT 2B, @OBESEREUE (MR
L) WMz, BRIl O BAVZEE M ORELR IS B & 70 2 72, B 0D 5 1 B 7 1A SR L9 D TR ELRE SRR
DUBERAR ETeo TS, ZNETIZ VLY & L TRE b EBEBS RS2 A 5 2 588 (D022
Mn3Ga, D02 Mn3Ge, L1y MnGa, L1o FePt %) 28 MTJ OEMiA B & U CTRFF S CT& 7223, R TlX CoFeB
> bee Fe Z# 2 5 iV MR L2353 53TV 720y, —, CoFeB/MgO [1] <° Fe/MgO [2] T, FEkED%HE 5
IZ8 Y 1.5~2.0 mIm? B2 D LAY K & 72 B RE KR T ER S LN TN D, 20 K9 ZefkifEd biRiEMER
LB DO IEIZ I T D SR RER SRR SN TR 2B TE T,

ALY T MgALO, % V7= FelMgALLOuFe MTJ [3] 1R TORFIEAEMENRRKRER W E W) K&
Rl zH L, BEIC=IE T300%REDKE 72 MR [4] &5 TV 5. FelMgO OI4A & [FEE, Fe/MgAlLO, D
FERREITTEICOW TEEOFERBITOILTEY [5,6], Fe/MgO L 0 & T/hE W O O EE RS 7%
DFOLIND Z ERME SN TVD. Fe/MgO O HEE R T HEIZ B L CIIER O BRI T, £ OB
72 BRAE DS HE A CUN D — 7, FeIMgALO4 125 U CIEARMFZE LRI BRI JE M T oL Tl b7, REM KA
PO, BL U Fe/MgO & DEIZOWTOEMER R+ THDEEZLND.

AR TUE, 5B FEEE % ) FelMgALOs D S BERSE J7 HEIZ DWW T ELER B 72 7 AT 21TV, Fe/MgO D
R LA Uiz, Fox 3 % fl{l L 7= Fe/MgAlLO, 38 X O Fe/MgO D EA& 12 L CE EEPLEI %5 &
force theorem % i F 9% Z & CHIEBR R S HARE Ki 2 B 1 L7, Fe/MgO {22\ T NS 7 B4 a lZ ik
HIRE RGN D D T2, FelZHDETME (a=ar) & MO IZHDETME (a=amgoly 2) D218 Y TitHE %
1o, 2D DOFEOFEE, FelMgALO, ® Ki (K=l.2 miim?) 1% 2 fid Fe/MgO @ K; (Kizl.4~1.7 mJ/m?) LV
HLHET/hINWZ ERbnrolc, ZORPBITEBROERBEREFET 2D THD. MKEFHET XL F—D 2
ARENEAT, 3 L ORI O RFTIKIEREE (LDOS) f#T 21T > 1245 5%, 2D &L 5 72 FelMgALOs D KilL B < %1 b
M7= Bruno HI CHIBARIRE TH 5 = & b o7z [7]. £72 FelMgO IZ b~V S 72 Ki Mg BV B I2 DWW T,
Fermi #¥ENZAHT CTO A B U KESHELOF G0/ SWZ ERFKR TH DL EEZBND. Fx LS5
Fe/MgALO, DIEE IR G MEZ M ESW 5 HiEE L TRE~O W B AZ R L. FHEORE, 3~5
JEDWHFAIZ L > TKiOED 2~3 51T RT 22 L2 /L [7]
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Theoretical prediction of perpendicular magnetic anisotropy at Fe/Culn;xGaxSe; interface
Keisuke Masuda, Shinya Kasai, and Yoshio Miura
(NIMS)

A b Z S (MT) ZEBEEEN—RT A A7 RTA TOFELRD ~y RROMRT VX LT 71 A
AE VU (MRAM) ~EAT DB, @OBAIRPIEE (MR ) 12N%, 1 Qum? 2 DR W EAEERET (RA) MHMET
5. ZOLOSRHEMOL &, EFEEED [1] 1ZHEAY 7T RBICEAE IR Culny,GadSe: (CIGS) A L
7=MTIZBR% L, MW MR IEEWRANFRFICHEOND Z &R LTz, £72, 2O CIGSMTIIZEIT HEW
MR I, A BN BIS D A B ARSFE S U RNARBIZ LD D TH L Z ERH LIS [2,3].

FEIZ CIGS MTJ @ MRAM ~DISH %% 2 DB, & b7 D852 5 OIFRMEIEEMOMKIEATETH 5.
MTJ 7 /34 ADBHMEITEE 5 BV EMEDOREROBLEN S, B ERIIRERKE T EE > TS Z R
PE LU, EHRIS, A B UTEABYEEE MRAM (STT-MRAM) (2B U ikl i din oo g S i & R & &
%72 [4], EE V27 MRAM (Voltage-torque MRAM) (2B L CixEEIAAT T —F % FiF 5 [6] HWT,
RERBEEMKBETIEEZATHMERMLEEL SRTWAS, L LRSS CIGS MTJ DA SR 7 M B9
% JEBRAY, PRERAIRREHIARBFELARTIZ I T C 2 e o 7.

AL I — B R A WV, Fe & kkx 288K ) 7 O JL T O ERTYEIC OW TR 21T > 7.
PR SY T L LTCHE, BRLCIGS 21X LW, TOMOD I N a3, T A FRMNEEKR £ 7= PIH a2 Ff o
ZnSe, GaAs 72 & D YR G EEIZ AT, K RITHOWTE FEINLRIHIE & force theorem % FHV T AL I RGS R S
PERER Ki 2 BT 25 2 & CHRIEMS R T2 L7z, FHEORE, SBFHRZIZIEETORTED K 235
b, ZNHDORNPFAEEBLRETHEERFSOZ ERNbhoTz. £ KOE & RaERRET—A > FOR
Tk bl LR R, 2D OEEBKEGENS R M S Bruno Il CRREARTRE TH D Z L b - 72 [6].
FFIZ Fe/CulnSex(001) (2B W CTIEARIBE L2 RO T b K& 72 K (Ki=2.3 miim?) A& 5. Z OfElE,
[AIZfCRHH L7z Fe/MgO TOfE (Ki=1.4 miim?) OF) L6 f5IZFH ST 5. Z D X 9 72 Fe/CulnSe; 1D K X 72 T H
R BRI MEORIAZH ST 5720, Bx ZRHEAIT TORPLIRESEE (LDOS) Offfi 21T-7-. £ Ok
R, ZOROFEFFELE S EERERE T EO#EEIE > T D 2 E 03B 6 NI e - 7. FelCulnSex(001) 123
WL Fe O EJ71Z Se DMEE T 5 RmEE N — R VX —pICLE L 72D, ZOMHEIT Fe DE _EIZ O DML
&9 % Fe/MgO(001) DA MmMEE & 1IXBR25LDOTHY, ZHIZEY Se @ p, HliE & Fe @ d il ORI 72 R
R UK E REBEMERETENMEONT-EE 261D [6].
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Large perpendicular magnetic anisotropy in Fe;O,/Cr multilayer films
D. Oshima, T. Kato, S. Iwata
(Nagoya Univ.)

FLHIZ

72 T4 MIEFRICLRET, “IMTH L0, KABGHER 2 7B E L TR EH SR TV D,
AE TR GLEIEIR, A hua=27 2k, AERBESMEE L TORHELEEICHER Th T\ 5
Fe;O04 IR E R AL U HMBREZFOMEITHY D, A b= ZMEE LTHLAELTH 508, BRI
RRLATY ~DIEHEEZD L BEBKREGEEZHTSHZENEE L. 4nl, MgO Hifksh MR ISR L
72 Fes04 & Cr O L JEFEEE I W THREMKETENSE ONO THET 5.

REBRAE

[Fe;0,4 (tnm) / Cr 2 nm)]yiZDCB I URF~ 7 F b 500, M (emu/ce) 500.. M (emulco)
Ay ZIRI X0 R TERL L, FEARICIE MgO (100) (@) (b) L
WS IEHE 2. Ar U ABBAH T FesO4 4 — 4 N=30" ;:” N-to ”
v M RHWTHME L7z, B, 350 °C T30 min 7 = | P

—IVEAT o T2 B TV O R R E XA A " MQQM H@%
AEURE D) F %, A RS RRAT I 1 X AR & . 4;

-500-+ -500

REREER 500.-M (emulcc)

Fig. 1 (Z/ER L 724 > 7L O kR X O N 717 @ omm | L

DA #R % 7~ 3. BEL OfEIE FesO4 IR THIMS L L T N=9 /7

W5 . il O 2 g O fafnfg i 50 emu/cc LL R ThH s s

57 (ZZTHRELTOARY) 23, T=—cks-<T H (kGe)
200 emu/cc LA DTS S, Epmmﬁﬁr

BT ERbinoT. FRIRHY, TR R o007

FesO4 JBDIE X ¢ RE L 72 51 SHHD L’Cb‘%ﬁ%?’”& Fig. 1 Out-of-plane and in-plane M-H curves of
Roniz. 2O &5, FaO4 BT =— iz LY # [Fes04 (1) / Cr 2)]y: (@) =3, N=30, (b) £=35, N
BAL L CREMEZ R & 5 120, 2 OfEEEE Cr BT = 18,and () 1= 10, N =9.
TNEZALZE)TRVWEZATHRRSTWS LT
Sho. 7z, Cr &L DR EERK R HEOFHEY
WZHEELTWD EBEZBND. Fig.2l2t=3, N=30D
Yo T CEBT DEER T MO X MREHT 7T e 7 7 A v
Z k9. MgO MR & Cr200 ©— 27 ORI @I sk &
BEZoNBAAL L E—INRREROND. EOBKIZITYT
T4 ME—ZBALN, FINLRBELLNDEZEK
JEHNIRGEHE E BB L2 —H L TWnDH Z &b, 350 °C
DT =— NV %EbEEEEEZR> TN EEILND.

2 Ik 0

X-ray intensity (a.u.)

1) H.T.Jeng et. al., Phys. Rev. B, vol. 65, 094429 (2002)
Fig. 2 Out-of-plane profile of [Fe;04 (3) / Cr (2)]30.
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Pt/Co/Au/Cr20s/Pt fEEFEIZ BT A BERMKAGHNIC L 5
TEEAHL A T A i
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Reversal process of perpendicular exchange bias by magnetoelectric field cooling for Pt/Co/Au/Cr,O3/Pt
stacked film
Yu Shiratsuchi', Shunsuke Watanabe', Shogo Yonemura?, Ryoichi Nakatani'
'Graduate School of Engineering, Osaka University, “TDK cooporation

WBE AT RT, RREIERE BN R E TORZBESIC L B RETH Y . AL UL TR
[N ANBEEICBIT 2R BEOBLEEICHNLN TS, (RO AT 213, TP HHENCE - T
MEEZRESNTHE, TN AP TS EDLZERREE S, ZORDAXT 4> 7 BRAFIZE ST
i, ZO—RIF, KBEEA Y U ET S AR THIICHET S Z EARETH L Z LIk D, TFED
FEEVERLEEAT, A BRI ORZEIZ LV | CnOs 213 U & T 2 BXBIENFAM EHERE O /ERL IR 72

TErOIRME S & O T2 OB A & 2 O R 72 I 23 FTREIS 72 o T 5, Sl Cr0; e R e R X
0.4 mJ/m? LA EDOTEE ML NS A T A BERBEEGNRAZIE S S WAL T ARKESNFRER R TH D, ZDORICE
VBN A T ADSNLHENIMERESEREICTE ) S CE D, RBIBROFEMZR BRI IX, S, T ADT;
NG RV F — | B2 2 LN T 5 2 E RN TH D, ABFSETIE, RGBS T,
RN H (Magnetoelectric field cooling: MEFC) IBFR:IZ 35T 2 AHL /N A 7 A SRR T DV THET L 72,

EBRAEK RENL. clEY 7 7 A 7 ER EICER L 72 PY(3.0)/Co(0.7)/Au(1.0)/Cr03(150)/Pr(20)FE & 5 2
770 &8 OFEINAN OEAFE L, nm BN TORRE 2 K3, BEHERIZIX

DC~ 2% kv 28y X Y VR RO, REHERTIE, A8 &’zi:;*w"dle_
OFEEELFMEIZ O TIE, WEOHREEZSZRI NIV D, /ERLL 7=

Bz, 7+ K~V /7774*\ ArAF IV 7, V7 A 7E PYCo/Au/Cra0,/Pt _
FAWTC, BHAUNTREZR~ A 7 1 Ky b (B2 200 pm) (BN L Observation [T
L7z ERIL7=~A 78 Ry MMIx LT, BSOS Kerr 20 R BEMEE area
IZ & > TREME 2 BIE2 LT, 1R L7273 2 D R B & & _
A A (X 1127, BRI gL, #B% 297 K 225 280K £ T 0
MEFC YEIC & » T HI L7244, +1 kOe ORESHEIHN T o 72, A Bottomelecirode L
A T AHR7= 8 O MEFC §:4:1%. & HIBF OENINEY 2 +15 kOe CTlEE M1 RLE~v 2a Ry b
L. HINE SR 2 0kV/iem 7705 600 kV/iem DOFEPH TELSED Z & T8 Spseiimesta L e R ORI,
L L7z,

EERER L EE MEFC HOES N 413 kViem BLF TS AL 7 ZORMEITA & 72 0 B OB PR H
& —%42%, MEFC FDEL 420kViem L7250 L, IEOKHAAL 7T ANBH SN D, ZUuE, @I
BRI RR AR BRI IS 38 1) 2 T ASHARE A & BRI RIZ L D =XV F — DG L > T TX 5, ¢
KAWOLNTEZET NN, ERADZWNA T A RBLT DX O HA D, WX 0= 3L ¥ — 2125t
ST RN ARSI T A EEFUEL TR, ZOZ LIXFEADORE NSA T AEFEBL L TV DX
DNEREE DB RN L 2 UE L TWD, LvLAR2 S, MEFC % OREEEBZE 2 L 10, &K L
THIE L2 R L AR C BV Tk, AT -8 o E5- 2B OBILENBRHI Sh D, 202 L1
WERTET IV LI D | MEFC il FE TR S 2 BEXKAEIE A SO O St & N TR 5 2 L 2R L
TW5,

£ 3CHik 1) Y. Shiratsuchi et al., J. Appl. Phys. 121, 073902 (2017). 2) M. Al-Mahwadi et al., Phys. Rev. B 95, 144423,
(2017).
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Tunneling conductivity in perpendicularly magnetized cobalt ferrite films prepared on metallic TiN layers
Masaaki Tanaka®', Kousuke Nomura®, Takaya Okuno? Syuta Honda?® Teruo Ono? and Ko Mibu?!
(*Nagoya Inst. Tech., 2ICR, Kyoto Univ., *Kansai Univ.)

[ZL®IZ

SRR AR A 2 R R RS T, hU AN TORENRETDOAL ALY Bipb7-9,
F o RNVBEFDAEANRGFE LT BRROENED, AV REBLZEREER T ZENTES. Z0H
BT DU RABIRAE T ¢ o H SRR LM, BEESE AR WET LA E L IEARE L THIR T
LY, —J, BREEMERERIRD 2L N7 = T A b CoFe04 D (001)EC B L, M PNICHE ks 235 ] & i &
nse, REBFEEMBRETEZTRTZENAON TS, oV —BERGVI IV ET7 2T FOIE
B EIRZARBEN O H D THIE O LICkE SE5 2 n i, EANAREREMRERO b xR e
VTN —FEE L THRTE S, a7 2T 4 MY, Cod Fe DEEREEZ D & TEORBKEFEE
TALEED ZENTE DI, AWFZETIZIEMIMESE TIN Bl Co & Fe DHRALEZZa L 72 TA M
BRALIEOIER AT 72, £z, BEMICEZFFO TV N7 2T 4 MNEORAE V7 4 )V E =3O AT
STz,
RERFE

YAG 2 f5 L ——Z 7= UL A L —H —HEFE(PLD) % T, MgO(001) Fat k12 FERLME 428 TINGK 15 nm)
JEAEBIPEEL, D I Co & Fe D% % 7= CoxFesx0a(0<x<1)7# (20 nm) % 6 Pa DEEEFZFHA, 300°CD
FEMOREE TrERL U 72, X #RIEIT & & O i & 88 T E A Ol 217V, SQUID BERETZ W TRAMEEIE
FOEEMKBIEOFMEZIT 72, I BICA AT T =3 HREIC L BT Ot 21T~ 7-. 7
+ NIV TTT 40— A A A T EHOTERDIE 1 m O CoFesO4/MgO/CoFe #i&E DR kv L
BEAMTHFETFZ2ERL, Mo anNY TR KA Y 7 L X =R OF il % 3 7 7z
RERHEER

TiN(001)/& | TiZ CoxFesxOs HEEIL(001) HIFIZ = B X F ¥ ¥ ViR LCE Y, Co DEIG NI 5 & B
FROFEBP/NESL 2D T ERbhoTz. BALRIE D TiN & 10D CoxFesxOs il L HEERE KR 1%
Ffo Tk, BALHifE» S BAE Y - 72 CodFesxOs KD B LR M= 1L ¥ —|% 0.3<x<0.9 DK TIT 4
=108 erglcm* FRECTH D Z ENboT2. AANRTT =AY b, Co DEIEIEY L7z CokFesxOq 14
Tl Co?* A A 2 X Fe? A A N EBETIC RS A A T OEZIZES D> TND I EnbhoTz
Z DT LD CoFesxOq IRIT Co DEIG B T2 & RBENMERER D~ 7 3 X A b Fes04 TIE 72 < SRELEHE
BIED~ T~ Ak y-Fe03 IZIESWT WD Z ERbio Tz,

MTJ & T OEFEERIE TlX b RUHEE 2R3 = IREHR S DA, CodFes O WX R AT 72 b o R VR
AT ENbhoT.

LTI T OT A& BEMKE G L OBBREOMTIFEFOAE L BEIZONT hiEmT 5.
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