11aB - 1 Fa2 B HAR D FIGREMELE  (2018)

8ALFSiTxz— N F~DTILTEHXF T v L MT) DR

B SIS SN ) O =)
(PEABAHIT)
Development of fully-epitaxial MTJs on an 8-inch Si wafer
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Large tunnel magnetoresistance effect in polycrystalline CoFeB/MgAl,O4/CoFeB magnetic tunnel junctions
Ikhtiar, °H. Sukegawa, X. Xu, M. Belmoubarik, H. Lee, S. Kasai, and K. Hono
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MEL, @AM ORE#EEZ EBTE D, 207D, B4R TMR O 7 ABERFERGEONDL Z &b
BOWETFHIPHTOND EWIFIENRH D, L L, @dhii/2 MgALOsfEsa /N Y 7 %145 2 T2 O I HLRS S
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Bias voltage dependence of magnetoresistance ratio in Fe/MgAl.O./Fe junction
: First-principles theoretical approach
Keisuke Masuda and Yoshio Miura
(NIMS)
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AWFIETIE, 55— R Z AV Fe/lMgALOLFe D MR Eb D EIINE FEAMEAEPEIZ DWW THEMT L, Fe/MgO/Fe
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FEVeTO L RDIBOBENNHFONTL. S HICZOEFERE V2T, Fe/MgAlLO4/Fe @ V. 75 Fe/MgO/Fe ™
ZIICHARBFIZRE N R Doz, 2O XKD REREIE Ve OZOEIREZW LT 5720, Fxldil
MTJ IZ DWW TSRO = RV F — (KA K OB D /S RAEIE OFEM 72 fif T 21T o 72, A B Ui & £
MgALO4 /XU 7 D N T EEXT bee Fe DEINESG T EED 2 15T 5 72, FelMgAlLLOu/Fe |23 TIXEMD
RV RAgEDS HEMZ bee Fe /Ny RS2 [HIN T D 7272 VTSRS 2 FF2 (32 RITD 7272450 F) [4,5].
Fex OFITORER, ZOX DNy RPT0 2= BRIZ L » TEAH SIS Fe OB AE LR R
73 FeIMgALO4/Fe (231 2 K E i REBE V. ORIRTH D Z L i3bho7z [6].
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Voltage-induced Magnetocapacitance Effect in Magnetic Tunnel Junctions
H. Kaiju, T. Misawa, T. Nagahama*, T. Komine**, O. Kitakami***,
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Response of pulse input in spin torque oscillator
°Daiki Suzuki®?, Sumito Tsunegi?, Kay Yakushiji, Akio Fukushima?, Shinji Yuasa®,
Yukiko Yasukawa®, Hitoshi Kubota®
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Effect of interface modification on electrical synchronization in spin torque oscillator
°Takumi Ando*?, Daiki Suzukil?, Sumito Tsunegi?, Kay Yakushiji2, Akio Fukushima?, Shinji Yuasa?,
Yukiko Yasukawa', Hitoshi Kubota?
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MEHEAFMEZe B U CRMIIR IR D72 ISH EOREE L 72> TV 5, ARBFFETIL, BT & JE W R
PEZFFO FeB % HHE & 3 2L STOV 2 AR & LT, Z ORI O R 25 21T - 72,
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AT THW BRI STO DERER Z X 1 (a) 12777, BHEEREIL 10 nm & L, E£E 300 nm @ STO %
EBBUYZ I 7 4 BEIPAr A3 IV 7L 0ER LT, BEmEE ST O/SR ¥ X OEGREE e 2 EN
L HBWRIEZ RN Uiz, $£72. FYIEZ Rl 5 72 DI EHEE SR E2 O bl R o EBR 21772, Z0
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W (fie~2 1) ZZ Wz, STOIZIEA SN D EEF S HE Ac23-20 dBm & 722 K912, FEEE SO
FIRE R U EBR AT T2,
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DEFASA T ATBIT 5 STO DRIEFEIREITB R L Z 512 Mz BE TH 5, fie/2 23511 MHz LLFE L TUN513 Mz
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(2) R. Lebrun, et al., Nat. Commun. 8, 15825 FeB(10 nm) % 519.5F M@@%
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(3) A. Kumar, etal., Sci. Rep. 7, 411 (2017). o
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(4) S. Tsunegi, et al., Appl. Phys. Express 7, | OlrMen(%) ) | — Pue = -20 dBm
063009 (2014). m PH0/07511 512 513 514 515
(nm) foc/2 [ MHz ]
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Energy Harvesting Based on Stress Induced Domain Wall Motion in
Soft Magnetic Microwires

S.N. Piramanayagam,' S. Bhatti,* C. Ma? and X.X. Liu?
'School of Physical and Mathematical Sciences, Nanyang Technological University, Singapore
“Department of Electrical and Computer Engineering, Shinshu University, Nagano, Japan.

Energy harvesting is getting significant interest due to the requirement of devices for the emerging internet-of-things
(10T) technology and their requirement of self-generation of power. As a supplement to solar energy based energy
harvesting, generation of energy based on magnetic principles is useful. Domain wall propagation in ferromagnetic
materials, as induced by stress and a pick-up voltage using coils has been investigated as an alternate form of energy
harvesting. We have recently shown that power can be generated from mechanical vibrations in purely ferromagnetic
structures. In this talk, we will highlight the details of micromagnetic simulation and experimental work.

For this work, we deposited soft magnetic FeCo films using facing targets sputtering (FTS). The fringing magnetic field
from FTS was used to achieve a field-induced anisotropy. The use of suitable underlayers helped to reduce the
coercivity of the films and to set the magnetization along the fringing field direction. Lithography was carried out in
such a way to achieve microwires with an anisotropy in the orthogonal direction. Stress was applied and the change in
the domain pattern was observed using bitter-pattern technique.

Figure 1 shows the changes in the domain pattern as a function of the applied stress. It can be noticed that the domains
are densely packed when there was no stress applied. When the stress was increased slightly, the domains expanded. For
higher values of stress, the domains disappeared completely. For practical applications, the stress could come from the
bending of the substrates due to the picking up of ambient vibrations. For energy harvesting, the resultant change in the
domain wall motion could lead to a change in flux and hence a voltage in the pick-up coil. We have made a prototype
device with pickup coil and have obtained voltage pulses of the order of 1 mV in a resistive load of 50 ohms.

In summary, the use of flexible substrates with low Young’s modulus and a special magnetic stack enabled us to achieve
significant magnetization rotation or domain wall motion even from ambient vibrations. We have exploited the rotation
of magnetization or domain wall motion to induce voltages in the pickup coils.

References

1. Bryan, M. T., Dean, J. & Allwood, D. A. Dynamics of stress-induced domain wall motion. Physical Review B 85,
d0i:10.1103/PhysRevB.85.144411 (2012).
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Fig 1. Domain wall images as observed by (a) optical microscope and (b,d,e) bitter-pattern technique (c) Ilustration of
application of stress, to induce domain wall motion.
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Visualization of Anomalous Ettingshausen Effect in an FePt thin film
T. Seki1’2’3, R. Iguchi3, K. Takanashil’z, and K. Uchida®*
(‘IMR, Tohoku Univ., 2CSRN, Tohoku Univ., °NIMS)
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Bz oL A PR (Anomalous Nernst Effect: ANE) EBE T v 74 V7 AT E U FIHE (Anomalous
Ettingshausen Effect: AEE) &, MBAIMEARICE 1 2 A L LTHS 2o A6NTwBBIRTH 2 Y, ik
(M) & RE ARV T DA ANCEEZ L ¥ 28R D ANE TH D . AEE TIEFENI) E MIZ X >TVT R
BHNng, THOBMEREBIRIEZ RN ——xRZAT 1 v 7T E L COIHTARED» SIEHZEDTE D |
FFIZ ANE 3NV 7 | % D T4 2 EICB TN ED S Twb, —J5 T, AEE OWFEHRE X
PNV R R R E Lz b DI S TE D 2, BRI B 1) 2 AEE OBIINTEETH B, F2,
AEVHJ)E M DB ZEIEE L7 AEY LT 2 4R (Spln Peltier Effect: SPE) ** & AEE DXtk
DEVIZOWTHEIFZINTES T, HELEHD A A = XL ZHRT 2 72012 S i H D% 5 %2 HAEICIX
MT 2 EDREBETHS, 2 I TARIETIE, vy 74 v H =87 774 =k D%\ 2 2 LT, FePt i
ABHZ BT 2 AEE DAL 21T -7 %), AEE & SPE DRFREDE VW ZBMEICT 22 L2 HIEL, 51T,
AEE THEINZMELTHO 70 7 7 A VEZHSPICTE I EEZHNE LT,

ES S
AEE % 08t § % 72 0 D lifEE R & LT, SrTio3 (100)HEHR BIc 28 % o v )LRE & & 72 FePt (001)ifi
PRV, BEEZENGE 72 bRy A8y EEEIZX D 10 nm JED FePt 8% 350°C TR E X725, %

MMT.7mx 22k Y FePt J§% 500um rﬁm@):@%ﬁ;ﬁ%?«&ﬂuibf:o RID J. % FZTITHI L 72286 7%
WA AT IC X BEMGREZR Yy 74 VBRIBT 2 2 8T ¥ a— VEBDOFL 2D o EEL D DiRIES
FONtHIEWM Z 72, £7-. AEE & SPE Ok ZHR2 HIV T, SREEIE LT v P Y T A8 —F v
N (YIG)FEHK 12 10 nm JED Pt J&§ % BB L 72 YIG/Pt B HE#L L 7%,

FFHN SRS Z HINT % IM BLE Tl FePt £ 8 X O YIG/Pt F 1 & b IC J DRI L 72 2L
BXOREAIBHI SN, BHlowy 74 YEWMERISS e, —J5C, MEESANCEEEAN L 72 PM ELE
Tld, FePt 1 CTOAHBE R IRELHPBIM S 17z, PM ELEICE T 2 BUBfR D&\ 1%, AEE & SPE DX
HDOBANH ST LB TE, FePt BT T AEE D FEELR A AL ER>TED, YIGPt ETITBT
2IIELAGIZ SPEIC L > THEL T3 2 & WERNISR I NIz, $7-. AEE DIRELEH 70 7 7 4 L 2 26
ICHAARZAE R, RELATOEM AN MEEE PMEETRESC R LTV L I EBH L E 57, Bl
R L R L 7SR BOR O A & A DR ZIE T 2 2 L CEBREHHTEZ 2 L b oY,
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Computer simulations of a Skyrmion motion in a racetrack
Koudai Migital, Keisuke Yamadaz, Yoshinobu Nakatani'
'Graduate school of Informatics and Engineering, University of Electro-Communications
*Faculty of Engineering, Gifu University
X C®iT
AH—=IF NI MR PHNREE.REZFFSTeT ) 27—V OBALREE TH Y | IR/ S 72 FE R T OBRE)

NAETHLZEMBAD—IF L EHNVZL—A T v 7 A OFENEE SN TWDH[1,2], L—A b
Zv 7 AEY TIRHALVBROEALREICE S TAD—IF U EHBISERNOT — X OFAEE 2T 72
D AD—=IFUPFIELRT WA Y Y a %22 52 & CEREAIT ) 2 L NEETH D, AFIETIT
A A WA K o TERERR ST 2 20 B3] S BB IC BT 2 A — I A OB ST~ A 7 1
~ X T A v IV alb—varEAWTHAELE,

HESE ) 490 nm .
FBFESLIE PtCo DIEZ FIVY, ffIRiAl M,=580 emu/em’, Bi&K[Al €

fizkt ¥ =1.76 X 10" rad/(s* Oe), ZCHaEA T 7 F A EHL 4=1.5 p erg/em, 8

BEER 0=0.3, FEWEE £=0.3, DMI % D=3.0 erg/em’, 55

FPEEET 1 DKL 9 I K,=8.0 £721% 7.5 Merg/em® & L72[2], £’

PEAIARO K % & 13490 nmx 100 nmXx 0.4 nm & Uiz, ZOX5 428 §

PEHIFRIZ AT —I A% 1 DELE L, AV UERAHIFI L T F°

MIZERE S DY I alb—rara{Tol, A UVERIT/ VAR ’ e <om) oo °
t,ns 2T LTc B A0 AN — I F oML T DA0E 2 &

L7, Fig.1 Sf:hematic of the magnetic nanowire

and anisotropy.
g S

X 2 |[ZFEIRE EE J=50 MA/ecm®, 7SV ATNE t,=2~14 ns (BT 5 A D — 2 4 v O E ORI 2L 2~ T,
K2 &Y, EREUSTEBAND—I ALK, PEWEIRZET D L9 IC8 x| K, MERWiEEo HLIcBE) L
THhBEIEL TS Z ERbhole, Lo TK,PBMEWEIOFLEZE Yy hARY T a L TEDDL I ENE
%, M3 IWCERBELNSVABIZLEAA T —I XL OFIIBOE{LERT, J=30 MA/cm? L FOEAE. &
H—=IF T KPEVEENE = T A P OREZ R LBEITE RN ERNbhoTo, J=50 MA/em® LA
LEOBE, AN —IF BT IND T ERRL, NV ARRIZE > THIEMEREL LTS Z ERb

Mno Tz,
100
& 80 ) .
£ 1st bit posiion =
O 60 ond =
< 40 3rd
E =2 NS — é 4th
i {,‘;‘_4 Pp— - 20 broken ™
£ ng 0
£212 e 0 5 10 15 20 25 30
=14 NS m—
0 - MR bit position ssssessse tp (ns)
0 5 10 15 20 25 30 35 40 45 50
t(ns)
. . . . Fig.8 Stopped position of a Skyrmion at
Fig.2 The trajectories of the Skyrmion at various current J and pulse width £p
various pulse width for =50 MA/cm?
2 E B

[1]T. H. R. Skyrme, Proc. Roy. Soc. Lond. A 31, 556(1962) [2]J. Sampaio, et. al., Nat. Nano. 8, 839 (2013)
[3]C.T.Rettner, et.al., Appl.Phys. Lett., 80, 279 (2002)



11pB - 4 H42 | AR ANREAEEE (2018)

FI) T2y b VALYV 2—T NV EY P =BT
FHHGCERE 1 & JER A RE )
SBERERL, BFR O, LA, SAR3E%, thAsE—
(BK)

Short term memory and non-linearlity in nanomagnet recurrent neural network
Y. Kuwabiraki, H. Nomura, T. Furuta, Y. Suzuki, R. Nakatani
(Osaka Univ.)

WAE, 2=V 3y b= ZHOIEATARBEHEZ LOEREE EFTws, T4 =77 —=v 7% EOBED N THIGE
D% {13, recurrent neural network (RNN)D EWEENZ =2 —F 0%y b7 —2 %ML TE Y, FHHEBICK D 2D RNN DIREE
ZEHILTWA, RNN X, EHERT 2480/ — FrolRancsh, /7 — FEICEEHROL DI 2479 7 — FRIFER
EREDERIN TS, o, 20/ —FHEEAICED /= FEREZ7a—A R V=728 280bFET S, Zorzu—2X
FU—712& D, RNN BBEDHHRIZT TR, MEOHEHRE bBALEBFEZ L L Tws, L Lads, Ju—XF
N—T % GUROREZFREBICE DR T25E, 20FEY Y —A%208E T2, BE, T4—77—=Vv7ICB T 55HE
BEOMHBEENIEETE R OEMALTED, ZOHEENZIEHEIELILEPAFHELLE-o>THD

RNN OWMEENZEMISE 2 L2 HNIC=2—F V% y N =27 2 Mo OYMBHRCESIZ A0 INT0S, T
1% TIZ RNN % J57E L 7 reservoir computer (RC) 2 % F\vy, Y2 FIH L 7% RCY, WERFy by 4 77 2% HHL % RCY %
EPHEINT S, WTINOTFED MHz 226 GHz BEQ BT CEIET 2. D79, EA AL REIREIML & v o 7%
FAPBHCT O AR E WS R 2 L I § 2 08255 1, JEFHRY Y — A2 0B E$5, 22 THRA4IE, KV EREEOGFE%E
EER S ZEDTE2MF v F 7L A 2\ RNN, nanomagnet RNN (NM-RNN) ZHE4L T\ 5% Y, Z#E TIZ, NM-RNN
EFEHIRLIERE ) 72 & NIRRT )2 T2 2 LMo E R oTw s, L L&D S, NM-RNN 0/ — FE & IR RE
N7 6 ICIERIEESRRE ) & OBIRIIRZVIS Lo Ty, ZITAFETIE, v7r2AE vy Ial—yaryzilv,
NM-RNN @/ — FEUCHRAE L 7= FIHGEIRE /) & IR RE ) & OBIHREZIH O 2 Ic T2 2 L2 HINE T 2.

[XI 112 NM-RNN & —#ilZ7R9, AT, N 172510 NM-RNN 2w 2%
X 11778 L7 NM-RNN 1%, 10 x 2 HOREER v b2 oSN Tw2s, 2hzdhn

100 1. DRGHE M 1E, EERMLEED 5 MRS 41, B R v - S G S 7 1 P 53
lﬂmﬁﬁ:)ﬁ) (. ZOBBEMEMRMIZED, /—FRICIZZa—X FL— 720K IN5, A
""""" ?KD C) F7ETIE, BESAHEMEM & U<, B HEEM 2 IRE L7, 7, filhm

LB G % &5 L L, Landau-Lifshitz-Gilbert 5 f2#20#% 4 X ® Runge-Kutta 7%
mhm@b C) TS Ttk D, BRERORILOLEIRELR G L 7.
t=0.5nm ARHEFFETlE, NM-RNN QR ZFIT 272034 F VS 27 2FA L. %
(:)C) Wtk ¥y b oD x 5% NM-RNN O£/ — FOIRFEE L L7z, E#OANIZ
() () NM-RNN D AT R v + DWW oM EZ2EEMMZ 2 L2k ViTo7%. AN
BEUCIE, 7y F IR L7707 b L IE 1 OfF#REMA L7z, NM-RNN DR
y () C) REDHHIC L, WA +y DIIE~EFNDHE, SN v F ORERB R 2
Lx 7,
z X () C) Z DFERL, BYER v L o +y TSNS ¥ 5 L EEEE 2L TE S
nanomagnetO O CEDHSpE RS, —J7T, IEIBEEERE I o i, mELERE oM ke
g Ligehr b D Lot k1 EMEAEZ NM-RNN O EBLIZI1E, F ok
() C) EHT 5 LICk DI 2 X2 B A D,
, ARHFZE B & 5 Zibge TR TRIBEBAT O WFZERFE 11 AR DK o5
ey O BUNER X ) = % i 7 WS i OB, O b & TS E L,
Fig.1  Schematic top view of typical References
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