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Energy Harvesting Based on Stress Induced Domain Wall Motion in
Soft Magnetic Microwires
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'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.
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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.



11pB -2 H42 | AR ANREAEEE (2018)
FePt #ifllC BT 2 BRE Ty T4 ¥ 7 ANT L VIR O A[EHIL

Ea]ilf=3 1’23 #D/u =TI 1’2\ A FH it — 23
(lﬁiﬂﬁjﬁ%ﬁﬂﬂ *HALK CSRN, * YIMHEHS)

Visualization of Anomalous Ettingshausen Effect in an FePt thin film
T. Seki1’2’3, R. Iguchi3, K. Takanashil’z, and K. Uchida®*
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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.)
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