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Introduction

Well controlled two-dimensional propagation of domain
walls (DWs) enables sophisticated functional design in various
DW based devices, including the race truck memory. The local
modification of magnetic properties, fabricated with the ion
irradiation for example [1], is a possible way without geometric
constrictions to create pinning sites for DWs. In the present study
we propose a meandering propagation truck for DWs by using
magnetic strip with pinning sites (PSs) as above, and
demonstrate possibility of high density integration exceeding
100 Gbit/cm? by micromagnetic simulations.

Numerical model

A schematic of a magnetic strip with periodic pinning sites
(PS) is shown in Fig. 1. PSs were numerically modeled by the
gradual parabolic reduction of the saturation magnetization M.
and the related perpendicular anisotropy Ku ( o Mg?). The
modification coefficient r ( = (Ms-Msmin)/Ms ) was defined as a
measure of pinning intensity. The following structural
parameters were assumed in the simulation: thickness d = 5 nm,
width W = 40 nm. Length of PS (L) and the value of r were
preliminarily optimized as 20 nm and 0.3, respectively, so that
the energy barrier height AE for the pinned DW satisfy the
practical data stability requirement (> 60 kgT). Standard material
parameters for a Co/Ni multilayer were adopted: M= 600
emu/cm?®, K= 1.3x10% erg/cm’, 0=0.02. Magnetic strip was
discretized into 2-D dipole array and the LLG equation was
numerically integrated with a finite differential method.

Results and discussions

Snap shots of the propagating DW are shown in Fig. 2. The
observed significant DW bending can be associated with the
inhomogeneous current distribution and the geometrical local
pinning at the corner. Fig.3 demonstrates successful bit-by-bit
DW propagation along a meandering strip, where the DW is
driven by pulsed currents with 1.0 ns width and 3.0 ns interval.
The DW was stabilized inside the PS after the pulse end,
accompanied with subtle positional fluctuation caused by the
residual momentum dissipation. Typical error modes of
excessive and delaying propagation are also shown in the figure.
The current amplitude margin for the bit propagation along
straight part and around corner can be well matched by
optimizing the PS interval L, and the corner distance dL as 60
nm and 0 nm, respectively. The practical current amplitude
margin is J = 2.4x10% A/ecm? + 37.5 % for the whole bit-by-bit
propagation, as presented in Fig.4.

Reference

[1T A. Vogel et al., IEEE Trans. Mag., 46, 1708 (2010).

— 169 —

_ - PS1 PSz

dL\ PS3
----

Fig.1. Schematic of numerical model for a DW
propagation truck with pmning sites.

(fl,tz) (1ns,3ns
00ns|05ns 4.0 ns, .

(b)
Fig.2 (a) Spm polarized currents pules. (b) Current
density distribution at Corner. (¢) DW propagation
process at the comer.

50— T 2ps
£ J= x 10 *A/cm® Fail 3

F— 1.6 Success E
\5300?_— g'g FaiIEPSS
R 200F ' 3PS
0 2 ps;

100E 11 3
f T S R
(| A I L S B Al B ),

0 4 8 12 16
t (ns)

Fig_3 Time evolution of the propagating DW position
al(%ng the magnetic stripe. agating po

4c .
_ [ A:PS;»PS, C:PS,>PS, |
“g [ B:PS,>PS, A:PS,>DPS,
53:— E
XZ:— =
S f ;

1B 1 I L

A B C A
1 (ns)
Fig.4 Bit propagation margin of the pulsed current
density for DW motion (dZ = 0 nm; L, =20 nm, L, =
60nm (A,B,C), L, =40nm (A”))



6pE - 9 FA40[E] A ARBEASERTAITREE AR (2016)
BRHEMENA SIVBEDIAVAY TR T4 U RFE

EHME. RE#Rz, AR, BRER. Z&FF
(RREWMK., *WiiEE)
Micromagnetics simulation of ferromagnetic chiral structures
S. Tomita, T. Kodama, H. Yanagi, S. Kasai*, C. Mitsumata*
(NAIST, *NIMS)

[FL&HIZ

BRI R E R 7R & ERRERFENKTF L 2R, THOEHEARD A A S ILEENYHEYERICH L THEBK
EHENATWS, BICEHMEDORLEICIIERELNETARICIKEKE L CEBITESBRLEDIHMI DA TIILHE
NHFINTLD, BEHASLDRIE. MBI - TYYBZIAREGFRARI DY I IS—DFERENS
SRADBRDAELT, HIZE-TO THi5E] THAIAIMY —JIHEORBE VS ERAEDOIIENMSEH K
TEKZED, LALANOKAOYWETOMINA SILHRIT, REDOBIFEZE(IZL T 10 RBELEBH T/
=LK, ZOFHANCIEZRESE LLIXEEATFARTH 1z TITHRIIAIERE KA TILAIHTF)
TORBEZZAWVSZ LT, BERUBHIBICHLEHLL T YA Y DKEE TRITREN 10° 12 & M
RELBHEKAASIIVHBROBRAICE LIz[1]), BICSEKEICHMITTRABEESES LIFEFRAVER
HASILAZDFOHMLEED[2). S/ O H A XDE— A2 FDaEMERLE (FMR) 2R TUL3[3],
SEIEINALNDEBREBENICEDTELIAIAITRT 4 IV RAHEDHERICOVWTHRET 5,

HEAE

EEREFE L8 9um, EE 60nm DsaffiEADEmAY. BEtEY (CW) 3 LLIEREEEIY (CCW) 125
B&EWN-HA SIEEEZHERPTETIVIELE, DA SLBEDERILS0um TH21=. DA SILEYF
[X10pum T, BEX(E50um &4 %, EMZE3umx3um DA Y1 T >f=, ESAMIE1I A Y aT, 1
BlEs2Avyiabiid, AvyiaDdibBRE—*2 + (800emulce) #BE LT, h4A TILEN (z &)
ENBPERMIBEEDHTAZOE Lz, ERHEIGDESEOZELSELAL, BRE— 4 2 FNEDORIEME
BEARUIBFHREEREZERY AN, BERE—AY FOEFHARRXTHS LLG AKX ZEER V-, &8
ZHE & (L 10%erg/em, U E VS ERIL0.01 & Lz, 49 OROEREIE 9GHz &£ L. <4 & OKEHIS
MDiEIF0.50e THo1=, REFBRIBTETH 1=,

HEER
RICHETHEON-HBESZRY, BHMIERHMISORS, MEIx AROEIE—A Y FOBRETH
b, FREMNO=0E, FEMNO=15FIET S, FEETANCW,. BN CCW DFERICHIET %, ERlES
(FERMMEIEO@mAIZH LNV =0=0 EDHEE. 9500e fTiFE[Zi

BNRTENS, ChEHRE—AY FO—FREZEHT o0 oo 1 1
HEFVYTILE—FDFMR EEZBND, —H0=15ET ST isaeg - | 224 1
. ABHEE IS L CEHRMSAEVTO S, REE 8 o | T A o®Y -
1812 & - THIBHISAS 10000e [HEICEHB ST LT e sl 5“2 .
5. CRLOHERRL. RBHECIEEMNICERLT ¢ o £ -
3. 0=0 EDHBAIL. CW T CCW THHIBHIBIXE b b e, -
LTHotz, SRISHLTO=15 ETIE. COW DRIBHIS o T, TRy
[T CW &Y L EFEHIGICHZD.EEHETIEIFMR ESDH Magnetic field (Oe)

MBBBERUAA 5 Y T« ~AOKFEIOVTEBR [ Caloulated FMR signals,
ETBFETHE.

SEX#L [1] S. Tomita et al., Phys. Rev. Lett. 113, 235501 (2014). [2] T. Kodama et al., Appl. Phys. A 122,
41 (2016). [3] T. Kodama et al., submitted.

— 170 —



6pE - 10

Fa0la  HARR D FIGREMESE (2016)

PEABBR OO TT 1) DRGSR TT P DA Jo OV D B A &

AR, B/

(EMIRE)

Introducing transversal magnetic anisotropy in magnetic wires and its effect on the magnetic domain

configuration

Tomohiko Ikeda, Xiaoxi Liu

(Shinshu Univeristy)

L &HIC

KR EBEEHRA NL DL —RA KT v 7 AE YRR
VERBRSE T D4y B T BEMERIRR O REX A& L2 BE S 2 WFSE I TR
HDTEETHD, ZE TOBPEMBRICBET D T Tl

(ZREMERRR DR T 5 10 O TR 5 M & FI L 7= #kd:
TP E AR M OV BRI 2 R D BEMEAIRR 0 RIS /31T
Hivd, T ZCHEH AL, FRERA L2 VT BEMERRR O
FHINCRER RSB L, T ORRSE 2 5T 5,

R E

FEOCAETE K Ot ARy ZAEE 2 FIWT, 77 A5 LI
W2 um»25H20 pm, EX5nm 205 40 nm @ FeCo Rk
HHRR & TR LT, FeCo Db -4 A X} UMM ) 2Kk 3~
572812, CoNi FHhJE & v 7z, BeEMERIER o Fe AR 1 2
FHRD T DI, (IS CREMEEE A I L Z OREUFRE 2 IR
BhEURHRRS ) EHCHIE U7z, 7 —BAMEE, BEUI IS &% O
KEFEE VT, BEPERIRR ORI A M OV ORI IR
& DOBRIZ DWW TEBRZAT o 72, BaPERAR O R A% & % fEAT
T 5H72HIZ, OOMMF W TR EA I 2 b — a3 v
L7,

RERHER

Fig.1 lZxFm= R /X o & 358 % i U 72 FeCo R D RE{ b iHh
AR, ENICAES & K2R, RS TIE A
BT 1 Ofbih#rz m3—J7, R CcIX, R b
TR AL R 2 R S 7o, 25 5 il & TR i oD 28 ZE e U340
80 Oe & fils® & 7-, Fig.2 | FeCo DRI S D7 5 i
Ze TGRSR T 5 1) (2RO U 72 T PN — BEIMEE (a) K OV R X
k) DFER A2/~ T, mND—BMEECIX, HEoa> T
AN 2 fifess S AL, AR T AT 1%V&W#%ék%zEﬂé
M ARIIAAE TlE, HIRRAEE 7 18] 0 [ELRRIRBERE DS e S ATz,

— 171 —

T
il

200 -100 0 100 200
Aopplied Field H (Oe)

M (a.u.)

Fig. 1 Typical hysteresis loops of FeCo
films.
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Fig. 2 magnetic domain

configuration of magnetic wires by
(a) Kerr microscope and (b) Bitter
pattern.
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