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Abstract

Eigen resonant modes of transverse Neel magnetic domain wall in a ferromagnetic nanostrip sti-
mulated by alternating magnetic field are investigated by micromagnetic simulations. We choose
the direction of the applied alternating magnetic field along the length, width and thickness of the
nanostrip, and we observe twisting mode, breathing mode, translational mode and novel accor-
dion mode of the domain wall. When the alternating magnetic field is applied along the strip width
direction, the widths of the domain wall top and bottom ends present an antiphase vibration, we
named it accordion mode. Further research shows that, while applying a constant driving magnet-
ic field along the length direction of the nanostrip, superposing simultaneously an alternating
magnetic field of resonant frequency to stimulate the twisting mode, translational mode or accor-
dion mode of the magnetic domain wall, could significantly restrain the appearance of the Walker
breakdown, thus greatly improve the propagation distance of the magnetic domain wall. The me-
chanism that the resonant motion of the domain wall can suppress the Walker breakdown is that
these specific vibration modes can impede the birth of anti-vortex core in the narrower end of the
transverse domain wall, thus avoiding the complex transformations of the transverse domain
which is caused by the precession motion of the anti-vortex core.
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1. 5|8

ITAER,  BRBEVEGNK S vh B W BEAE G 37 50 B el Ak FRR IR BN T Itz [ 1] [2] [3], #A
AT LLR 5 BAFAEFZ HE AR [4] [5] [6], A2 B EREFL/NH BT . AATTBAFIE BRI It 40K
S5y FR RSN Sk L K R R ) T A B R T S B W RE TR V5 AT AN HESA 1B L T T LARREAETE . WRRE I ALk
RIS IR T Ko B v FE RN R LSS LT S0 AERS I ERTY, WEBE— IR i3 77 m)ig 3)) LA /b
RIS RE. WS EIE SRR, B —Fh Tt A2 47 ot K U)W B3 o e, W Bl
FEE i 1 7 58 P58 T 2 ME 3G < AR, SIEBR BRI 72 437 98 P i 1 — /MUK S I 9 35 (Waalker threshold field) [7]
o, WEEEMRL R AR SR TR, R T, FERSERIR v G FUE S B I s RE R AR TR A, N R B AR
TS B SO e A HEWEBE , M 5 S04 BE 18 21 1 FE PR T B o I RUSLAE(S BAEME A s MR &
WEG, R g I BE 112 1) 00 2 R A A P i R ) R R 3R

DRI, e 4t v 1 s B P 3 0 ok 8 3 B W B P R e i 42 (Walker breakdown) I 7™ A= ) I B 5 JiE 2
JAIR B — A R U R T A1 T 2 b SR Ok o I W B ) IR B 44 . Nakatani [8]F1
Cowburn [9]55 A& H 38 NG K 2% 7 (1 321 AR FEE S 1) A [ 0 B R e MRS TR R A, AT SIS B B ) 5y
Wiz . SR, Nakatani 55 A& H 7 SRAFTERE S G AN P8 B e DLF ] ()8R 2, Cowburn &5 A 42 HIY
TR 2% T 24 A 2 P TR A7 A 85 B2 R I PR IR ) /. Hertel 55 A[10] [113&H T ERBEYE K 4514,
FESEL T AR RE M RS, (HR LA AN TR LLR & RS S 9K E 451 . Kim 25 A
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(1213 H T —Fh B 3% 554 42 (permalloy, Fe0.2Ni0.8)3 & T B A i H & 1A 71k FePt 2 EHIE &4 K
YIRS 5 AL DL I B T ) Jo v SR R AR AT R R i 1 s B 1 12 31 - Weerts 55 A [13]
B T IR GNK ST U ) (R R W3 2 A TN — AN S A8 3, AT I T W BE s i AR P R o R A
MG . (HJE, fEiE3) It fR - AT SR WL SR B RE W RE FOR R AE T 81k

TEARSCH, FRATTXS & — AN ) R B 1) 3 5 G K S8 R o e I ok v 22 A8 i3y, Je ol 4 L vy
TR TR i A [ F I B P 5 AR S0 %6 o 0 7 (1 % R B U [ 14] [15] [16] [17]0 B T 1T A SR BLAIF
ot s, P AN N A, RATIEER] T — OB i i T AR i e ot i i — SR 2l
) AR B AN, BN — SR LT B AAE AR (RS A, AT SR B A AR 35 R H Wi B
MPR AR, AU T BB, WERETE S T R P R AE T B R A TR A4k, IR Ak
MG B EFH . 50U INEE S5 BITETEXT b, W BE (1 4E BE B K IE ST

2. HRBRGZE

ARSCRA LLG WA AT o AT AR AL T 5 B 2 — AN JRSE A 3004 x 60 x 8 nm® (13
AR EAIE 1(a)). EHEUEIE A, ZFERBE T EIN 4 x 4 x 4 nm’ (300, IR0 H
(AR B L AR [R] o AT EUE R R F T 3 S & S RHEH F 288, BRI AT A58 B2 Ms 124 800 KA/m,
WA EECA N 1.3 x 107 Im, BhESRRERECN 0, FHRMARELE &% a 8 0.01. E I(b)ERT
BES W UATEAE 0 A, (RGN K A4 1 b (B x = 1502 nm AB)AEAE —AN Sk Sk 180° 48 /R Tl W B, I B
WO RERERY + y 7 I (W BEAR R 1), R R 1) e O A T 3 B0z s S 3 B E . R LR I
BARRR . TEUT x A IE R REHIREN T, BT RO B S R ) A R AR R OR, R T A A [ W 5
BRI — i 5y e — MRPENY 2 7RI, AR AE IR JIPE F R gk A T —imig sl TRk
PEFA L AR [y WA DA S e @ S g v ) A4 e S A 1 W1 T OB [l 5 13] 18] i F2 T BURE U x 7 ] )38
B LR, B T IR LR
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Figure 1. (a) Schematic depicting the geometry of permalloy nanostrip (length / = 3004 nm, width w = 60 nm, thickness ¢ =
8 nm) and coordinate axes. (b) Initial magnetization distribution of a head to head transverse Neel magnetic domain wall.
The colorbar represents the magnetization component in y direction, the black arrows represent the projection of magnetiza-
tion in x-y plane

1. (2) WREESMKRETHREEK /=3004 nm, 3T w=60nm, [F ¢=8 nm)FALFREH. (b) SkxfkAHEEZ R
BEEERANIRZSHAL Y T B, BRFRERRBICEEE y AR LMD E, SIkRTHUBERXER -y TH LHRF
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3. taERE R RIE

BATFZGK AT DRI TH xv vy z =ADIT7HASR Sine BRI, SR 05% FFE S Rt 58
FEE BB B AR AL, T8 I 8 L AR R T AR T P R SRR I AR RS, a0 fE] 2 B . FEANIEIDT )
WA G E R, MRS AR SR, RO E B3R fEREEA b, AR &
LA A TR PR ) T S AE AR T RSN R B . FRAT 4R BRSNS 1 T Tk & R AT R
Xf B IR BN REAT 120 BT 9T, 2 I T i B AR ) LA RS AR AT VELR I 18, anlE] 3 BR.

WS x 7 AN Sine FTERE S R T 6.2 GHz RS 1 a6, 15.9 GHz X Biff 2 B4
B LK 42.7 GHz XTRL 4 Bt 151 3(a) 22 A 5143 556 AR (RIS BELE 1 PR LGRS m, A m,
FEAN RIS Z21 14 253 1) 43 A ] o ] o B 23 00 5 Sk RN BEHIR B 7 1] o 24 £ = 60 ps B, I B B FEE 452 i 1) — it (Y
y =60 nm Ab) A A7IE 3], T B AE A — G (ED y = 0 nm Ab) U [ 238 8l o 1A g 5 i 2 1) A LA
M 1= 140 ps B, W BE 5 P40 0 1 — ity 1) 22 38 317, T 480 4% 00— i W [ A3 2Ty, A 70 i W o By 28 1) 7 L5
t =100 ps Fl ¢ = 180 ps W WEEAL TP 0 B, VER BRI 9K W =42 T 2 J5 1 L IREE 7 & .
3(b)FIE] 3(c)F3 IRt LT 2 BN 4 B AR A AR 2 o 3 9 P L A5 T W BE AR B 23 AAEAE 2 AR 4 A5 (B
PRMEA T ), HOT R AAESA 25 T 1 B

XGRS NV v 75 A1 Sine BREREZ UK T AAESAE N 9.4 GHz FIRFIRE A BL & 12.9 GHz 1]
F SRR B 2(d) 22 A7 P9 51 18] 5 50 B 3 3056 7 9.4 GHz AR N R 1) W5 BE FR) e, A1 . ZEAS RIS 20 ) 45 1)
A 24 =65 ps I, W bR PRI A ) P R4 24 6= 115 ps I, WAMEEE bR P g U [ B ) A
ik ¢=90 ps Al £ =140 ps I BEREALTFH7 07 B, SLI RS FBELE 2 J5 7] B RORERE 20 & m, WSS 0 Ao 1%
B, WA b W RO AR BN 7 2, B [E 4R R4 - Bk - RARR AR, (RsEE
Bhek— B RFEAAE . & 3(e)ZE AP BIIN E] 3 51 B 53 06 B 12.9 GHz S5 T B [ W5 (1) my, R m, ZEAS [N %]
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Figure 2. (a), (b), (c) respectively corresponds the resonant frequency spectrums of the nanostrip applied Sinc functional
field along x, y, z

E 2. (a), (b), ()FARIER X, y, z FEMEM Sinc &KEIAVER THRZFHIRFNSIE
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Figure 3. (a) 6.2 GHz corresponds the mym, amplitude diagrams of the twisting mode, (b) 15.9 GHz corresponds the mym,
amplitude diagrams of the second-order twisting mode, (c) 42.7 GHz corresponds the mym, amplitude diagrams of the
fourth-order twisting mode, (d) 9.4 GHz corresponds the mym, amplitude diagrams of the breathing mode, (¢) 12.9 GHz cor-
responds the mym, amplitude diagrams of the accordion mode, (f) 7.9 GHz corresponds the mym, amplitude diagrams of the
translational mode

3. (a) 6.2 GHz ST RIS HER mym, YRIGE, (b) 15.9 GHz SRIAY 2 I HHAEAER mym, #RIBE,  (c) 42.7 GHz 3FRL
B 4 MY HEEART mym, HRIBE, (d) 9.4 GHz X RZROREIRAE mym, HRIEE, (o) 12.9 GHz M RHIFREER mym, #ikiE
B, (f) 7.9 GHz 3 BB FERBIRR mym, TRiEE

M= 18l AT o 2 1= 60 ps I, A [ BA _E 3w 8 70 A2 R Ah 5K, L S #6020 U ) 9 R 46 s 25 ¢ = 100 ps
I, A W L B £ () Y AR, TR AR AR R AhAK s 2 =80 ps Al £= 115 ps I, FAWEEEAEYY
K LN P ) TE LI A — B, BRI WREEAE 2 J7 1) b AOTEHE 7> B AR 9K 2% i DO (L. &
IXREREWSBE LR W 0 T8 BE RSN A AL A 22 180 FE, B — ity B B R AR URAR IR 53 — Ui (¥ 98 BE AR 5K, (HBERE
AL A ORI AR, BA PR P IR SR A iy 08 F AR A A2 R AT TR B — P R A ) R
BEYRENIE I, FERTAMIBE T, REABEAE y J7 A2 1 N MRBIAE 2 A o (EIRIRAR 2
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ANBE i v 98 1) W 74 E RESA R R VAR S5 7 T 38 Sl AR RE 1
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4. 1 EBEREMR X IZ 3T E R

FRATTEXT GRS Tt o — AN x 77 A1 30 oe fHE RIS B FIIS &0 T —A> 200 oe [IEZ L 4RI LA
S AT SEARAR O A8 1) W B A R o 25 SRR BH AE AR W37 WO (VIR [ W R R AR T IRUES A U S R A
TR R R = B I BE R A5 ARG M, DT DRI 22 o B B R IS BE B o FRAT TR FH 9K 5 AE x J7 Im) B0
PCIREE A B <m,>He 8 SUWERE KL B ARAR(18]: x=(m,)-1/2+1/2, Hrf11 = 3004 nm 2REEGK
FAH B K

4 SR T x J7 )38 2l F I BE 57 B RH SR B2 B R 1 (A8 4k o ZER x 77 A0 1) 30 oe THE W37 3R 3 T
(K 4, HSELR), BERENIZZHEE 2B N2 2 500 m/s, JFTE ¢ = 2000 ps 7247 I & AR IR e ik,
HFEILE S RHE R, 1E 4000 ps 8] N BEEERI 20 1150nm. S ExtLl, BAHRE T7E 30 oe 16
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Figure 4. Displacement-time diagram of transverse domain wall in applying
only a 30 oe constant driving field along x (the black solid line) and superpos-
ing simultaneously the constant field with a sin field(the colorized solid lines).
The red, green, blue line respectively corresponds the alternating magnetic
filed which the frequency is 6.2 GHz, 12.9 GHz, 7.9 Ghz. The amplitude of
alternating magnetic field is 200 oe

Bl 4. {LFEINIEE x FFlE). S2E R 30 oc HIIRENIA(FBE XL UK EIEEDS
SN BN IETZ 3 A (R B L) 1B T EIBE AL F% SRY B X R E. 4O
. ZE. EEIENENZTHIANES 74 6.2 GHz, 12.9 GHz £ 7.9
GHz. ZEHIARRIES 200 oe
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Figure 5. (a), (b) respectively correspond m. and m,, distributions in different
moments in applying only a constant driving field along x direction. (c), (d), (¢)
respectively correspond m, distributions in different moments superposing si-

multaneously the constant field with a sin field
B 5. (a), (b)7 AR RBEM x FEIEERIIAERT, EEFZIE R

mF m, BB 3. (0)s (d)v ()7 53 R EIRTHEMNIEE RN IA K AFEF
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BB R T AKK AL

N T IRFURE e RS RESE B IS sh R e MR SR IR, FRATIZE ) T 85 I 2 v B P R AR R 0 A
Bl i 5). (b)7rilioRTE x 771 30 oe 1HE JRBIH KA T, # 5 HHASFF Z) m, Rl m, 554 £=0 ps
2], A ) BRBE AL T 40K 2% 5 b S B (x = 1502 nm). £=2000 ps %], 7EBEEETE B A A —Im AR 1 —
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