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Abstract

In the past, most of the researches discuss on the dynamics of transverse magnetic domain walls
were based on nanostrips with rectangular cross-section. Unlike the uniform thickness of rectan-
gular cross-section nanostrips, the thickness is larger in the middle than at the sides for trape-
zoidal nanostrips. Transverse domain wall motion in trapezoidal nanostrips driven by external
magnetic field is studied and the morphology variation of the transverse magnetic domain walls is
discussed in detail. The micromagnetic simulation results show that the velocity of magnetic do-
main wall motion is faster than that of rectangular nanostrips due to the design of trapezoidal
cross-section. It is found that the magnetic domain wall velocity is closely related to the base angle
of the trapezoidal cross-section. As a result, the magnetic domain wall has a high velocity in the
nanostrips with small base angle. We find that the velocity of magnetic domain wall is not linearly
related to the average width of magnetic domain wall, but is proportional to the width of the upper
and lower ends of the magnetic domain wall. In addition, the contribution of demagnetization to
the fast motion of the domain wall is discussed through the precession speed distribution of the
magnetization in the domain wall region under the effective field. The study of the magnetic do-
main wall motion in trapezoidal cross-section nanostrips provides a new idea for the magnetic
domain wall dynamics.
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2 ) T s B AT o S IS A A A v B AR B T BT S AESEER TR, e R A e s R
(25, LS T HIRIAAE[L] [2)AZ 11 5H3] [4] G122 R AR . B [6] MM AL B [7] [8] 7T LA A
WU IRSREN WS BEIE B . (E/NRIAMEEA T, HEWERE T DURFFSIHIZ S, HIEEE SN R &R R A
M, RSN T, RS MR BATEE, FEREEGZE LR TR, X — R RR IR i
¢ (Walker breakdown) =l ik 5 i B (Walker limit) [9]. IR 5 28 AZAEBRAS T REWSRE [ e idiz 3l , BRI 1715
SRS . O TR B PUE A B R, SR I REEREIZ B R T — N B R 10]. BT
IR E R BRI (I AFAE R B v 38 30 (RO I 0 2 A P AN 7 1)

— 71, fEETIREM RIS R, Bk G IR b 7 R LR M k2 . 2003 4, Yoshinobu Nakatani
S NHE IR s T I RAE L B RS B g oKty rh] DAAS B0, g B nT DUSEIAE i TR S i A N 1
FEHIZ3[11]. 2010 4F, E.R.Lewis 55 AR FIRIR K3 526 S gh oKty G5 M ik ve o 28 00 7= A, SEBL T
W BELE 5 TR e IR BR BE 37 T IR 3h[12]. 2011 4E, Ming Yan %5 A2 /a3 B4 S g oK 8 T LS IR
W BE (1) s A2 30 [13] [14].

H—JH, AR TIRFRBR RS R, S REE 20 AR o 8 38 KGN K T T8 5 RN B AR g oK e
JELRE, WAWEEEN L FE R [15], WAMEEET] LR T IS B BE[16] . 1Y OK 5 BT B 2 PR AIC R BE
XY BB AR A2, X MR E O IR AR BN oK A 100 S0 T BEAS BN AR FH o 38 5 B T IR R T A T 44K
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Figure 1. Trapezoidal nanostrips model. (a) The schematic diagram in the upper left corner represents the structure of nano-
strips with trapezoidal cross-section. The length of the nanostrip is | and the thickness is t. The base of the trapezoidal has
width w. The external magnetic field is applied to the length of the nanostrips. (b) The side view of the trapezoidal nanostrips
is placed on the right. Definition of the base angle is indicated above the side view, namely the angle between the trapezoidal
bevel and base edge. The base angles of trapezoidal cross-section nanostrips were set to 18.4°, 26.6°, 45° and 63.4° respec-
tively, and the base angle of rectangular cross-section nanostrip is marked at 90°. In the numerical simulation, the trapezoidal
cross section is composed of a series of cells. (c) A transverse magnetic domain wall is placed in the middle of the nanostrip,
and the white arrow represents the approximate orientation of the magnetization, and the color represents the direction of the
magnetization
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Figure 2. Structure of the stable transverse magnetic domain wall. The 3D, top view and bottom layer diagrams of the mag-
netic domain walls in the trapezoidal nanostrips with base angle of 18.4°, 26.6°, 45° and 63.4°, along with a rectangular
nanostrip, are listed in the diagram. The color bar on the right represents the component of the normalized magnetization in
the y direction
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Figure 3. Domain walls movement driven by magnetic field H = 15 Oe. (a) The velocity of magnetic domain wall in the na-
nostrip with a base angle of 45°. (b) The saturation velocity of the magnetic domain wall in the nanostrips with different
base angles
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Figure 4. Domain wall width. Drawings on the left, middle, and right side are average width, lower width and upper width of
magnetic domain walls in nanostrips with different base angles. The illustration represents the area where the width of the
magnetic domain wall is measured
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Figure 5. The structure of magnetic domain wall that move uniformly after external magnetic field applied for 6 ns. (a) The
distribution of the magnetization z-component m, in the domain wall region in nanostrips with different base angles. (b) The
distribution of the z-component of demagnetization field H, in domain wall region. (c) The distribution of the x-component
of precession velocity of magnetization of dm,/dt in domain wall region. The color bars on the right side represent the rela-
tionship between m,, dm,/dt, H, and the color
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