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We introduce a theoretical method for determining large Dzyaloshinskii-Moriya interaction (DMI) values

within a specific range of external magnetic fields. Based on the domain-wall (DW) energy model, we establish

that, under the low-field approximation, the azimuthal angle of magnetization within the DW-regions where

magnetization changes-exhibits a quadratic dependence on the in-plane magnetic field. The corresponding cur-

vature coefficient depends solely on the DMI and DW anisotropy energy. This method can also be used to mea-

sure the in-plane field dependence of the normalized damping-like torque efficiency, which represents the DW

magnetization for fields normal to the DW. This framework enables reliable quantification of a broad range of

DMI magnitudes, overcoming the limitations imposed by the weak magnetic fields typically accessible in exper-

iments.
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본 연구에서는 매우 작은 범위의 외부 자기장에서도 큰 드쟐로신스키–모리아 상호작용(Dzyaloshinskii-Moriya interaction,

DMI)을 정밀하게 측정할 수 있는 새로운 이론적 방법을 제시하였다. 자구벽 에너지 모델을 기반으로, 작은 외부 자기장

이 인가될 경우 자구벽 내부의 자화가 미세한 각도로 기울어지며, 이때 자구벽 자화의 방위각은 외부 자기장에 대해 2차

함수적으로 변화함을 보였다. 이 2차 항의 곡률 계수는 DMI와 자구벽 이방성 에너지에만 의존함을 확인하였다. 이러한

개념은 자구벽에 수직한 평면 방향으로 인가된 자기장에 따른 스핀궤도토크 효율 측정을 통해 실험적으로 검증할 수 있

으며, 이를 통해 큰 DMI 값을 효과적으로 산출할 수 있다. 제안된 이 이론적 틀은 실험적으로 접근 가능한 약한 자기장

범위 내에서도 DMI를 안정적으로 규명할 수 있어, 기존 측정법의 한계를 극복하고 넓은 DMI 세기 범위에 적용 가능한

새로운 측정기법을 제공하였다.

주제어 : 자구벽, 넬 자구벽, 드쟐로신스키 모리아 상호작용

I. Introduction

The Dzyaloshinskii-Moriya interaction (DMI), an anti-

symmetric exchange interaction [1-4], plays a central role

in stabilizing chiral spin textures in magnetic systems [5-

11]. Numerous theoretical frameworks have been pro-

posed for understanding the microscopic origin of DMI,

while extensive experimental efforts have focused on
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tuning its magnitude to achieve large values [12-22].

Various techniques have been developed to quantify the

DMI, including spin-wave spectroscopy [17-19], asym-

metric domain-wall (DW) motion [12,16,22], domain-

edge tilting [14,20], electric detection of spin-wave prop-

agation [21], asymmetric hysteresis-loop analysis [23-

25], and spin-orbit-torque (SOT) efficiency measure-

ments based on DW chiral transitions [26,27]. These

approaches have enabled a deeper understanding of chi-

ral spin configurations and have fostered diverse studies

on current-driven magnetization control through SOT.

Among existing methods, DW-based techniques are

particularly advantageous in ferromagnet with perpendic-

ular magnetic anisotropy, as they enable simultaneous

evaluation of the spin Hall angle through the SOT effi-

ciency and the DMI [12,16,22-29]. Both parameters are

essential for stabilizing chiral spin textures and achiev-

ing efficient magnetization control. Conventional DW-

based methods require the application of strong in-plane

magnetic fields to determine high-strength DMI, demand-

ing experimental facilities that are not readily accessible

to most laboratories. Consequently, a method capable of

determining large DMI strengths under experimentally

limited field ranges is required. We propose a theoreti-

cal framework that enables the reliable quantification of

large DMI strengths using a conservative range of exter-

nal magnetic fields. This approach effectively addresses

the limitations of conventional methods that require

high-field measurements for DMI determination.

II. Result and Discussion

The theoretical framework for DW energetics in sys-

tems with DMI originally proposed by Thiaville et al.

[30] is the foundation of the proposed model. In perpen-

dicularly magnetized materials with finite DMI, the DW

naturally adopts a Néel-type DW configuration, where

the magnetization within the domain wall aligns along

the direction normal to the wall plane, as illustrated in

Fig. 1(a). When an in-plane magnetic field is applied

perpendicular to the DW plane (defined here as the y-

axis field, 0Hy), the magnetization within the DW pro-

gressively rotates from the Néel toward the Bloch con-

figuration. Under these conditions, the DW energy

DW(0Hy) can be expressed as follows:

DW(0Hy) = 0 + KDcos2

 MS0HDMIcos  MS0Hysin, (1)

where 0 denotes a Bloch-type-DW energy density, KD

represents the DW anisotropy energy density,  is the DW

width, MS is the saturation magnetization, and 0HDMI

corresponds to the effective magnetic field arising from

the DMI. The angle  defines the azimuthal orientation of

the magnetization within the wall, measured from the +x

axis (see the Fig. 1(b) for illustration).

The equilibrium condition of the azimuthal DW angle

can be obtained by minimizing the DW energy with

respect to  (i.e., DW/ = 0) as follows: 2KD

coseq sineq + MS0HDMIsineq  MS0Hy coseq

= 0. Here, eq denotes the equilibrium magnetization

angle within the DW. When the applied y-axis magnetic

field 0Hy is sufficiently small such that eq remains

within the small-angle regime, the relation eq  0Hy/

(0HDMI  0HS) can be derived. A detailed discussion of

the small-angle regime, including its theoretical consider-

ation, is provided below in the context of Fig. 2. The

DW anisotropy field 0HS is defined through the rela-

tion KD  MS0HS/2 [12,30,31]. The following relation-

ship can be derived by substituting the approximated eq

into Eq. (1):

(2)

Here, DW(0Hy) indicates a quadratic dependence on

DW 0Hy  0 + KDMS0HDMI


MS

2 0HDMI0HS 
---------------------------------------------0Hy

2
.

Fig. 1. (Color online) (a) Illustration of the Bloch-type and
Néel-type domain walls (DWs). The black arrow indicates the
magnetization at DW. The in-plane magnetic field 0Hy is
applied along the DW plane (y-axis). (b) The DW angle 
defines the azimuthal orientation of the magnetization within
the wall, measured from the +x axis.
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0Hy in Eq. (2). Furthermore, the curvature coefficient is

composed of four physical parameters: 0HDMI, 0HS, ,

and MS.

To evaluate the accuracy and determine the applicable

range of our analytical approximation, we performed

numerical calculations using the exact equilibrium solu-

tion of Eq. (1), validating the approximation. The mate-

rial parameters employed in the analysis were 0 = 10

mJ/m2, 0HS = 30 mT,  = 5 nm, MS = 1 MA/m, and

0HDMI = 200 mT [12,14,16]. Fig. 2(a) illustrates the

dependence of DW on 0Hy under the given conditions

(red symbols represent the numerical calculations). As

0Hy increases, DW decreases owing to the Zeeman

effect, which lowers the overall DW energy. Using Eq. (2),

the corresponding approximated results were obtained

numerically (orange solid line in Fig. 2(a)). A notice-

able deviation appears beyond 0Hy  ±35 mT (green

dashed lines in Fig. 2(a)), a deviation starts to increase,

indicating the out of the approximation as eq exceeds

the small-angle regime. 

We defined 0H
*

y as the critical in-plane field at which

the small-angle approximation ceases to hold. From Eq.

(2), 0HDMI can be extracted by analyzing the curvature

 = MS/2(0HDMI  0HS) for given values of given ,

MS, and 0HS. Accordingly, once  is determined, the

corresponding DMI-induced effective field, denoted as

0H
*

DMI, can be defined based on the curvature analysis.

The characteristic field 0H
*
y thus defines the physical

limit within which  analysis remains valid.

Fig. 2(b) presents 0H
*

DMI as a function of the applied

in-plane field range 0Hy used in the DW(0Hy) analysis

based on Eq. (2). Within a narrow 0Hy window, 0H
*

DMI

agrees well with the intrinsic 0HDMI (orange solid line).

We define 0H
*
y as the maximum in-plane field range for

which the deviation between 0H
*

DMI and 0HDMI remains

within 1%; in Fig. 2(a), this corresponds to 0H
*
y  35

mT. To substantiate this definition, Fig. 2(c) shows the

equilibrium magnetization component coseq as a func-

tion of 0Hy. At 0Hy = ±35 mT (green dashed lines),

coseq decreases to about 0.98, indicating a 2% tilt of

the magnetization and signaling the breakdown of the

small-angle approximation.

We examined the factors governing the magnitude of

0H
*
y by systematically varying 0HDMI and 0HS. Figs.

3(a) and 3(b) display 0H
*
y as a function of 0HDMI (for a

fixed 0H
*
y = 30 mT) and as a function of 0HS (for a

fixed 0HDMI = 50 mT), respectively. The calculations

were performed using 0 = 10 mJ/m2, 0HS = 30 mT,

 = 5 nm and MS = 1 MA/m. As evident from the

results, once 0HDMI exceeds 0HS, 0HDMI has predomi-

nantly influenced on 0H
*
y, whereas the influence of

0HS becomes negligible effect on 0H
*
y. Thus, a larger

0HDMI emerges as the principal parameter setting the

validity limit of the small-angle approximation.

In the following text, we introduce a new approach for

measuring the DMI and its corresponding effective field

0HDMI, within the range of in-plane magnetic fields

0Hy < 0H
*
y, where the small-angle approximation is

Fig. 2. (a) (Color online) DW on 0Hy under the given con-
ditions: 0 = 10 mJ/m2, 0HS = 30 mT,  = 5 nm, MS = 1 MA/
m, and 0HDMI = 200 mT (red symbols represent the numerical
calculations). The orange solid line is calculated DW on 0Hy

using Eq. (2). Green dashed lines are 0Hy  ±35 mT. (b)
0H

*
DMI as a function of the applied in-plane field range 0Hy

used in the DW(0Hy) analysis based on Eq. (2). The orange
solid line is 0HDMI = 200 mT. (c) Equilibrium magnetization
component coseq as a function of 0Hy. Green dashed lines
are 0Hy = 35 mT.
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valid. Previous studies have demonstrated that coseq

could be experimentally extracted from SOT-driven DW

motion or from the asymmetric hysteresis loop [23-27],

where the SOT efficiency  is given by  = satcoseq.

Here, sat represents the maximum SOT efficiency for a

Néel-type DW, defined as sat = (ℏ/2e)(/MSt), with ℏ

being the reduced Planck constant, e the electron charge,

 the effective Hall angle, and t the ferromagnetic layer

thickness. The normalized efficiency ⊥ is defined as

⊥ = coseq.

For small in-plane magnetic fields 0Hy < 0H
*
y, ⊥

can be approximated as ⊥  1   2
eq/2, yielding

⊥  1  (3)

This result implies that, when an in-plane magnetic field

is applied perpendicular to the DW plane, the curvature 

of ⊥ versus 0Hy satisfies   1/[2(0HDMI  0HS)
2].

Fig. 4(a) presents the variation of ⊥ as a function of

0Hy, where ⊥ = coseq. The material parameters employed

in the analysis were 0 = 10 mJ/m2, 0HS = 30 mT,  = 5

nm, MS = 1 MA/m, and  0HDMI = 200 mT. Similar to the

analysis in Fig. 2, ⊥ exhibits a clear quadratic dependence

on 0Hy for fields weaker than 0Hy < 0H
*
y. The purple

solid line represents the calculated values obtained from

Eq. (3), demonstrating excellent agreement within this

low-field regime, where Eq. (3) remains valid.

When 0HDMI >> 0HS (i.e. materials with large DMI),

the DMI-induced effective field can be estimated as

. Fig. 4(b) illustrates  as a function of

0HDMI for each 0HS. As discussed above, when 0HDMI

dominates 0HS,  converges to 0HDMI. This result

indicates that large DMI values can be precisely quanti-

fied even under weak external magnetic fields by analyz-

ing ⊥(0Hy) measured with in-plane fields perpendicular

to the DW. Conversely, when 0HDMI is relatively small,

it can be determined using conventional measurements

of ⊥ as a function of the in-plane magnetic field applied

along the x-axis 0Hx [23-27]. Notably, large DMI val-

ues stabilize Néel-type DWs even in the absence of an

in-plane magnetic field 0Hy. Under such conditions, the

spin Hall angle can be independently extracted from

measurements of SOT efficiency with respect to 0Hy.

Accordingly, the proposed method provides a unified

1

2
---

0Hy

0HDMI0HS

------------------------------------- 
 

2

.

1/ 2 1/ 2

1/ 2

Fig. 3.  (Color online) (a) 0H
*
y as a function of 0HDMI (for a

fixed 0HS = 30 mT). (b) 0H
*
y as a function of 0HS (for a

fixed 0HDMI = 50 mT). The calculations were performed
using 0 = 10 mJ/m2, 0HS = 30 mT,  = 5 nm and MS = 1
MA/m.

Fig. 4. (Color online) (a) ⊥ as a function of 0Hy, where ⊥ =
coseq. The material parameters employed in the analysis were
0 = 10 mJ/m2, 0HS = 30 mT,  = 5 nm, MS = 1 MA/m, and
0HDMI = 200 mT. The purple solid line represents the calcu-
lated values obtained from Eq. (3). (b) 1/  as a function of
0HDMI for each 0HS.

2
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framework for simultaneously evaluating the DMI and

spin Hall angle across a broad range of magnitudes using

field geometries optimized for each regime.

Various approaches have been proposed to quantify

the DMI, including spin-wave spectroscopy [17-19],

asymmetric DW motion [12], domain-edge tilting [14,20],

asymmetric hysteresis-loop analysis [23-25], and SOT-

efficiency measurements based on DW chiral transitions

[26,27]. Among these, methods relying on spin waves,

domain-edge tilting, or asymmetric DW motion are

designed to isolate the DMI contribution alone, whereas

the latter allow simultaneous determination of both SOT

and DMI. However, the applicability of these conven-

tional methods is typically limited to regimes where the

in-plane magnetic field is significantly larger than the

DMI-induced effective field. By contrast, the proposed

approach enables the concurrent evaluation of SOT and

DMI even when the in-plane field is significantly smaller

than the DMI-induced effective magnetic field, thereby

overcoming the constraints of existing techniques and

offering broad utility for advancing chiral spintronics

research.

III. Conclusion

In summary, the proposed framework establishes a

simple yet robust route to quantify the DMI under exper-

imentally accessible magnetic fields. By exploiting the

quadratic response of DW magnetization to in-plane

fields, the method directly links measurable curvature to

the DMI and DW anisotropy energies. This approach

enables the precise determination of large DMI strengths

without relying on high-field measurements, thereby pro-

viding a broadly applicable tool for exploring chiral spin

textures and their field-driven dynamics in a wide range

of magnetic heterostructures.
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