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Abstract 

The magnetoimpedance (MI) effect is characterized by the alteration in the impedance of soft 

magnetic materials when subjected to a magnetic field while a high-frequency alternating 

current flows through them. In this study, we engineered two distinct sensor architectures 

utilizing amorphous FeCSi magnetic ribbon: a single-bar structure with the dimension of  

10 mm × 90 µm × 20 µm and a meander structure consisting of 13 parallel single bars. These 

structures were miniaturized through advanced techniques combining laser engraving and 

chemical etching. The magnetic analysis reveals that the meander structure exhibits a 

pronounced dependency on the angle θ between the magnetic field and the sensor orientation, 

enhancing its soft magnetic properties by up to fivefold compared to the single-bar design. 

This enhancement might be attributed to a reduction in the demagnetization effect and shape 

anisotropy energy within the meander sensor. Furthermore, the analysis of the MI effect 

indicates that the resonance frequency remains unaffected by external magnetic fields for both 

sensor types. Notably, the meander sensor demonstrates exceptional MI ratio values 

exceeding 82%, representing a remarkable 24-fold increase over the 3.5% observed in the 

single-bar sensor. Additionally, the isotropy - quantified as the MI ratio's dependence on angle 

θ, and magnetic field sensitivity are significantly improved in the meander configuration. 

These advancements in soft magnetic and physical properties are correlated to the domain 

structure of the sensor, particularly its transverse magnetic permeability, as evidenced by 

micromagnetic simulations conducted using Mumax3. With its superior MI ratio, isotropy, 

and heightened magnetic field sensitivity, the meander-type magnetic field sensor presents 

substantial potential for applications across diverse fields, ranging from biological systems to 

specialized practical missions. 
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1. Introduction  

The magnetoimpedance (MI) effect is characterized by significant variations in the 

impedance of metallic magnetic conductors when subjected to a DC magnetic field [1, 2]. 

Impedance is typically measured using a four-point technique, at which an AC current 

flows through the sample, and the voltage is measured to determine both real and 

imaginary components that contribute to MI. This phenomenon is rooted in the classical 

electromagnetic skin effect, for which high-frequency currents are confined to a thin 

surface layer of the conductor [3, 4]. The penetration depth is inversely related to the 

material's conductivity, permeability, and the frequency of the AC current, which induce 

higher conductivity and permeability, resulting in reduced skin depth. 

Although MI was known earlier, its observation in various magnetic materials 

with considerable electrical conductivity only occurred in the 1990s. Applying a DC 

magnetic field alters the magnetic permeability of these materials, consequently 

affecting the skin depth and impedance. To effectively observe MI, materials with high 

permeability that a DC field can modify are essential. Therefore, MI is most pronounced 

in ultrasoft magnetic materials with high electrical conductivity, by which their 

thickness aligns with changes in skin depth induced by the DC field [5-7]. MI is especially 

prominent in soft amorphous materials such as ribbons [8-12] and wires [13, 14], exhibiting 

softness and relatively high conductivity. The frequency range for observing MI typical 

spans from 100 kHz to 10 MHz, often increasing with frequency [15]. While less soft 

materials like thin films and multilayers typically demonstrate MI, their effectiveness 

varies. Moreover, the relationship between MI and ferromagnetic resonance has been 

explored extensively, at which resonance phenomena generally manifest in the GHz range, 

with natural ferromagnetic resonance detected between 2 and 12 GHz for amorphous 

microwires, depending on their magnetostriction constant. MI elements are integral to 

developing highly sensitive magnetic field sensors [16]. These sensors, particularly those 

made from amorphous wires, are currently utilized in mobile phone compasses and are 

under investigation for potential medical applications and nondestructive testing methods. 

Ongoing research focuses on enhancing MI elements by optimizing materials, controlling 

anisotropy, refining sensor structures, and developing theoretical models to improve 

sensitivity, especially in wires and ribbons [10, 11, 13, 14, 17-19]. 

The miniaturization of electronic devices and advancements in rapid signal 

processing have necessitated the reduction in size of MI elements. Thin film and/or 

ribbon configurations present a promising avenue for achieving this miniaturization, as 

they can be integrated with electronic devices. However, this size reduction may compromise 
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the sensitivity of MI sensors due to the emergence of demagnetizing fields [20, 21]. Although 

various attempts have been made to dedicate the intrinsic properties of the MI, a more 

precise understanding of extrinsic properties such as shape anisotropy, demagnetizing 

effects is essential for optimizing sensor design sensitivity [22, 23]. In this study, the MI 

elements were micropatterned into desired shapes of single bar and meander forms with a 

sided-width of 100 µm, which is known to be close to the optimized value of 60 µm [24]. 

These sensor configurations allow to evaluate the influence of shape anisotropy and the 

demagnetizing field to the overall MI effect. The investigations were conducted for global 

magnetic characterization of vibrating sample magnetometer (VSM), impedance 

measurements, and domain observations through micromagnetic simulation for each 

element as changes in domain structures provide critical insights into sensor behavior. 

Additionally, detailed analysis of shape anisotropy and demagnetizing field was 

correlated with the magnetic properties that contributed to the MI. Our findings highlight 

how the shape anisotropy and demagnetizing field in various forms affect the MI effect 

and propose a method to enhance sensitivity in MI sensors. 

2. Materials and methods 

2.1. Sensor fabrication and experimental characterizations 

A series of MI elements were microstructured using a combination of wet 

chemical and laser etching techniques on an amorphous commercial ribbon with a 

nominal composition of Fe91Si4C5, possessing an average thickness of 20 µm. The 

fabrication process comprises five key stages following protocols established in 

previous studies, as described elsewhere [24, 25]. Magnetic characterization of the MI 

elements was conducted using a global approach of vibrating sample magnetometer 

(VSM, Lakeshore 7400 series) with a maximum applied magnetic field of 1.8 T. The 

fabricated sensor was positioned within a sample holder for MI measurement, as 

depicted in Fig. 1. The experimental setup included a network analyzer of Protek A333, 

which supplied alternating current (AC) at various frequencies to the developed sensors. 

The sensors were strategically placed between two permanent magnets, allowing for 

magnetic field adjustments up to 400 Oe by varying the distance between the magnets. 

This comprehensive system facilitates the manipulation of multiple parameters, 

including the DC-applied field and frequency, to elucidate the operational 

characteristics of the fabricated MI elements. 
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Fig. 1. The characterization setup for MI measurement showing the vector network analyzer 

for impedance recording, movable pair of permanent magnets for controlling the applied 

magnetic field, the sample holder, and the schematic for angle between the applied magnetic 

field and the longitudinal direction of the developed sensors. 

2.2. Micromagnetic simulation 

Micromagnetic simulation of the meander-structured sensor was conducted 

utilizing the open-source software MuMax3, developed in Go and incorporating CUDA 

for enhanced performance on graphics processing units (GPUs) [26, 27]. GPUs 

significantly accelerates computational speed, enhancing several orders of magnitude 

compared to traditional central processing unit (CPU) operations. In this study, the 

simulation models were discretized into cubic cells with dimensions of approximately 

2.5 nm, notably smaller than the exchange length characteristic of the soft magnetic 

material FeCSi [28]. To replicate the grain structure, grain-like regions were generated 

within the simulated elements using Voronoi mosaics. Additionally, variations in 

magnetic grain parameters were introduced, with a fluctuation of up to 15% in both 

magnetization and exchange constant, reflecting the actual diversity in grain height and 

properties observed on the sensor surface. The boundaries between grains were defined 

as magnetic, reflecting the scale exchange term within the simulation framework. 

MuMax3 employs the Landau–Lifshitz–Gilbert equation at each node to model 

magnetization dynamics, assuming that each magnetic moment is positioned at the 

center of its respective cell and that exchange interactions occur at the discrete surfaces 

of these cells. 

3. Results and discussion 

Figure 2 presents top-view photographs of the fabricated sensors, displaying both 

single-bar and meander structures (Fig. 2a1, 2b1). The images reveal that the edges of 

the sensor structures are flat and well-defined, confirming the successful fabrication of 
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the sensors. Fig. 2a2 and 2b2 further illustrate that the edges are smooth and straight, 

with an edge width of approximately 90 µm. This measurement indicates a slight 

reduction of about 10% compared to the design specification of 100 µm, attributed to 

the isotropic nature of the wet chemical etching process employed during the five-step 

fabrication as indicated in the Experimental section. Fig. 2a3 and 2b3 define the angle θ 

of the external magnetic field with respect to the horizontal direction aligned with the 

longitudinal edge of the sensor. 

 

Fig. 2. The photographs, optical images with high magnification of the developed sensors  

in the forms of single bar (a1-a2) and meander (b1-b2); and the illustrations for the angle θ 

between the applied magnetic field and the horizontal line of the developed sensors (a3, b3). 

Figure 3a and 3b display the normalized hysteresis M(H) loops for the fabricated 

sensor structures, characterized within a range of -0.5 T to 0.5 T. The results indicate 

that single-bar and meander sensors exhibit coercivity values below 0.5 Oe (or 50 µT), 

demonstrating that the samples retain the soft magnetic properties characteristic of the 

original amorphous FeCSi material. This finding is crucial, as it confirms that the 

fabrication processes of combining laser engraving and wet chemical etching do not 

induce the phase of the sensor material. The M(H) curve analysis reveals that as angle θ 

increases, magnetization becomes magnetically hard. Specifically, at θ = 0°, both sensor 

structures achieve saturation at an external magnetic field of approximately 0.2 T. In 

contrast, reaching saturation at θ = 45° requires an external magnetic field nearly double 

that at θ = 0°, approximately 0.4 T. Additionally, for angles θ ≤ 30°, the slope of the 

M(H) loop for the meander structure is generally higher towards the vertical axis 
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compared to that of the single-bar structure. This distinction in the slopes of M(H) loops 

becomes more pronounced with increasing θ for the meander structure, while it remains 

less evident for the single-bar structure. 

 

Fig. 3. The major normalized hysteresis M(H) loops, which is not corrected for demagnetizing 

field, for single bar (a) and meander (b) sensors; the derived magnetic susceptibilities (c)  

from the normalized M(H) loops from (a) and (b); and the estimated magnetic energy 

anisotropy and/or magnetic energy density (d) of the developed sensors. 

A key parameter for evaluating soft magnetic properties is magnetic susceptibility 

(χ), which is typically calculated as the first derivative of magnetization with respect to 

applied external magnetic field at the coercive force value. This study derived the χ 

from the major M(H) loops. Figure 3c illustrates how the χ varies with angle θ for the 

fabricated sensor samples. Notably, at angles θ ≤ 45°, the χ of the meander structure is 

approximately three times greater than that of the single-bar structure. This disparity 

increases to about fivefold when θ = 90°. The analysis indicates a significant 

enhancement in soft magnetic properties for the meander structure, improving from 
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three to five times compared to its conventional single-bar counterpart.  

To assess the variation in the χ at different angles θ, this study examines the shape 

magnetic anisotropy energy, or magnetic energy density, calculated using the following 

expression as follows: 
0

,
sM

HdM  where Ms is the saturation magnetization. Figure 3d 

illustrates the dependence of this energy on angle θ. For the single-bar structure, the 

magnetic energy density remains relatively constant at approximately 20 kJ/m³ for 

angles θ ≤ 45°. However, at angles θ = 75° and 90°, the shape magnetic anisotropy 

energy increases sharply by factors of about two and three, respectively. A similar 

tendency is observed in the meander structure. Notably comparing the anisotropy 

energy at θ = 90° to that at θ = 0°, a substantial increase of approximately nine times 

is recorded for the meander structure. This suggests a degradation in the soft magnetic 

quality of the meander structure at larger angles θ. The pronounced difference in 

shape anisotropy energy relative to the angle between the sensor and the applied 

external magnetic field is believed to stem from variations in demagnetization field 

energy. Specifically, in the single-bar structure, as the direction of the magnetic field 

shifts from 0° to 90°, the demagnetization field coefficient escalates significantly from 

0.00176 to 0.21219 with a factor of 120 [29, 30]. In contrast, for the meander 

structure, characterized by 13 long edges and shorter edges continuously coupled to 

them, the demagnetization field coefficient is markedly reduced compared to that of 

the single-bar structure.  

Figure 4a and 4b depict the relationship between the MI effect and frequency, 

measured under a direct current (DC) external magnetic field ranging from 0 to 400 Oe 

at an angle θ = 0°. Initially, the impedance signal exhibits a sharp decline within the 

frequency range of 0-1 GHz for the single-bar sensor and 0-0.5 GHz for the meander 

sensor. Subsequently, the impedance signal rises sharply to reach a maximum value at 

resonant frequencies of 1.8 GHz for the single-bar structure and 1.1 GHz for the 

meander structure. Beyond this frequency threshold, a rapid decrease in impedance is 

observed. Importantly, throughout this study, resonant frequency values remain 

consistent despite variations in angle θ, agreeing well with those reported for other 

structures such as 2D spiral square amorphous wires or FeCuNbSiB 

monolayer/multilayer thin films [7, 16]. 

Other studies on high-frequency MI effects have indicated that multiple peaks 

may emerge within frequency-dependent MI curves, suggesting that resonance can 

occur at various frequencies [31-33]. The interplay between ferromagnetic resonance 

modes and spin wave modes inspired by the gyromagnetic effect is the main 
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contribution to the multiple peak presence. However, this study focuses on frequencies 

below 2 GHz to elucidate the mechanisms underlying the MI effect associated with 

magnetization processes. Literature suggests that distinct bands of the MI effect can be 

delineated based on AC frequencies applied through the sensing samples [34]. The MI 

effect observed with frequency from 1 to 2 GHz are primarily related to modifications 

in transverse permeability, at which the skin effect is present [31, 35, 36]. 

To investigate the impedance effect illustrated in Fig. 2, the following formula 

was employed to calculate the MI ratio of the fabricated sensors, enabling an evaluation 

of the relative impedance changes between the samples: 

  
   

 

0
100

0

Z H Z H
MI %

Z H

 
 


 

where Z(H) represents the sensor’s impedance under a specific applied external 

magnetic field, and Z(H = 0) denotes the impedance when no external magnetic field 

is applied. 

 

Fig. 4. The dependence of magnetoimpendance signal on the exciting frequency for the single 

bar (a) and meander (b) sensors; and the change in MI ratio as a function of the applied 

magnetic field in the range of - 0.04 T to 0.04 T for the set of developed sensors (c-d). 
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Figure 4c and 4d present a comparative analysis of the MI ratios for the fabricated 

single-bar and meander sensors. MI measurements were conducted under a magnetic 

field of up to 400 Oe at varying angles θ. For the single-bar structure, at angles θ ≤ 15°, 

the MI curve exhibits a V-shaped profile, indicating that the MI ratio is directly 

proportional to the applied magnetic field. As the angle θ increases, this response 

transitions to an inverted W-shaped curve, with a linear response range for the MI curve 

confined to approximately ±100 Oe. Notably, across all tested conditions, the MI ratio 

for the single-bar structure remains limited to around 3.5%. This finding indicates the 

minimal MI effect in the single-bar configuration. In contrast, the meander structure 

demonstrates a markedly improved MI response. Specifically, for angles ranging from 

0° to 75°, the MI ratio consistently exceeds 82%. However, this ratio diminishes 

significantly at θ = 90°. The meander structure maintains a linear operational range 

comparable to the single-bar structure, approximately ±100 Oe. Despite comprising 13 

bars in length compared to a single bar, the meander configuration enhances the MI 

ratio by nearly 24 times. This observation highlights that the MI ratio in MI effect is 

influenced not only by the number of sensing elements but also by the soft magnetic 

properties of the fabricated material, i. e., the reduction in demagnetization field and 

variations in shape anisotropy energy evidenced previously. 

With the aim to further elucidate the distinctive characteristics of the two sensor 

types based on their MI response, i.e., the operating range where changes in the MI 

effect are most pronounced and the sensitivity of each sensor to magnetic field 

variations, this study calculated the magnetic sensitivity by taking the first derivative of 

the MI ratio with respect to the applied magnetic field ( MI / H  ). Figure 5a and 5b 

illustrate the magnetic sensitivity of both the single-bar and meander sensors, 

emphasizing their optimal operating conditions. For both sensor configurations, 

magnetic sensitivity peaks at the magnetic field point, by which the MI curve exhibits 

its steepest slope. The maximum magnetic sensitivity  
max

MI / H  for the single-bar 

sensor is relatively low, approximately 0.037 %/Oe, occurring at an angle θ = 45°. 

Deviations from this angle result in a decline in the values of  
max

MI / H  . In 

contrast, the meander sensor achieves  
max

MI / H  nearly 80 times greater than the 

single-bar sensor, with increasing angles θ corresponding to shifts toward higher 

magnetic fields. This characteristic is particularly significant for potential applications 

of the meander sensor in biomedical contexts, such as detecting magnetically labeled 

biological elements.  
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Fig. 4. The derived sensitivities of single bar (a) and meander (b) sensors by taking  

the first derivative of MI ratio with respect to the applied magnetic field; and the dependences 

of MI ratio (c) and the derived sensitivity (d) as functions of applied magnetic field  

for the developed sensors. 

The advantages of the meander sensor over the single-bar design were further 

conducted regarding the dependence of the MI ratio on angle θ (as depicted in Fig. 5c 

and 5d). When varying θ between 0° and 75°, the MI ratio for the meander sensor 

fluctuates only about 6%, rising from 82.5% at 0° to approximately 87.5% at 75°. In 

contrast, this fluctuation reaches nearly 50% for the single-bar structure. Similar trends 

are observed when evaluating other parameters of the fabricated sensors. It is evident 

that metrics such as magnetic sensitivity, MI ratio, and isotropy, expressed through their 

dependences on angle θ, are significantly greater for the meander sensor than the single-

bar structure. This enhanced performance positions the meander structure as 

advantageous for specific applications requiring high sensitivity and isotropy. The 

superiority of the meander sensor is believed to be closely linked to its domain structure 

under varying magnetic field conditions, which serves to minimize different forms of 
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magnetic energy [31, 35, 36]. To further clarify these findings, micromagnetic 

simulations were conducted using Mumax3, focusing on the meander structure under 

varying θ. 

Figure 6 demonstrates a strong correlation between the normalized hysteresis 

curves M(H) obtained experimentally and those derived from micromagnetic simulation 

of the meander structure at different angles θ. This alignment confirms the validity of 

Mumax3 simulation employed in this study, reinforcing our understanding of how 

domain properties differences impact the sensor characteristics.  

 

Fig. 5. The normalized M (H) as a function of applied magnetic field for both cases of 

experiment and simulation (θ = 30°) demonstrates the validity of Mumax3 simulation,  

and the evolution of domain structure at three distinct values of applied magnetic field  

with θ = 45° and 90°. 
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Figure 6 illustrates the changes in domain structure as a function of the applied 

external magnetic field for angles θ = 45° and θ = 90°. The angle θ = 45° was selected 

for analysis as it represents the midpoint within the range of isotropic MI signals 

corresponding to angles of 0°, 15°, 30°, 60°, and 75°. Conversely, θ = 90° was chosen 

due to its distinctly different MI signal compared to the other angles. Without external 

magnetic field, both configurations exhibit multi-domain structures with minimal 

differences between them. When the magnetic field is increased to approximately  

30 Oe, the point at which the MI signal curve is steepest, the θ = 90° case reveals multi-

domain structures throughout nearly all sensor branches, characterized by adjacent 

domains oriented at 180° to each other. In contrast, at θ = 45°, the multi-domain nature 

is significantly diminished, leading to the emergence of single-domain structures. As the 

magnetic field is further increased to a maximum value of 0.3 T, complete saturation 

occurs in all sensor branches at θ = 45°, resulting in a uniform single-domain structure 

across the sensor. While some branches exhibit a single-domain structure at this high 

magnetic field, others retain a multi-domain configuration. However, the domain sizes 

are substantially larger than those observed without an applied magnetic field. This 

behavior can be attributed to competition among various forms of magnetic energy, i. e., 

Zeeman energy, shape anisotropy, and demagnetization field, under the influence of an 

external magnetic field aligned with the sensor's hard magnetization direction. 

Consequently, energy minimization favor the formation of diverse domain structures. 

Thus, it can be concluded that the sensor’s domain structure is influenced by both its 

orientation relative to the magnetic field and the magnitude of the applied external 

magnetic field. 

 

Fig. 7. The evolution of transverse magnetization components in the meander sensors  

with various values of θ, under distinct applied magnetic field. 
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The MI effect is significantly influenced by changes in the domain structure, 

particularly the transverse magnetic moment component related to transverse magnetic 

permeability [1, 35, 37]. The simulation results for the meander sensor structure will be 

further explored following this context. Figure 7 illustrates the variation in the 

transverse magnetic moment component, which is perpendicular to the current flowing 

through the sample and represents the transverse magnetic permeability. Notably, a 

magnetic field value of 10 Oe yields the largest  
max

MI / H  . For angles θ ranging from 

0° to 60°, the transverse magnetic moment component remains relatively stable across 

different external magnetic fields, and thus is not depicted in the shown figures. Red 

ellipses highlight the differences in the transverse magnetic magnetic component for 

three cases. The contribution of the transverse magnetic moment component increases 

significantly at θ = 90°, agreeing with experimental observations that show a marked 

decrease in MI ratio at this angle compared to others. Even when the magnetic field is 

turned off, differences in the transverse magnetic moment component persist across 

varying θ cases, contributing to the MI effect. This analysis indicates that both the 

transverse magnetic permeability and domain formation under different external 

magnetic fields, along with the orientation angle between the sensor and the external 

magnetic field, play crucial roles in controlling the magnetization process and 

influencing the MI effect. 

4. Conclusion 

Two sensor structures of a single-bar and a meander configuration were fabricated 

using advanced laser engraving and wet chemical etching techniques with miniaturized 

FeCSi amorphous magnetic ribbon. Magnetic property analyses indicated that the 

meander structure exhibits enhanced soft magnetic properties, achieving up to five times 

the performance of the single-bar design. This improvement is due to 13 additional 

magnetic sensing elements, and reduction in demagnetization field and shape magnetic 

anisotropy energy. Consequently, the meander structure's MI ratio exceeds 82%, a 

remarkable 24-fold increase over the single-bar sensor's 3.5%. It also shows enhanced 

isotropy, with an MI ratio variation of no more than 6% across angles from -75° to 75°, 

and a significant magnetic sensitivity of up to 3%/Oe. These advancements are linked to 

the sensor's magnetic domain structure and confirmed by micromagnetic simulations 

using MuMax3. The findings suggest that the meander sensor has substantial potential 

for applications in various fields, including biomedical contexts. Furthermore, this 

research establishes a systematic approach for investigating MI sensor systems, 

facilitating analytical measurements and simulations to clarify the results obtained. 
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THIẾT KẾ VÀ CHẾ TẠO CẢM BIẾN TỪ TRƯỜNG BIẾN HÌNH 

HOẠT ĐỘNG DỰA TRÊN HIỆU ỨNG TỪ TỔNG TRỞ 

Phạm Văn Thìn1, Đặng Hải Ninh1, Trần Quang Đạt1, Lê Đình Vị1, Tống Văn Trung2, 

Ngô Thị Thanh3, Nguyễn Thị Ngọc4, Vũ Nguyên Thức5, Hồ Anh Tâm5,  

Đỗ Thị Hương Giang3,5, Nguyễn Văn Tuấn1 
1Khoa Hóa - Lý kỹ thuật, Trường Đại học Kỹ thuật Lê Quý Đôn 

2Nhà máy Z181 

3Khoa Vật ký kỹ thuật và Công nghệ Nano, Trường Đại học Công nghệ,  

Đại học Quốc gia Hà Nội 

4Khoa Khoa học vật liệu tiên tiến và Công nghệ Nano, Trường Đại học Khoa học  

và Công nghệ Hà Nội, Viện Hàn lâm Khoa học và Công nghệ Việt Nam 

5Phòng Thí nghiệm trọng điểm công nghệ Micro và Nano, Đại học Quốc gia Hà Nội  

Tóm tắt: Hiệu ứng từ tổng trở (MI) có thể được định nghĩa là sự thay đổi tổng trở của vật 

liệu từ mềm dưới tác dụng của từ trường khi có dòng điện xoay chiều tần số cao chạy qua. 

Trong nghiên cứu này, hai loại cảm biến với cấu trúc khác nhau đã được chế tạo từ vật liệu băng 

từ vô định hình FeCSi, bao gồm: cấu trúc thanh đơn (10 mm × 90 µm × 20 µm) và cấu trúc 

meander gồm 13 thanh đơn song song, được tiểu hình hóa bằng công nghệ khắc laser và ăn mòn 

hóa học. Kết quả phân tích từ tính cho thấy cấu trúc meander có sự phụ thuộc mạnh vào góc θ 

giữa từ trường và cảm biến, làm cải thiện tính chất từ mềm lên đến 5 lần so với cấu trúc thanh 

đơn. Sự cải thiện này liên quan chặt chẽ đến việc giảm thiểu hiệu ứng khử từ và năng lượng dị 

hướng từ hình dạng trong cảm biến meander. Phân tích hiệu ứng MI cho thấy tần số cộng hưởng 

không bị ảnh hưởng bởi từ trường ngoài đối với cả hai loại cảm biến. Tuy nhiên, cảm biến 

meander thể hiện giá trị tỉ số MI vượt trội, đạt đến hơn 82%, cao hơn gấp 24 lần so với mức 

3,5% của cảm biến thanh đơn. Hơn nữa, tính đẳng hướng, được biểu thị qua sự phụ thuộc của tỉ 

số MI vào góc θ, và độ nhạy từ trường cũng được cải thiện rõ rệt trong cấu trúc meander. Sự 

nâng cao các tính chất từ mềm và vật lý này có liên quan đến cấu trúc domain của cảm biến, đặc 

biệt là độ cảm từ ngang, và được chứng minh qua mô phỏng vi từ sử dụng Mumax3. Với các ưu 

điểm vượt trội về tỉ số MI, tính đẳng hướng và độ nhạy từ trường cao, cảm biến từ trường dạng 

meander mở ra tiềm năng ứng dụng lớn trong nhiều lĩnh vực, từ sinh học cho đến các nhiệm vụ 

đặc biệt trong thực tế. 

Từ khóa: Cảm biến từ tổng trở; cảm biến từ trường; năng lượng từ; tính đẳng hướng. 
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