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Figure 1 (Color online) Schematic diagram of continuous tension
annealing equipment.
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Figure 2 (Color online) DSC curve of Fes;5SijssBsNb;Cu; alloy
ribbon in as-quenched state.
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Figure 3 (Color online) Variation of u. with frequency of
nanocrystalline alloys subjected to annealing with tensile stresses of
(a) 0 MPa and (b) 50 MPa at different temperatures.
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Figure 4 (Color online) Variation of H, with annealing temperature of
nanocrystalline alloys subjected to annealing without tension stress and
with continuous tension stress.
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Figure 6 (Color online) Saturation magnetization M of
nanocrystalline alloys subjected to annealing with different tensile
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Figure 7 (Color online) XRD patterns of nanocrystalline alloys
subjected to annealing at different temperatures (a) without tension
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Figure 8 (Color online) Bright-field TEM images, SAED patterns, grain size distributions, and element distributions of nanocrystalline alloys
subjected to annealing under (a)—(d) 0 MPa, (e)—(h) 50 MPa, and (i)—(1) 250 MPa.
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Figure 9 (Color online) Magnetic domains in the demagnetized state of nanocrystalline alloys subjected to annealing under 0-250 MPa.
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Figure 10 (Color online) Magnetic domain evolution of nanocrystalline alloys subjected to annealing under (a) 0 MPa, (b) 50 MPa, and (c) 250 MPa

during the magnetization process.
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Soft magnetic materials, playing an important role in integrated transformers and inductors, are crucial in the more-than-
Moore era, which contain stable permeability over megahertz (MHz). However, traditional frequency-stable soft
magnetic ferrites are unsuitable for integrated circuits due to their low saturation magnetization and temperature
instability. Fe-based nanocrystalline alloys exhibit excellent soft-magnetic properties containing the unique nanocrystal-
line-amorphous dual-phase structure, which shows great potential in strategic emerging industries such as new energy
vehicles and 5G communications. Here, continuous tension annealing is utilized to obtain improved nanocrystalline alloy
with excellently stable permeability of ~400 when frequencies ranging from 1 kHz to 10 MHz. The uniaxial anisotropy
energy is up to 2503 J/m® and narrow strip-like domains are formed with equal width and transverse orientation after
tension annealing treatment. This study can potentially revolutionize the way for future integrated transformers and
induction in modern electronic devices.

Fe-based nanocrystalline alloy, stable permeability, continuous tension annealing, magnetic anisotropy
PACS: 75.50.Tt, 75.75.-c, 81.40.Ef, 75.30.Gw

doi: 10.1360/SSPMA-2024-0415

286118-12


https://doi.org/10.1016/j.apsusc.2019.01.126
https://doi.org/10.1360/SSPMA-2024-0415

	连续张应力热处理调控FeSiBNbCu纳米晶合金�磁各向异性与高频磁特性研究
	1引言
	2实验方法
	3结果与讨论
	3.1连续张应力热处理优化纳米晶带材高频磁特性
	3.2连续张应力热处理调控结构及对磁性能影响机理
	3.3连续张应力热处理调控磁畴结构与磁化过程
	3.4连续张应力热处理调控磁各向异性

	4结论

	Modulation of magnetic anisotropy and high-frequency soft-magnetic property of FeSiBNbCu nanocrystalline alloy via continuous tension annealing

