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Figure 1 (Color online) (a) Application of soft magnetic materials in the field of power electronics [18]; (b) brief history of the development of soft

magnetic materials.
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Figure 2 (Color online) Structure, properties, preparation processes, and applications of soft magnetic composites.
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composites.
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Figure 4 (Color online) (a) Mechanical alloying method, (b) atomization method, (¢) chemical method to prepare amorphous powders with different

scales and morphologies.
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Figure 5 (Color online) The effective permeability of soft magnetic composites with two microstructures (a) and three microstructures (b) [10].
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Figure 6 (Color online) Frequency dependence of the permeability (a) and the core loss (b) for the FesSigBioPs amorphous powder cores with

different contents of (NiZn)Fe,O4 nanoparticles [62].
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Figure 10 (Color online) (a)-(c) TEM images of FeSiBPCNbCu amorphous SMCs after heating up to 783 K at 40, 100, and 500 K/min heating rates
for 60 min, the inset shows the electron diffraction patterns of the corresponding selective region; (d) grain size distribution of samples corresponding
to different heating rates; (e) evolution of FeSIBPCNbCu SMCs amorphous nanocrystalline structure with heating rate and time during heat treatment

[70].

286107-9



XA R hE R WY )% RO

2025 F  HS5E 8l

Order modulation

low H

(&

ONb

Comprehensive SMPs

conventional annealing strategy
with Cu+Nb

emergence

®Fe 2y
@ Cu gs? v, %
OB,G,8i Arya i WIOHECHEE I o3
Amorphous RFA " Critical state Nanocrystalline Crystalline
Disordering E— rs—— Ordering

Bl 11 (% ORI Fedbll it & 4 181 SEms 2 Bt v R T8 s s )

Figure 11 (Color online) Schematic diagram of the sequence regulation strategy of Fe-based amorphous alloys and the evolution of soft magnetic

properties [11].
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Figure 12 (Color online) (a)—(f) Structural characterization of FeSiBCCr critical-state amorphous alloys; (g) molecular dynamics simulation of the
effect of rotating magnetic field heat treatment on the crystallization kinetics of Fe-based amorphous alloys; (h), (i) comparison of comprehensive soft

magnetic properties of Fe-based amorphous SMCs [11].
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Figure 13 (Color online) (a) Schematic diagram of surface nano-engineering processes; (b) FeB amorphous nano-particles on the surface can be
used as a stress buffer layer; surface nano-treatment (c) and original (d) SMCs domain structure (MFM test results); (e), (f) comparison of SMCs

permeability and loss before and after surface nano-treatment [66].
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Figure 14 (Color online) (a)—(f) Characterization of the interface structure of liquid-phase sintered FeSiAl SMCs at 850°C; (g) schematic diagram of
FeSiAl and MoO; interface reactions; (h) liquid-phase sintering systems; (i) magnetic permeability of sintered samples at different temperatures as a
function of frequency; (j) variation of mechanical properties of sintered samples at different temperatures [9].
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Figure 15 (Color online) Initial permeability (a) and core loss (b) of cores obtained with different concentrations of FessC;oBsP;oNi;sMos
amorphous powder as binders; the inserted figure in (a) shows the core loss (W) as a function of maximum induction (B,,) measured at 50 Hz for the

same cores; the inserted figure in (b) shows the saturation magnetic flux density obtained for the cores with different weight fractions of amorphous
powder as a binder [77].

D (e) 2100 y
~ 1800 g
E Pz 2
< 1500 - .
E 1200} . /% ‘
o = NA
g _ },/ & NA+TA350°C
- 900 : A NA+TA400°C
E 7 —w— NA+TA450°C
5 4 NA+TAS00°C

B,=50mT| < NA+TAS50°C

! 600 -
G 500 600 700 800 900 1000
I pm y I pm
— NA Frequency (kHz)

(C) 100 \
90 =
NA :
& NA+TA350 °C
80 |4 NA+TA400 °C

—¥— NA+TA450 °C
& NA+TAS00 °C

70—« NA+TAS50 °C

60

Precent of Permeability (%) =

1 pm 1 10 100
— 4 — Applied Field (Oe)

B 16 (MR (a)(d) 5B 7 20 37 TR B TR A0 22008 S B R 25 K 1 (o) ANIRI AL BE T ZSMCsH: il
BHEBEIM AL (f) AN RIFAAEHE T ZSMCsHE 4t B it f & 17
Figure 16 (Color online) (a)—(d) Lorentz TEM domain structure of conventional heat treatment and stepwise magnetic field heat treatment samples;

(e) frequency variation of SMCs sample loss with different heat treatment processes; (f) resistance to DC bias of SMCs samples with different heat
treatment processes [72].
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Figure 17 (Color online) (a) The coercivity and magnetic domain structure of FeSiAl powders with different particle sizes were obtained by
calculation and simulation; (b) reconstruction of the magnetic domain structure of FeSiAl particles with a particle size of 2.6 pm; (c) Lorentz electron
microscopy characterization of the domain structure; (d) frequency variation of the permeability of SMCs with different coating processes; (e)
comparison of permeability and frequency stability of different types of SMCs and ferrite cores [8].
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Figure 18 (Color online) (a) Synthesis of FeCo amorphous nanoparticles by chemical reduction; (b) FeCo amorphous nanoparticle hysteresis loops;
(c) the permeability of cores prepared from FeCo amorphous nanoparticles varies with frequency; (d) morphology of FeBP submicron amorphous

powder prepared by chemical reduction [47,53].
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The rapid progression of third-generation semiconductors, new energy technologies, and next-generation communication
systems has led to an increased demand for power electronic devices, particularly in high-frequency applications. The
significance of high-frequency eddy current losses cannot be underestimated, and energy efficiency has emerged as a
crucial impetus for the advancement of novel materials. Amorphous soft magnetic composites represent a new category
of soft magnetic materials, which are derived from traditional powder metallurgy techniques, involving the insulation
coating of amorphous powders and subsequent compression molding. Compared with conventional soft magnetic
materials, amorphous soft magnetic composites offer several advantages, including three-dimensional magnetic isotropy,
significantly reduced eddy current losses, lower core losses at medium and high frequencies, enhanced resistance to
direct current bias, and superior comprehensive soft magnetic properties. Additionally, these materials facilitate flexible
machine design and assembly, enabling the fabrication of complex and miniature devices. This study provides a
comprehensive review of recent researches on amorphous soft magnetic composites, focusing on various aspects such as
the preparation of amorphous powders, insulation coating and molding techniques, heat treatment processes,
microstructure and soft magnetic property regulation, as well as the development of magnetic powder cores
manufactured by nanoscale amorphous powder. Furthermore, we anticipate the future research trends in this field,
alongside the key challenges, prospects and applications associated with amorphous soft magnetic composites.

amorphous soft magnetic composites, manufacture processes, microstructure, soft magnetic property, nanoscale
amorphous powder
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