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S1 Williamson-Hall Formula [S1] 

𝛽 cos 𝜃 = Κ𝜆 𝐷 + 𝜀(4 sin 𝜃)⁄  (S1) 

where  is the full width at half-maximum,  is the main diffraction peak angle,  is the X-ray 

wavelength,  = 0.89, D is the average grain size, and  is the internal strain. 𝛽 𝑐𝑜𝑠 𝜃 and 

4 𝑠𝑖𝑛 𝜃 are the y-axis and x-axis, respectively. The average grain size can be obtained from 

the intercept of the Y axis. 

S2 Shape-dependent Snoek’s limit [S2] 

(𝜇𝑖 − 1)𝑓𝑟
2 = 𝛾

2
4𝜋𝑀𝑠(𝐻𝑘 + 4𝜋𝑀𝑠𝑁⊥), 𝑁ℎ =

1 − 𝑁⊥

2
 

(S2) 

where fr is natural resonance frequency, 𝛾 is the gyromagnetic factor, 𝑁⊥ is the vertical 

demagnetization factor, 𝑁ℎ is the horizontal demagnetization factor, and Hk is 

magnetocrystalline anisotropy field. 

S3 Temperature Coefficient of Permeability  

𝛼𝜇 =
𝜇𝑥 − 𝜇0

(𝑇𝑥 − 𝑇0)𝜇0
  (S3) 

where x is permeability at x (x = −50, −10, 30, 70, 110, and 150 °C) and 0 is permeability 

at 0 (30 °C). The closer permeability temperature coefficient  is to 0, the more stable the 

permeability with increasing temperature. 

S4 Planck-Rozanov Limit [S3, S4] 

∆𝜆 <
2𝜋2𝜇𝑖𝑡

|𝑙𝑛 𝜌0|
 

(S4) 
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where  is operating bandwidth, t and i are thickness and initial permeability respectively, 

and  is reflection coefficient. 

S5 Split-peak Fit of XRD 

The main peaks of the FCC and BCC phases for the samples are too close to each other in the 

XRD picture, which is not good for calculating the grain size and the phase ratio of the FCC 

and BCC phases. Firstly, we find the diffraction angles corresponding to the main peaks of FCC 

and BCC phases with Jade 6 (MDI). Then, we perform split-peak fit by XPS PEAK software. 

S6 Supplementary Figures and Tables 

 

Fig. S1 XRD image of FeCoNiCr0.4Cu0.2 HEAs for 20 h dry milling 

 

Fig. S2 SEM micrographs of D5, D10, D30, and W70 samples 
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Fig. S3 SEM micrograph of FeCoNiCr0.4Cu0.2 HEAs for 20 h dry milling 

 

Fig. S4 Length-weighted average diameters of W3, W5 (or D20), W8, and W10 samples 

 

Fig. S5 EDS energy spectrum of W70 sample 

 

Fig. S6 Elements mapping of W70 sample 
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Fig. S7 Real part permeability  and imaginary part permeability  of W3, W5 (or D20), W8, 

and W10 samples in 5−1000 MHz frequency range 

 

Fig. S8 The thermomagnetic curve of D20 sample from 50 to 840 °C 

 

Fig. S9 Complex permeability and complex permittivity of D20/SiO2 composites with mass 

ratios of 9:1, 8:2, 7:3, and 6:4 in 5−1000 MHz frequency range at room temperature 
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Fig. S10 Complex permeability and complex permittivity of D20/SiO2 composites with mass 

ratio of 8:2 in 5−1000 MHz frequency range from −50 to 150 °C 

 

Fig. S11 The reflection loss of D20/SiO2 composites with mass ratio of 8:2 at different 

thicknesses from −50 to 150 °C 
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Fig. S12 The impedance matching of D20/SiO2 composites with mass ratio of 8:2 at different 

thicknesses from −50 to 150 °C 

 

Fig. S13 The dielectric loss tangent of D20/SiO2 composites with mass ratio of 8:2 from −50 

to 150 °C 

 

Fig. S14 The attenuation coefficient of D20/SiO2 composites with mass ratio of 8:2 from −50 

to 150 °C 
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The D20/SiO2 composites with mass ratio of 8:2 have stable magnetic loss tangent and 

attenuation coefficient (Fig. S14) with increasing temperature. However, the dielectric loss 

tangent (Fig. S13) increases sharply with increasing temperature. Therefore, the attenuation 

coefficient of the D20/SiO2 composites is mainly determined by the magnetic loss tangent with 

increasing temperature. The D20/SiO2 composites with mass ratio of 8:2 have temperature-

stable permeability, attenuation coefficient and impedance matching, which results in 

temperature-stable reflection loss. 

Table S1 The particle size, purity, shape and source of the powders about the raw material 

powders 

Raw materials Fe Co Ni Cr Cu 

Particle size μm 50 1–2  50  50 20 

Purity 99% 99.5% 99.5% 99.5% 99.8% 

Shape Spherical particles 

Source of the powders Shanghai Aladdin Bio-Chem Technology Co., LTD 

Table S2 The average complex permeability (𝜇′ and 𝜇″) and average complex permeability 

temperature coefficient (𝛼𝜇′ and 𝛼𝜇″) of D5, D10, D20, D30, and W70 samples from −50 to 

150 °C at 300 MHz and 1000 MHz, respectively 

Samples  300 MHz   1000 MHz  

 𝝁′ 𝝁″ 𝜶𝝁′ °C−1 𝜶𝝁″ °C−1 𝝁′ 𝝁″ 𝜶𝝁′ °C−1 𝜶𝝁″ °C−1 

D5 2.2 1.6 4.5×10−4 6.5×10−4 1.1 1.1 3.4×10−4 6.4×10−4 

D10 5.7 4.8 2.0×10−4 3.3×10−4 2.3 3.3 6.9×10−5 3.4×10−4 

D20 6.3 5.2 1.5×10−4 3.0×10−4 2.7 3.8 1.4×10−5 2.6×10−4 

D30 2.6 2.5 1.1×10−3 1.1×10−3 1.1 1.4 9.6×10−4 1.4×10−3 

W70 5.0 2.5 1.9×10−4 2.8×10−4 2.7 2.7 1.7×10−4 3.0×10−4 

Table S3 The comprehensive performance of representative MHz EMW absorbers 

Samples Frequenc

y MHz 

RLmin 

dB 

Absorption 

bandwidth MHz 

Temperat

ure 

stability 

Refs. 

Co2O3-doped NiCuZn 

ferrite-0 wt% Co2O3 

601 −46 205 /  [S5] 

Co2O3-doped NiCuZn 

ferrite-0.5 wt% Co2O3 

672 −55 234 /  [S5] 

Co2O3-doped NiCuZn 

ferrite-1.0 wt% Co2O3 

778 −51 350 /  [S5] 

Co2O3-doped NiCuZn 

ferrite-1.5 wt% Co2O3 

785 −55 289 /  [S5] 

Ni0.5Co0.5Fe2O4/G 840 −31 420 /  [S6] 

Biochar with FeNi3 ferrite 760 −10 240 /  [S7] 

NiZn ferrite 617 −21 600 /  [S8] 

CIPs/ZnO/G 480 −46 410 /  [S9] 

FeCoNiCr0.4Cu0.2 HEAs 708 −31 359 Yes  [S10] 

(Co/CoO)@C 890 −41 570 /  [S11] 

This work (−50 °C) 966 −19 523 Yes / 

This work (−10 °C) 901 −18 542 Yes / 

This work (30 °C) 841 −17 557 Yes / 

This work (70 °C) 841 −17 563 Yes / 

This work (110 °C) 813 −17 576 Yes / 

This work (150 °C) 758 −15 600 Yes / 
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Table S4 Comparation of corrosion-resistance performance of different HEA 

Samples Solution Icorr μA cm-2 Ecorr mVSCE Refs. 

FeCoNiCu 3.5 wt% NaCl 5 −364  [S12] 

Al2CrFeCoCuTi 3.5 wt% NaCl 68 −510  [S13] 

Al2CrFeCoCuTiNi0.5 3.5 wt% NaCl 32 −430  [S13] 

Al2CrFeCoCuTiNi1 3.5 wt% NaCl 13 −220  [S13] 

Al2CrFeCoCuTiNi2 3.5 wt% NaCl 67 −320  [S13] 

Al2CrFeCoCuTiNi1.5 3.5 wt% NaCl 64 −480  [S13] 

This work 3.5 wt% NaCl 7 −386 / 

Table S5 The fitted electrochemical parameters for the EIS diagram of D20 sample. 

Sample Rs Ohm CPE-T CPE-P Rct Ohm 

D20 133.1 0.00008907 0.6179 3739 
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