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Note S1 Theoretical Analyses of Relevant Parameters
[bookmark: _Hlk166265108]Strain effects are described by the Gibbs-Thomson equation:

	(S-1)




Where  and  respectively represent the molar free energy and volume of particles with a radius of R,  and  denote the surface free energy and volume of atoms.
The reflection loss (RL) can be expressed by the following equation:

	(S-2)

	(S-3)


where Zin and Z0 are impedance of input impedance and free space of the absorber, f is the frequency of the incident wave,  is the permeability of the material,  is the permittivity of the material, dm is the thickness of the material, and c is the speed of light.
The dielectric loss tangent and magnetic loss tangent can be expressed as:

	(S-4)

	(S-5)
Eddy current losses can be expressed as:

	(S-6)
When the value of C0 remains constant regardless of frequency, it indicates that magnetic losses are solely caused by eddy current effects.
Polarization effect can be evaluated using the Debye equation:

	(S-7)


where  and  are the relative dielectric permittivity at the high frequency limit and static permittivity. The semicircle obtained from the above equation is defined as a Cole-Cole semicircle, where each semicircle corresponds to a Debye relaxation process.
Attenuation constant can be expressed as:

	                (S-8)
Impedance matching (Z) can be expressed as:

	(S-9)
According to transmission line theory, if the characteristic impedance of the transmission line does not match the load impedance, reflections will occur at the load end. In essence, the degree of impedance matching determines whether EMWs can smoothly enter the absorber material. As the Z approaches 1, the impedance matching improves.
Radar cross-section (RCS) can be expressed as:

	(S-10)


Where  and  represent the intensities of the scattered electric field and incident electric field, respectively, and R is the detection distance.
The energy detected by the IR camera can be expressed as:

	(S-11)





Where  and  represent the directional emissivity and directional reflectivity of the device,  and  are the radiation intensities of the black body and the external heat source, and  denotes the target temperature.
From infrared physics, it is known that the infrared radiant energy of an object conforms to the Stefan-Boltzmann law:

	(S-12)


The total radiative energy of an object is denoted as W, where  represents the Boltzmann constant,  signifies the IR emissivity of object, and T stands for the absolute temperature of the object.
Supplementary Tables
Table S1 Elemental content distribution of Fe3O4@C
	Element
	Atomic Fraction (%)
	Atomic Error (%)
	Mass Fraction (%)
	Mass Error (%)

	C
	24.41
	4.24
	11.11
	1.12

	O
	47.08
	12.44
	28.54
	6.37

	Fe
	28.51
	6.21
	60.34
	9.99


Table S2 Thermal conductivity test report of Fe3O4@C/PDMS film
	T (℃)
	 (g/cm3)
	c (kj/kg*k)
	 (mm2/S)
	S (W/m2k)
	K (W/m•K)

	100.3
	0.85
	0.889
	0.2942
	4.427
	0.2825



Table S3 Comparative plots of the radar-IR compatible stealth performance of previously reported and our works
	[bookmark: OLE_LINK1]Names of Sample
	RL (dB)
	EAB (GHz)
	Emissivity
	Refs.

	Cr2O3@ATO
	-14.50
	2.00
	0.85
	[S1]

	CuS/ZnS-GO
	-26.00
	6.38
	0.58
	[S2]

	CIP/PU
	-32.00
	6.84
	0.64
	[S3]

	PRF
	-23.00
	1.50
	0.39
	[S4]

	VO2/CA
	-52.00
	5.20
	0.58
	[S5]

	ITO
	-20.07
	3.83
	0.64
	[S6]

	Ni/SiC NWs
	-49.29
	4.85
	0.89
	[S7]

	CoFe2O4/SiO2/ZAO
	-59.31
	4.00
	0.71
	[S8]

	CuS@MoS2/C
	-48.40
	6.62
	0.54
	[S9]

	rGO/CuS@SA
	-52.40
	5.75
	0.59
	[S10]

	Fe3O4@SnO2
	-39.40
	1.70
	0.37
	[S11]

	HMCS@f-Fe2O3
	-34.16
	4.80
	0.51
	[S12]

	S4
	-58.28
	4.93
	0.38
	This work

	S5
	-61.47
	4.93
	0.45
	This work

	S6
	-64.92
	4.04
	0.35
	This work


Table S4 Comparative plots of radar scattering cross section and IR thermal camouflage capability of previously reported and our works
	Names of Sample
	RCSdecrease(dB·m²)
	ΔT (℃)
	Refs.

	Shaddock peel-based aerogel
	16.28
	34.00
	[S16]

	Carbon SiO2@CNTs aerogel
	26.18
	51.00
	[S17]

	3D porous carbon aerogel
	15.86
	45.50
	[S18]

	CBC/Cu/TiO2 aerogel
	23.88
	43.00
	[S19]

	Co/N-doped C@carbon
	15.25
	55.00
	[S20]

	MXene/C aerogels
	12.02
	39.00
	[S21]

	Multifrequency camouflage system
	20.00
	10.00
	[S22]

	Graphene/polyimide/Co-N-C
	10.00
	80.00
	[S23]

	S4
	20.02
	62.80
	This work

	S5
	20.78
	63.70
	This work

	S6
	11.08
	69.60
	This work





Supplementary Figures
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Fig. S1 Fabricated schemes of multiscale hierarchical wrinkled magnetic composite films (MCFs)
[image: ]
Fig. S2 Fabricated schemes of Fe3O4@C NPs
The preparation process of Fe3O4@C is illustrated in Fig. S2, where diverse morphologies of Fe2O3 precursors (cubic, ellipsoidal, and peanut-shaped) are obtained by varying the concentration of sodium sulfate (Na2SO4) during oil bath treatment. Dopamine hydrochloride is then added and magnetically stirred to envelop an organic layer, followed by high-temperature annealing to yield Fe3O4@C.
[image: ]
Fig. S3 Typical SEM images of Fe3O4@C/PDMS films
[image: ]
Fig. S4 Typical SEM images of Fe2O3. a cubic (0.0 M), b ellipsoidal (0.6 M), and c peanut-shaped (1.2 M)
Fe3O4@C NPs were synthesized from Fe2O3 precursor, with their morphology altering from cubic to ellipsoidal and peanut-shaped as the Na2SO4 concentration increased. The uniform size and smooth surfaces of the synthesized NPs were evident in Fig. S4a-c. The diameter of the cubic is approximately 626 nm, while the long diameters of the ellipsoidal and peanut-shaped are about 720 and 1064 nm, respectively.
[image: ]
Fig. S5 XRD pattern of cubic (0.0 M), ellipsoidal (0.6 M), and peanut-shaped (1.2 M) Fe2O3
[image: ]
Fig. S6 Typical SEM images of Fe3O4@C. a cubic (0.0 M), b ellipsoidal (0.6 M), and c peanut-shaped (1.2 M)
The carbon coating applied on the precursor resulted in a smoother surface, as demonstrated in the SEM images in Fig. S6. The diameter of the cubic is approximately 716 nm, while the long diameters of the ellipsoidal and peanut-shaped are about 805 and 1168 nm, respectively.
[image: ]
Fig. S7 Typical TEM images of Fe3O4@C. a cubic (0.0 M), b ellipsoidal (0.6 M), and c peanut-shaped (1.2 M)
[image: ]
Fig. S8 a XRD pattern and b Raman spectrogram of cubic (0.0 M), ellipsoidal (0.6 M), and peanut-shaped (1.2 M) Fe3O4@C
XRD images show characteristic peaks at 18.29°, 30.09°, 35.44°, 43.07°, 56.96°, and 62.54°, corresponding to the (111), (220), (311), (400), (333), and (440) crystal planes of Fe3O4 (74-0748), confirming the presence of Fe3O4 (Fig. S8a). However, the diffraction peaks of carbon cannot be manifested in XRD because of the amorphous carbon layer [S13].
[image: ]
Fig. S9 TG curves of cubic (0.0 M), ellipsoidal (0.6 M), and peanut-shaped (1.2 M) Fe3O4@C
The thermogravimetric analysis (TGA) of Fe3O4@C within the temperature range of 0-800 °C demonstrates a slight decrease in weight loss below 100 °C, attributed to the removal of adsorbed water within the material (Fig. S9). A subtle weight increase in the temperature range of 100-300 °C originates from the oxidation of Fe3O4. The substantial weight loss between 300 and 500 °C mainly results from the combustion of the carbon shell. Notably, the peanut-shaped NPs exhibits higher weight loss of approximately 18 wt%, indicating higher carbon content.
[image: ]
Fig. S10 a-d High resolution spectra of C 1s, Fe 2p and O 1s for cubic (0.0 M) Fe3O4@C
[image: ]
Fig. S11 a-d High resolution spectra of C 1s, Fe 2p and O 1s for ellipsoidal (0.6 M) Fe3O4@C
[image: ]
Fig. S12 a-d High resolution spectra of C 1s, Fe 2p and O 1s for peanut-shaped (1.2 M) Fe3O4@C
The XPS survey (Fig. S10a) indicates the presence of C, Fe, and O atoms on the surface of the 0.0 M sample. In the high-resolution C 1s spectrum (Fig. S10b), the three peaks at 284.6, 286.3, and 288.7 eV are attributed to the C-C/C=C, C-O, and C=O groups, respectively [S14]. The high-resolution Fe 2p spectrum (Fig. S10c) shows the peaks at 711.8 and 713.9 eV corresponding to the binding energy of Fe 2p3/2 for Fe2+ and Fe3+, while the peaks at 724.1 and 727.4 eV belong to the binding energy of Fe 2p1/2 for Fe2+ and Fe3+ [S15]. The presence of Fe2+ and Fe3+ ions in Fe3O4 is confirmed. From Fig. S10d, O 1s peaks (530.2, 532.2, and 533.6 eV) correspond to lattice oxygen Fe-O, -OH, and oxygen vacancies, demonstrating the presence of oxygen-containing groups and iron oxide on the surface of Fe3O4@C [S13]. The existence of oxygen vacancies signifies the presence of oxygen vacancy defects in the nanomaterial, corroborating the results of Raman spectroscopy analysis. The XPS spectra of the prepared 0.6 M and 1.2 M Fe3O4@C samples (Figs. S11 and S12) are nearly identical to those of the 0.0 M sample, except for differences in the intensity of the Fe-O peak in O 1s. The intensity of the Fe-O peak exceeds that of the other two samples due to the structural integrity of the 0.6 M, as illustrated in Fig. S11d.
[image: ]
Fig. S13 a-c Typical SEM and EDS images of wrinkled MXene
[image: ]
Fig. S14 a Complex permittivity and permeability, b VSM curves of Fe3O4@C (0.0 M, 0.6 M, and 1.2 M)
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Fig. S15 Three-dimensional color maps of Fe3O4@C. a cubic (0.0 M), b ellipsoidal (0.6 M), and c peanut-shaped (1.2 M)
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Fig. S16 a-c Dielectric and magnetic loss tangent, d-f Eddy current curve, and g-i Cole-Cole plots of Fe3O4@C
[image: C:\Users\Administrator\Desktop\缺陷降低电导率.jpg]


Fig. S17 a Cconductivity, b-d  and  curves of Fe3O4@C

[image: ]
Fig. S18 Attenuation constant of Fe3O4@C (0.0 M, 0.6 M, and 1.2 M)
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Fig. S19 3D color maps and typical 2D curves of a S1, b S2, and c S3
[image: ]
Fig. S20 Electromagnetic power loss density map of S2 with different thickness derived from CST at 10 GHz
[image: ]
Fig. S21 Electromagnetic power loss density map of S3 with different thickness derived from CST at 10 GHz
[image: ]
Fig. S22 3D color maps and typical 2D curves of a S4, b S5, and c S6
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Fig. S23 Impedance matching color maps of S4-S6
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Fig. S24 a Complex permittivity, b Complex permeability, c, d Dielectric and magnetic loss tangent of S2 and S5
[image: ]
Fig. S25 a, b Cole-Cole plots and c, d Eddy current curve of S2 and S5
[image: ]
Fig. S26 a Complex permittivity, b Complex permeability, c, d Dielectric and magnetic loss tangent of S3 and S6
[image: ]
Fig. S27 a, b Cole-Cole plots and c, d Eddy current curve of S3 and S6
[image: ]
Fig. S28 3D radar wave scattering signals of a S1, b S2, and c S3. d RCS simulated curves of S1, S2, and S3
[image: ]
Fig. S29 Digital photographs of the thermal IR images measurement setup under oblique incidence
[image: ]
Fig. S30 Thermal IR images of smooth (left) and wrinkled (right) MXene MCFs during 30 min
[image: ]
Fig. S31 Thermal IR images of S4-S6 at 5 min, 15 min and 25 min
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Fig. S32 The actual surface temperatures of S1 and S4 measured by the thermocouple
[image: C:\Users\Administrator\AppData\Local\Microsoft\Windows\INetCache\Content.Word\光学介电常数.jpg]
Fig. S33 Optical parameters of (a) dielectric elastomers (DE) and (b) planar MXene film
[image: ]
Fig. S34 Optical simulation models and Electric field distributions (6-16 µm) of a wrinkled and b smooth MCFs
[image: ]
Fig. S35 a, b Reflectivity and transmittance of wrinkled MCFs optical simulations
Supplementary Videos
Video S1 Response time of the flexible wrinkled MCF attracted to magnet
Video S2 The thermal camouflage effect of the smooth (left) and wrinkled (right) MCFs evolve over time (under oblique incidence)
Video S3 The thermal camouflage effect of the S4-S6 MCFs evolve over time
Video S4 Recovery time of damaged flexible wrinkle MCF
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