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Derivation of high impedance matching degree
To achieve effective absorption, the material must satisfy the following equation: 
                       (S1)
This inequality can be rewritten as follows:
                         (S2)
Expressing the normalized input impedance Zin in complex form (Zin = a + bi , where a, b ) and squaring both sides of the inequality:
                        (S3)
Hence a and b should satisfy the following inequality:
                        (S4)
Geometrically, Eq. S4 defines a circular region in the complex plane (Fig. 1g) centered at (, 0) with radius . Consequently, the permissible range for the ideal |Zin| can be determined as:
                (S5)
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Fig. S1. Photographs of (a) 3D printing and (b) 3D-rGO skeleton, 3D-rGO/SiC, 3D-rGO/SiC/SiBCN1, and 3D-rGO/SiC/SiBCN4 composites. c Weight gain ratio curve of 3D-rGO/SiC/SiBCN1-5 composites during the PIP process. d The cut toroidal 3D-rGO/SiC and 3D-rGO/SiC/SiBCN4 sample for the relative complex permittivity measurement.


Composition analysis
The phase composition and crystallographic features of 3D-rGO skeleton, 3D-rGO/SiC and 3D-rGO/SiC/SiBCN1 composites characterized by XRD are shown in Fig. S2(a). The 3D-rGO pattern exhibits a characteristic diffraction peak (002) plane of graphite at 26.5º (JCPDS 75-1621) [1], indicating the reduction of GO nanosheets and the formation of graphite lattice [2]. The SiBCN ceramic also exhibits the same characteristic peak of graphite but with significant broadening, indicating the partial crystallinity of the carbon phase. Due to the low graphene content (< 5.3 wt%), the 3D-rGO/SiC and 3D-rGO/SiC/SiBCN1 composites both exhibit an attenuated graphite characteristic peak.
Both 3D-rGO/SiC and 3D-rGO/SiC/SiBCN1 composites exhibit a set of sharp characteristic peaks at 35.5º, 60.0º and 71.7º, which are respectively associated with the (111), (220), and (311) crystallographic planes of cubic β-SiC (3C stacking order, JCPDS 29-1129) [3, 4], proving the in-situ growth of the high crystallinity SiC coating [5]. Additionally, the extra diffraction peaks with lower intensity at 33.6º, 38.1º,49.7º and 65.5º represent the (100), (101), (102), and (103) planes of hexagonal α-SiC (2H stacking order, JCPDS 89-1396). The coexistence of these SiC polytypes can form abundant twinning boundaries and stacking faults at the interface. These structural defects can serve as heterojunctions that promote dipole orientation polarization and interfacial polarization under alternating electromagnetic fields, thereby enhancing the dielectric loss performance [5, 6].
[bookmark: _GoBack]Raman spectrum is applied to investigate the structural ordering of graphene lattice and compositional evolution. As shown in Fig. S2(b), both 3D-rGO/SiC and 3D-rGO/SiC/SiBCN1 patterns present a couple of characteristic SiC vibrational modes at 757 cm−1 (transverse optical, TO) and 957 cm−1 (longitudinal optical, LO) [7, 8], which further corroborates the introduction of SiC coating. The two characteristic peaks at 1348 cm-1 and 1581 cm-1 correspond to the D band and G band vibrations of the graphene lattice, which respectively reflect the disorder and order degree of the graphene lattice [9, 10]. Hence, the intensity ratio (ID/IG) is generally used to quantitatively characterize the disordered degree of graphite lattice [5, 11]. The 3D-rGO/SiC pattern exhibits a lower ID/IG ratio relative to 3D-rGO, demonstrating that the hydrogen atmosphere can further reduce the GO nanosheets during the deposition of SiC. Due to the low carbon content shown in Table S1, the SiBCN ceramic pattern shows negligible Raman signals [12]. The ID/IG value of 3D-rGO/SiC/SiBCN1 composites rallies after the introduction of SiBCN ceramic, suggesting the intercalation of free atoms into the graphene lattice that induces structural defects and distortions. These carbon lattice imperfections can enhance the EMWs absorption by strengthening the dielectric polarization loss.
Table S1. The elemental composition of SiBCN ceramic
	Element
	Si
	B
	C
	N
	O

	Atom Percent
	47.73%
	5.86%
	1.32%
	38.80%
	6.28%


XPS is conducted to investigate chemical bonding. As shown in Fig. S2(c), the peaks at 101.8, 153.8, 190.8, 284.8, 398.9, and 532.8 eV are respectively assigned to the Si2p, Si2s, B1s, C1s, N1s, and O1s characteristic binding energy. Compared with the 3D-rGO C1s spectrum shown in Fig. S3(a), the 3D-rGO/SiC shows an extra C-Si bond located at 283.0 eV [5, 13], providing the conclusive evidence of SiC formation. The binding energy of 284.8 eV is ascribed to the abundant C-C/C=C bond derived from the graphene skeleton and the free carbon in SiBCN ceramic [11].
Figs. S3(b-d) exhibit the deconvolution of high-resolution Si2p, N1s, and B1s XPS spectra. The curves are fitted by three sets of peaks respectively located at 101.2, 103.1, 397.2, 397.9, 190.7, and 192.6 eV, which correspond to Si-C, Si-N, N-Si, N-B, B-N and B-O bonds [11, 13], respectively. The fitting results indicate that the SiBCN ceramic is an amorphous phase composed of a Si-N-B-O network with minor constituents of free carbon.
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Fig. S2. (a) XRD, (b) Raman, and (c) full survey XPS spectrum of 3D-rGO skeleton, SiBCN ceramic, 3D-rGO/SiC and 3D-rGO/SiC/SiBCN1 composites.
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Fig. S3. High resolution XPS (a) C1s, (b) Si2p, (c) N1s and (d) B1s spectra of 3D-rGO skeleton, SiBCN ceramic, 3D-rGO/SiC and 3D-rGO/SiC/SiBCN1 composites.
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Fig. S4. FESEM (a, b) external surface and (c, d) fracture surface micrographs of 3D-rGO/SiC/SiBCN1 composites. (e) High-magnification fracture surface micrograph and (f) corresponding EDS elemental maps of 3D-rGO/SiC/SiBCN1 composites.
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Fig. S5. Mercury intrusion pore size distribution of (a) 3D-rGO/SiC, and (b) 3D-rGO/SiC/SiBCN1.
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Fig. S6. The simulation of electric field of 3D-rGO/SiC and 3D-rGO/SiC/SiBCN25-55% composites at 10 GHz.
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Fig. S7. The simulation of electric field of 3D-rGO/SiC and 3D-rGO/SiC/SiBCN25-55% composites at 18 GHz.
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Fig. S8. Simulated Reflection loss contour maps of (a) 3D-rGO/SiC/SiBCN25%, (b) 3D-rGO/SiC/SiBCN35%, and (c) 3D-rGO/SiC/SiBCN45% composites.
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Fig. S9. FESEM (a, b) external surface, (c, d) fracture surface micrographs, (e) corresponding EDS elemental maps, and (f) mercury intrusion pore size distribution of 3D-rGO/SiC/SiBCN4 composites.
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Fig. S10. (a-c) Reflection loss, and (d-e) impedance matching degree contour maps of 3D-rGO/SiC/SiBCN1-3 composites.
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Fig. S11. a Reflection loss curves and matching thickness curves of 3D-rGO/SiC composites. b-e Reflection loss curves of 3D-rGO/SiC/SiBCN1-4 composites.
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Fig. S12. (a) EAB and (b) RLmin curves of 3D-rGO/SiC and 3D-rGO/SiC/SiBCN1-4 composites.
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Fig. S13. Smith chart of 3D-rGO/SiC and 3D-rGO/SiC/SiBCN1-4 composites.
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Fig. S14. (a) Dielectric loss tangent and (b) Cole-Cole plots of 3D-rGO/SiC and 3D-rGO/SiC/SiBCN1-4 composites.
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Fig. S15. (a) Schematic illustration and (b-d) RCS simulation curves of PEC and 3D-rGO/SiC/SiBCN composites.
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Fig. S16. Predicted reflection loss contour maps of 3D-rGO/SiC/SiBCN1-5 composites.
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Fig. S17. (a) Reflection loss, and (b) impedance matching degree contour maps of 3D-rGO/SiC/SiBCN5 composites. c Attenuation constant curves of 3D-rGO/SiC and 3D-rGO/SiC/SiBCN4, 5 composites. d RCS simulation curves of PEC and 3D-rGO/SiC/SiBCN5 composites.
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