Supporting Information 
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Detailed derivation process and expression of the strain-inversion strategy: we treat the 4H-SiC/AlN compliant layer and the GaN epilayer as two elastically coupled plates (Fig. S1). 1-3 For biaxial strain in the plane of the interface, the system must obey: 4, 5
(1) force balance on every plane parallel to the interface:

(2) kinematic compatibility (total in-plane strain):

Solving Eq.(S1) and Eq.(S2) gives the strain partition effect in Eq. (1).

The total strain εm is composed of thermal mismatch strain εCTE and lattice mismatch strain εlattice. The lattice mismatch strain relaxes with the increasing of the film thickness tf through the generation of misfit dislocations: 6

The thermal mismatch strain is fixed by the thermal expansion coefficient of substrate layer αs and film αf, as well as the growth temperature Tgrowth and room temperature Troom:

The lattice mismatch strain depends on the in-plane lattice constants of the substrate as and film af:

The relaxing rate of the lattice mismatch strain follows: 7, 8

By combining the Eq. (S3) ~ (S6), we establish the relationship between the total strain and the films thickness. This comprehensive analysis enables the determination of partitioned strain in the substrate layer and film.
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Fig. S1 Schematic diagram of the strain-inversion strategy system. A thin AlN/4H-SiC substrate stack (thickness ts, biaxial modulus Ms) is elastically coupled to the GaN epilayer (tf, Mf). The total strain εm is partitioned so that the substrate stack accommodates most of the deformation (εs), leaving the GaN film nearly strain-free (εf).












X-ray reciprocal-space mapping demonstrates complete coherence between the AlN nucleation layer and the underlying 4H-SiC substrate across all measured thicknesses (1~10 µm). The GaN epilayer remain essentially stress-free, as corroborated by subsequent Raman measurements. The corresponding in-plane reciprocal-lattice vector (Qx) shifts for AlN and 4H-SiC are extracted and plotted in Fig. 2(b).
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Fig. S2 (-1015) RSM of GaN films with thicknesses of 1~10 µm.











The polycrystalline ceramic-AlN (bottom) exhibits a characteristic grain-stack morphology, whereas the overlying single-crystal GaN forms a continuous, uniform layer. Sharp, defect-free interfaces and the absence of cracks across the entire imaged area corroborate effective stress management within the strain-inversion strategy.

[image: E:\PKU\work\2 文章_2 53um\v19 s3.jpg]

Fig. S3 Additional cross-sectional SEM images of the 53 μm GaN film.






Real-time in-situ reflectance during the growth of the 53 µm sample. It gives the growth sequence that the 53 µm GaN was grown directly after the 50 nm AlN nucleation layer. Without any strain-control buffer, the average amplitude turned out to be a constant, leading to the conclusion of steady surface morphology during the whole growth procedure.
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Fig. S4 In-situ reflectance monitoring during the growth of the 53 µm GaN film. The consistent average amplitude indicates stable surface morphology throughout the entire deposition process.
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