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Supplementary Table S1. The structure and symmetry features of wz-Al1-xBxN alloy models in this study. 
	Models
	Supercell
	Lattice parameter
	crystallographic point group
	Space group

	wz-AlN
	1×1×1
	a=b=3.13Å, c=5.02Å
α=β=90°,γ =120°
	6mm
	P63mc

	wz-AlN
	2×2×2
	a=b=6.26Å, c=10.03Å
α=β=90°,γ =120°
	6mm
	P63mc

	wz-Al0.0625B0.9375N
	2×2×2
	a=b=6.20Å, c=9.93Å
α=β=90°,γ =120°
	3m
	P3m1

	wz-Al0.125B0.875N
	2×2×2
	a=b=6.14Å, c=9.80Å
α=β=90°,γ =120°
	3m
	P3m1

	wz-Al0.1875B0.8125N
	2×2×2
	a=b=6.07Å, c=9.72Å
α=β=90°,γ =120°
	3m
	P3m1

	wz-Al0.25B0.75N
	2×2×2
	a=b=6.00Å, c=9.62Å
α=β=90°,γ =120°
	3m
	P3m1

	wz-Al0.3125B0.6875N
	2×2×2
	a=b=5.95Å, c=9.51Å
α=β=90°,γ =120°
	3m
	P3m1


Notes: For the wz-AlN model, its lattice constants and symmetry characteristics are consistent with previous reports1,2. Moreover, the space group and crystallographic point group are irrespective of the supercell size. For the wz-Al1-xBxN alloy models, the lattice parameter characteristics are similar to those of wz-AlN, but the space group and crystallographic point group are changed into the P3m1 and 3m, respectively. Because the B atom induces perturbation of surrounding atoms, and then reduces the atomic symmetry.

Supplementary Table S2. Elastic constants (unit in GPa) and spontaneous polarization (unit in C/m2) of zb-Al1-xBxN alloys 
	x
	C11
	C12
	C13
	C22
	C23
	C33
	C44
	C55
	C66
	Psp

	62.5%
	501.96
	196.76
	167.94
	427.92
	195.39
	507.47
	273.63
	252.09
	275.02
	0.17

	75%
	573.28
	185.92
	185.79
	534.03
	198.81
	533.82
	312.94
	301.68
	301.78
	0.08

	93.8%
	712.56
	177.27
	178.32
	715.79
	177.43
	712.95
	396.98
	393.74
	397.01
	0.01

	1
	768.76
	173.75
	173.75
	768.76
	173.75
	768.76
	425.33
	425.33
	425.33
	0


Notes: Although the zinc blende structure belongs to the cubic system, the zb-Al1-xBxN alloy is modeled by the 2 × 1 × 1 supercell. Meanwhile, the B atom can disorder the atomic arrangement with high symmetry. As a result, zinc blende supercell structure can be described by the system with the orthorhombic symmetry3. Thus, C11, C22, C33, C44, C55, C66, C12, C13, C23 of zb-Al1-xBxN alloys are obtained. These elastic constants of zb-Al1-xBxN alloys meet the Born stability criteria, suggesting the mechanical stability for zb-Al1-xBxN alloys with the high B concentration4. However, the spontaneous polarization of these stable zb-Al1-xBxN alloys are small and even close to zero, which are far lower than those of wz-Al1-xBxN alloys and the application requirement. Thus, just the microstructure and electronic properties of wz-Al1-xBxN alloys are studied in this study. 
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Supplementary Figure 1. Formation enthalpies ∆H of (a) wz-Al1-xBxN alloys and (b) zb-Al1-xBxN alloys with and without 5% strain.
 [image: C:\Users\Administrator\Desktop\图片1.tif]
Supplementary Figure 2. The slopes of the elastic constant curves for wz-Al1-xBxN alloys before the phase transformation occurs. 
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Supplementary Figure 3. (a) Schematic diagram of wz-Al1-xBxN alloy with strain along the horizontal (//) and vertical axis (⊥) direction. The elastic constants (b) C12, (c) C13, and (d) C44 of wz-Al1-xBxN alloy with and without strain. 
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Supplementary Figure 4. DOS of wz-Al1-xBxN alloy: (a) x = 0, (b) x = 0.625, (c) x = 0.1875, (d) x = 0.3125, (e) x = 1. The orbital contribution ratio of Al atoms for wz-Al1-xBxN alloy.
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Supplementary Figure 5. The bond length of (a) Al-N and (b) B-N bond of wz-Al1-xBxN alloys with and without strain.
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Supplementary Figure 6. The anlges of N-B-N and B-N-Al of the wz-Al1-xBxN alloy along the c-aixs direction.
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Supplementary Figure 7. (a-b) Orbitals of Al and N atoms projected band structures for wz-AlN alloy. (c) The unfold band structures of wz-Al1-xBxN alloy models. (d-f) Orbitals of Al, B, N atoms projected band structures for wz-Al0.75B0.25N alloy. 
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Supplementary Figure 8. The polarization switching field ESwitch and breakdown field EBreak of wz-Al1-xBxN alloys with strain along the (a) horozontial and (b) c-axis direction. 

[bookmark: _Hlk163509512][bookmark: _Hlk157111500]Supplementary note in Supplementary Figure 8
The polarization switching field ESwitch of wz-Al1-xBxN alloy is calculated by the following equation: ESwitch = EBarrier/∆P, where the ∆P is the displacement of cation. The breakdown field EBreak of wz-Al1-xBxN alloys is calculated by the following equation: EBreak = 24.442exp[0.315√(Egωmax)], where Eg is the band gap and ωmax is the phonon cutoff frequency5. Here, the ωmax of wz-Al1-xBxN alloy is assumed equal to that of wz-AlN. The the ωmax of wz-AlN is about 105 meV6. The calculated EBreak of wz-AlN is about 12.63 MV/cm, which is close to the previous reports7.
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