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SI. The details of the tight-binding calculations
In this section, we present detailed information about the tight-binding analysis for the SnTe conduction-band transition. The full Hamiltonian matrix and the spin-orbit parts are referred to as Eq. (5) and Eq. (6) in the main text, respectively. The remaining unperturbed crystal Hamiltonian, h0, is given by

in which the matrix element  can be calculated with

where α (β) = , R is the vector connecting the α and β atomic orbital in real space.  is the hopping integral, which is given by , and  and  are the atomic orbitals on the sites at the origin and R, respectively.
We use a non-orthogonal sp3 tight-binding Hamiltonian to perform the Slater-Koster (SK) fit. Thus, the full overlap Hamiltonian matrix is written as

in which the unperturbed overlap matrix, s0, is given by

where the matrix element  is evaluated by

where the overlap integral  is calculated by .
The adjustable SK parameters, which include first and second near-neighbor interactions, are determined by fitting to the density-functional theory (DFT) results. Then the hopping integral  and the overlap integral  can be acquired using the SK parameters, which are listed in Table S1. 
SⅡ. Simulation details of strained silicon
The electronic band structures and phonon band dispersions of silicon (Si) are computed using the Quantum ESPRESSO package [S1], with the benchmarks of DFT and density perturbation functional theory (DFPT), respectively. An Optimized Norm-Conserving Vanderbilt pseudopotential is used for the exchange-correlation energy functional [S2]. In the DFT calculations, the cutoff energy of the plane wave is 60 Ry and a 12 × 12 × 12 Monkhorst-Pack k-mesh is used for self-consistent and non-self-consistent field calculations. The convergence threshold is set to 10–12 Ry. For the DFPT calculations, a 6 × 6 × 6 q-mesh with a convergence threshold of 10–19 Ry is used to obtain the dynamical matrices and phonon perturbations. After this, our in-house EPW package [S3] is employed to compute the electron-phonon scattering rates on a dense 200 × 200 × 200 k-mesh and a 100 × 100 × 100 q-mesh.
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Table S1. The relationship between the hopping integral  (or the overlap integral ) and SK parameter. l, m, n are the direction cosines, where l = Rx/, m = Ry/, and n = Rz/.
	α
	β
	SK parameter
	 ()

	s
	s
	(ssσ)
	(ssσ)

	s
	px
	(spσ)
	l(spσ)

	s
	py
	(spσ)
	m(spσ)

	s
	pz
	(spσ)
	n(spσ)

	px
	s
	(spσ)
	–l(spσ)

	py
	s
	(spσ)
	–m(spσ)

	pz
	s
	(spσ)
	–n(spσ)

	px
	px
	(ppσ), (ppπ)
	l2(ppσ) + (1 – l2)(ppπ)

	px
	py
	(ppσ), (ppπ)
	lm(ppσ) – lm(ppπ)

	px
	pz
	(ppσ), (ppπ)
	ln(ppσ) – ln(ppπ)

	py
	px
	(ppσ), (ppπ)
	lm(ppσ) – lm(ppπ)

	py
	py
	(ppσ), (ppπ)
	m2(ppσ) + (1 – m2)(ppπ)

	py
	pz
	(ppσ), (ppπ)
	mn(ppσ) – mn(ppπ)

	pz
	px
	(ppσ), (ppπ)
	ln(ppσ) – ln(ppπ)

	pz
	py
	(ppσ), (ppπ)
	mn(ppσ) – mn(ppπ)

	pz
	pz
	(ppσ), (ppπ)
	n2(ppσ) + (1 – n2)(ppπ)
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Figure S1. Electron band structure evolution of SnTe without compression (red), with 1% compression (green), with 2% compression (yellow), and with 3% (blue) compression.
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Figure S2. Electron band structures (a) without a compressive strain and (b) with 3% compression. The black lines are the results of the DFT calculations. The red dotted lines are calculated by tight-binding approximations, and the dot size indicates the strength of the contribution of the Sn-5p orbitals to the density of states.
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Figure S3. (a) Electron band structures, and (b) energy-dependent electron scattering rates without compressed Si, with 1% compressed Si, and with 3% compressed Si, indicated by green, red, and yellow, respectively.
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