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Figure S4 Comparison of phonon dispersions for Si/Ge hetero-twinned SLs, single crystal Si,
twinned Si, SiysGeys alloys and conventional Si/Ge SLs. Only the acoustic branches are shown,
“TA1”, “TA2” and “LA” correspond to two transverse branches and one longitudinal branch. “Si”
corresponds to single Si crystal, “Twinned Si” corresponds to twinned Si crystal, “Alloy”
corresponds to SiysGegs alloy, “Con-SLs” corresponds to conventional Si/Ge SLs, and “Hete-TB

SLs” corresponds to Si/Ge hetero-twinned SLs.

Figure S5 Comparison of phase velocities for Si/Ge hetero-twinned SLs, single crystal Si,
twinned Si, SiysGe(s alloys and conventional Si/Ge SLs. Only the acoustic branches are shown,
“TA1”, “TA2” and “LA” correspond to two transverse branches and one longitudinal branch. “Si”
corresponds to single Si crystal, “Twinned Si” corresponds to twinned Si crystal, “Alloy”
corresponds to SipsGegs alloy, “Con-SLs” corresponds to conventional Si/Ge SLs, and “Hete-TB

SLs” corresponds to Si/Ge hetero-twinned SLs.

Figure S6 Comparison of Griineisen parameters for Si/Ge hetero-twinned SLs, single crystal Si,
twinned Si, SiysGeys alloys and conventional Si/Ge SLs. Only the acoustic branches are shown,
“TA1”, “TA2” and “LA” correspond to two transverse branches and one longitudinal branch. “Si”
corresponds to single Si crystal, “Twinned Si” corresponds to twinned Si crystal, “Alloy”
corresponds to SiysGegs alloy, “Con-SLs” corresponds to conventional Si/Ge SLs, and “Hete-TB

SLs” corresponds to Si/Ge hetero-twinned SLs.



Discussion 1: Thermal conductivity calculation by non-equilibrium molecular dynamic
simulations

Thermal conductivities of Si/Ge hetero-twinned SLs, as well as that of bulk single crystal Si,
twinned Si, SipsGeys alloy, and conventional Si/Ge SLs along [111] are calculated by non-
equilibrium molecular dynamic (NEMD) simulations'- 2, which have been carried out by imposing a
heat flux on the simulation system to obtain a temperature gradient®. As can be seen in Figure S2 (a),
the hot region is placed in the middle, and the cold regions are at the ends of the simulation system.
As a result, the heat flux can be imposed by exchanging the velocities of the hottest atoms in the cold

region with the coldest atoms in the hot region, which can be described by3
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where 7 is the simulation time, 4 is the cross-sectional area of the simulation system perpendicular to
the direction of the heat flux, m is the atom mass, v;,, and v,,;; denote the velocities of the hottest and
coldest atoms to be exchanged at each step, and the factor 2 arises from the periodicity. When the
heat transmission reaches to a steady state, the thermal conductivity can be obtained from the
relationship between the heat flux and temperature gradient as shown in Figure S2 (b) by applying
the Fourier’s heat conduction law?

J =—-KdT | dx, 2)
where K is the thermal conductivity, d7/dx is the temperature gradient averaged over time and space,

and J is the heat flux density, which is given by the sum of exchanged energy per unit time and area.



Discussion 2: Interface thermal resistance calculation by NEMD simulation

To obtain the interface thermal resistance, NEMD simulations® # are carried out. Interface
thermal resistance R is defined as the ratio of temperature jump A7 at the interface by the heat flux J
passing through it, as shown in the following?
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Figure S3 shows the model length dependent temperature profiles for Si/Ge hetero-twinned SLs
with a periodic thickness of 7.7 nm, the model length in simulation ranges from 15.4 nm to 53.88 nm.
It can be seen that with the increase of model length, the temperature jumps at the interfaces are
decreased. Moreover, it can also be observed that at the ends of model length, the temperature jump
is extremely large due to the effect of boundary. Interface thermal resistance can be calculated by
applying Eq. (3), and to eliminate the boundary effect, only temperature jumps in the middle part of

model are used.



Discussion 3: Heat capacity calculation by quasiharmonic approximation (QHA) theory

In this work, the heat capacity of Si/Ge hetero-twinned SLs, as well as the heat capacities of
bulk single crystal Si, twinned Si, SigsGegs alloy, and conventional Si/Ge SLs are calculated by
using the density functional theory combined with the quasiharmonic approximation (DFT-QHA)

theory®. The heat capacity’ can be expressed as
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where his the Planck constant, kp is the Boltzmann constant, 7 is the temperature, and @, (q)is the

phonon frequency of the n-th branch with wave vector q.

Heat capacity calculations are performed by implementing the Vienna Ab initio Simulation
Package (VASP)?3, which employs the plane-wave basis. Phonon dispersions in the five structures are
calculated by using the supercell approach with the finite displacement method implemented in the
PHONOPY package® . The plane-wave energy cutoff has been set to be 500 ¢V, and the electronic
energy convergence is 10 eV. In structure relaxations, the force convergence has been set to be 10

3¢V/A. In phonon calculations, supercells for the five structures all contain 24 atoms, and a I -

centered 4 X 6 X 3 Monkhorst-Pack k-point mesh is used to sample the irreducible Brillouin zone.
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Figure S1 Linear relationship between the inverse of model length and the inverse of thermal

conductivity.
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Figure S2 Thermal conductivity calculation by NEMD simulation. (a) A model used for NEMD
simulation, the hot region is placed in the middle, and the cold regions are placed at the ends. (b)

Calculated temperature profile along the thermal transmission direction.
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Figure S3 Model length dependent temperature profiles for Si/Ge hetero-twinned SLs with a

periodic thickness of 7.7 nm, the model length ranges from 15.4 nm to 53.88 nm.
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Figure S4 Comparison of phonon dispersions for Si/Ge hetero-twinned SLs, single crystal Si,
twinned Si, SiysGe(s alloys and conventional Si/Ge SLs. Only the acoustic branches are shown,
“TA1”, “TA2” and “LA” correspond to two transverse branches and one longitudinal branch. “Si”
corresponds to single Si crystal, “Twinned Si” corresponds to twinned Si crystal, “Alloy”

corresponds to SipsGegs alloy, “Con-SLs” corresponds to conventional Si/Ge SLs, and “Hete-TB

SLs” corresponds to Si/Ge hetero-twinned SLs.
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Figure S5 Comparison of phase velocities for Si/Ge hetero-twinned SLs, single crystal Si,
twinned Si, SiysGe(s alloys and conventional Si/Ge SLs. Only the acoustic branches are shown,
“TA1”, “TA2” and “LA” correspond to two transverse branches and one longitudinal branch. “Si”
corresponds to single Si crystal, “Twinned Si” corresponds to twinned Si crystal, “Alloy”
corresponds to SipsGegs alloy, “Con-SLs” corresponds to conventional Si/Ge SLs, and “Hete-TB

SLs” corresponds to Si/Ge hetero-twinned SLs.
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Figure S6 Comparison of Griineisen parameters for Si/Ge hetero-twinned SLs, single crystal Si,
twinned Si, SiysGes alloys and conventional Si/Ge SLs. Only the acoustic branches are shown,
“TA1”, “TA2” and “LA” corresponds two transverse branches and one longitudinal branch. *“Si”
corresponds to single Si crystal, “Twinned Si” corresponds to twinned Si crystal, “Alloy”
corresponds to SiypsGegs alloy, “Con-SLs” corresponds to conventional Si/Ge SLs, and “Hete-TB

SLs” corresponds to Si/Ge hetero-twinned SLs.



