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Fig.1. The lattice structure of porous buckled AIN and AIN-C, AIN-Si and AIN-TC, which
construct by introducing C, Si atoms and triangular carbon (TC) in AIN.
# 1 X-AIN (X=C, Si 5 TOMEMSH G BT S5 HFMET. LMo fLR A2
N-AL-N B, KA NR T X Himiz Al B K
Table 1. Structural parameters and electronic, structural and thermal properties of X-AIN (X=C, Si
and TC). Bond angle a locates at the N-Al-N near the porous vacancy, and bond length is the

distance between the introduced atoms and the neighbor Al.

7 % 4 G| 'K BRERE Pkt i B W

(A) a(®) (A) (N/m) (eV) (W/mK)
AIN 5.12 113.90 \ 70.57 0.39  4.12/a)%% 6.86
C-AIN 5.51 122.08 1.94 89.02 0.50  0.65/[H)# 17.30
Si-AIN 5.89 138.38 2.44 79.28 047  1.85/[)# 10.08
TC-AIN 6.08 167.63 1.96 90.95 041  3.95/H# 123.75
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Fig. 2. Electronic structure and density of states of (a) AIN, (b) C-AIN, (c¢) Si-AIN, and (d) TC-AIN.

Partial charge distributions of the band near the Fermi level are inserted in the electronic structures.
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Fig.3. Optical absorption coefficients of porous buckled AIN and X-AIN (X=C, Si and TC).
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Fig. 4. (a) Lattice thermal conductivity at 300 K; (b) relative thermal conductivity contribution of
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each phonon branch; (d) phonon relaxation time and (e) square of phonon group velocity for
porous buckled AIN and X-AIN (X=C, Si and TC). (¢) is the distribution of anharmonic scattering

rates of the first 9 phonon branches of TC-AIN in the first Brillouin zone. The lattice thermal
conductivity versus temperature is inserted in panel (a); the thermal conductivity contribution of

each phonon branch of TC-AIN is inserted in panel (b).
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Fig. 5. (a) Phonon group velocity, (b) anharmonic scattering rates, and (c) lattice thermal

conductivity versus frequency for porous buckled AIN and X-AIN (X=C and Si).
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Abstract

Aluminum nitride (AIN) are of paramount importance for developing electronic
devices because of excellent stability and thermal transport performance. However,
lack of novel materials which can provide colorful physical and chemical properties
seriously hinder to further digging out application potential. In this work, we perform
an evolutionary structural search based on first-principles calculation and verify the
dynamic and thermal dynamic stability of porous buckled AIN and X-AIN (X=C, Si,
and TC) structural system, which constructs by introducing C, Si atoms and triangular
carbon (TC) in the porous vacancy of AIN, by calculating phonon spectra and
first-principles molecular dynamic simulations. Structural deformation becomes
gradually serious with the increase of structural unit size and significantly influences
structural, electronic, and thermal transport properties. In the first, we point out that a
flat energy band appears around the Fermi level in C-AIN and Si-AIN because of weak
interatomic interaction between C/Si and the neighbor Al atoms. Unoccupied C-/Si-p.
and Al-p, do not form m bond and only arises a localized flat band near Fermi level,
and thus the absorption peaks of structures are enhanced and occur redshift. Bonding
state of m bond from hybridized C-p. orbitals in triangular carbon of TC-AIN lowers
the energy of conduction band at K point in the first Brillouin zone and the
corresponding antibonding state raises the band at I', thus transition from indirect
bandgap of AIN to direct bandgap of TC-AIN appears. Secondly, porous buckled AIN
shows the lowest thermal conductivity due to asymmetric Al-N bonds around the
porous vacancy and vertical stacked N-N bonds. Introduced C and Si atoms both
decrease structural anharmonicity, while the former has a relatively small distortion
and thus a higher thermal conductivity. Triangular carbon in TC-AIN hinders phonon
scattering between FA and other phonon modes and has the weakest anharmonicity
because of the strongest bond strength, and obtains the highest thermal transport
performance. Finally, we unveil that physical mechanism that anomalous thermal

conductivity in X-AIN system by modulation of biaxial tensile strain. Enhanced
14



vertical N-N bonds dominate thermal transport due to its weaker anharmonicity with a
slightly strain, and when over the 4% tensile strain, soften phonon modes decrease
phonon velocity and thus hinders the thermal transport process. Therefore, the
anomalous thermal transport behavior, i.e., thermal conductivity rises first and then
drops versus applied biaxial strain, occurs. Our work paves the way to modulate
two-dimensional AIN performance and provides new insight for designing promising

novel two-dimensional semiconductors.

Keywords: two-dimensional semiconductor, thermal transport, electronic
structure, biaxial stress-strain
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