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Calculation details

Structure Construction and Geometry Optimization: AgBiS2 crystal structures 

with different space groups are constructed by VESTA 3.5.7,[1] whose lattice vectors 

and atom positions are optimized by using the projected augmented wave (PAW) 

method and the Perdew–Burke–Ernzerhof generalized gradient approximation (PBE-

GGA) that are implemented in the Vienna ab initio simulation package (VASP 6.1.1).[2-

5] The cutoff energy of 520 eV, and the tolerance of 10−6 eV for the SCF cycle are set. 

The atomic force is set to be smaller than 0.02 eV Å−1 during the geometrical 

optimization. Γ-centered , , and  points with k-spacing of 6 × 6 × 4 9 × 9 × 1 4 × 4 × 2

 Å-1 are used to sample the Brillouin zone of tetra-P4/mmm, trigon-  and 2π × 0.04 R3̅m

tetra-I41/amd AgBiS2, respectively. Open-source code VASPKIT 1.3.5 is used to 

prepare the input files.[6] 

Ab Initio Molecular Dynamics Simulations. AIMD simulations of tetra-P4/mmm, 

trigon-  and tetra-I41/amd AgBiS2 are carried out with a  supercell using R3̅m 3 × 3 × 3

the PAW method and the PBE-GGA implemented in VASP 6.1.1. The canonical 

ensemble (NVT) with a Nose-Hoover thermostat is used to control the temperature 

during the simulation. AIMD has been run for 5 ps with temperature of 300 K and the 

time step of 1 fs, the atomic trajectory data every 10 fs are collected to analysis the pair 

correlation function. The other basic parameters are in agreement with that of the 

geometrical optimizations.

Phonon dispersion calculations. The phonon dispersion of tetra-P4/mmm, trigon-

 and tetra-I41/amd AgBiS2 are carried out are performed by force constants method R3̅m

(VASP-DFPT) implemented in the PHONOPY code. The energy cutoff is increased to 
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800 eV, and high symmetry points is selected from the suggestion from online tools 

Seek-Path.
Electronic and Optical Calculations: Hybrid functional HSE06+SOC is used to 

calculate the electronic band structure of the tetra-P4/mmm, trigon-  and tetra-R3̅m

I41/amd AgBiS2, respectively. Effective mass of the electron and hole is obtained by 
Python code Effmass,[7] and the Wannier-Mott exciton binding energy is calculated 

according to , where is  the Rydberg unit of energy,  is the static dielectric 
μRy m0ε2

r Ry εr

constant,  is the reduced mass of the electron and hole,  is μ = (m *
e m *

h ) (m *
e + m *

e ) m0

the electron mass. The frequency dependent dielectric constant is computed within the 
framework of Random-Phase-Approximation (RPA) utilizing HSE06 eigenvalues and 
eigenfunctions. VASPKIT code is used to post process the linear optical properties from 
the frequency-dependent complex dielectric function. Shockley Queisser limited 
efficiency data is adopted from reference[8] and replotted for comparison.
Spectroscopic Limited Maximum Efficiency (SLME) calculation: The SLME was 
introduced by Yu and Zunger, [9] where it gives the theoretical efficiency of a material 
that depends mainly on two parameters. First, the band gap and the nature of the band 
gap of the material, and second the optical absorption coefficient of the material. The 
absorption coefficient gives us the penetration depth of a photon with particular energy 
before which it can get absorbed by the material. The SLME (η) is defined as

𝜂=
𝑃𝑚
𝑃𝑖𝑛

where  is the maximum power density, and  is the incident power density from 𝑃𝑚 𝑃𝑖𝑛

the solar spectrum. The J-V characteristic of the solar cell gives the maximum power 
density for the SLME.

𝑃= 𝐽𝑉= (𝐽𝑠𝑐 ‒ 𝐽0(𝑒
𝑒𝑉
𝑘𝑇 ‒ 1))𝑉

where  and  are the total current density and potential over the absorber layer, 𝐽 𝑉
respectively.  is Boltzmann’s constant,  is the temperature, and  is the elementary 𝑘 𝑇 𝑒

charge.  and  are the short-circuit current density and reverse saturation current 𝐽𝑠𝑐 𝐽0

density, respectively. The absorption coefficient of the material , the AM1.5G 𝛼(𝜔)

solar spectrum , and the black-body spectrum  define the  and .𝐼𝑠𝑢𝑛(𝐸) 𝐼𝑏𝑏(𝐸,𝑇) 𝐽𝑠𝑐 𝐽0
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 is the radiative recombination current density, and  is the fraction of radiative 𝐽𝑟0 𝑓𝑟

recombination, which is defined by the following equation.

𝑓𝑟= 𝑒𝑥𝑝(
𝐸𝑑𝑎𝑔 ‒ 𝐸𝑔

𝑘𝑇
)

where  and  are the fundamental and direct allowed band gap, respectively. We 𝐸𝑔 𝐸𝑑𝑎𝑔

used the VASPKIT code for post-processing of the VASP calculated data, and the 
SLME is calculated by VASPKIT 1.3.5.

Figure S1. Energy and temperature during the simulation of (a) tetra-P4/mmm, (b) 

trigon-R m and (c) tetra-I41/amd AgBiS2 structures.3̅

Table S1. Structure features, formation energy ( , eV/atom), energy bandgap (Eg at ∆E

HSE06+SOC level) and the nature of electronic band structure of the proposed AgBiS2 
structures.

Structure features ∆E(eV) Eg(eV) Type

tetra-P4/mmm Four edge shared BiS6 octahedron 0 0 Metallic

trigon-R3̅m Six edge shared titled BiS6 octahedron -0.104 1.118 Indirect bandgap

tetra-I41/amd Three edge shared intertwined BiS6 octahedron -0.059 0.972 Direct bandgap

Table S2. Calculated effective carrier mass m*, Wannier-Mott exciton binding energy 

, static dielectric constant  that contributed by ionic ( ) and electronic ( ) of Eb εr εion 𝜀∞

semiconducting AgBiS2.



m*/m0
 (meV)Eb

εion ε∞ εr

trigon-R3̅m 0.7397(h) 0.15 96.18(XX/YY) 19.43(XX/YY) 115.61(XX/YY)

0.1929(e) 1.62 22.64(ZZ) 12.44(ZZ) 35.08(ZZ)

tetra-I41/amd 0.8575(h) 0.34 61.62(XX/YY) 57.70(XX/YY) 119.32(XX/YY)

0.6320(e) 0.0047 991.63(ZZ) 25.43(ZZ) 1017.06(ZZ)

*These are traces of dielectric tensors

Figure S2. Calculated XX/YY/ZZ components absorption coefficient of anisotropic (a) tetra-I41/amd 
and (b) trigon-  AgBiS2.R3̅m

Figure S3. Calculated imaginary part of dielectric constant for tetra-I41/amd and trigon-  R3̅m
AgBiS2.
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