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RESULTS

Structural Properties of Doped SrZrS3
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INTRODUCTION

α- and β-phases, both of which exhibit attractive optical and electronic 

METHODOLOGY

OBJECTIVES
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Properties α-SrZrS3 β-SrZrS3 Si [4]

Dielect. const. 9.36 5.75 11.7 
Abs. coef. (cm−1) >105 >105 104

Reflectivity (%) 26 34 42.8

Ref. index 2.8–3.5 3.5–4.0 3.4

Bandgap (eV) 1.53 2.03 1.12

Bandgap tuning of BaZrS3 
via Ti-doping [2]

Electronic Properties

Band structure and DOS of α-SrZrxTi1−xS3

Optical Properties

• α- and β-SrZrS3

• α-SrZrS3 are suitable for single-junction PV cells, 

and those of β-SrZrS3 are suitable for tandem PV cells

• Except for Ti-doped β-SrZrS3, all systems exhibited direct bandgaps.
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Thermodynamic Stability
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Band structure and DOS of β-SrZrxTi1−xS3
Bandgaps of Hf-, Sn-, and Ti-doped α- 

and β-SrZrS3 

Shockley-Queisser efficiency limits 
for single-junction solar cells [3]

• α-SrZrS3 but lowered that of β-

SrZrS3

• α-

SrZrS3 and lowered those of β-SrZrS3

Absorption spectra of Hf-, Sn-, and Ti-doped α-SrZrS3

Defect Formation Energy

Defect formation energies of Hf-, Sn-, and Ti-doped SrZrS3 into 
binary phases and ternary phases

Chemical potential diagram for Sr–Zr–S system

β-SrZr0.75Hf0.125S3

α -SrZr0.75Hf0.125S3

Tandem PV

Single-junction PV

Cell volume Vs. doping concentration for α- and β-SrZrxB`1−xS3 

1.35 eV

1.77 eV
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𝜇𝑆𝑟 + 𝜇𝑍𝑟 + 3𝜇𝑆 = ∆𝐻𝑓 𝑆𝑟𝑍𝑟𝑆3

𝑎𝜇𝐴 + 𝑏𝜇𝐵  <  𝛥𝐻𝑓(𝐴𝑎𝐵𝑏)

𝜇𝑆𝑟 <  0

𝜇𝑍𝑟 <  0

𝜇𝑆 <  0

𝐸𝑓

= 𝐸𝑡𝑜𝑡 𝑋𝑞 − 𝐸𝑡𝑜𝑡 𝑝𝑢𝑟𝑒

− 

𝑖

𝑛𝑖𝜇𝑖 + 𝑞ሾ𝐸𝐹 + 𝐸𝑣 + ∆𝑉]

Crystal structure and band structures of α- and β-SrZrS3

Electronic and optical properties of SrZrS3 in comparison with those of  Si
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