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My research focuses on the design and development of high-performance
thermoelectric materials and flexible thermoelectric generators (FTEGs) for
sustainable energy harvesting. My work integrates material synthesis, carrier
engineering, thermoelectric property optimisation, and scalable device fabrication.

I began my research with SnSe, the successful conversion of p-type SnSe into n-type
material through simultaneous substitution of Bi at the Sn site and Te at the Se site.
Achieving stable n-type SnSe has remained a major challenge due to its intrinsic p-
type nature. By carefully optimizing the Bi and Te concentrations, | successfully
modified the carrier concentration and electronic band structure, resulting in stable n-
type conduction.

The co-doped samples exhibited enhanced electrical conductivity while maintaining a
high Seebeck coefficient and low thermal conductivity. The optimized composition
demonstrated significantly improved thermoelectric performance compared with
pristine SnSe, confirming that simultaneous cationic and anionic substitution is an
effective strategy for carrier polarity switching.

This work provides an environmentally friendly alternative to conventional lead-based
thermoelectric materials and contributes toward the realization of all-SnSe
thermoelectric modules.

Building on this work, | explored Bi and Te co-doping in InSe, where controlled
cationic and anionic substitution improved the electrical conductivity, optimised the
carrier concentration, and reduced lattice thermal conductivity through enhanced
phonon scattering. These combined effects resulted in improved thermoelectric
performance.

To further understand low thermal conductivity chalcogenides, | investigated InTe,
focusing on its crystal structure, transport properties, and carrier engineering. This
work provided insights into the mechanisms governing electrical and thermal transport
in mixed-valence Zintl thermoelectric materials and established strategies for further
performance enhancement.

I subsequently extended my research to SnTe, where co-doping and defect engineering
were employed to improve its thermoelectric properties. Through optimised
compositional tuning, significant improvements in the Seebeck coefficient, electrical
transport, and overall thermoelectric performance were achieved, providing an
environmentally friendly alternative to conventional lead-based thermoelectric
materials.
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To translate these materials into practical applications, | developed flexible
thermoelectric generators (FTEGs) using a simple, low-cost, and scalable screen-
printing technique. Printed devices based on optimised p-type and n-type
thermoelectric materials demonstrated stable electrical output under applied
temperature gradients while maintaining excellent mechanical flexibility.

As part of this effort, | also demonstrated the first screen-printed Ag—MnO. composite
flexible thermoelectric generator, where Ag incorporation significantly improved
electrical conductivity. The optimised 3 wt% Ag—MnO: device delivered a maximum
output power of approximately 292 nW at AT = 100°C, highlighting the potential of
printable oxide thermoelectrics for wearable energy harvesting applications.

Overall, my research has established effective strategies for carrier polarity conversion,
thermoelectric property enhancement through co-doping, and scalable fabrication of
flexible thermoelectric generators, contributing to the development of next-generation
energy harvesting technologies.
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