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Abstract

The development of nano devices, smart sensors, and advanced electronics demands compliance with the concern of energy efficiency in the era of increasing awareness of green energy and environmental
sustainability. Therefore, development of energy efficient sensors and devices catches more intention throughout the research community. Here, we present the development of Piezo-gated Transistor and shown
the dual operation (depletion & accumulation) modes on a piezotronic device. We investigated the reduction in carrier concentration by one order could enhances the piezo-gating effect by ~156% and also
identify the underlying non-dominated piezoresistive effect could further enlarge the Gauge factor of strain sensitivity. After that, we combined the piezo-gating effect with thermoelectric effect and obtain an
enormous enhancement(~400 times) in thermoelectric power factor (PF) by simultaneous contribution of piezo-gating effect. Finally, we developed Multi-dimensional Piezo-gated Flexible Transistor (M-PGFT) ,
which not only detect strain but also identifies the type of strain. Further, we performed three valued/ternary logic operation employing the Multi-dimensional Piezo-gated Flexible Transistor (M-PGFT) based
sensor, operating as a standard ternary inverter (STI) logic and a standard ternary NAND (ST-NAND) logic unit. This trajectory of innovation ushers in energy-efficient prospects, spanning domains from human-
machine interaction to soft robotics and structural health monitoring, shaping a future enriched by mindful engineering and sustainable technology.
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Results and Discussion

Q Part 1: Development of Piezo-gated Transistor
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J Part 2: Synergistic effect of Piezo-gating and thermoelectric effects
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Conclusions

In this study, we have proposed and successfully investigate the internal working mechanism of a piezo-gated transistor-based strain/tactile sensor. We have also successfully explored the possibility of such effect
to be work synergistically with other effects. Finally, we have developed a smart flexible strain sensor which could open up new dimensions to the human machine interface systems and advanced robotics.
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