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Quantum interference effects (QIEs)
 Quantum interference is a hallmark of quantum mechanics.

 applications in optics, quantum computing, super conductivity.

 QIEs offer unique opportunities for the fine-tuning of charge transport
through molecular building blocks by constructive or destructive quantum
interference, have become an emerging area in single-molecule electronics.

Source: Liu, Junyang, et al. "Quantum interference effects in charge transport through single-molecule junctions: detection, manipulation, and 
application." Accounts of chemical research 52.1 (2018): 151-160.



Quantum effect in graphene nano ribbon

contour plot illustrates the electrostatic potential and phonon bandstructure through the system

Source: https://docs.quantumatk.com/tutorials/phonon_calcs/phonon_calcs.html



Complex band structure of the bio-molecular nanotube FET.

(a) 2D view, the left-hand part shows the complex bands plotted against the imaginary part, the right-hand 

part shows the real part, 

(b) 3D view, the real bands are plotted with red dots and the complex bands are plotted with blue dots 

Source: Dey, D., Roy, P., & De, D. (2017). Atomic scale modeling of electrically doped pin FET from adenine based single 

wall nanotube. Journal of Molecular Graphics and Modelling, 76, 118-127.

Quantum band structure for bio-molecular FET



Quantum Molecular Devices

Source: Dey, D., & De, D. (2018). A first principle approach toward circuit level modeling of electrically doped gated 

diode from single wall thymine nanotube-like structure. Microsystem Technologies, 24(7), 3107-3121.



Quantum-Ballistic Transmission Effects

Source: Dey, D., & De, D. (2018). A first principle approach toward circuit level modeling of electrically doped gated diode from single

wall thymine nanotube-like structure. Microsystem Technologies, 24(7), 3107-3121.

Transmission spectra.(a) Electrical doping ±0.0025V, (b) Electrical doping ±0.025V.



Quantum-Ballistic Transmission Effects

Source: Dey, D., & De, D. (2018). A first principle approach toward circuit level modeling of electrically doped gated diode from single

wall thymine nanotube-like structure. Microsystem Technologies, 24(7), 3107-3121.
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Circuit level implementation of logic gates with I-V response and validating the result with 

Multi-sim simulator of OR gate and NOR gate





Quantum Molecular Switch

Two different structural forms of the optical bio-molecular switch

(a) Straightened, (b) 90 Twisted form

Source: Dey, D., Roy, P., & De, D. (2019). Electronic transport properties of electrically doped cytosine-based optical molecular switch 

with single-wall carbon nanotube electrodes. IET Nanobiotechnology, 13(5), 484-492.





Quantum Molecular Transistor

Front View of the p-i-n FET based on Adenine nanotube structure.
Id-Vds characteristics of the bio-molecular nanotube p-i-n FET 

both in forward and reverse bias for different gate bias 

voltages

Source: Dey, D., Roy, P., & De, D. (2017). Atomic scale modeling of electrically doped pin FET from adenine based single wall

nanotube. Journal of Molecular Graphics and Modelling, 76, 118-127.
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