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KEYWORDS ABSTRACT

Resonant Tunneling Diode; Resonant tunnelling diodes (RTDs) operate on quantum mechanical phenomenon and are
Atomic Scale; popularly known for exhibiting negative differential resistance (NDR) on their current-voltage
Negative Differential characteristics. Here a nanoscale resonant tunneling diode with negative differential resistance
Resistance; characteristics has been proposed. The suggested diode features a monolayer atomic lattice similar
Electric Field. to graphene's honeycomb lattice structure, composed of boron, nitrogen, and carbon atoms, and

consists of only 18 atoms in total. The proposed device has a quasi-zero dimensional structure due
to its ultra small dimensions and benefits from flexibility of two dimensional structures. The
current-voltage characteristics of the diode have been obtained through quantum transport
simulations using the non-equilibrium Green's function method with a tight-binding Hamiltonian
approximation. The I-V characteristic of the proposed device clearly exhibits negative differential
resistance behavior with a peak current of 215 picoamperes at a terminal voltage of 40 millivolts.
Also it has also been demonstrated that the negative differential resistance characteristics of the
diode can be accurately tuned by applying an electric field to the well region or by increasing the
well length by multiples of the graphene lattice constant. RTDs possess fast-switching time due to
the quantum tunnelling mechanism, which gives attention to ultra-fast switching circuits. In
addition, the RTD circuit design is of lower complexity compared to implementing other devices
in the same circuit design]. Another advantage of RTD is that a higher PVR not only reflects
stronger NDR but also correlates with higher frequency, increased gain, and low power
consumption, making RTD highly suitable for oscillators, switching circuits, and amplifiers

Extended Abstract

1. Introduction

has reinforced the prediction that physical limitations to further miniaturization will be reached in the near future.

Consequently, extensive research efforts have been devoted to exploring alternative concepts and materials beyond
silicon for the fabrication of smaller devices. Resonant tunneling diodes (RTDs), which are two-terminal electronic devices
operating based on the quantum tunneling phenomenon, have been proposed as one of the potential replacements for MOS
devices, particularly in ultra-high-speed and low-power circuits.

Traditionally, RTDs are fabricated by vertically stacking materials with different energy band structures in the form of
heterostructure layers. However, the performance quality of such three-dimensional vertical heterostructures degrades over
time due to interface-related issues, such as lattice mismatch and dislocation defects at the junction between different materials.
This problem can be significantly mitigated by employing lateral (in-plane) two-dimensional heterostructures based on 2D

The continuous downscaling of metal-oxide—semiconductor (MOS)-based electronic devices over the past few decades
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materials such as graphene. In two-dimensional RTDs, the required band offset for normal operation can be achieved through
various methods, including doping, edge decoration or patterning along the transport direction, or by bending the two lateral
edges of graphene before connecting them to the terminals. In recent years, several two-dimensional RTDs with nanoscale
dimensions have been proposed based on graphene. Some of these devices utilize heterostructures composed of boron, nitrogen,
and carbon atoms (BNC). In this study, for the first time, a quasi-zero-dimensional (few-atomic-scale) resonant tunneling diode
based on a BNC heterostructure consisting of boron, nitrogen, and carbon atoms is proposed.

2. Methodology

In the proposed device, the energy band offset between boron nitride (BN) and graphene is utilized to form a potential well
and two potential barriers on either side of it. The device consists of a single hexagonal carbon ring serving as the potential
well, sandwiched between two hexagonal BN rings acting as potential barriers. The entire structure is placed on an insulating
substrate, and a high-x dielectric layer is positioned above the well region to enable electrical control of the device through
gate voltage application. It is assumed that the dielectric constant of the insulator is sufficiently large so that the entire gate
voltage is effectively applied to the energy band of the well region. For quantum transport simulations of the proposed device,
the tight-binding Hamiltonian is integrated into the transport equations within the NEGF formalism.

3. Results

The current-voltage (I-V) characteristics of the proposed RTD, obtained by integrating the approximated tight-binding
Hamiltonian into the quantum transport equations using the non-equilibrium Green’s function (NEGF) formalism, clearly
exhibits negative differential resistance (NDR) behavior. The effect of an external electric field on the NDR characteristics of
the diode has also been investigated. Moreover, it is demonstrated that the NDR behavior can be precisely tuned by applying
an electric field to the quantum well region. It is shown that by increasing the number of carbon hexagonal rings in the well
region, both the peak current and the corresponding terminal voltage can be simultaneously adjusted. Furthermore, it is shown
that the peak current and the corresponding voltage can be accurately tuned either by applying an electric field to the quantum
well region or by varying the well length. The obtained results suggest that the proposed RTD can serve as a promising
candidate for high-frequency and low-power applications, potentially replacing conventional silicon-based devices.
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