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Abstract—Varactor frequency multipliers play a vital role in developing solid-state power sources at terahertz frequencies. Heterostructure Barrier Varactors (HBV) represent a very interesting technological alternative to traditional Schottky diodes providing a new way for the fabrication of frequency multipliers at millimeter-wave and submillimeter-wave bands. An HBV is a symmetric device composed of a high-band gap undoped or sligthly doped semiconductor (barrier), placed between two low-band gap highly doped modulation layers.
The electrical performance characteristics of HBV diodes have been studied with an one-dimensional physics-based HBV numerical model. It combines conventional drift-diffusion formulation with thermionic and thermionic-field emission currents imposed at the interface between layers. Tunelling transport through the barriers is significant especially for HBV diodes with high doping in the modulation layer. The time-independent Schrödinger’s equation is solved using the transfer matrix approach in order to calculate the transmission coefficient through the different barriers in the device.

This simulation tool incorporates different materials systems (AlGaAs/GaAs or AlAs/AlGaAs/GaAs on GaAs substrate, InAlAs/InGaAs or AlAs/InAlAs/InGaAs on InP substrate), non-constant doping and composition profiles for each layer,  as well as variable number of barriers. This tool offers the possibility to understand some limiting mechanisms in HBVs, such as tunnelling transport through the barriers, avalanche breakdown due to impact ionization, or self-heating effects, and to mitigate them through a proper design.

This physics-based simulator has been integrated into an in-house circuit simulator based on the harmonic balance method. The integration of numerical simulators for active devices into circuit simulators avoids the need of equivalent-circuit model extraction, and provides another degree of freedom to improve the performance of circuits because they can be designed from both a device and circuit point-of-view.
In the final paper we will present an in-depth study of the impact of material system and device structure on the limiting transport mechanisms in HBVs and on HBV-based frequency multiplier performance.
