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Introduction

THz frequency multipliers based on Schottky-barrier diodes (SBDs): GaAs — GaN

Correct modelling of reverse current — essential to predict their breakdown

Low-injection conditions (low voltage, low doping)

Full Depletion (FD) approximation valid — analytical estimation of the barrier profile .,,

"

Ideal current components: thermionic emission and tunneling currents

Tunnel
Current

High-injection conditions (strong reverse bias, contact edge, inhomogeneities)
barrier profile — self-consistently calculated with carrier concentration

simulation of carrier transport — electron and hole impact ionization

This work: analysis of GaN SBDs by means of Monte Carlo simulations
where all the involved physical effects are taken into account
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|deal full-depletion leakage current model
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Ideal full-depletion leakage current model: experimental validation
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Monte Carlo model: transport

Electrons Holes

I';-U-I'; non-parabolic spherical valleys Time step: 0.2 - 2.5fs heavy, light and split-off bands

Mesh size: 0.5-5 nm o o _
ionized impurities, nonpolar optical and

acoustic phonons, and polar optical phonons;
all including inter-valley transitions

ionized impurities, polar and nonpolar optical
phonons, acoustic phonons, intervalley

S. Garcia et. al., J. Appl. Phys. 115. 044510 (2014)
S. Chen and G. Wang, J. Appl. Phys. 103, 023703 (2008)
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Monte Carlo model: tunnel injection

Self consistency  Barrier profile obtained from the self-consistent solution of Poisson’s equation

MC 2-D Energy discretization linked to the spatial

J(e)de = —eN ()T (e)de
mesh used to solve Poisson’s equation
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Qui(j) = AteN(e; GNTc (e1: (1)) A ())

‘ B ann MC -I—:) Number of injected carriers
=1 i = 034?__)4 > Position _'> Mesh and energy interval

MC 1-D Energy discretization independent of the spatial mesh. Barrier lowering taken into account

Simulations Without tunnel injection
With and without impact ionization (I1)
Estimation of the current with the FD approach Electrons: tunnel injection Holes: impact ionization

Current evaluated by counting particles at the Schottky contact
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Results: 1D simulations (diode 1)
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Results: 1D simulations (diode 2)
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Results: 2D simulations (without impact ionization) - passivation dielectric
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for THz frequency multipliers
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Results: 2D simulations (with impact ionization) - breakdown
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Results: 2D simulations (with impact ionization) - epilayer doping
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Results: 2D simulations (with impact ionization) - epilayer thickness
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Conclusions

» Correct prediction of the |-V curves of SBDs at high applied voltages in reverse
bias — shape of the barrier and associated tunnel injection self-consistently
calculated with carrier concentration in the depletion region — accounting for
electrons and holes generated by impact ionization

» Voltage range at which these effects are relevant and relative influence of tunnel
injection and impact ionization — thickness and doping of the epilayer, and
barrier height

» Analyzed effects likely to be present in some specific regions of SBDs: contact
edge or surface inhomogeneities (high current densities and/or electric fields
are locally reached)

» Lower doping and higher thickness of the epilayer — higher breakdown voltage
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Results: 1D simulations (diode 1)
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Results: 2D simulations (without impact ionization) - passivation dielectric
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Stronger penetration
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2-D effects
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Optimum design

Improve breakdown
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Results: 2D simulations (with impact ionization) - epilayer thickness
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