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Abstract

Based on comparison between experimental on re-
verse operation limit of diamond-based power devices and
simulated structures, we discuss the limits of impact ioni-
zation coefficients reported in the literature. Additional to
doping concentration and thickness of drift layer, geomet-
rical optimized structure is needed to ensure better esti-
mation of ionization rate parameters.

Introduction

Due to its outstanding electrical and thermal properties,
diamond is a promising materials for the next power electron-
ics. Diamond Schottky Barrier Diodes (SBDs) able to with-
stand up to 10 kV have been already reported [1, 2] and dia-
mond Field Effect Transistors (FETs) are under investigation
through MESFET [3] and MOS capacitor [4, 5]. However,
the process to determine the reverse operation limits of dia-
mond devices is still both experimentally and theoretically
imprecise but is at present under study. Recently, Hiraiwa et
al and Kamakura ef a/ studied the avalanche breakdown pro-
cess by extracting impact ionization coefficients (IIC) in
Chynoweth’s form from an arbitrary relationship between
breakdown voltage and doping density [5] and from the high-
field carrier transport using a full band Monte Carlo (FBMC)
method based on ab initio calculations [6], respectively. Nev-
ertheless, in order to bring out the best characteristics of dia-
mond power electronic devices both experimental and simu-
lated approaches have to converge. In this study, the reverse
characteristics of both fabricated and simulated diamond
SBDs for different temperature were investigated. The geom-
etry of the structure plays a crucial role in determining the
ionization rate parameters.

Experimental

Diamond pseudo-vertical SBD

Table I Devices parameters

[B]p- (em™) 2.8x103 5.6-10x10'
[B]p+ (cm™) > 2x10%° > 10%
p- thickness (nm) 0.96 1.2
p+ thickness (um) 1.1 5
Ohmic metal Ti/Pt/Au Ti/Pt/Au
Schottky metal Pt Mo

The cross-sectional structure of the two fabricated dia-
mond SBDs is shown in Fig. 1. The devices were fabricated
on p/p" homoepitaxiallly grown diamond layers on Ib (001)
HPHT diamond substrate. Table I encloses the details on bo-
ron doping levels [B], thicknesses of each layer determined
by secondary ion mass spectroscopy (SIMS) and Schottky
and ohmic metals for the two diodes. The surface of the p
diamond layer was terminated by oxygen. No edge-termina-
tion technique are utilized in these devices.
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Fig. 1 Cross-sectional structure of fabricated diamond SBDs
Simulation

The fabricated devices described above were simulated
using finite element simulation TCAD Silvaco software. The
structures were a diamond vertical SBDs (vSBDs) imple-
menting in one hand, the ionization coefficient reported by
Hiraiwa et al and, in another hand, the ones reported by Kam-
akura ef al. To reproduce the main parameter of the real de-
vices, a diamond surface electron affinity was set to 1.7 eV
corresponding to an O-terminated diamond surface and a
Schottky Barrier Height (SBH) 0f2.62 eV and 1.92 eV for Pt
and Mo contact, respectively. The physical models used in-
clude incomplete ionization of acceptors, temperature and
concentration dependent mobility [9], and avalanche impact
ionization parameters for electrons n and holes p following
Chynoweth’s form shown in eq. (1).

Anp = AnpeXxp (_ LT;_T)) (1)

Parameters used for IIC are listed in table II. Mesh has been
optimized for each simulation.

Table II Impact ionization coefficients (IIC)

Ap Bp An Bn
Units cm’! V.cm! cm’! V.cm!
Hiraiwa [5] 6.1x10* 13.94x10° 1.46x10° 24x10°
Kamakura [6] | 4.2x10° 58x10° 3.7x10° 21x10°
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