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Abstract: In this paper, we discussed the effect of field plate dielectric materials such as silicon dioxide (SiO2), aluminum oxide
(AL203), and hafnium oxide (HfO2) on the breakdown characteristics of f-Ga203 Schottky barrier diodes (SBDs). The breakdown
voltage (BV) of the SBDs with a field plate was higher than that of SBDs without a field plate. The higher dielectric constant of
HfO:> contributed to the superior reduction in electric field concentration at the Schottky junction edge from 5.4 to 2.4 MV/cm.
The SBDs with HfO: field plate showed the highest BV of 720 V, and constant specific on-resistance (Ron;sp) of 5.6 mQ-cm?,
resulting in the highest Baliga’s figure-of-merit (BFOM) of 92.0 MW/cm?. We also investigated the effect of dielectric thickness

and field plate length on BV.
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Fig. 1. A schematic cross section of 3-GaxO3 SBDs (a) without FP
[W/O FP] and (b) with FP [W/FP].

Table 1. Structure parameters of f-Ga20O3; SBDs.

Parameters Value
Epi thickness (um) 10
Epi doping concentration (cm™) 2.8x10!¢
Substrate thickness (um) 10
Substrate doping concentration (cm™) 4.8x10'®

Anode metal work function (eV) 5.1
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Table 2. Reported parameters of different materials deposited on f3-
Gax0s.

Parameters B-Gax0s SiO2 ALOs HfO»
Bandgap (eV) 4.8 8.7 6.9 5.4
Dielectric constant 10.0 3.9 9.0 25.0
Critical Breakdown
Field (MV/cm) 8.0 10.0 8.7 53
AEc (eV) - 2.87 2.23 1.30
AEy (eV) - 1.23 0.07 -0.50
Alignment type Straddling Straddling Staggered
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Fig. 2. Forward (inset) and reverse 1-V characteristics of B-GaxOs3
SBDs.
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Fig. 3. (a) Electric field distribution for the anode voltage of Vanode =
-500 V, (b) electric field values along the A-A’ line, and (c) electric
field values along the B-B’ line.
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Fig. 4. Peak electric field in dielectric and Schottky junction edge with
dielectric constant for 3.9, 9.0, and 25.0 (curves 1, 2 correspond to the
Vanode=-500 and -1,000 V, respectively).
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Fig. 5. Breakdown voltage as a function of field plate length (Lrp) for
the three dielectric materials (SiO2, Al2Os, and HfO»).
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Fig. 6. Breakdown voltage as a function of dielectric thickness (Tox)
for the three dielectric materials (SiO2, AOs, and HfO»).
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