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Diamond Schottky Barrier Diodes With Field Plate
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(Hae Nyung Chang - Dong-Won Kang - Min-Woo Ha)

Abstract - Power semiconductor devices required the low on-resistance and high breakdown voltage. Wide band-gap
materials opened a new technology of the power devices which promised a thin drift layer at an identical breakdown
voltage. The diamond had the wide band-gap of 55 eV which induced the low power loss, high breakdown capability, low
intrinsic carrier generation, and high operation temperature. We investigated the p-type pseudo-vertical diamond Schottky
barrier diodes using a numerical simulation. The impact ionization rate was material to calculating the breakdown voltage. We
revised the impact ionization rate of the diamond for adjusting the parallel-plane breakdown field at 10 MV/cm. Effects of the
field plate on the breakdown voltage was also analyzed. A conventional diamond Schottky barrier diode without field plate
exhibited the high forward current of 0.52 A/mm and low on-resistance of 1.71 Q-mm at the forward voltage of 2 V. The
simulated breakdown field of the conventional device was 13.3 MV/cm. The breakdown voltage of the conventional device and
proposed devices with the SiO. passivation layer, anode field plate (AFP), and cathode field plate (CFP) was 680, 810, 810, and
1020 V, respectively. The AFP cannot alleviate the concentration of the electric field at the cathode edge. The CFP increased
the breakdown voltage with evidences of the electric field and potential. However, we should consider the dielectric breakdown
because the ideal breakdown field of the diamond is higher than that of the SiO, which is widely used as the passivation
layer. The real breakdown voltage of the device with CFP decreased from 1020 to 565 V due to the dielectric breakdown.
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Fig. 1 (a) Cross-sectional view and (b) simulation structure
(or doping concentration) of the p-type diamond
Schottky barrier diode without field plate
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Fig. 2 Simulated forward I-V of the conventional diamond
Schottky barrier diode without field plate
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Fig. 3 Simulated distribution of the (a) hole and (b) electron
current density of the conventional diamond Schottky
barrier diode without field plate at the forward
voltage of 2 V
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Fig. 4 Simulated breakdown voltage of the conventional
diamond Schottky barrier diode without field plate
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Fig. 5 (a) Cross-sectional view and (b) simulation structure
(or doping concentration) of the diamond Schottky
barrier diodes only with passivation layer
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Fig. 6 (a) Cross-sectional view and (b) simulation structure
(or doping concentration) of the diamond Schottky
barrier diodes with anode field plate (AFP)
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barrier diodes with cathode field plate (CFP)
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Fig. 8 Simulated breakdown voltage of the conventional
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