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ABSTRACT

Next-generation silicon carbide (SiC) power
semiconductors are expected to offer size reductions
and increased efficiency. Optimized design is necessary
for the power circuits employing these semiconductors
in order to exploit their performance potential.
The identification of each circuit element related
to transient response during high-speed switching,
a characteristic of SiC power semiconductors, and
the correlation of circuit simulation models with the
results of actual measurements, made it possible to
obtain voltage and current waveforms to within a 4%
level of error.

Using this circuit simulation technology, the most
important circuit elements to power circuit design
were identified. The employment of optimized values
in sections of the circuit in which parasitic impedance
affected efficiency and electromagnetic interference
(EMI) performance was shown to reduce switching
loss and noise.
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Table 1 Comparative characteristics of new semiconductor material and Si
Material New semiconductor Conventional semiconductor

Physicality SiC (4H) Diamond GaN Si
Breakdown strength (10° V/cm) 2.5 10.0 3.3 0.3
Energy bandgap (eV) 3.26 5.47 3.39 1.12
Electronic saturation velocity (107 cm/s) 2.2 2.7 2.7 1.0
Thermal conductivity (W/cm-K) 4.9 20.9 2.0 1.5

Stage of wafer manufacturing technology Massigrgg;ction Research Development Mass production
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Table 2 Parameter list

Division Subdivision Parameter
Chip SiCFET 14~V Characteristic
Cgg-V Characteristic
Cs-V Characteristic
Cgys-V Characteristic
SiCSBD I~ V; Characteristic
C.,.-V Characteristic
Other Bus bar Parasitic
parts Electrode plate | inductance/resistance
Wire
Insulating Parasitic
substrate capacitance
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Table 3 Comparison between experiment and

simulation

Gap

Experiment 68
Peak (A) -3%

Iy Simulation 67
(at turn on) Frequency | Experiment | 11.2 18
o

(MH2) Simulation | 13.2
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Peak (V) - - -4 %
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- o
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