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Abstract: This paper reports on SiC devices operating in a dc-dc
buck converter under extremely high ambient temperatures. To this
end, the authors packaged SiC JFET and Schottky diodes in thermally
stable packages and built a high-temperature inductor. The converter
was tested at ambient temperatures up to 400◦C. Although the con-
duction loss of the SiC JFET increases slightly with increasing temper-
atures, the SiC JFET and Schottky diode continue normal operation
because their switching characteristics show minimal change with tem-
perature. This work further demonstrates the suitability of the SiC
devices for high-temperature power converter applications.
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1 Introduction

Silicon Carbide (SiC) is a semiconductor material with several superior char-
acteristics when compared to Silicon (Si) [1, 2, 3]. In particular, SiC semicon-
ductor devices are expected to have high-temperature, high speed operation
and high voltage capabilities which cannot all be obtained with conventional
Si-based semiconductor devices. This paper focuses on the inductive switch-
ing characteristics of SiC devices operating under high ambient temperatures.
High-temperature operation requires not only the SiC bare dies be capable
of operating at high temperatures, but also their packaging and the auxiliary
components when used in an electric circuit like a dc-dc buck converter. To
this end, the authors mounted SiC JFET and Schottky diodes in thermally
stable packages, and designed and built an inductor using high-temperature
toroidal magnetic core and wires to implement a dc-dc buck converter. Oth-
erwise, the converter can only operate up to 200◦C if the components are
not suitable for operation at high temperatures [4]. This paper evaluates the
switching response of SiC devices operating in a dc-dc buck converter with a
resistive load up to ambient temperatures of 400◦C.

2 SiC Devices and Experimental Setup

A dc-dc buck converter is one of the simplest power conversion circuits con-
sisting of a controlled switching device, a diode, an inductor, and input and
output capacitors when required. Although a SiC bare die can withstand
high temperatures because of its material characteristics, it cannot form part
of a circuit by itself; it requires packaging that must be suitable for high
temperatures. The SiC JFET supplied by SiCED is a research sample bare
die, which is usually supplied as a cascode device with Si MOSFET [5, 6].
It has a vertical channel structure, a 2.8mm2 surface area, and 2.5A and
1200V current and blocking voltage ratings. The SiC Schottky diode pro-
duced by Cree is a commercially available device having 1.9mm2 surface area
and 4A and 600V current and blocking voltage ratings, whose operation is
guaranteed up to 175◦C.

The authors attached the JFET and Schottky diode bare dies on a Ni-
plated JEDEC TO-258 package to allow high temperature operation. The
dies have Ni or Al-based Ohmic terminal contacts, and metallization on their
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Fig. 1. Experimental setup for high temperature opera-
tion of the SiC dc-dc buck converter.

top surface and backside. The drain and cathode contacts were attached to
the package. The source, gate and anode contacts were wire bonded to the
respective terminals in the package with 3 mil Al wire.

The inductor was built using a high-temperature magnetic toroidal core
from Magnetics Inc. The core is made of ferrous alloy powder (Kool-Mu
97907-A7) with 26 relative permeability and a 500◦C Curie temperature.
The inductor has 0.6mH inductance using 124 turns of a wire having a high-
temperature withstanding capability of 450◦C.

Figure 1 shows the experimental setup for operating and measuring the
performance of the SiC-based dc-dc buck converter. Only the JFET, Schot-
tky diode and inductor are exposed to ambient temperature variations in
the oven since capacitors and gate drivers capable of operating at such high-
temperatures were not available to the research team; this is ongoing research
at the present time. Thus, this circuit does not have the filter capacitors typ-
ical of these converters. The measurements were performed outside the oven
through relatively long wires. Therefore, the effects of some parasitic compo-
nents are noticeable in the measurement results. The converter operated at
100 kHz switching frequency with 50% duty cycle, 100V input dc voltage and
a 100Ω load resistance. The drain current capacity of the JFET degrades
with increasing temperature (i.e., to 20% of that at room temperature at
450◦C [7]), so the rated output current is set to 0.5A for high temperature
operation. The gate drive voltage applied to the JFET is Vgs = 0V for the
“on” condition and Vgs = −18 V for the “off” condition, which is lower than
the threshold gate voltage of −15 V at 450◦C [7].

3 Switching characteristics of SiC devices under high ambi-
ent temperatures

Figure 2 shows the measured voltage and current waveform in the dc-dc buck
converter as function of ambient temperature. Fig. 2 (a) shows the load volt-
age whose average value is about 50V, which agrees with the set operating
condition of 100V input and 50% duty cycle. This waveform also shows the
effect of not having an output filter capacitor. The buck converter circuit
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Fig. 2. Experimental results of the SiC-based dc-dc buck
converter.

works normally from room temperature to an extremely high temperature
of 400◦C. The output voltage decreases a few volts at 400◦C (i.e., 5V) from
the values at lower temperatures, but the reduction is relatively small when
compared to the output voltage. The spike voltages observed at the peak
and bottom of the waveform in Fig. 2 (a) are caused by the switching oper-
ations of the SiC JFET and Schottky diode, and the long wires used for the
measurements. The waveform of the output voltage is basically the same as
the temperature changes. This means that the inductance of the inductor
is not greatly affected within the considered temperature range. The nor-
mal operation of the inductor as temperature changes can also be confirmed
from the voltage across the inductor shown in Fig. 2 (b). The operation of
this passive component under extremely high temperature conditions is fairly
satisfactory.

Figure 2 (c) shows the drain-source voltage Vds for the JFET indicating
that it can remain in the “off” condition when applying a gate voltage Vgs of
−18 V for Vds equal to 100V regardless of the ambient temperature. The volt-
age drop between the drain and source during the “on” condition increases
at higher temperatures. The 5V drop at 400◦C coincides with the results
from the dc characteristic measurements. The damping of the switching tran-
sient becomes more pronounced as the conduction loss increases. Fig. 2 (d)
shows the drain current response of the JFET, which shows no reverse re-
covery or tail current. The turn on behavior has an interaction with the
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switching behavior of the Schottky diode for commutation, but the turn off
behavior is dominated by the JFET itself. The JFET retains its high-speed
switching capability up to an extremely high ambient temperature of 400◦C.
The di/dt of the drain current basically does not change with temperature;
−1.45 × 107 A/s at room temperature vs. −1.44 × 107 A/s at 400◦C.

Figure 2 (e) shows the voltage between the anode and cathode of the
Schottky diode. The voltage drop during the conduction condition barely
changes with temperature, similar to the JFET response. The imposed volt-
age during the non-conduction condition decreases a few volts at high temper-
atures because the voltage drop across the JFET increases with increasing
ambient temperatures. Fig. 2 (f) displays the current flowing through the
Schottky diode that turns on quickly when commutating current from the
JFET, and has a fairly small forward recovery accompanied by small oscilla-
tions as shown in Fig. 2 (e). Contrarily, it produces a relatively large ringing
current at turn off. The wires for connecting the devices are relatively long
(resulting in some parasitic components), a Schottky diode does not produce
reverse recovery current by carrier recombination and the turn on speed of
the JFET is quite fast and has a large dv/dt. Then, the displacement current
flows through the capacitance of the parasitic components and the diode [8]
at the commutation. Since the amplitude of current oscillation does not
change with temperature, it can be said that the switching speed does not
deteriorate with temperature rise. This result indicates that the switching
characteristics of the SiC JFET are excellent, and the turn-on speed of the
SiC JFET must be reduced to cope with the SiC Schottky diode switching
characteristics to prevent transient ringing.

4 Conclusion

This paper confirmed and evaluated the inductive switching operation of SiC
devices in an application circuit consisting of a dc-dc buck converter operating
from room temperature to extremely high ambient temperatures (∼400◦C).
SiC JFET, SiC Schottky diode (both in thermally stable packages) and a
high-temperature inductor were used to realize the buck converter that was
designed by taking into account the drain current rating reduction of the
JFET at high temperatures. Although the resistance between the drain and
source increased with temperature and the power conversion efficiency dete-
riorated, the deterioration was not prominent and the increase in the voltage
drop between the drain and source was relatively small in comparison to
the blocking voltage. The superior switching characteristics of a SiC JFET
were experimentally observed within the considered temperature range, al-
though the very fast switching operation of the JFET induces oscillation
with parasitic components. The results show that the inductive switching
characteristics of SiC JFET and Schottky diode hardly deteriorate with in-
creasing temperatures so these devices are very suitable for high temperature
operation such as a dc-dc buck converter used in power supplies in aerospace
applications.
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