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Abstract

As Silicon-based semiconductors approach their limits in different areas, wide bandgap devices, such as Silicon Carbide
components, offer an excellent alternative in many applications. Recently, SiC MOSFETs are replacing Si-based IGBT in
various fields as automotive, solar energy... The junction temperature is important to evaluate the performance and the
reliability of these components. For Silicon MOSFET, the body diode is usually used as a thermal sensitive electrical parameter
(TSEP) for junction temperature measurement. For SiC MOSFET, however, in gate-source short configuration (Ves=0V), some
current still flows through the channel, which, with interface trapping, prevents from accurately estimating SiC MOSFET
Jjunction temperature. Practically, a sufficiently negative gate voltage Vs (-5V or below, depending on devices) must to applied
to eliminate the current part through the MOS channel so that the body diode forward voltage is immune from interface

trapping.

1  Background

Silicon Carbide MOSFETs are becoming more frequently
used in different power electronic applications such as solar
inverters, power supply, railway traction inverter, electric
vehicle and induction heating because of their numerous
advantages: high blocking voltage, high working temperature
and high switching speed [1]. Measuring the SiC MOSFET
junction temperature is a mean to evaluate the performance
and reliability of SiC-based power modules.

The power module package often prevents from directly
measuring the junction temperature with optical or physical
contact methods such as IR camera, thermocouple...
Consequently, the junction temperature is usually indirectly
measured by electrical methods via a thermal sensitive
electrical parameter (TSEP): voltage under low current
(diode, IGBT, MOSFET), threshold voltage, peak gate
current... [2], [3]. The thermal sensitive electrical parameters
are well understood for Silicon components but some
phenomena related to TSEP are not yet clarified for SiC
MOSFET.

In order to have a correct measurement, the change of the
TSEP response before and after heating phase should only
come from the change of the junction temperature. If any
other electrical aspects can influence the TSEP response, then
the measurement is not accurate [4], [5]. Therefore, the TSEP
response compliance was first checked before being used for
the junction temperature measureme.

2 Methodology and test bench
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Fig. 1. (a) Electrical circuit for junction temperature
measurement (a), (b) diagram of different phases of the
thermal characterization.



Fig. 1 depicts the test bench electrical circuit dedicated to
measuring the SiC MOSFET junction temperature using its
body diode as a TSEP. The power source Ip (high current of
tens of amps to hundreds of amps) is used to heat the
MOSFET. The measurement current Iy (low current of
10mA) is applied to measure the forward voltage of the
MOSFET body diode, which gives an estimation of the
junction temperature.

The power module used in this study is designed and
produced by Institute of Technology Saint-Exupery. It
consists of 12 SiC MOSFETs, which are split in 6 switching
cells (see fig.2a). In our tests, the module is mounted on a fan-
cooled heat sink with a thermal paste within the contact. The
control system contains a motherboard and 12 gate drivers,
which are fixed on the upper side of the power module (see
fig. 2b). The electrical system of the test bench consists of
two power transistors (T1, T2) that drive the power current
into the SiC MOSFET during the heating phase. A system of
National Instruments chassis and control module allows us to
send the control signal to the gate drivers. The forward
voltage of SiC MOSFET body diode is measured by a voltage
probe and a NI oscilloscope (see fig 2.c).

The measurement procedure consists of three phases:

(i) The switch T1 is turn-on, T2 is turn-off, the SiC MOSFET
is controlled by a gate voltage Vgs = Vasm (Vs during
measurement), only the current Iy goes through the
MOSFET, the junction temperature is also the ambient
temperature T,. The body diode forward voltage under low
current is VrF = Vem_1a;

(ii) The switch T1 is turn-off, T2 is turn-on, the gate voltage
Vs = Vasp (Vas during power phase), both currents Ip and Iy
go through the MOSFET and heat it to a temperature T;. The
body diode forward voltage under high current is Vi = Vgp;

(iii) The switch T1 is turn-on, T2 is turn-off again, the gate
voltage Vgs = Vgsm, only the current Iy goes through the
MOSFET. At the switching moment, the MOSFET is still at
heating temperature T}, the body diode forward voltage under
low current: Vi = VM 1j.

The difference between Vem 1yand Vem 1a corresponds to the
change of the junction temperature before and after heating
phase:

VFM_T] —Vemr, = kX (T, —Ty)

where k is the temperature coefficient of the body diode
forward voltage (usually between -2mV/°C and -3mV/°C).
This coefficient is calibrated beforehand by using a curve
tracer HP4142B and the thermostream Temptronic TP04200
(see fig. 3).

When power is dissipated in the SiC MOSFET (Ip >> 0), the
junction temperature increases (from T, to Tj) so that the body
diode forward voltage in phase (i) and phase (iii) (Vem_1a and
Veum 1j) are different Obviously, if there is no dissipated power
in the SiC MOSFET (Ip = 0), the junction temperature is the
same as the ambient temperature. Thus: Vim 1i= ViM_Ta.
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Fig. 2. Presentation of the test bench for thermal
characterization: (a) SiC power module with control pins and
power connections, (b) SiC power module with control system
mounted on the heat sinks, (c) PC with Labview and NI
components (chassis, control module, oscilloscope) for
control and signal acquisisition.
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Fig. 3. Electrical test module
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3  Results

Fig. 3 illustrates the body diode voltage Vr under Vgsm =
OV, VGSP =20V (ﬁg. 48.), VGSM:—SV, VGSPZZOV (ﬁg. 4b) and
Ir=0A, Iv=10mA (no heating). Notice that under this
condition, the MOSFET is not heated at all because of the
absent of the heating power. As discussed above, in this
case, we expected that under the same measurement current
(10mA), the body diode forward voltage does not change
between measurement phases (phase (i) and phase (iii)).

However, as was noticed in the first case, the body diode
voltage Vi changes when the controlled voltage Vgsm =0V
(fig. 4a). It highlights the fact that the body diode voltage is
influenced by a different cause other than the change of
junction temperature.

On the other hand, the body diode voltage under Vgs =-5V
does not change at all after the pulse (fig 4.b).
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Fig. 4. Forward voltage of the body diode under a current
of 10mA and control voltages: Vesp = 20V, Vesm = 0V (a);
VGSP = 20V, VGSM =-5V.

In SiC MOSFET’s reverse configuration, even when the gate
voltage Vgs= 0V, because of the body effect [6], [7], the
current is composed of two parts: Ipeay (through the body
diode) and I, (through the channel) (see fig. 5a). When the

gate voltage Vgs changes value (from 0V to 20V then back to
0V), the charges are trapped in the interface between the SiC
layer (p- region) and the gate oxide SiO; layer (see fig. 5b).
This interface trapping changes the conductivity of the
channel and so affects this channel current part I, during
temperature measurement procedure, which ultimately makes
the body diode forward voltage Vr unstable and distorts the
measurement.
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Fig. 5. (@) Cross-section of current paths through the body
diode and (b) a zoom of the interface between gate oxide
(SiOy) and p-region (SiC).
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Fig. 6. I-(VE) as a function of the gate bias voltage Ves

As the gate voltage becomes progressively more negative
(from OV to -5V), the body diode voltage becomes higher
until Vgs =-5V (fig. 6), which means that the channel current
part L, is slowly eliminated. From then, Vr remains constant,
even if Vgs becomes more negative (-5V to -8V), which
means I, has completely disappeared and only Ipody exists
when Vgs=-5V or higher. In this case, when the gate is
controlled at a sufficient negative level (-5V or more for this
component), the body diode is fully turned on and can be used
for junction temperature measurement.



4  Conclusion

The junction temperature of power devices is an important
parameter to evaluate the performance and reliability of
power systems. Because of the package, the junction
temperature of power module is often measured indirectly via
thermal sensitive electrical parameters. These parameters are
well known and studied for Silicon-based devices. However,
the mechanism of wusing TSEP for Silicon Carbide
components such as SiC MOSFET still need to be studied.
This work helps clarify the use of SiC MOSFET body diode
as thermal sensitive electrical parameter. The current path in
reverse configuration of SiC MOSFET includes two parts: a
part through the body diode and a part through the channel.
When the gate voltage changes, the charges are trapped in the
interface between the gate oxide and the silicon. This
phenomenon changes the conductivity of the channel and
influences the current part through the channel. In order to
address this issue, the gate voltage needs to be controlled at a
sufficient negative level (-5V or more) to eliminate the
current part through the channel. Only then, the body diode
can be used as thermal sensitive parameter for SiIC MOSFET
junction temperature measurement.
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