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Investigating SiIC MOSFET body diode’s light emission as
Temperature-Sensitive Electrical Parameter
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Department of Energy Technology, Aalborg University,
Pontoppidanstraede 111, 9220, Aalborg East, Denmark

Abstract

In this paper, the light emission of SiC MOSFETSs during reverse conduction, caused by the Light Emission
Diode (LED)-like behaviour of the body diode, is studied and investigated. The photoemission froma 1.2 kV /20 A
commercial device has been measured experimentally using a silicon photodiode. A behavioural characterization of
the light output under different junction temperatures and current values has been performed. This allows the
implementation of a fast, inexpensive and non-invasive temperature sensing strategy for high-voltage SiC MOSFET
chips based on the measurement of light emission during reverse conduction.

1. Introduction

Silicon carbide (SiC) devices are becoming
increasingly popular in the design of power electronic
converters due to improved electrical and thermal
performances and high efficiency [1], [2]. In particular,
SiC MOSFETSs feature fast switching speed and low
on-state resistance, reducing both conduction and
switching losses by almost an order of magnitude in
comparison to equivalent traditional Si IGBTs under
typical operating conditions [3].

The evolution of this technology is moving faster
than the development of new packages, able to endure
a high amount of thermal stress without failing or
deteriorating during the power application’s lifetime
[4]. Nowadays’ commercial SiC MOSFET power
devices and modules are still embedded in packages
meant for Si applications, which largely limit their full
potential and reliability [5]. Thus, monitoring the
device’s junction temperature is crucial in order to
limit the thermal stress on the package.

On the one hand, several techniques have been
proposed so far for measuring the junction temperature
in power semiconductor devices during operation,
making use of direct sensors, such as thermistors,
thermocouples and other sensing elements. An
overview of the most common methods is given in [6]

for Si IGBTs. On the other hand, temperature sensitive
electrical parameters (TSEPs) have recently been
extensively studied and employed, like in [7-11].
Among others, on-state voltage, gate threshold voltage,
short-circuit current and switching delay time are good
indicators of the junction temperature [12]. Each of
these methods presents, though, advantages and
drawbacks. TSEPs are generally relatively easy and
cheap to implement, as well as mostly non-invasive for
the device, although they require an adequate
calibration and decoupling procedure (see e.g. [13]).

Usually, indirect bandgap semiconductors such as
SiC do not emit light. However, photoemission (chip
glowing in visible light) has been repeatedly observed
in the laboratory while testing a 1.2 kV / 20 A rated
commercial device from CREE [14]. A simple
experimental setup has been built to measure the
generated light intensity and identify its dependency on
current and temperature. As proven later, the emitted
light intensity is clearly influenced by current and
junction temperature, and can therefore be used as a
temperature indicator. The aim of this paper is to
provide a first proof of concept.

Section 2 provides basic theoretical information
about the SiC photoemission. The experimental setup is
presented in section 3, while the experimental results



and analysis are reported in section 4. Section 5
concludes the paper.

2. Light emission in 4H-SiC diodes

The electroluminescence of semiconductor
materials was first discovered in 1907 using SiC [15]
and the first commercial blue-light Light Emission
Diodes (LEDs) with wavelength between 450 and 500
nm, in 1989, were based on SiC substrates [16].
However, these devices were soon abandoned in favour
of higher brightness ones.

The emitted light characteristics of an LED
basically depend on two variables: the forward current
I, which affects intensity, and the junction temperature
T; , which affects the wavelength [17]. The emitted
light intensity increases when the current increases, at
constant temperature. On the contrary, for a given
current value, if the temperature increases, the light
output decreases, due to emission efficiency reduction.
As one can observe in Fig. 1 for acommercial red LED
[18], the spectral power distribution shifts to a slightly
higher wavelength range and its peak drops
consistently. This means that, a correlation with
junction temperature can be obtained by mapping the
light output at different current and temperature values.

Silicon Carbide can be manufactured in a number
of different epitaxy poly-types: 4H-SiC, 6H-SiC, and
3C-SiC, among others. The 4H-SiC manufacturing is
nowadays the most used for power device substrates. In
[19] a measurement of the photoemission bandgap
shows that a 4H-SiC junction can emit photons with
~3.26 eV energy, which corresponds to a wavelength
of ~387 nm, meaning that the emission occurs in the
ultraviolet spectrum - though very inefficiently, being
an indirect bandgap semiconductor [20]. However, due
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Fig. 1. Temperature dependence of the spectral
distribution of the light output of a red LED [18].

to the deep energy levels caused by doping elements
and lattice impurities, a 4H-SiC p-n junction can emit
in the visible spectrum with a wavelength range of
~400-500 nm (blue-green light) [21]. This mechanism
occurs in SiC MOSFETSs during reverse conduction of
current through the body diode, which, in some extent,
behaves like an LED.

Understanding whether this phenomenon can be
used as an indicator of current and temperature in SiC
MOSFET in a practical and repeatable way is the main
scope of this experimental investigation.

Fig. 2 depicts the experimental setup schematic
used to sense the light output of the SiC body-diode.

3. Setup description

Silicon PiN photodiodes can be used as light
detectors in many applications. They feature a good
sensitivity over a broad light spectrum —roughly 400 to
1000 nm - even without external bias. A device from
Vishay was selected for this task [22]. The photodiode
current is proportional to the sensed light, and was
measured through a RC low-pass filter to reduce the
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Fig. 2. Experimental setup schematic.
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Fig. 3. Picture of the experimental setup (the
photodiode has been removed to show the LED glow).
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Fig. 4. Photodiode voltage output at Tc=25°C and
different diode forward current values. (Sample 1)
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Fig. 5. Photodiode voltage output with 15 A forward
current and different temperatures. (Sample 1)

ambient noise. A current pulse was supplied to the
body-diode by a current source. The values of pulsed
current were 5, 10 and 15 A, and the pulse duration
was 1+2 s,

The module’s top lid was removed and the
photodiode was placed approximately 2 mm over the
SiC MOSFET chip under test (Sample 1), on top of the
silicone gel layer. Fig. 3 shows the setup during the test
without the photodiode in place, in order to show the
observed light emission. It is worth to note that the
isolating gel is transparent to visible wavelengths,
therefore light can be detected correctly. A dark box
has been placed on top of the setup to shield off the
ambient light.

Being not relevant to the purpose, the bond-wire
connections of the external SiC Schottky diode have
been cut.

The module has been placed on a temperature-
controlled hot plate and heated up to 100°C in 4
temperature steps. It is assumed here that the case
temperature of the device is equal to the hotplate one.
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Fig. 6. Photodiode voltage output at T.=25°C and
different diode forward current values. (Sample 2)
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Fig. 7. Photodiode voltage output with 15 A forward
current and different temperatures. (Sample 2)

Furthermore, it is assumed that the initial junction
temperature is equal to the case/hotplate temperature.

During the experiment, the current pulse duration
has been controlled manually. The adopted duration of
up to 2 s, which is indeed very long for practical
applications, has been chosen here in order to be able
to give a proof of concept at static conditions.
However, the effect of self-heating cannot be neglected
for pulses this long, so the junction temperature error
had to be calculated in order to obtain an accurate
characterization.

The procedure was repeated for another SiC
MOSFET chip (Sample 2) of the same module sample,
in order to verify its repeatability.

4. Experimental results and characterization

Fig. 4 shows the measured voltage output Vour
transient at a constant case temperature T, of 25°C for
three different current pulses in Sample 1. The voltage
output, as well as the light output, are heavily



influenced by the current magnitude.

In Fig. 5 one can clearly observe as the light output
decreases for increasing temperature.

Fig. 6 and 7 show the results for the same tests
applied to Sample 2. It can be noted that the voltage
output differs in the two cases, being in the same order
of magnitude, though. In particular, the photoemission
dependency on forward current is very strong in
Sample 1 (~5 mV/A) and weaker in Sample 2 (~1
mV/A). This means that the light emission intensity is
not the same for different chips and actually depends
on the specific levels of impurities and doping.
Therefore, an individual calibration has to be carried
out on each of the samples to calculate the correct
junction temperature.

The influence of the device’s self-heating on
junction temperature during the measurements can be
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Fig. 8. Junction temperature vs. photodiode voltage
output (Sample 1) for different current values.
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Fig. 9. Junction temperature vs. photodiode voltage
output (Sample 2) for different current values.

estimated by means of the following steady-state
thermal conduction equation:

Tj=Tc+ Pj / Roje Q)

Where Pj is the power injected into the junction and
Rojc is the steady-state junction-to-case thermal
resistance of the chip. The injected power can be
calculated, knowing the forward voltage drop of the
body-diode VE, as Pj = IgVe. Both Ve and the thermal
resistance Ryjc are available from the device datasheet
[14]. Therefore, the test temperature values can be
compensated. The compensation factors in this case are
respectively 16.4°C (5 A), 47.2°C (10 A) and 79.2°C
(15 A).

Fig. 8 and 9 show the estimated junction
temperature T; versus the photodiode output Vour with
fitting trend-lines for each test current value,
respectively for Sample 1 and 2. The characteristics
show outstanding linearity. The slope of the
characteristics shows an inversely-proportional
dependency from the body-diode current.

If one knows Vour and Ig, the junction temperature
can be calculated by means of the behavioural
functions in Eq. 2 (for Sample 1) and Eq. 3 (for Sample
2).

le (VOUT, ||:) = (0.27 lg— 4.8) Voutr + 6.7 I+ 89.4 (2)
sz (VOUT, ||:) = (0.04 lg— 1.7) Vour+6.71g+91.4 (3)

It is worth to point out that the above results are
only true at steady-state conditions, i.e. for pulses with
long duration. An implementation of this technique
during the normal operation of the device should
include a more accurate dynamic thermal model and a
better EMI shielding for the measurement system.

5. Conclusions

The first attempts of measuring the light output
from commercial SiC MOSFET chips during
freewheeling operations have shown rather interesting
results. The photodiode output voltage could be
correlated to the light emission intensity changing
current and case temperature and was proven to be a
promising temperature-sensitive electrical parameter. A
calibration procedure was performed for two samples
with the same part number. The impact of device self-



heating during the tests has been taken into account in
the calibration.

The photoemission is shown to be changing froma
device to another, due to the parameter scattering
introduced by the semiconductor manufacturing
process. However, the calibration process for each of
the samples is fast and easy to perform and can easily
be automated. The method also shows remarkable
sensitivity and linearity.

Moreover, this novel technique is extremely cheap
and completely non-invasive for the device and the
module, enabling high-voltage monitoring. The sensing
element is small enough to be easily embedded in the
package, allowing online temperature estimation.

Finally, it cannot be excluded that this method
could potentially be employed for power devices based
on different semiconductor materials, given the
possibility to detect the photoemission in the proper
wavelength range with enough sensitivity.
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