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Reliability and Ruggedness Considerations for 
Integrating SiC in EVs, Other Power Designs
Silicon carbide (SiC) devices that facilitate high-voltage operations at low switching losses because of wide-bandgap (WBG) material start their 
accelerated evolution and adoption in automotive, industrial, aerospace, and defense applications. These SiC products promise to improve power 
density and system efficiency, thus saving the design’s size, cost, and weight.

The SiC semiconductor material can get heat out of the die quickly, and that’s a boon for power electronics, because it allows power designs to 
move from active to passive cooling. Power system designers can replace liquid cooling systems because the thermal conductivity of SiC is much 
better. Likewise, capacitance is much lower, and so are the switching losses.

That’s driving the adoption of SiC components in electric vehicles (EVs) and other high-power switching applications to boost power density, 
maximize system efficiency, and ensure high-temperature stability. The EVs are expected to move from 400-V to 800-V battery systems in the 
next three to five years.

The traction motor control in the powertrain, for instance, is moving from insulated-gate bipolar transistor (IGBT) modules to SiC modules. So are 
DC/DC converters, down-converting the battery voltage from 48 V to 12 V. A power conversion design the size of a suitcase will shrink to the size 
of a shoebox with the adoption of SiC devices.

Then there are on-board chargers for EVs in which anything above 3.3 kW is most likely to be served by the SiC devices. The EV drivers will want 
their vehicles to be charged as fast as filling up at the gas station, and that’s only possible when designers move from IGBTs to SiC.
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Figure 1: The SiC semiconductors are a natural fit for EV applications due to their 
ruggedness and efficient switching at higher frequencies
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A few other markets are also important; for example, auxiliary power units in railway trains employing 1.7-kV devices. The heavy-duty engineering 
equipment in agriculture, mining, and construction industries is also moving toward SiC modules at higher voltages ranging from 1.2 kV to 3.3 kV. 
Many industrial applications in areas such as solar, wind, electrical grid, solid-state transformers, and motor drivers are benefiting as well from SiC’s 
efficient switching at high frequencies.

The current SiC landscape

The SiC technology, eight to 10 years ago, was an interesting lab curiosity, too risky and too expensive for most power electronics engineers. Now, 
at the intersection of cost, performance, and reliability, it has finally reached a tipping point at which it’s easy to switch from silicon to SiC devices.

Take the case of a carmaker that has a 350-V battery system driven by a 225-kW three-phase inverter. It has been using 84 IGBTs, and ultimately, 
the carmaker was able to replace it with 48 SiC MOSFETs for a 700-V battery system.

First and foremost, that reduces not only the number of components but also boosts the reliability of the system. Second, it increases the range of 
the EV by at least 5% to 10%. Third, though SiC components are relatively more expensive, the overall system cost drops significantly.

In this case, though semiconductor BOM cost goes up from 2.2% to 4.9% by using SiC MOSFETs, the overall cost is down by 6%. Besides, 
designers will be able to shrink the battery size, which is arguably the most expensive part of the EV.

Not surprisingly, therefore, the automotive industry is slowly pivoting from IGBTs to SiC devices due to the need for high power density and smaller 
form factors in EV and hybrid electric vehicle (HEV) designs. IGBTs won’t deliver the mileage and battery size shrinkage imperative in EVs and HEVs.

The turn-off switching losses of IGBTs are massive because IGBTs have tail current when they turn off. The current doesn’t go to zero instantly; it 
continues to conduct for a short period, and during this time, the voltage remains high. It also leads to higher power losses.

The SiC semiconductors don’t have tail current because they are a majority carrier device. The SiC device has to only deal with electrons, compared 
to holes and electrons in the case of IGBTs. That, in turn, can reduce the switching losses by up to 70%, leading to a lot of system-level advantages.

Now, while design engineers are in the thick of a power electronics evolution toward WBG materials, what about SiC’s cousin, gallium nitride (GaN)? 
The way the market is maturing, GaN devices are likely to be restricted from 50 V to 200 V in the foreseeable future.

SiC’s reliability considerations

Automotive designers add a lot of redundancies, and in some cases, they add a margin for VDS and gate drives. However, with this overdesign, they 
end up wasting a lot of money, space, and efficiency in the overall system design.

So how do automotive designers prepare for worst-case situations and excursions in device operation beyond designed specs? How do they 
improve the quality and ruggedness of a device to ensure that it will last for 20 or more years without failures and degradations? Here, SiC devices 
with proven reliability and ruggedness features seem to be in the right place at the right time.
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Figure 2: Power electronics engineers are moving from IGBTs to SiC devices due to smaller form factor and 
higher power density, efficiency, and junction temperature.



When it comes to design for ruggedness, SiC devices offer the great advantage of low RDS(ON) variation over temperature. Time-dependent 
dielectric breakdown (TDDB) for gate oxide is as good in SiC as in silicon devices. Other advantages include high avalanche performance, short-
circuit withstand time (SCWT), protection against terrestrial neutron susceptibility, and body-diode performance.

Below is a sneak peek into the key reliability features offered by SiC devices.

1. High avalanche performance

Avalanche conditions occur when a voltage spike exceeds the device’s breakdown voltage. So when the electric field is the highest under gate 
oxide, it leads to tough conditions that the gate oxide has to withstand. The high avalanche performance offered by SiC devices reduces the need 
for snubber circuits tasked with managing avalanche events.

However, while a single-shot avalanche rating for SiC transistors in the datasheet is a good start, it’s not sufficient, because spurious signals 
causing an avalanche event could be repetitive. So engineers must repeat the test with avalanche until they know where the degradation is in the 
gate oxide or if there is a failure.

The unclamped inductive switching (UIS) ruggedness test measures how well devices can withstand degradation or premature failure under 
avalanche conditions. A repetitive avalanche test (R-UIS) also provides a means to test gate oxide’s shielding under stressful conditions. It’s 
important not just for the circuit but for the reliability of the system itself.

It’s also worth mentioning that trench MOSFETs are the worst-performing devices under avalanche conditions. The gate oxide is not sufficiently 
shielded in trench MOSFETs, and that leads to problems in the field. The tests carried out by some universities have shown that 60% of trench 
MOSFETs have failed in the field.

2. The SCWT capability

Power system designers must ensure sufficient SCWT capability so that their designs can turn off the device under fault conditions. Moreover, a 
short-circuit withstand period for SiC MOSFETs provides time to service fault conditions without any damage to the system.

3. Terrestrial neutron susceptibility

Terrestrial neutron susceptibility has caused random failures of IGBTs under certain conditions, especially at sea level and at high elevations. 
Eventually, researchers found out that it was due to high-energy terrestrial neutrons from space that can randomly interact with power devices 
and burn them down. The SiC devices, which feature much lower failure in time (FIT) rates across low- to high-elevation locations, offer robust 
protection against the neutron influx.

4. Internal body diode

Finally, SiC devices allow engineers to use internal body diode to deter long-term degradations. Body-diode usage also lowers system cost by 
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Figure 3: The design-for-ruggedness requirements apply to 
most EV applications.



eliminating the need for external Schottky barrier diodes (SBDs). There have been independent body-diode reliability tests that demonstrate lower, 
and in some cases, no RDS(ON) degradation of the SiC parts.

For instance, Ohio State University acquired power devices from a few suppliers and stressed them from 10 to 100 hours. What they discovered 
was that there was significant degradation in RDS(ON) in some parts, while others didn’t show any degradation.

Microchip’s SiC portfolio

Microsemi, a Microchip subsidiary, has been developing IGBTs and MOSFETs for the past three decades. And it got involved in SiC technology in 
2006. Now, Microchip carries Microsemi’s design-for-ruggedness legacy from aerospace and defense designs to all SiC products.

Any SiC product from Microchip that is usable for the aviation and defense industries requires extremely high reliability. Inevitably, that gets carried 
over to automotive and industrial designs as well.

Microchip is now a vertically integrated supplier of SiC solutions that span from power discretes to power modules to integrated power solutions 
across a wide range of voltages, current ratings, and package types. The company’s SiC MOSFETs have outperformed alternatives in ruggedness 
tests, demonstrating gate-oxide shielding and channel integrity with little lifetime degradation in parameters, even after 100,000 cycles of R-UIS 
testing.

Microchip’s SiC device portfolio includes MSC015SMA070B, a SiC MOSFET for 700-V systems, and MSC030SDA120B, a 1,200-V, 30-A SiC 
SBD. Then there is dsPIC33CH512MP506, a 100-MHz, 16-bit digital signal controller (DSC) board and interface.

As shown by the digital control board and interface example, power engineers don’t have to put it together. First-time SiC users can especially 
get off the ground quickly while focusing on their circuit topology and design features rather than trying to figure out how to make it work as one 
system. Likewise, there are digital gate drivers, which are programmable, and that makes them a lot simpler for designers.

Conclusion

Power engineers are going up in switching frequency, from 10 kHz to 250 kHz, and that’s where SiC shines. SiC devices, as shown in this 
whitepaper, offer proven ruggedness and performance benefits of a wide-bandgap technology.

However, SiC devices are still at an early stage, which means they aren’t commoditized yet, so one device from a vendor isn’t the same as another 
device from a different vendor. That’s why design engineers should base their selection on performance, reliability, and ruggedness in addition to 
the cost. Usually, it works the other way around.
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Figure 4: Reference boards boost the reliability and efficiency of 
SiC-based designs by providing programming kits, configuration 

software, and simulation models.

https://www.richardsonrfpd.com/Products/Product/MSC015SMA070B
https://www.richardsonrfpd.com/Products/Product/MSC030SDA120B
https://www.microchip.com/wwwproducts/en/dsPIC33CH512MP506

