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The Genesis of GeneSiC and the Future of Silicon Carbide

Pioneers of SiC technology lead system efficiency with paramount focus on
reliability and ruggedness

For almost 20 years, GeneSiC has pioneered high-performance, robust, and reliable silicon carbide (SiC)
power devices for automotive, industrial and defense applications. As one of the first SiC device
companies, GeneSiC developed cutting edge SiC technologies for government bodies', focused heavily
on performance and robustness, and released several generations of both SiC diode and MOSFET
technologies with ratings up to 6.5 kV, in various packages as well as bare die.

By Llew Vaughan-Edmunds, Senior Director Product Marketing — SiC, Navitas Semiconductor,
featured in Bodo’s Power Magazine, July 2023 Edition

In 2022 Navitas Semiconductor acquired GeneSiC Semiconductor, creating the industry’s only pure-play,
next-generation power semiconductor company, focused wholly on SiC and GaN. Dr Ranbir Singh, who
founded GeneSiCin 2004 and is now Navitas’ Executive Vice-President of SiC, has a rich history in SiC
power technology, beginning with his research into the first SiC power devices at North Carolina
University (NCSU). In 2022, to mark this pioneering work, Dr. Singh was inducted into the NCSU Electrical
and Computer Engineering (ECE) Alumni Hall of Fame.

With the industry’s broadest voltage range — stretching from 650 V to 6.5 kV - GeneSiC MOSFETs and
Schottky MPS™ diodes have been at the forefront of SiC technology. The company has been involved
with over 60 government-agency projects, pushing the boundaries of SiC performance, ruggedness and
reliability. These include the development of 6.5 kV SiC thyristors for energy-storage, grid-tied inverters
for the Department of Energy (DoE); 15 kV MOSFET and PiN Diodes for defense applications; 500°C
monolithically-integrated SiC super-junction transistor-JBS diode (MIDSJT) for NASA’s Venus exploration
missions, and monolithically-integrated, radiationhardened SiC gate drivers for 1200 V SiC DMOSFETs
and 6.5 kV SiC thyristors, for the US Navy.

The SiC Market
The silicon carbide (SiC) market has expanded rapidly in the last few years thanks to a growing
acceptance of the technology among engineers and increased understanding of how to maximize the
benefits of using wide bandgap power devices. Yole Développement forecasts that the SiC device
market will grow beyond $6 billion by 2027, from only $1 billion in 2021". A significant proportion of this
growth will come from solutions for the automotive sector, plus solar / energy storage systems, and
industrial applications.
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In 2022, EV sales in the United States surpassed 5% of the total passenger vehicle market™, joining 18
other countries that have achieved this threshold for mass adoption. However, there are still two main
concerns for consumers wanting to transition to electric — range anxiety and charge times. Gasoline and
diesel cars take less than five minutes to fill-up, whereas with first-generation charging, EVs take at least
25 mins to charge up to 80%.

To address this issue, EV manufacturers are transitioning from 400 V to 800 V batteries, matched with
roadside superchargers, with peak charging powers of 350 kW. Now, EVs such as the Genesis GV70 SUV
using a Level 3, 800V 350 kW DC charger can power from 10-80% in only 18 minutes. As well as higher
power delivery, the increase in voltage also reduces IR transmission power losses, lowering heat
dissipation and reducing both cable weight and cost. To address the higher voltages, increased
insulation is required in both the cables and motor windings, and the inverter system must be designed
to match. Thanks to their increased efficiency and performance improvements at higher voltages, 1,200
V SiC MOSFETSs are ideally suited to addressing this requirement.

Using an EV to Power Your House
The average battery size in an electric vehicle is 40 kWhr". Being four times the size of an average
residential battery energy storage system (BESS), this means an EV can quite easily deliver the energy
needed by a typical house for the whole day. Offering this alternative ‘vehicle-to-home’ (V2H) approach
will become a disruptive driver in the industry and change the way we use energy in the future.
Accessing power from the EV will save electricity costs and reduce strained demand on the grid, while
re-charging the EV when demand and costs are low drives down household bills and supports better grid
stability. What’s more, the EV can also provide energy back to the grid (V2G) when the demand is high.
This has the potential to transform the utility grid, to make it more intelligent and dynamic with
electricity transferred and stored at a macro scale.

With this in mind, EV manufacturers are now starting to introduce bi-directional on-board chargers
(OBCs), which provide a two-way street of power delivery for V2H, V2G, and vehicle to load (V2L). The
Nissan Leaf, Ford F-150 Lightning, Hyundai loniq 5, Kia EV6 and the Mitsubishi Outlander PHEV all offer
this capability today.

Such next-generation integrated and holistic power solutions are increasingly reliant on SiC power
devices. SiC MOSFETSs such as those in the GeneSiC family, for example, can provide the
hightemperature, high-speed performance that these applications demand, while GeneSiC merged-PIN
Schottky (MPS) SiC diodes must sustain excessive surge currents with low leakage while offering low
forward-voltage drop and fast-switching characteristics.
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Fast Charging Stations
The GeneSiC history to address the needs of the automotive sector also includes the development of
solutions for the fast-charging stations that are essential to the rapid adoption of EVs. Take, for example,
SK Signet’s recent design for a 350 kW-rated fast charger that converts 277 Vac mains electricity to a
carefully-controlled 200- 950 Vpc for both 400 and 800 V-rated battery-powered electric vehicles. Each
fast charger uses 168 x 1,700 V-rated GeneSiC diodes in the input power-factor correction (PFC) and
output-rectifier stages to provide efficient, robust operation. The high-performance GeneSiC
components operate up to 12 °C cooler than competing devices due to extremely-low threshold voltage
(Vrn) characteristics, which maximizes energy savings and supports longer lifetime operation.

Fast charging is also a key requirement in the industrial sector where, again, GeneSiC technologies are
being deployed to address application-specific challenges. Exide Technologies", for example, has
adopted new, leading-edge GeneSiC power semiconductors to ensure reliability, safety, ease-of-use and
optimal charging in its next-generation of high-frequency fast chargers for industrial materials-handling
equipment.

Exide’s 2100-series fast chargers convert 220 V AC power to a battery-level voltage between 24 and 80 V
for automated guided vehicles (AGVs) and manned material handling equipment such as forklifts and
pallet trucks. Each 7 kW module uses GeneSiC 750 V MOSFETs and MPS Schottky diodes with frequency-
optimized architecture. The same platform can be upgraded to 10 kW, with four modules in parallel to
provide 40 kW of reliable fast-charging power.

Fig. 1:  Residential homes can be powered from solar energy, BESS, an electric vehicle, and the grid.
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Solar Energy
Another significant growth driver for SiC is energy management in areas such as solar conversion, wind
energy, heat pumps, and energy storage.

In recent years, we have seen an increased number of power outages due to weather conditions and
climate change. In 2021, there were 350 million outages worldwide and in the United States ap
proximately 83% of reported major outages were attributed to weather-related events'. With the
stability of the grid in question, customers are resorting to installing solar power and BESS technologies
in their homes and businesses. Indeed, the US ‘attach rate’ for battery storage capability sold with solar
panels has increased from 9.5% to 17.1% in only 18 months. Having energy independence and being
able to live off-grid not only provides security but also allows customers to optimize and manage energy
storage and usage for lower electricity bills — an increasingly important issue in a market where utility
costs keep increasing.

GeneSiC has been established in the solar market for several years and its technologies can be found in a
variety of inverters including KATEK’s Steca coolcept fleX series"', which convert DC power from a string
of solar panels into 4.6 kW AC power for use in the home, returning to the grid, or being stored locally
for later use.

Each inverter uses sixteen GeneSiC 1200 V, 75 mQ-rated SiC MOSFETSs to provide a two-level converter,
with bi-directional boost converters and an H4-topology for AC voltage output. As well as delivering the
performance and reliability needed by this application, the increased switching frequency of the SiC
technology allows the size and weight of passive components to be reduced, which optimizes the KATEK
unit in size and weight compared with legacy silicon-based inverters.

Energy Storage
The average US home uses 29 kWhr per day'", a demand that typically requires 20-25 solar panels.
Assuming the roof receives four hours of sunlight each day and each panel provides 350 W of power,
then 22 panels would be required. The problem is that approximately 30% of electrical usage happens
during solar production hours. Midday has the strongest daylight and provides the most power, yet the
majority of homeowners are at work and not able to use this free energy.

Storing this energy from the sun for later use means that when a homeowner arrives home in the
evening - which is when electricity costs from the grid are at a peak - they can switch over to the battery
system. This reduces utility bills and optimizes how the energy is distributed.

There are several ways to store energy into the BESS, including solar energy, grid connection and, as
mentioned previously, energy from an EV.
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Fig. 2:  GeneSiC trench-assisted planar-gate technology enables leading-edge performance with high-yielding
manufacturing.

A BESS consists of a battery module, battery management system (BMS), energy management system
(EMS), and a power conversion system (PCS). Typical systems range between 10-20 kW, which translates
to powering a home for anything between eight and 16 hours. Wide bandgap devices, such as SiC
MOSFETs and GaN power ICs are used in the inverter and buck-boost stages of these systems to convert
AC-DC (from grid to battery), DC-DC (from solar to battery), and DC-AC (from battery to grid or battery
to home)

SiC Technology Update - MOSFETs

The imperative to deliver ever-higher performance and more efficient energy conversion and control
while supporting environmental sustainability through the electrification of our world and the reduction
of CO, emissions is driving the ongoing development of SiC solutions for mass market applications. Take,
for example, GeneSiC trench-assisted planar gate MOSFET technology.

While SiC MOSFETSs offer superior conductivity and switching performance compared to silicon due to
their wide bandgap characteristics and high electric-field strength, traditional designs using planar or
trench techniques have had to compromise between manufacturability, performance, and/or reliability.
The patented GeneSiC trench-assisted planar-gate design, however, is a no-compromise, next-
generation solution that supports high-yield manufacturing, fast and cool operation, and extended,
long-life reliability. Combined with the industry’s lowest Rpson) at high temperatures and lowest energy
losses at high speeds, these devices enable unprecedented, industry-leading levels of performance,
robustness and quality.

© Navitas Semiconductor Www.navitassemi.com p5 of 13



http://www.navitassemi.com/

@ Navitas (?)GeneSiC”

The issue of Rpsion) and temperature is particularly important. In real-life applications, the ambient
temperature in a system can be up to 80 °C, with device power cycling further elevating junction
temperature. GeneSiC MOSFETs were designed with this in mind and support the industry’s lowest
RDS(ON) temperature co-efficient. In datasheets, Ros(on) is typically rated at 25 °C, but depending on
temperature coefficient, this can significantly increase at elevated temperatures. In tests, a GeneSiC
1200V, 40 mQ SiC MOSFET in a D2PAK was compared against the comparable leading SiC MOSFET
technology and the equivalent gate drive and conditions were realized to reveal a true comparison. The
results demonstrated that GeneSiC MOSFETs operate with a 25 °C cooler case temperature, which
results in significantly lower losses and higher system efficiency. From a reliability standpoint, 25 °C
cooler operation translates into three times longer device lifetime.

Other important ‘figures of merit’ for evaluating SiC MOSFETSs are on resistance and area and on
resistance and gate charge.

The latest Yole SystemPlus SiC Transistor 2022 Report compared twelve SiC MOSFET technologies for
Ros(ony*Area and Rpsion)*Qg and the results show that GeneSiC’s novel MOSFET technology outperforms
all competition, including trenchgate structures, whilst keeping the benefits or planar gate ruggedness,
short circuit capability and simpler manufacturing processing.

In 2019, GeneSiC collaborated with Sandia National Laboratories and DoE to create a state-of-the-art,
leading edge monolithically integrated SiC double-implanted metal oxide semiconductor (DMOSFET)
device structure with a merged PiN Schottky (MPS) diode. This product was later awarded Green Tech
special recognition at the 100 R&D Awards. Integrating a JBS diode within the MOSFET provides more
efficient bi-directional performance, temperature independent switching, low switching and conduction
losses, reduced cooling requirements and superior long-term reliability. Typical applications are
‘medium-voltage’ power conversion systems, such as traction, pulsed power and smart grid

infrastructure.
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Fig. 4:  GeneSiC’s pioneering MOSFET technology leads the industry and proven by third party evaluation

Monolithic integration of the MOSFET and diode enables low conduction losses during the operation of
the free-wheeling diode without an externally connected Schottky diode. Furthermore, the built-in P-
Well/N- Drift body diode of the MOSFET structure is bypassed, which can lead to faulting of the basal
plane dislocations (BPDs) present within the N- drift layer of the MOSFET.

The benefits that this technology offers can be seen by considering the implementation of a medium
voltage (MV) grid-to-battery energy storage system in which the MV grid is connected to the BESS by an
isolated topology, such as a dual active bridge (DAB) and an active front-end converter (AFEC). A three-
level, neutral-point clamped (NPC) inverter reduces filter requirements compared to a two-level
topology, lowering the voltage stress across the SiC MOSFETSs.
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Fig. 6: 3.3 kV Monolithic MOSFET with MPS diode has significantly lower voltage drop in third quadrant operation
compared to a discrete SiC MOSFET.

A series connection of the SiC 3.3 kV MOSFET-diode devices is possible, depending on the grid voltage
(Figure 7), while the low-voltage side is supported by 1200 V SiC devices. The medium frequency
transformer switching frequency can range from 10 - 20 kHz. Single or a three-phase topology can be
used depending on the power requirements. Using single 3.3 kV SiC MOSFET-diodes as a replacement to
several 1.2 - 1.7 kV MOSFETs or IGBTs connected in series has significant advantages, including easier
gate driving, lower parasitic inductance, reduced conduction losses and higher system efficiency. Cooling
requirements can be substantially reduced, alongside system size and weight.
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SiC Technology Update — Diodes and Modules
At PCIM 2023, Navitas announced the 5™ generation of merged-PIN Schottky (MPS™) diodes with low-
built-in voltage biasing technology, offering superior FOM and highest robustness to provide industry-
leading efficiencies in SMPS PFC applications across all load situations. The novel design of the MPS
diode combines the best features from both PiN and Schottky diode structures, producing the lowest
forward voltage drop (Ve), high surge-current capability (lesm), and minimized temperature-independent
switching losses. Proprietary thin-chip technology further reduces Vi and improves thermal dissipation
for cooler operation.

Additionally, the Gen 5 MPS diodes have been designed for best-in-class robustness and ruggedness, for
applications demanding high surge current and avalanche capability, critical for fail-safe designs. All
GeneSiC devices are 100% avalanche (UIL) production tested to ensure the highest level of ruggedness in
over-voltage conditions.

These devices are ideal in PFC circuits in continuous current mode (CCM) due to excellent figures of
merit, comprising of a low V¢ of 1.3 V and minimized capacitive charge (Qc). In addition, zero reverse
recovery charge improves PFC MOSFET turn-on performance. The result is a cooler, more reliable
system.
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SiCPAK™ SiC MOSFET Modules
Navitas has also announced the availability of its module packaging portfolio, starting with the SiCPak
module™, These industry standard press-fit modules have been designed with performance, reliability,
and ruggedness at the forefront. The G3 1200V MOSFETs range from 6mOhms upwards in half-bridge
configurations. The SiC MOSFETSs are Ag sintered to provide superior thermal dissipation and reliability.
Additionally, the Direct-Bonded Copper (DBC) substrates are manufactured by Active Metal Brazing
(AMB) on silicon nitride (Si3N4) ceramics ideal for high power cycling applications. The excellent bending
strength, high fracture toughness, and excellent thermal conductivity make silicon nitride (Si3N4) well
suited for power electronic substrates.

8

Competition

GeneSiC's novel
2 Low-Built-in Voltage
biasing technology

\

0.0 05 1.0 15 2.0
Forward Voltage (V)

Forward Current (A)
I

40

30

20

Figure of Merit (Q_*V,) (nCV)

(4]

GeneSiC Comp 1 Comp 2
*based on BA @25C

Fig. 8: GeneSiC Gen 5 650V diodes has a novel structure enabling low-built-in voltage biasing, while providing excellent
figure of merit (QC.VF).
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Fig. 9:  In a3 kW Interleaved Boost PFC, GeneSiC diodes offer highest system efficiency across light and full load due to
superior FOM.

Conclusion
Growth markets such as electric vehicles, renewable energies, and energy storage are driving higher
system efficiency requirements that only SiC power devices can enable. Navitas’ GeneSiC portfolio offers
leading-edge performance and robustness up to 6.5 kV, to delivery clean, highly efficient energy
conversion that will accelerate the adoption to “Electrify Our World™”.

To learn more about the high-performance GeneSiC range, and how dedicated Navitas Design Centers
can provide complete platform designs to upgrade and accelerate your design, visit navitassemi.com.
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Additional Information

DISCLAIMER Navitas Semiconductor (Navitas) reserves the right to modify the products and/or specifications described herein
at any time and at Navitas’ sole discretion. All information in this document, including descriptions of product features and
performance, is subject to change without notice. Performance specifications and the operating parameters of the described
products are determined in the independent state and are not guaranteed to perform the same way when installed in customer
products. The information contained herein is provided without representation or warranty of any kind, whether express or
implied. This document is presented only as a guide and does not convey any license under intellectual property rights of
Navitas or any third parties. Navitas’ products are not intended for use in applications involving extreme environmental
conditions or in life support systems.

Navitas, GaNFast, GaNSense, GeneSiC, and the Navitas logo are trademarks or registered trademarks of Navitas Semiconductor
and subsidiaries. All other brands, product names, and marks are or may be trademarks or registered trademarks used to
identify products or services of their respective owners.

Copyright ©2023 Navitas Semiconductor. All rights reserved.
Contact:
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