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for Lzrae-Scale Power Conversion Systems

The high-powered catalyst for the clean energy transformation

SiC MOSFET technology is transfor-
ming large-scale energy systems by

supporting power plant operators in:

* Delivering exceptional efficiency
and reliability

* Reducing operational costs

* Accelerating the integration of
renewable energy into the grid

With these benefits, SiC MOSFET
technology is shaping the future of
clean energy.

The shift from traditional IGBTs to ad-
vanced silicon carbide (SiC) MOSFETs

brings unprecedented efficiency, reliabil-
ity, and performance to central inverters.

These innovations are driving a new era
of robust, large-scale power conversion
systems, meeting the rising demands of
renewable energy integration and grid

stability.

Today's central inverters typically use
traditional silicon IGBTs for power
switching and conversion, where
semiconductor design directly influences
performance. Replacing IGBTs with
next-generation silicon carbide (SiC)
MOSFETs significantly boosts efficiency
and resilience in utility-scale systems -
supporting a stable, sustainable energy
transition.
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Silicon Carbide: A Game Changer in Evolving Stack Technology

IGBTs have been a cornerstone of power
conversion technology for decades. Their
robustness and proven reliability make
them a trusted solution for high-voltage
(>1.0 kV) and high-power applications.
They deliver strong efficiency at medium
switching frequencies (typically below
20 kHz), making them well-suited for
many industrial and utility-scale systems.
While IGBTs generally have slower
turn-off times, particularly at elevated
temperatures, these characteristics are
well understood and can be effectively
managed through appropriate system
design. Their typical thermal tolerance is
around 50°C, and with careful thermal
management—something well established
in the industry - IGBTs continue to offer
reliable performance even when operat-
ed near their temperature limits.

While IGBTs remain a valuable solution
for many established applications, the
evolving demands of modern power
systems are driving a shift toward even
higher efficiency, power density, and
thermal performance. This is where sili-
con carbide (SiC) MOSFETs offer a com-

pelling alternative. With their unique ma-

terial properties and ability to operate at
higher frequencies and temperatures, SiC
devices are enabling a new generation of
power conversion systems - particularly in
environments where performance, space,
and reliability are critical.

First released to market in 2011, silicon
carbide (SiC) MOSFETs have demon-
strated several advantages over tradition-
al silicon power semiconductors such as
IGBTs. Compared to silicon, silicon car-
bide offers higher thermal conductivity,
allowing it to withstand higher operating
temperatures with reduced risk of thermal
failure. It also features a wider band
gap, greater electric field breakdown
strength, faster switching speeds, and the
ability to support higher current densities
and nearly 10 times the voltage.

Recent innovations have made the
transformative benefits of silicon carbide
(SiC) technology accessible for large-
scale central power conversion systems
(PCS), something that was previously
unattainable due to the lack of appro-
priately sized SiC MOSFETs for such

applications.
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Structure of the SiC MOSFET chip

SMA has been using SiC MOSFETs in
string inverters for many years, gaining
extensive experience with the new tech-
nology and fostering strong and reliable
partnerships with suppliers along the
way. These proactive collaborations have
allowed SMA to stay at the forefront of
technological advancements. As a result,
SMA worked closely with a supplier to
define the specifications for a custom

> 2 kV SiC MOSFET chip, developed
specifically to meet both SMA’s and our
customers’ needs.

SiC MOSFETs: Redefining Efficiency and the Future of Large-Scale Power

Conversion Systems

Utilizing SiC MOSFETs for large-scale
power conversion systems provides a

range of significant advantages over

traditional IGBTs, such as:

* Enhanced efficiency

¢ Higher power density

* Improved thermal performance

* Smoother harmonic performance
* Lower noise emmissions

All of these features make SiC MOSFETs
particularly suitable for applications

that require hight efficiency and perfor-
mance as well as reliability, such as in
renewable energy technologies. As a
result, SiC MOSFETs are reshaping the
landscape of energy conversion, making
large-scale energy systems more reliable,
efficient and cost-effective.
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Higher voltage ranges

The wide band gap of silicon carbide
enables SiC MOSFETs to operate higher
voltages compared to 1.2 kV and 1.7 kV
IGBTs. This is because silicon carbide
has a dielectric breakdown strength
approximately 10 times greater than that
of silicon. Silicon carbide can also with-
stand temperatures of up to 300°C.

Lower switching losses

Due to their monopolar structure,

SiC MOSFETs have inherently lower
switching losses than IGBTs, and

can support faster switching of up to
200 kHz with less turn-off loss. This

is generally the case across points of
operation, ensuring that SiC MOSFETs
deliver higher efficiency than IGBTs.

Pioneering the Future of
Power Conversion: SMA’s
SiC MOSFET Technology

SiC MOSFET-based central inverters pro-
vide power plant operators with a highly
efficient, reliable foundation for their
systems. By reducing energy losses and
enabling higher switching frequencies,
they lower operational cost and increase
energy output. The result: maximized
performance, greater stability and higher
profitability.

SMA'’s Proven and Fully
Tested Stack Design

With more than 60 GW of capacity
installed to date, SMA has demonstrated
the effectiveness of reliable and efficient
stack design for inverters. SMA uses a

Higher efficiency

MOSFETs are characterized by a linear
ohmic relationship between current and
voltage, in contrast to the logarithmic ohmic
curve of IGBTs. Particularly af low currents,
the voltage drop across SiC components

is lower than that of Si semiconductors, as
shown in the graph below.

As a result, conduction losses (P = I2R)
decrease, enabling SiC MOSFETs to
achieve greater efficiency and better
thermal performance than IGBTs, espe-
cially in the partial load range.
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Higher switching frequency

SiC MOSFETs with their higher switching
frequency, effectively reduce harmonics
and smooth the sine wave, leading to
reduced filter size.

Lower thermal stress

As they can withstand higher tempera-
tures than IGBTs, SiC MOSFETs experi-
ence lower thermal stress and improved
cycling times. This means that SiC MOS-
FETs can provide a longer service life for
critical energy infrastructure.

MOSFET vs IGBT Characteristics

4 —— MOSFET
IGBT

AU = Arbitrary Unit

Voltage (U) / AU

Current (1) / AU

2-level B6 design rather than the 3-level
NPC design used in many other inverters.
Each stack design offers different advan-
tages and disadvantages.

The 3-level NPC design features switches
at plus, middle point and minus, while
the 2-level B design has a simpler struc-
ture with switches at plus and minus.

Although the 3-level NPC design delivers
better harmonics and slightly higher
efficiency compared to the 2-level B6
design, it is also more complex and diffi-
cult to control, increasing the likelihood
of failures. By comparison, the simplified
design of the 2-level B6 stack is easier to
manage, offering greater robustness and
better reliability.

SMA's inverters have demonstrated
this stability and reliability in real-world
applications.

North American Electric
Reliability Corporation (NERC)!

SMA's inverters have consistently
proven their unmatched stability and
reliability in real-world applications.
This is supported by disturbance
reports from the North American
Electric Reliability Corporation
(NERC) on fault ride-through events
across the country. These reports
show that all the inverters that failed
share a 3-level NPC stack design

- commonly found in many IGBT-
based inverters. In stark contrast,
SMA's central inverters, with 2-level
B6 design, was not mentioned in
these reports which shows no such
vulnerabilities, reinforcing their
industry-leading performance and

dependability.



Maximizing Benefits for
Plant Owners with a
Powerful Combination: SiC
MOSFET with B6 Topology

Although the stack topology used in
inverters is independent of the semicon-
ductor material used, advances in silicon
carbide technology make it possible to
improve the efficiency and effectiveness
of inverters designed with a 2-level B6

stack. This eliminates almost all of the dis-

advantages of the 2-level Bé architecture

while adding the advantages of a silicon
carbide semiconductor material.

It's clear that introducing SiC MOSFETs
info central inverters for large-scale
applications creates significant benefits
for plant operators and now by incor-
porating a simplified stack design like
the 2-level B6 topology, the advantages
become even greater.

Incorporating SiC MOSFETs info a new
generation of SMA central inverters

helps to overcome the 2-level B6 design
relative to the 3-level NPC technologies,

SMA Stack Design (B6) with SiC Mosfets
Robustness of B6 2 Level Topology vs 3 Level NPC

SMA Stack Design: 2 Level - B6
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and even to surpass the 3-level NPC
design in terms of efficiency. Using SiC
MOSFETs, the 2-level B4 topology also
retains its advantages over the 3-level
NPC stack MOSFETs in the case of tran-

sient network events.

Testing to date shows that SiC MOS-
FET-based technology from SMA doubles
the switching frequency of silicon-based
IGBT devices and achieves a maximum
efficiency of 99.2%* compared to
98.9% for SMA central inverters with
silicon IGBTs.

Competition Stack Design:*3 Level NPC

* Proven technology for bero * Established in AC drive bcro 3]
PV and Battery Energy Storage " % 0 industry "J[}} >,
Systems (BESS) I} * More semiconductors Con -
(>60GW installed based) . — * Disadvantages: Higher 2 Kw_}”’;

* Disadvantages: More filter —— fault liability, unstable FRT i __| T:J[' - o
capacity. ., events and Grid Forming e =h

* Advantages: Less complex, g }D‘ behaviour, less reliable '-J[}-}L b
robust and reliable oc-o * Advantages: Less bc-o i

* Future Proof: Advanced Grid
Support features (Grid Forming
with Inertia, Fast Frequency
Control)

mandatory filter capacity

! FRT event in Texas, US proved the disadvantage of 3 Level NPC, SMA's Sunny Central units had no complaints in the NERC Report.

Features of the New Generation of Central Inverters

High-Efficiency Energy Conversion

SiC MOSFETs in central inverters boost
efficiency in PV power plants by reducing
losses and improving thermal manage-
ment, maximizing energy yield.

In storage power plants, their impact is
even greater. Since round-rip efficiency
matters, every loss occurs twice - during
charging and discharging. SiC MOSFETs
minimize these losses, increasing usable
energy and reducing needed battery
capacity, and therefore accelerating the
return on investment.

* Preliminary test results

Higher Switching Frequency Results
in Cost Savings

Beyond the technical switching frequency
limits of SiC semiconductors, the optimal
frequency depends on the stack topology
and involves a trade-off between efficien-
cy, filter capacity and power density.
SMA has set the switching frequency for
its new generation central platform at 6.3
kHz, considering it the optimal switching
frequency for MOSFETs based on the
previously explained trade-offs and the
implemented 2 Level B6 topology.

Compared to traditional IGBT-based
designs, this more than twofold increase

in switching frequency enables SMA's
next-generation central inverters to de-
liver smoother harmonics with a smaller
choke - resulting in lower CAPEX and
enhanced overall performance.
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https://www.utilitydive.com/news/NERC-batteries-inverter-based-resource-faults/695611/

/ SiC MOSFETs: Next Level of Efficiency

A Tested and Proven Design That’s Ready for Production

To develop its new stack design for the performance gains are even higher Now, this cuﬂing-edge
higher voltage and higher power than current estimates. Additionally, EMI luti c ilable f
class central inverters, SMA has spent and dielectric strength test have shown solution Is available rrom
several years working with its trusted the same or even better performance SMA, rec:dy to meet the
chip suppliers and conducting internal than previous generations. demands of modern

tests to assess performance. Those

tests performed at different levels of After thoroughly assessing this new |Clrge-SCCl|e energy

power, efficiency and reliability have inverter technology, SMA has now OppliCCﬂ'iOl‘\S.

demonstrated that these updated devices  secured reliable market availability with

are now ready for production, and high-quality semiconductor manufacturers

further testing is expected to show that and resilient independent supply chains.

Powering the Future: Paving the Way for a Renewables Based Grid

Central inverters with advanced grid power plant requirements. Together, we

support functionalities will play a key can power a cleaner, smarter, and more Discover how SiC

role in the ongoing transformation to efficient energy future.

a 100% renewable energy grid. Such MOSFET teChnOIOQY
devices are needed to provide safety 1 Pt o | i | can transform your

and reliability, especially in transient grid
events. With its decades of experience
and demonstrated success with the ro-
bust and simple 2 level B6 topology and T
its experience with SiIC MOSFETs - SMA
believes the future lies in the combination
of both.

energy project

— Transform your large-scale energy
' projects with SMA’s advanced
+ 4 SiC MOSFET technology. Contact
us today to learn how our cut-
ting-edge stack designs and
high-power, high-voltage central
inverters can drive innovation in
utility-scale PV power conversion!

B—

By combining this holistic approach
with our next level advancements in
semiconductor technology, SMA's new

generation of central inverters delivers a SMA's Sunny Central Storage UP-S powered by

. Contact SMA today!
future-proof solution that not only meets SiC MOSFET technology represents a significant v
today’s energy demands but tomorrow’s  leap forward in inverter technology.

Andreas Tigel

Product Manager

SMA Solar Technology AG
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