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CoolSiC™ 400 V and 440 V G2 MOSFETs 

Infineon's latest generation of SiC MOSFETs  

About this document 

Scope and purpose 

This document introduces Infineon’s newly released CoolSiC™ 400 V/440 V G2 silicon carbide (SiC) MOSFETs. 

It introduces the new 400 V/440 V voltage class of SiC MOSFETs and their target applications. It also discusses 

the key technology parameters of these MOSFETs and how they provide system-level benefits for designers. 

Finally, the document provides application benchmarking in the major targeted topologies – addressing a wide 
range of applications.  

Intended audience 

This document is intended for design engineers, technicians, and developers of electronic systems. 
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1 Introduction 

Infineon’s CoolSiC™ G2 400 V MOSFETs have been designed to bridge the gap between the newest generations 
of switching optimized 200 V Si trench MOSFETs and 600 V Si superjunction (SJ) MOSFETs – to address two-level 

topologies for bus voltages of up to 300 Vdc and enable the adoption of innovative three-level topologies for bus 
voltages of up to 600 Vdc.  

Scaling up the 200 V Si trench MOSFETs or scaling down the 600 V Si SJ MOSFETs have resulted in compromises 
in the switching performance due to large and non-linear input-, output-, and reverse-capacitances, and higher 

reverse recovery charges. The optimization of CoolSiC™ G2 for a breakdown voltage of 400 V enables significant 
gains in switching figures of merit (FoM), as shown in Figure 1. These make them a perfect fit for hard-switching 
applications such as continuous conduction mode (CCM) totem-pole (TP) PFC, and soft-switching applications 

such as synchronous rectifiers. These devices help achieve the optimal system efficiency and power density, 

while maximizing the performance-to-cost ratio.   

   
Note: Switching FoMs are defined at the typical operating voltages of each voltage class, namely VDS = 200 V for 400 V SiC and VDS = 400 V for 650 V SiC and VDS = 500 V for 750 V SiC MOSFETs.    

Figure 1 Switching and conduction FoM of CoolSiC™ G2 400 V MOSFETs 

In hard-switching applications like CCM totem-pole, inverters, and buck/boost converters, the 
switching-related losses depend on: 

• The output charge Qoss of the hard-switching MOSFET and the complementary MOSFET 

• Forward recovery charge Qfr of the complementary MOSFET where the hard commutation of the body diode 

occurs 

• Miller capacitance charge Qgd 

• Output energy Eoss of the hard-switching MOSFET 

The substantial improvements in these switching FoM indicate the significant reduction in switching losses, 
achievable with multi-level topologies where the blocking voltages are reduced, compared to their 2-level 
counterparts.  

In synchronous rectification applications like in the secondary side of a phase-shift full-bridge (PSFB) or dual-
active bridge (DAB) DC-DC converters, where hard-commutation of the body diode under non-zero current 

switching (non-ZCS) condition occurs, the lower bipolar Qbip (formerly denoted by reverse recovery charge, Qrr) 
contribution to the forward recovery charge Qfr helps mitigate the overshoots and ringing (EMI). In soft-
switching applications like the primary side of an LLC or DAB DC-DC converter where zero-voltage switching 
occurs, the lower output charge Qoss facilitates easier zero voltage switching conditions.   
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The temperature dependence of the on-state resistance RDS(on) is quite flat, with roughly an ~11% increase at 
junction temperature Tj = 100°C, which results in a consistent conduction loss profile throughout various load 

conditions. It also enables the use of higher RDS(on) parts with smaller parasitic capacitances and charges that 
improve the switching behavior and reduce switching losses. This is particularly important to consider when 

redesigning systems where legacy Si technologies are used, as the RDS(on) rise vs. junction temperature Tj for Si 
technologies is significantly steeper, and therefore, a CoolSiC™ 400 V MOSFET with a higher RDS(on) may be the 
right fit.   

1.1 Portfolio 

Table 1 and Table 2 show the released product portfolio in SMD and THD packages. The next sections of this 
document provide a short introduction to the key technology parameters and value propositions in various 

power electronics topologies for target applications such as AI, server, telecom, industrial SMPS, solar, energy 

storage system (ESS), and motor control, among many others. For more information on Infineon products, visit 

the webpage. 

Table 1 CoolSiC™ G2 400 V/ 440 V MOSFETs portfolio in SMD packages 

RDS(on),typ 

[mΩ] 

TOLL w.  

Kelvin source 

TOLL w. Kelvin source D2PAK-7 w. Kelvin 

source 

TOLT w. 

Kelvin source 

    

45 IMT40R045M2H  – IMBG40R045M2H IMLT40R045M2H  

36 IMT40R036M2H – IMBG40R036M2H IMLT40R036M2H 

25 IMT40R025M2H IMT44R025M2H IMBG40R025M2H IMLT40R025M2H 

15 IMT40R015M2H IMT44R015M2H IMBG40R015M2H IMLT40R015M2H 

11 IMT40R011M2H IMT44R011M2H IMBG40R011M2H IMLT40R011M2H 

 

Table 2 CoolSiC™ G2 400 V MOSFETs portfolio in THD packages 

RDS(on),typ 

[mΩ] 

TO247-3 

 

TO247-4 w. 

Kelvin source 

  

45 IMW40R045M2H  IMZA40R045M2H  

36 IMW40R036M2H IMZA40R036M2H 

25 IMW40R025M2H IMZA40R025M2H 

15 IMW40R015M2H IMZA40R015M2H 

11 IMW40R011M2H IMZA40R011M2H 

 

https://www.infineon.com/product-information/power/mosfet/silicon-carbide/400v
http://www.infineon.com/
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2 Technology parameters 

The new 400 V SiC MOSFET trench cell structure is based on the design of the higher voltage classes and is 

shown in Figure 2. It is an evolutionary next step to the higher voltage classes of Infineon’s CoolSiC™ G2 family, 
with a reduced cell-pitch(1) and refined channel(2) properties, which help achieve significant improvement in 
device performance over the reference HV SiC MOSFET technologies. An enhanced control over the drift 
region(3) properties enables a more precise design of the device. Through meticulous optimization of the chip 
design, e.g., the junction termination, the active area loss has been minimized. This results in a 400 V SiC 

MOSFET technology that sets new standards for performance, reliability, and efficiency, enabling the 
development of innovative power electronic topologies and sustainable energy systems.      

 

Figure 2 400 V SiC MOSFET cell structure showing (1) cell pitch, (2) channel, and (3) drift region 

The important switching and conduction figures of merit (FoMs) are discussed earlier in Section 1. This section 

further describes the most important technology parameters and provides general recommendations for using 

CoolSiC™ G2 400 V MOSFETs. 

2.1 Commutation robust body diode with low Qfr  

Note: CoolSiC™ G2 MOSFETs use a different nomenclature for the body diode recovery parameters 

compared to CoolSiC™ G1 MOSFETs. The old nomenclature of Qrr alone does not fully explain the 
values from a standards perspective. Qrr represents only the reverse recovery charge. During the 

reverse recovery charge measurement, Qoss is also measured. It means that the value in the 

datasheet of Qfr is the sum of Qoss and Qrr.  

Figure 3 shows the hard commutation of the body diode at various temperature and load current conditions. 

The switching waveforms show negligible dependence on the operating temperature and load current. This 
shows the commutation robustness of the body diode due to the very low bipolar recovery charges during the 

forward recovery process.   

  

 

  

    
 

  

https://www.infineon.com/products/power/mosfet/silicon-carbide
https://www.infineon.com/products/power/mosfet/silicon-carbide
https://www.infineon.com/products/power/mosfet/silicon-carbide
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Figure 3 Double pulse test showing hard commutation of the body diode at various (a) temperature 

and (b) load current conditions 

Compared to older Si technologies in the similar voltage class, between 250 V–300 V, significant improvements 

in the body diode’s reverse recovery charge have been achieved, as shown in Figure 4. 

 

Figure 4 Comparison of hard commutation of body diode between CoolSiC™ G2 400 V and older Si 

technologies in 250 V–300 V voltage class 

2.2 Transfer characteristics 

The transfer characteristics provide information relevant to determine the driving capability of the CoolSiC™ G2 
MOSFETs, as well as the ruggedness in the linear mode of operation, where the MOSFET is susceptible to 

thermal runaway. The crossing point between the 25°C (straight line) and 175°C (dashed line) lines is named the 

“thermal instability point”. Below the thermal instability point, the MOSFET allows a higher current transfer at a 

higher temperature that can lead to thermal runaway in the application, depending on the applied gate source 

voltage. The lower the thermal instability point is located in the transfer characteristics, the more rugged it is in 
the linear mode of operation to avoid thermal runaway – resulting in an enhanced SOA.  

For CoolSiC™ G2 400 V MOSFETs, the thermal instability point is at VGS = ~12.2 V, which makes it fully compatible 

with 15 V gate driving. However, it is recommended to operate the device with a driving voltage of 18 V, as it 
provides an additional RDS(on) benefit of approximately 21%. 
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Figure 5 Transfer characteristics comparison: CoolSiC™ G2 400 V vs. 650 V reference MOSFETs 

2.3 Coss, Crss, Ciss capacitances 

The output capacitance Coss has a major impact on the MOSFET’s switching losses.  

• It influences the required charge Qoss to affect any change in the MOSFET drain-source voltage dVDS/dt, 

thereby impacting the switching times and VDS/IDS overlap losses. The linearity of Coss is also important not to 
only ensure clean and controllable switching waveforms with minimal overshoots, but also minimize the 

switching times and VDS/IDS overlap losses 

• In a synchronously switching half-bridge cell, the Qoss,SR of the complementary synchronous rectifier 

MOSFET needs to be provided during the hard commutation of the body diode to raise the blocking voltage 
of the diode/SR. This additional Qoss,SR-related current flows through the hard-switching control switch and 

therefore has a major impact on the hard-switching turn-on energy Esw,on of the MOSFET 

• The energy stored in the output capacitance Eoss is dissipated in the channel during the hard switching turn-

on 

The reverse capacitance Crss also has important effects on the switching behavior:  

• It influences the so called “Miller plateau” region during hard-switching events and therefore the VDS/IDS 

overlap losses 

• The charging/discharging of Crss during any dVDS/dt event injects a certain amount of current to the gate-

source capacitance of the complementary SR MOSFET in a synchronous half-bridge, leading to potential 
Miller (Cgd x dVDS/dt) induced parasitic turn-on 

The input capacitance Ciss impacts the gate drive losses in the system. Figure 6, Figure 7, and Figure 8 show the 
capacitance characteristics of CoolSiC™ G2 400 V compared to the reference 650 V SiC MOSFET technology. The 

general behavior is similar, with the 400 V SiC MOSFETs showcasing slightly more linear characteristics.  
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Figure 6 Output capacitance comparison: CoolSiC™ G2 400 V vs. 650 V reference MOSFETs 

 

Figure 7 Reverse capacitance comparison: CoolSiC™ G2 400 V vs. 650 V reference MOSFETs 

 

Figure 8 Input capacitance comparison: CoolSiC™ G2 400 V vs. 650 V reference MOSFETs 
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The Eoss and the Qoss are derived by the Coss using the following two equations: 

𝐸𝑜𝑠𝑠 = ∫ 𝐶𝑜𝑠𝑠 ∙ 𝑉 𝑑𝑉
400 𝑉

0
 

𝑄𝑜𝑠𝑠 = ∫ 𝐶𝑜𝑠𝑠 ∙
dV

dt
 d𝑡

400 𝑉

0

 

Equation 1 EOSS and QOSS calculation 

 

Figure 9 Eoss and Qoss comparison: CoolSiC™ G2 400 V vs. 650 V reference MOSFETs 

2.4 QG – gate charge 

The gate charge is an indicator of how fast a device can be turned on and off. It also describes the charge 
needed to fully activate the device and provides an indicator for switching losses. 

 

Figure 10 QG comparison: CoolSiC™ G2 400 V vs. 650 V reference MOSFETs 
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2.5 Positioning of CoolSiC™ G2 400 V between 200 V–600 V Si technologies  

Figure 11 shows the benchmarking of key switching and conduction parameters of CoolSiC™ G2 400 V with 
CoolMOS™ 8 600 V and OptiMOS™ 3 250 V fast-diode (FD) technologies. The parts are chosen to have similar 
RDS(on) at Tj = 100°C.  

The key conclusion is that CoolSiC™ G2 400 V MOSFETs exhibit linear and lower parasitic capacitances, which 
should provide better and faster switching characteristics with lower switching losses. The RDS(on) dependence 
on the temperature is also significantly lower for CoolSiC™ G2 400 V MOSFETs, leading to a stable loss profile as 
a function of load and enabling the choice of higher RDS(on) parts with lower parasitic capacitance to further 

reduce switching losses and improve efficiency.   

 

Figure 11 Benchmarking and positioning of CoolSiC™ G2 400 V vs. 250 V and 600 V Si MOSFETs 

In summary, CoolSiC™ G2 400 V MOSFETs can be positioned in systems where a blocking voltage 150 V < VDS,block 
< 300 V is needed. Compared to 250 V–300 V Si technologies, it provides a performance benefit leading to a 
good cost-performance ratio. Compared to 500 V–650 V Si technologies, it provides cost and performance 
benefits and gives you the option to use a “right-fit” voltage class where a higher V(BR)DSS = 500 V–600 V rating is 

not required. 
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3 Gate driving 

3.1 Flexibility in using Kelvin source and power source as reference 

CoolSiC™ 400 V MOSFETs are offered in a 4-terminal configuration with a Kelvin source (KS) pin – also known as 
source Sense (SS) – which you can use as a reference for driving the gate. This helps decouple the power path 

and gate drive path by effectively excluding the common source inductance (CSI) from the gate drive path, as 

shown in Figure 12 (a).  

   

Figure 12 Gate driving using (a) Kelvin source (4-terminal) vs. (b) power source (3-terminal) 

   

Figure 13 Illustrative switching waveforms showing the effect of CSI on hard-switching control 

switch and synchronous rectifier 
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The effect of CSI on the hard-switching control MOSFET and the complementary synchronous rectifier is shown 
in Figure 13 and discussed in [14]. For a given gate drive network (Rg,ext,on,off), the CSI slows down the switching 

speeds of the hard-switching control MOSFET during turn on and off, which increases the switching losses in 
the control FET. On the other hand, during the turn on of the control MOSFET and hard commutation of the 

body diode, the CSI adds useful “negative” feedback to the gate, which can help mitigate CGD x dVDS/dt Miller-
induced parasitic turn-on, especially in cases where the pull down strength of the gate driver is insufficient.  

Infineon’s CoolSiC™ MOSFETs are offered in low-inductance packages like TOLL, where it may be beneficial to 

leverage the CSI and use power source reference for 3-terminal driving to tune the gate drive network 

impedance and control the switching behavior. This is shown in Figure 14 with half-bridge buck-mode 
measurements using a combination of Kelvin source and power source referenced driving and various Rg,ext.  

 

Figure 14 Flexible controllability of switching speeds using 4-terminal and 3-terminal gate driving 

In summary, the choice of Kelvin source vs. Power source reference for the gate driving of CoolSiC™ G2 400 V 

MOSFETs should consider the following aspects:  

• With unipolar driving:  

− For low-inductance packages like TOLL, it may be beneficial to evaluate 3-terminal gate driving with 
power source to use the CSI and tune the gate impedance network (e.g., by lowering Rg,ext) for the 
required switching speeds to utilize the “negative” feedback of CSI on synchronous rectifier MOSFETs. 

This is also demonstrated in reference designs [14], [17], and [1] 

− For high-inductance packages like TO247, 4-terminal gate driving with Kelvin source would likely provide 
optimal switching performance 

• With bipolar driving: 

− For all packages, it is recommended to evaluate 4-terminal gate driving with Kelvin source to get the best 
switching performance 
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3.2 Gate driving voltage  

As shown in Table 3, CoolSiC™ G2 400 V MOSFETs have an extended static and transient maximum rating for 
gate source voltage to allow a robust design with 80% derating, as recommended by the IPC9592-B standard 
even while using bipolar gate driving with 18 V/- 5 V.  

Table 3 Maximum gate drive voltage ratings of CoolSiC™ G2 400 V enabling IPC 9592-B derating  

Parameter Symbol Values Unit Note/test condition 

Min. Typ. Max. 

Gate source voltage (static) VGS,DC -7 – 23 V – 

Gate source voltage (dynamic) VGS,AC -10 – 25 V tpulse ≤ 500 ns, duty cycle ≤ 1 % 

The recommended gate driving voltage window during operation is shown in Table 4. Although it is possible to 
use +15 V turn-on gate voltage, it comes with a penalty of approximately a ~21% higher RDS(on) at 
datasheet-specified conditions. Therefore, to get the lowest RDS(on), it is recommended to use +18 V turn-on gate 

voltage. CoolSiC™ G2 MOSFETs fully support bipolar gate driving with negative gate turn-off voltages of 

-5 V–0 V, as covered in Section 3.2.1. This is especially beneficial to design circuits compatible with 2nd source 
SiC MOSFETs in the market that require bipolar driving.  

In summary, unipolar driving with 18 V / 0 V for CoolSiC™ G2 400 V MOSFETs is recommended due to the 

simplicity of the gate driving and auxiliary supply circuits.   

Table 4 Recommended gate drive voltages for CoolSiC™ G2 400 V MOSFETs 

Parameter Symbol Values Unit Note 

Min. Typ. Max. 

Recommended 

turn-on voltages 

VGS(on) 15  

(higher Rds(on); supported) 

18 

(lowest Rds(on); 

recommended) 

– V – 

Recommended 

turn-off voltages 

VGS(off) -5  

(higher complexity; 

supported) 

0 

(simpler; 

recommended) 

– V – 

3.2.1 Negative gate turn-off voltages with bipolar driving 

Infineon’s CoolSiC™ MOSFETs have a very low Miller ratio (Qgd/Qgs,th) and an industry-leading gate-threshold 
voltage (VGS,th) which make them robust against Cgd × dVDS/dt induced parasitic re-turn-on (PTO). Therefore, they 

do not need negative gate drive voltage for turn-off and show the best behavior regarding PTO in the market 
with unipolar gate driving (e.g., VGS,on,off = 18 V/0 V).  

However, a lot of SiC MOSFETs in the market still require a negative turn-off voltage with bipolar gate driving 
(e.g., VGS,on,off = 18 V/-5 V). Therefore, to facilitate second sourcing, CoolSiC™ G2 MOSFETs have an improved gate 

oxide, enabling negative gate source voltage during turn-off and are fully compatible with bipolar gate driving. 
This results in an even easier-to-use and easier-to-drive CoolSiC™ G2 MOSFETs, which support both unipolar 

and bipolar gate driving.  

Figure 15 shows the expected RDS(on) drift as a function of the number of switching stress cycles over the lifetime. 
It must be highlighted that there is still a positive VGS,th drift and a corresponding RDS(on) drift over the lifetime, as 
with all SiC MOSFETs available in the market. However, this RDS(on) impact is negligible, as shown in Figure 15 

and in the following example for a typical hard-switched CCM TP PFC application profile [16].  
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• Operation lifetime (s): 1.577E+8 (5 years) 

• Switching frequency (kHz): 65 

• Cycle duration (s): 1/switching frequency = 0.0000154 

• Number of cycles at the end of life: operational lifetime/cycle duration = ~1.025 E+13 

For a gate drive voltage of +18 V/-5 V at 100°C, the expected ΔRDS(on) is < 3%. This drift is within datasheet 
specifications, and has minimal impact on efficiency and performance at the system level.  

 

Figure 15 RDS(on) drift over lifetime 

Furthermore, CoolSiC™ G2 400 V/440 V MOSFETs allow transient gate-source voltage peaks down to -10 V, 

leaving headroom for voltage peaks coming from high dV/dt or gate loop parasitic inductances from the PCB 

design. 

3.3 Selection of gate driver ICs for CoolSiC™ 400 V–650 V MOSFETs 

Infineon’s family of EiceDRIVER™ gate driver ICs suitable to drive CoolSiC™ MOSFETs is shown in Figure 16.  

 
For more information, visit Gate driver ICs 

Figure 16 Infineon’s EiceDRIVER™ gate driver ICs for CoolSiC™ MOSFETs 
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4 Target applications and topologies 

CoolSiC™ G2 400 V MOSFETs are suitable for any application and topology that needs a typical drain-source 

blocking voltage of VDS,typ = 150 V–300 V. This new-generation technology is specifically ideal for various 
applications with continuous hard commutation on a conducting body diode. The following sections introduce 
some target applications that provide usage scenarios without limits for designers.  

 

Figure 17 Positioning of CoolSiC™ G2 400 V MOSFETs for various applications and topologies 

4.1 2-level and 3-level flying capacitor totem pole AC-DC PFC  

For industrial applications with a nominal single-phase AC line voltage of 120 Vac (e.g., in US and Japan) and 
rectified DC-link voltages up to 300 Vdc, CoolSiC™ G2 400 V can be used in two-level (2L) CCM TP PFCs. In such 
applications, which does not require 650 V voltage blocking capability, the CoolSiC™ G2 400 V MOSFETs offer all 

the advantages of using SiC wide bandgap (WBG) technology at a reduced price.    

For AI servers, traditional datacenters and telecom applications with nominal single-phase AC line voltages 

ranging from 180 V–347 Vac (e.g., in Canada) and rectified DC-link voltages ranging from 400 V–600 Vdc, CoolSiC™ 
G2 400 V MOSFETs enable the adoption of a novel three-level (3L) flying capacitor (FC) CCM TP topology for the 

highest performance in efficiency and power density. 

 

Figure 18 Application examples for CoolSiC™ G2 400 V/440 V: (a) two-level and (b) three-level 

bidirectional totem pole topology – depending on the AC voltage 
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Advantages of using CoolSiC™ G2 400 V in 3L flying capacitor CCM totem pole PFCs 

• High-frequency leg MOSFETs block ~VDC/2, enabling the usage of 400 V rated switches with better FoMs, 

effectively lowering the switching losses significantly 

• Commutation robust body diode with a low Qfr helps minimize body diode reverse recovery losses  

• Lower voltage swing across the inductor (0.5 x factor) combined with the benefits of “series interleaving”, 
where the inductor ripple frequency is twice that of the HF leg MOSFET switching frequency, enables a 

significant reduction (0.25 x factor) in the required inductance value 

• CCM mode results in a lower PFC inductor ripple current, leading to lower RMS currents and THD compared 
to CrCM or TCM modes. Additionally, the fixed-frequency operation simplifies the control and EMI filter 

designs   

4.1.1 Fundamentals of 3L flying capacitor CCM TP PFCs 

The 3L flying capacitor high-frequency switching cell can be simplified into two half-bridges – inner and outer – 
as shown in Figure 19. Each of them has a high-side (HS) and low-side (LS) MOSFET, which are switched with 
complementary PWM signals. The inner and outer leg PWM signals have a phase shift of 180° – leading to a 

“series interleaving” operation. At any given time, two MOSFETs conduct and two MOSFETs are in the blocking 
state, with the flying capacitor (charged to ~VDC/2) ensuring the voltage stress of MOSFETs in blocking state is 

~VDC/2. This enables using lower voltage rated switches in the 3L FC switching cell with better FoMs and lower 
cost. 

 

Figure 19 Simplified structure of the three-level flying capacitor high-frequency switching cell 

A detailed representation of the PWM signals and operation modes in a 3L FC CCM TP PFC for boost PFC 
operation in positive AC-line cycle is shown in Figure 20. Some key details to highlight are: 
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• The switching node voltage Vsw can have three levels – (1) VDC, (2) VFC or VDC – VFC, and (3) 0 V (GND) – leading 
to the nomenclature “three-level” topology. Under all conditions, the flying capacitor voltage should be 

maintained around VDC/2 with a voltage ripple of ΔVFC 

• The time period of the inductor current ripple is half that of the MOSFET switching period Tsw. This indicates 

the “frequency doubling” effect due to series interleaving operation. Effectively, the current ripple 
frequency of the inductor is twice the switching frequency of the MOSFETs 

• In every switching cycle, the flying capacitor has a charging and discharging state of operation. By 

controlling the duration of these periods and ensuring a steady state balance of Qcharge = Qdischarge, the voltage 
of the flying capacitor can be regulated as discussed in [1], [2], and Section 5.1 

 

 

Figure 20 Idealized operational waveforms at D < 0.5 and D > 0.5 modes of operation in a 3L FC CCM 

TP PFC showing the conduction states and current paths for positive AC line cycle 
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4.1.2 Comparison of 3-level flying capacitor vs  2-level CCM TP PFCs 

Figure 21 shows the volt-seconds applied to the inductor by a 3-level flying capacitor switching cell compared 
to its conventional 2-level half-bridge counterpart.  

 

Figure 21 Comparison of volt-seconds applied to the inductor in 2L and 3L flying capacitor switching 

cells 

For a given value of inductance and device switching frequency, the worst-case inductor ripple current with a 3-
level flying capacitor switching is 1/4th that of a 2-level switching cell. The dependence of ripple current as a 
function of the duty cycle of operation is represented in Figure 22. It is evident that to get the same ripple 

current as a 2-level switching cell, an inductance value of ¼ that of its 2-level counterpart is sufficient. This is 

due to two factors: 

1. Frequency doubling at the switching node due to series interleaving, which reduces the ripple time 

2. 3-level voltage waveform, which reduces the voltage applied across the inductor  
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Figure 22 Normalized ripple current as a function of duty cycle of operation for a given switching 

frequency and inductance value with a 2L and 3L flying capacitor switching cell 

There are two degrees of freedom in designing a 3-level flying capacitor topology:  

1. Potential to reduce the inductance 

2. Choice of switching frequency as a lever to balance the reduction of inductance and converter efficiency, as 
summarized in Table 5 

Table 5 Degrees of freedom in designing a 3-level flying capacitor topology  
Topology Case 1: fsw (3L) = fsw (2L) Case 2: fsw (3L) = fsw (2L)/2 

Conduction losses 2-level Pcond = Irms
2 Ron Pcond = Irms

2 Ron 

3-level Pcond = 2 Irms
2 Ron Pcond = 2 Irms

2 Ron 

Switching losses1) 2-level Psw = fsw Esw Psw = fsw Esw 

3-level Psw = 2 fsw (Esw/2) Psw = 2 (fsw/2) (Esw/2) 

Inductance and ESR 

for same ΔiL 

2-level L and ESR L and ESR 

3-level 
L/4, much lower ESR and 

smallest inductor 
L/2, lower ESR and smaller inductor 

Design outcome 
Optimized for highest 

power density 
Optimized for highest efficiency 

1) A simplified representation to show that the overlap idealized switching losses reduce by at least half in the 3-level topology, but the reduction 

in reality is higher 

A detailed comparison between the 3-level flying capacitor and 2-level CCM TP TPCs using measurements from 
their Infineon reference designs is given in Section 5.1.  

4.1.3 Design considerations in 3-level flying capacitor CCM TP PFCs 

4.1.3.1 Dimensioning of the flying capacitor 

The following parameters impact the dimensioning of the flying capacitor:  

• Switching frequency (fsw): Higher fsw → Lower CFC 

• Maximum allowed voltage ripple (ΔVFC): Higher ΔVFC → Lower CFC. Typically, ΔVFC = 10-20% of VFC,typ 

• Maximum load dependent inductor current (iL): Higher iL → Higher CFC 

  
   FC
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The following equations describe the impact of these parameters on the dimensioning of the flying capacitor.   

Δ𝑄𝐹𝐶 = 𝑖𝐿 ∗  Δ𝑡 

Δ𝑡 = (0.5 − |𝐷 − 0.5|) ∗ 𝑇𝑠𝑤  

Δ𝑄𝐹𝐶 = 𝐶𝐹𝐶 ∗ Δ𝑉𝐹𝐶 

𝐶𝐹𝐶 ≥
𝑖𝐿

ΔVFC ∗ 2 ∗ 𝑓𝑠𝑤
 𝑎𝑡 𝐷 = 0.5 

Equation 2 Equations for dimensioning of the flying capacitor 

For high power density designs (e.g., AI server PSUs and BBUs) that also require high reliability, MLCC 

capacitors with soft-edge termination or metal-cap termination, along with a good PCB design to minimize 

solder stress can be a good solution [3]. Typically, MLCCs with X7T or similar material also have capacitance 
drop under DC and temperature bias. Therefore, 450 V rated single or stacked metal cap MLCC capacitors can 
be considered to mitigate the capacitance drop under DC bias. 

4.1.3.2 Startup and pre-charging of the flying capacitor 

During a cold startup of the PSU with the flying capacitor uncharged (VFC = 0 V), two possible scenarios can 
occur depending on the location of the DC-link pre-charging NTC + relay, as shown in Figure 23, leading to a 
potential overvoltage stress on outer-leg MOSFETs QHSO and QLSO (NOT on inner leg MOSFETs QHSI and QLSI), if 

CoolSiC™ 400 V MOSFETs are used. As an example, with Vac,rms,max = 305 V, VDS,pk = ~431 V.     

 

Figure 23 Cold startup scenarios under two DC-link pre-charging NTC + relay configurations without 

flying capacitor charged 
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• Scenario 1 – NTC + relay connected in AC-side 

− The voltage stress of the outer leg MOSFETs (VDS,QHSO and VDS,QLSO) follows the DC link voltage (VDC) 

− It is therefore possible to have hardware- or firmware-based solutions to pre-charge the flying capacitor 
before the DC-link is fully charged and avoid the overvoltage stress on the outer leg MOSFETs, assuming 

400 V SiC MOSFETs are used  

− Startup methods:  

1. Passive clamping and FC pre-charging using TVS diodes 

2. Firmware-based flying capacitor (FC) pre-charging 

3. Active FC pre-charging [1] 

4. Using extended 440 Vdc/455 Vtr rated SiC MOSFETs without FC pre-charging 

• Scenario 2 – NTC + relay connected in DC-side 

− The voltage stress of the outer leg MOSFETs (VDS,QHSO and VDS,QLSO) follows the AC voltage (Vac), with 
VDS,QHSO,QLSO,pk = ~431 V immediately upon AC connection at 90° grid voltage phase angle 

− Start-up methods:  

1. Passive clamping and FC pre-charging using TVS diodes 

2. Using extended 440 Vdc/455 Vtr rated SiC MOSFETs without FC pre-charging 

Figure 24 shows the behavior of the CoolSiC™ 400 V MOSFETs – using IMT40R045M2H, chosen from a lot 
showing the worst-case breakdown voltage (V(BR)DSS) – during cold-startup without pre-charging the flying 

capacitor. It is important to highlight that even with VDS > 400 V, the MOSFETs do not go into avalanche or full 

breakdown until the tested voltage of Vac,rms = 325 V, indicating the robustness of CoolSiC™ 400 V MOSFETs to 
overvoltage stresses.    

• Case 1 – with Vac,rms = 295 V (equipment limited): The peak drain-source voltages on the outer leg 
MOSFETs are around ~416 V. With multiple repetitive AC line cycles, the charging and discharging of Coss 

results in some charges injected into the flying capacitor, which results in a linear rise in the VFC voltage 
 

• Case 2 with Vac,rms = 325 V (applied using an auto-transformer): Much higher peak drain-source voltages 

of around ~461.3 V on the outer leg MOSFETs are observed. As expected, this results in much higher drain-
source leakage currents of ~20 mA, but this leakage current charges up the flying capacitor and in the  
subsequent AC-line cycles, the drain-source voltage stress is reduced in a self-limiting manner. 

 
Consequently, two regions are observed: 

1. A non-linear higher IDSS related VFC charging, as indicated in Figure 24 (b)  
2. The linear Coss charging/discharging related VFC charging, as indicated in Figure 24 (b) 

 

Figure 24 Startup of 3L FC PFC without pre-charging the flying capacitor  
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To understand and distinguish between the higher IDSS leakage and avalanche breakdown of CoolSiC™ 400 V 
MOSFETs, additional DC and pulsed overvoltage stress tests were done on the IMT40R045M2H samples from 

the same lot showing the worst-case breakdown voltage. As shown in Figure 25 (a), in the region of VDS = ~431 V 
at Vac,rms,max = 305 V, the MOSFETs exhibit merely higher IDSS leakage currents and do not go into avalanche.  

 

Figure 25 DC and pulsed overvoltage stress tests to distinguish between higher leakage and 

avalanche breakdown regions 

Extended voltage rated CoolSiC™ 440 V MOSFETs with 440 Vdc/455 Vtr ratings for 3L FC CCM TP PFC without 

flying capacitor pre-charging 

Although the regular CoolSiC™ 400 V SiC MOSFETs can safely withstand the startup overvoltages without flying 
capacitor pre-charging, in order to comply with the derating guidelines recommended by standards like the 

IPC-9592-B (see summarized in Table 6), a technology variant of the CoolSiC™ 400 V MOSFETs with higher epi 
thickness is offered, with V(BR)DSS = 440 V and V(BR)DSS,tr = 455 V to enable 95% derating at Vac,rms,max = 305 V.  

Note: During the operational lifetime in the 3L FC CCM TP PFC, the HF-leg MOSFETs block VDS,nom = VDC/2 = 
~200 V, and hence, offer a derating of >50% for the drain-source voltage.  

Table 6 Derating guidelines for drain-source voltage provided by IPC 9592-B 

Device type Parameter Derating factor 

Power MOSFET and IGBT Drain–source  

 

Collector–emitter voltage 

≤ 80 % including repetitive spikes for devices 

rated > 200 V 

Single event spike at 95% of the maximum 

rating 

Cold startup without FC pre-charging using CoolSiC™ 440 V MOSFETs to comply with IPC 9592-B 

• QHSI and QLSI have no overvoltage stress at cold startup. QHSO and QLSO experience the overvoltage stress for a 
few milliseconds at the AC line frequency (50 Hz/ 60 Hz) 

• MOSFETs do not switch immediately during cold startup. Cumulative stress time for an estimated 10k PSU 
startup cycles over lifetime would be << 1h. After the controller is initialized, it is assumed that the flying 
capacitor voltage is regulated at VFC = VDC/2 = ~200 V, such that all HF-leg MOSFETs block ~VDC/2 during 

normal and idle operation 
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Therefore, the startup AC line frequency stress voltages can be considered as a cumulative single event stress 
and 95% VDS derating can be applied for Vac,rms,max = 305 V (VDS,pk = ~431 V), considering V(BR)DSS,tr = 455 V, as shown 

in Table 7. 

Table 7 Key electrical static parameters of IMT44R011M2H enabling IPC 9592-B derating without 
flying capacitor pre-charging 

Parameter Symbol Values Unit Note/Test condition 

Min. Typ. Max. 

Drain-source breakdown voltage V(BR)DSS 440 – – V VGS = 0 V, ID = 1.33 mA  

Transient drain-source 

breakdown voltage (6) 

V(BR)DSS,tr 455 – – V VGS = 0 V, ID = 13.3 mA, tpulse ≤ 

10 ms, duty cycle ≤ 50% 

In summary, the key considerations in selection of voltage class to apply the derating guidelines are:  

• DC-link pre-charging NTC + relay connection 

− Connected to AC side: FC pre-charging is possible → Evaluate 400 V/440 V MOSFETs 

− Connected to DC link: FC pre-charging is possible only if T S diodes are used → Evaluate 440 V/650 V 
MOSFETs 

• Input AC voltage range 

− 180-305 Vac 

− FC pre-charging done → Evaluate 400 V/440 V MOSFETs 

− FC pre-charging not done → Evaluate 440 V MOSFETs for 95% derating and 650 V MOSFETs for >80% 

derating at startup 

− 100-265 Vac 

− FC pre-charging done → Evaluate 400 V/440 V MOSFETs 

− FC pre-charging not done → Evaluate 440 V MOSFETs with close to 85% derating and 650 V MOSFETs 
for >80% derating at startup 

• Dimensioning of the flying capacitor (CFC) 

− Sufficient CFC → Even AC self-balancing could be sufficient 

− Limited CFC → FC ripple voltage can be hard to limit without a dedicated control loop 

− With good VFC balancing → 400 V/440 V MOSFETs for >80% derating during operational lifetime 

− Without good VFC balancing → 650 V MOSFETs for >80% derating during operational lifetime 

If measures to pre-charge the flying capacitor during the startup are implemented, it is possible to avoid any 

overvoltage concerns during startup altogether. Some of the possible methods to pre-charge the flying 
capacitor during startup can be summarized as follows: 

• Passive clamping and flying capacitor pre-charging using TVS diodes  

Using TVS diodes in parallel to outer leg MOSFETs QHSO and QLSO ensures the TVS diodes clamp the voltage 
across outer leg MOSFETs when VDS > VTVS,clamp. The clamping current through the TVS diode passes through the 
flying capacitor, thus pre-charging it and self-limiting the severity of the TVS diode clamping in subsequent AC 

line cycles, as shown in Figure 26  

It must be mentioned that the TVS diodes add additional parasitic junction capacitance (Cj), which effectively 
gets added in parallel to the Coss of the outer MOSFETs causing additional losses (slower slew rates and 

additional Qoss/Eoss losses). However, the magnitude of Cj of TVS diodes are typically a fraction of the Coss of the 
MOSFETs. Therefore, the impact of the additional Cj on power dissipation is expected to be low, thanks also to 
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the low inherent switching losses in the 3L FC PFC due to multilevel operation. This method can be used for 
both scenarios of DC link pre-charging NTC + relay configurations discussed earlier. Hardware measurements 

and validations of this method have been demonstrated in [4] and [5]. 

 

Figure 26 Passive clamping and flying capacitor pre-charging using TVS diodes 

• Firmware-based methods to pre-charge the flying capacitor  

Firmware-based methods require the DC link pre-charging NTC + relay to be connected to the AC-side and a fast 

auxiliary supply enabling controlling the gates of MOSFETs from the controller (MCU) before the DC link is fully 
charged. This is feasible due to the large voltage headroom of 400 V SiC MOSFETs (VDS,nom = 200 V). 

a) Charging the flying capacitor in parallel with the DC-link capacitor 

This method pre-charges both the DC link capacitor and flying capacitor in parallel. This is shown in 
Figure 27, where the outer low-side MOSFET QLSO is turned on to provide a charging path for the flying 

capacitor. 

 

Figure 27 Charging the flying capacitor in parallel with DC-link capacitor 
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Figure 28 Complementary HF switching of outer MOSFETs to pre-charge the CFC using Qoss injection 

b) Active high-frequency switching and Qoss injection to charge the flying capacitor  

The complementary high-frequency switching of the outer leg MOSFETs injects charge (Qoss) into the 
flying capacitor during each switching event, as shown in Figure 28. During the switching events, the Eoss 

energy stored in Coss is dissipated in the channel of the MOSFET that is hard-switching on. The speed of 

pre-charging is dependent on: 

1. Capacitance of flying capacitor CFC 

2. Switching frequency during pre-charging (fsw,pre-charge) 

3. Qoss of MOSFET  

As an example, with IMT40R015M2H, CFC = 8 uF and fsw,pre-charge = 200 kHz, around 50 ms are needed to pre-
charge the CFC from 0 V to 200 V. Similarly, in the case of complementary switching of the inner leg 

MOSFETs, the charge (Qoss) is extracted from the flying capacitor. Therefore, this method is suitable for 
charging and discharging the CFC. It can also be used to balance the flying capacitor during the PSU turn 

off.  

A detailed review of the firmware-based flying capacitor pre-charging and balancing methods is provided in [6]. 

• Active pre-charging of the flying capacitor  

Similar to the passive diode clamped solution, an actively controlled current source introduced in [1] can be 

used to pre-charge the flying capacitor, as shown in Figure 29. This method works independent of control 
intervention without the need for a fast-aux. supply and MCU initialization but requires the DC-link pre-

charging NTC and relay to be placed on the AC-side. It is turned-on and -off based on a hysteresis value to 

ensure that the flying capacitor is always charged to ~VDC/2. The biggest advantage of this solution is that it is 
cost effective, occupies a small space, and is completely disabled during the normal operation of the PSU.  
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Figure 29 Active pre-charging of the flying capacitor using a controlled current source [1] 

4.1.3.3 Auxiliary power supply and isolated gate driving 

In conventional 2-level topologies, it is common to use a bootstrapping scheme to derive the power supply of 

high-side switches. Although it is a low-cost and low-complexity solution, it poses some challenges in the 3-

level flying capacitor topology if cascaded bootstrapping is used to supply all the three floating high-side 

switches.  

Namely, overcharging could occur due to the higher forward voltage drop of the SiC MOSFET body diode (VSD ~ 

3.5 V) while undervoltage could occur for higher levels of bootstrapping due to the forward voltage drop of the 

bootstrap diodes (VSD ~ 0.5 V).  

One solution is to use bootstrapping to higher gate drive bus voltages and then using an LDO for 
post-regulation to 18 V. However, a more proven and robust solution is proposed in [1], which uses a 

cost-effective low-space planar PCB-based isolated auxiliary power supply to generate four isolated 18 V 
outputs to drive the four HF-leg MOSFETs, as shown in Figure 30 and Figure 31.  

 

Figure 30 Low-cost and low-space isolated auxiliary power supply integrated in the 3L flying 

capacitor HF switching cell daughterboard (70 mm x 36 mm) [1] 
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Figure 31 Isolated auxiliary supply for gate driving of the 3L FC HF switching cell [1] 

The isolated supply uses a self-resonating oscillator switching at ~600 kHz to drive a planar PCB transformer 
with a turns ratio N = 4 : 4 and uses a low-cost ER 14.5/6 ferrite core with no air gap for an effective magnetizing 

inductance of ~17.6 µH. The auxiliary supply and gate driver stages are integrated in the 70 mm x 36 mm x 7 mm 
HF-leg daughterboard due to its low space, with the ferrite cores assembled using metal clamps, as shown in 

Figure 30. Because all the drivers are always supplied, this is a reliable and proven solution across all situations 

– steady state, dynamics, and abnormal operating conditions.  

4.1.3.4 AC line surge protection 

Fundamentally, the impact of input voltage surge (e.g., due to lightning strikes) on both the 2-level and 3-level 
flying capacitor CCM totem pole PFC topologies and their mitigation measures are similar. The key difference in 

the 3-level flying capacitor CCM TP PFC is how the voltage of the flying capacitor is impacted during surge 
events, as it impacts the voltage sharing between the inner and outer HF leg MOSFETs. This is highlighted in 
Figure 32, showing a surge current path through the flying capacitor when the HF leg MOSFETs are switching 
during a differential surge event.   

• Differential mode surge: 

A differential mode surge occurs across line to neutral. Common protection measures include:  

− Using varistors (MOVs) across the line to neutral  

− Using the DC link pre-charging diodes to route a part of the surge current to the DC link capacitors and 
use the bulk electrolytic capacitors to absorb the surge energy partially, as shown in Figure 32  
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The key measure to protect the HF leg MOSFETs in 3L FC CCM TP PFC is to implement a fast detection of 
surge events and stopping PWM. This can be done through the input line Vac overvoltage protection (OVP) or 

PFC inductor overcurrent protection (OCP). Effectively, as the PWM operation is stopped, the surge currents 
through the flying capacitor will cease to over-charge or discharge the flying capacitor. For further 

reference, hardware measurements of surge tolerance in the 3-level flying capacitor CCM TP PFC have been 
demonstrated in [7].   

• Common mode surge:  

A common mode surge occurs across line and neutral to PE. Common measures to mitigate this are using a 
combination of MOVs and gas discharge tubes (GDTs), as shown in Figure 32.  

A detailed review of surge protection for SMPS applications is covered in [8] and [9]. 

 

Figure 32 AC line surge protection in 3-level flying capacitor CCM TP PFCs 

4.2 3-level converters for DC-AC inverter operation 

4.2.1 3-level active neutral point clamped converter 

As shown in Figure 33, the 3-level active neutral point clamped converter (3L-ANPC) inverter can be used for DC-
AC inverter operations in numerous applications, from solar grid-tied inverters to motor drives, with the 
following advantages:  

• 3-level output voltage (± VDC/2, 0) at the switching node improves AC voltage waveform quality, reduces 
THD, and minimizes the filter size due to the volt-second reduction 

• All switches block and switch only VDC/2, leading to reduced switching losses and lower EMI 

• Improved power stage efficiency and power density due to multilevel operation, as explained in Section 4.1, 

with inherently lower current ripple and consequent filter size reduction 

• Compared to lower voltage motor control systems (e.g., with VBAT = 48 V), moving to a higher battery voltage 

(e.g., with VBAT = 400 V) could eliminate the need to parallel MOSFETs and reduce the necessary copper, 
leading to system level performance improvements and cost savings 

• Better thermal management due to heat spreading over 18 MOSFETs in a 3-phase application. However, this 
comes with additional complexity due to more components compared to other multilevel topologies 
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Figure 33 3L-ANPC converter for (a) motor control inverters and (b) solar grid-tied inverters 

Some commonly used modulation methods for the 3L-ANPC converter are shown in Figure 34. In contrast to 

the conventional modulation methods (a) 2H4L, (b) 4H2L, and (c) 6H0L discussed in [10] and [11], the (d) 6H0L-

2F modulation method discussed in [12] and [13] results in effective switching node frequency doubling as 

shown in Figure 34 (d), where the VswA voltage has twice the frequency of pulses compared to others.  

Note: Si CoolMOS MOSFETs or IGBTs can be an alternative option for switches operating at grid 
frequency, with the 400 V SiC MOSFETs offering a higher performance due to a flat RDS(on) vs. Tj.  

 

Figure 34 Some modulation schemes for 3L-ANPC converters 

Figure 35 shows idealized steady-state switching waveforms seen in the 3L-ANPC converter with 4H2L 
modulation method for a 2 x 120 Vac split-phase AC output inverter with per phase load of 3 kW. Section 5.3 
provides hardware measurements from a 10 kW 3-phase 3L-ANPC inverter evaluation board. 

                                

   

   

   

   

   

   

   

     

  

   
   

   

                            

  
  

   

   

  

  

  

  

   

   

  
   

  
  

  
   

  
  

  
   

  
  

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

  

  

  

  

  

  

  

  

  

  

  

  

CoolSiC  00  

CoolMOS

CoolSiC  00  

CoolSiC  00  CoolSiC  00  CoolMOS



 

Application note 30 V 1.0 

  2025-11-13 

 

  

 

CoolSiC™ 400 V and 440 V G2 MOSFETs 
Infineon's latest generation of SiC MOSFETs 

Target applications and topologies  

 

Figure 35 Idealized operational and switching waveforms in a 2 x 120Vac split-phase AC output 3L-

ANPC inverter, with VDC = 400 V, fsw = 50 kHz, and per-phase load PloadA,B = 3 kW 

4.2.2 3-level T-type neutral point clamped converter 

The 3-level T-type neutral point clamped converter (3L-TNPC) converter uses a combination of 650 V and 400 V 
rated SiC MOSFETs, as shown in Figure 36. The key benefits of this topology are: 

• 3-level output voltage (± VDC/2, 0) at switching node improves AC voltage waveform quality, reduces THD, 
and minimizes the filter size due to the volt-second reduction 

• Q1x and Q4x block VDC, but switch only VDC/2, leading to reduced switching losses and lower EMI. The back-to-
back connected switches Q2x and Q3A block VDC/2 and can be rated to use lower voltage MOSFETs 

• Fewer components compared to other multilevel topologies, leading to balanced performance and 
simplicity  

• Natural split-phase AC output with two phases for 120 Vac grid AC systems, without subsequent conversion  

 

Figure 36 3L-TNPC converter for solar grid-tied and motor control inverters 
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A typical modulation method for 3L-TNPC is shown in Figure 37, along with idealized steady-state switching 
waveforms seen in this converter for a 2 x 120 Vac split-phase AC output inverter with per phase load of 3 kW 

shown in Figure 38.   

 

Figure 37 Modulation scheme in 3L-TNPC converter 

 

Figure 38 Idealized operational and switching waveforms in a 2 x 120Vac split-phase AC output 3L-

TNPC inverter, with VDC = 400 V, fsw = 50 kHz, and per phase load PloadA,B = 3 kW 
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4.3 2-level B6 converter for DC-AC inverter operation for motor control 

Compared to the conventional 36 V, 48 V, 72 V, or 96 V battery-based motor drives in LEVs (e.g., high-power 
forklifts), using higher voltage battery packs like 180 V or 288 V enables an improvement in system efficiency 
and power density, leading to a higher power capability.  

Section 5.4.1 provides the hardware benchmarking of a 288 V drive system using 400 V SiC MOSFETs compared 
to a 48 V drive system using 80 V Si MOSFETs. Due to the much lower currents in high-voltage systems, lower 
copper (e.g., busbars) requirement and reduced – and even eliminated – need to parallel MOSFETs result in 
system-level cost savings.  

 

Figure 39 2-level B6 converter for motor control applications with higher battery voltages 

4.4 2-level and 3-level DC-DC converters 

4.4.1 3-level flying capacitor buc /boost for HV power bac up units in AI 

datacenters 

In AI datacenters, power backup units (PBUs) consisting of battery backup units (BBUs) using Li-ion batteries 
are used to provide long-term backup during power shortages and capacitor bank-storage units (CBUs) using 

supercapacitors and electrolytic capacitors to supply short-term power surge due to GPU workloads, as shown 
in Figure 40.  

With the bus voltages going to ±400 V or 0/800 V architectures, the 3-level flying capacitor buck/boost DC-DC 
converter is a promising non-isolated topology for this application as an alternative to the conventional 2-level 

buck/boost topology, enabling the use of lower voltage-rated switches and smaller passive components. It 
offers a higher current handing capability due to high full-load power stage efficiency and the potential to 

reduce the number of interleaved stages in a high-power design to improve power and energy density. The 

operation principle is the same as that of the 3-level flying capacitor PFC described in Section 4.1. 
Benchmarking of the 3-level flying capacitor buck/boost versus its 2-level counterpart using a 10 kW hardware 

demonstrator is provided in Section 5.2. 
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Figure 40 Next-generation HVDC architectures for AI datacenters 

As shown in Figure 41, for 400 V PBUs, the 2-level topology would need 650 V rated switches and the 3-level 
topology enables the use of 400 V rated switches. For 800 V PBUs, the 2-level topology would need 1200 V rated 

switches and the 3-level topology enables the use of 650 V rated switches. 

 

Figure 41 3-level flying capacitor buck/boost for non-isolated high-voltage power back-up units 
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4.4.2 2-level DC-DC converters for series-connected solar panels  

In residential and commercial solar photovoltaic (PV) energy storage systems (ESS), series-connected PV 
modules need DC-DC converter modules to interface to the energy storage element and subsequent DC-AC 
inverter stages. Compared to traditional 650 V Si switches (MOSFETs and IGBTs), the 400 V SiC MOSFETs offer a 
cost and performance optimized wide-bandgap technology with superior switching and conduction losses. 

Figure 42 shows an example for a 48 V battery system with a buck DC-DC converter. Depending on the PV 

system and the number of series/parallel connected PV modules along with the subsequent power conversion 
stages, other topologies like boost, buck-boost, or even flyback converter can be a viable alternative.  

 

Figure 42 2-level buck DC-DC converter for series-connected solar panel systems 

4.4.3 Isolated DC-DC converters for industrial applications: DAB, LLC, and 

PSFB 

As shown in Figure 43, depending on the input/output voltages, the CoolSiC™ 400 V MOSFETs can be used in 

various topologies where a blocking voltage of ~150 to ~300 VDC are needed, with the following benefits:  

• Dual-active bridge (DAB): In this inherently bidirectional topology, the soft-switching figure of merit, FoMoss 
= Qoss x RDS(on) and flat RDS(on) vs. Tj are of importance 

• LLC: In the classic resonant LLC converter with full-bridge rectification, the flat RDS(on) vs. Tj is beneficial. 

Linear Coss and low Qoss of the CoolSiC™ 400 V MOSFETs results in an ideal operation of the synchronous 
rectifier MOSFETs with linear switching behavior 

• Phase-shifted full bridge (PSFB): Depending on full-bridge or center-tap rectification, the 400 V SiC 

MOSFETs can be used as synchronous rectification (SR) MOSFETs for various output voltages. The key value 
proposition of CoolSiC™ 400 V MOSFETs in this topology is the hard commutation robust body diode with 
low forward recovery charges Qfr, which is reflected to the primary side and affects the circulating currents, 
as well as impacts the overshoots on the SR MOSFETs 

For applications like high power battery chargers for light electric vehicles (LEVs) with nominal battery voltages 
of 48-180 VDC or telecom rectifiers and industrial power supplies with 45-56 VDC isolated output, the CoolSiC™ 

400 V MOSFETs in the secondary side of these isolated topologies could be a good fit.   
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Figure 43 Isolated DC-DC converters for industrial applications: (a) DAB, (b) resonant LLC, and PSFB 

with (c) full-bridge and (d)center-tap SR 
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4.5 Class-D audio amplifiers for high voltage low-Z and high-Z loads 

CoolSiC™ 400 V MOSFETs enable Class-D audio amplifier designs capable of driving both high-impedance (high-
Z) and low-impedance (low-Z) amplifiers due to their linear capacitances that support operation across various 
bus voltages. This results in reduced stock keeping units (SKUs) with simplified inventory management and 
provides system flexibility, enabling using the same amplifier for various applications without being 

constrained by low-Z or high-Z load handling capability.  

The excellent switching and conduction FoMs (RDS(on), Qfr, Coss) result in reduced losses and better thermal 
performance compared to traditional Si MOSFETs. Figure 44 shows a system-level application diagram in a 

Class-D audio amplifier reference design. Table 8 summarizes the key benefits of CoolSiC™ 400 V MOSFETs in it.  

 

Figure 44 CoolSiC™ 400 V MOSFETs for power stage of Class-D amplifiers 

Table 8 Key parameters and benefits of CoolSiC™ 400 V MOSFETs in Class-D audio amplifiers 

Benefit Low Qfr Low and linear Coss Low RDS(on) Flat RDS(on) vs. Tj 

Efficiency Reduced reverse 
recovery losses, 
supports faster 

switching (dv/dt) 

Lower switching losses and 
extended ZVS range due to 
low Qoss, minimizes heat 

generation, enables low Z and 

high Z driving capability 

Lower 
conduction 
losses, minimizes 

heat generation, 

enables low Z 

drive capability 

Maintains 
efficiency across 
operating 

temperature and 

load range 

EMI Reduces high-
frequency ringing from 

Qfr 

Linear dv/dt with clean 
switching waveforms under 

hard-switching and extended 

ZVS range 

– – 

Audio 

quality  

Lowers THD+N by 
reducing switching 

noise and shorter dead 

times 

Lowers THD+N by reducing 
switching noise; reduces 

distortion through faster dv/dt 

and reduced dead time 

– – 

I S  5 BM
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TC 

TC1
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5 Application tests 

5.1 3-level flying capacitor CCM-totem pole PFC for datacenter and edge AI 

In order to fairly evaluate the 2-level and 3-level flying capacitor CCM totem pole PFCs, it is vital to also consider 
parallel interleaved 2-level CCM totem pole PFC. An example comparison of two 3.3 kW PFCs from [1] and [17] is 

shown in Figure 45.  

 

Figure 45 Equivalent comparison of a 3.3 kW interleaved 2-level CCM totem pole PFC with 3-level 

flying capacitor CCM totem pole PFC 

Table 9 Comparison of interleaved 2-level vs. single 3-level flying capacitor CCM totem pole PFCs 

 2 x int. 2L CCM TP PFC [17] 1 x 3L-FC CCM TP PFC [1] 

High-frequency (HF) 

leg MOSFETs 
• 4 x CoolSiC™ 650 V parallel interleaved 

• Rds(on),2L   57 mΩ ↑ due to interleaved parallel 

connection 

• 4 x CoolSiC™ 400 V series interleaved 

• Rds(on),3L    5 mΩ ↓due to interleaved series connection 

Gate drivers for HF 

leg MOSFETs 
• 4 x 1-channel or 2 x 2-channel 

• 2 x 2EDB9259Y 

• 4 x 1-channel 

• 4 x 1EDB8275F, similar cost as 2 x 2-ch 

Aux.-supply for HF 

leg gate drivers 

3 x non-isolated aux. supplies using bootstrapping and 

LDO post regulation 

4 x isolated aux. supplies using a planar PCB transformer 

driven by a self-resonating oscillator 

PWMs 2 x PWMs – 180° phase-shifted – fsw 2 x PWMs – 180° phase-shifted – fsw 

Ancillary and 

sensing (only 

showing differences) 

2 x hall-effect current sensors for iL1,2 1 x hall-effect current sensor for iL and 1 x differential voltage 

sensor for VFC, flying capacitor pre-charging circuit 

Passive components  

(only showing 

differences) 

• 2 x PFC chokes with CH270060GT14 / 64 T / 1.12 mm 

ϕ    5  µ    5  mΩ ES  

• iAC/2 – [0,VDC] – fsw →L2L 

• Total volume similar to single choke in non-

interleaved 2L-CCM-TP-PFC 

• 1 x PFC choke with C  70060 T    T 1.5  mm ϕ 1   

µ  16 mΩ ES  

• iAC – [0,VDC/2,VDC] – 2fsw → L2L/4 

• Lower ESR and lower core losses 

• Magnetic volume / cost reduction ~60% 

• Flying capacitors 6 x C5750X7T2W105K250KA 

Thermal design • Heat spreading due to interleaving 

• Inductors and switches share current 

• Heat spreading due to interleaving 

• Lower ESR and lower core losses in choke 

• Higher efficiency >0.3 % with better FoM switches 

reduce power dissipation 

EMI • 2 x fsw effective iIN current + ΔiIN reduction 

• DM EMI reduction compared to non-interleaved 2L 

CCM TP PFC 

• 2 x fsw effective iIN current + ΔiIN reduction 

• DM EMI reduction same as in int. 2L CCM TP 

• Expected improvement in CM EMI due to multilevel vsw 

with lower dv/dt 
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The control block diagrams of both the interleaved 2-level and 3-level flying capacitor CCM totem-pole PFCs are 
shown in Figure 46, with the following details of importance:  

• Fundamentally, the PFC control architectures are quite similar with two key differences – in the case of the 

3L FC CCM TP PFC, there is only one current loop and an additional flying capacitor balancing loop 

• The additional VFC balancing P-controller with control variable ΔD complements the natural/inherent AC 
cycle VFC balancing. The ΔD (<< 1 % in normal operation) varies the duty cycle of one of the PWM legs to vary 
the charge injected to or extracted from the flying capacitor proportional to the sensed error. The P-

controller runs at a relatively low frequency of 5 kHz in the REF_3K3W_3LFC_PSU [1] 

• In both architectures, the average PFC inductor current is sensed through an ADC trigger. In the case of int. 
2L CCM TP PFC, the ADC is triggered at half the duty cycle set point (CR2 = ½ CR1). In the case of 3L FC PFC 

CCM TP PFC, the ADC is triggered at the peak of the triangular timer (CCU80.CC81), with the current control 
loop (Result ISR (iLoop)) updating the duty cycle for both inner and outer legs at the rate of the switching 
period of the triangular timer (CCU80.CC81). For D > 0.5, the mid-point of the falling current slope is 

sampled, and for D < 0.5 the mid-point of the rising current slope is sampled 

       

 

Figure 46 Control block diagrams of 3L flying capacitor and interleaved 2L CCM totem pole PFCs 

The developed hardware reference design REF_3K3W_3LFC_PSU is shown in Figure 47. The comparison of 
efficiencies between the two topologies is shown in Figure 48 for standalone PFC operation, with detailed 
system level measurements (e.g., startup, LCDO, dynamic load jumps, etc.) covered in [1] and [17]. The peak 
efficiency with 3L FC PFC is improved by >0.3% and light load efficiency is improved by >0.8 %. In summary, the 

3L FC CCM TP PFC provides a higher-efficiency and power density compared to the conventional interleaved 2L 
CCM TP PFC.  
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Figure 47 3.3 kW PSU reference design REF_3K3W_3LFC_PSU [1] using 3-level flying capacitor CCM 

totem pole PFC with IMT40R025M2H 

 

Figure 48 Measured standalone PFC efficiencies of a 3.3 kW 3L FC CCM TP PFC [1] vs. interleaved 2L 

CCM TP PFC [17] as a function of output power for various input line voltages 
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5.2 3-level flying capacitor DC-DC converters for high-voltage power 

bac up units 

A 10 kW hardware demonstrator REF_10KW_3LBUCK_SIC400 [2] with CoolSiC™ 400 V MOSFETs in a 3-level 

flying capacitor buck DC-DC converter is shown in Figure 49. It can also be configured as a 2-level buck DC-DC 
converter by shorting the two outer MOSFETs (QHSO and QLSO) and replacing the inner two MOSFETs (QHSI and 

QLSI) with 650 V SiC MOSFETs.   

 

Figure 49 Hardware demonstrator of a 10 kW 3-level flying capacitor DC-DC converter using 400 V SiC 

MOSFETs for 3-level and 650 V SiC MOSFETs for 2-level operation 

The benchmarking between a 2-level and 3-level flying capacitor topology in buck mode and the resulting 
efficiency comparison is shown in Figure 50 and the thermal comparison shown in Figure 51.  

 

Figure 50 Efficiency measurements as a function of load current in 2-level vs. 3-level converter in 

buck mode of operation at Vin = 400 V various duty cycles and 65 kHz switching frequency 
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The 3-level flying capacitor topology provides a highly efficient solution, enabling using lower-voltage MOSFETs 
with enhanced FoMs. With an efficiency of over 99.3% at 300 V output and 10 kW output power, the reduced 

energy losses and thermal distribution across four MOSFETs enable increased current capacity per phase in 
high-power, interleaved multi-phase designs.  

Due to the reduced voltage-time product applied to the inductor, a potential 4x decrease in inductance 
requirements is possible. For a given inductor size, the lower equivalent series resistance (ESR) and core losses 
lead to a 41.7% increase in current handling capacity per phase in a multi-phase, high-power design with 

interleaved phases. This, in turn, reduces the number of interleaved stages, increasing power density and 

freeing up space for additional Li-ion batteries or capacitors, further boosting energy density. 

However, implementing the 3-level flying capacitor topology poses challenges, including increased control 

complexity due to the need for pre-charging and balancing the flying capacitors, as well as the requirement for 
a higher number of pulse-width modulation (PWM) channels. These challenges were already addressed in the 
Section 4.1 on 3-level flying capacitor CCM TP PFCs. 

 

 

Figure 51 Thermal steady-state measurements at max load current in 2-level vs. 3-level flying 

capacitor DC-DC converter in buck mode of operation with Vin = 400 V at D = 0.75 [2] 
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5.3 3-level active neutral point clamped inverter for inverter applications 

The hardware demonstrator for the 3L-ANPC inverter introduced in EVAL_10KW_3LANPC_SIC [18] is shown in 
Figure 52. The board is designed as a topology evaluation platform to address DC-AC inverter applications like 

motor control drives and grid-tied inverters for solar or energy storage systems. The inverter has 18 x 11 m 

CoolSiC™ G2 400 V MOSFETs in TOLL package, which offers high reliability due to the absence of MOSFET 
paralleling, while also offering high efficiency due to the high-voltage DC bus operation up to VDC = 600V.  

To provide the highest flexibility covering a wide range of application requirements, an output filter is not 

populated on board. The power stage efficiency was measured using an inductive resistive load (1mH + 

variable resistance) excluding the gate driver and controller stage losses. The auxiliary supply card for gate 
driving provides 18 isolated gate drive voltages and uses a reliable and cost-effective solution based on a 

planar PCB transformer in a forward converter. The 4H2L modulation scheme introduced in Section 4.2.1 is 
used with an “open loop” Sine-PWM modulator.  

 

Figure 52 Hardware demonstrator of a 10 kW 3L-ANPC inverter using CoolSiC™ 400 V MOSFETs [18] 

5.3.1 Application tests to emulate motor control drives  

To emulate the application conditions encountered in a motor control drive inverter application, the inverter 
was configured to run at a switching frequency of 10 kHz with a dv/dt per switch limited to < 5 V/ns for a DC-bus 

voltage of VDC = 600 V, as discussed in [10]. The efficiency measurements are shown in Figure 53, while the 
switching waveforms are shown in Figure 54. 
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Figure 53 Measurement of power stage efficiency and max. case temperature without heat sink, 

with VDC = 600 V, fsw = 10 kHz, tdead = 500 ns, dv/dt = 5 V/ns, Rg,ext,on,off = 30 Ω [10] 

 

Figure 54 Turn-on and turn-off waveforms of the hard-switching control switch using a double-pulse 

test with Vtest = 300 V, Itest = 30 A, di/dt = ~750 A/µs, dv/dt = 5 V/ns, Rg,ext,on,off = 30 Ω [10] 

5.3.2 Application tests to emulate grid-tied inverters for solar and energy 

storage systems 

To emulate the application conditions encountered in a grid-tied inverter application, the inverter is configured 
to run at a switching frequencies of 10 kHz and 30 kHz with a dv/dt per switch limited to < 10 V/ns for a DC-bus 

voltage of VDC = 400 V, as discussed in [19]. The efficiency measurements are shown in Figure 55, while the 
switching waveforms are shown in Figure 56.  
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Figure 55 Measurement of power-stage efficiency and max. case temperature without heatsink, with 

VDC = 400 V, fsw = 10 & 30 kHz, tdead = 500 ns, dv/dt = ~10 V/ns, Rg,ext,on,off = 15 Ω/0 Ω [19] 

 

 

Figure 56 Turn-on and -off waveforms of the hard-switching control switch using a double-pulse test 

with Vtest = 200 V, Itest = 20 A, di/dt = ~2500 A/µs, dv/dt = ~10 V/ns, Rg,ext,on,off = 15 Ω /0 Ω [19] 
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5.4 2-level B6 inverter for motor control application   

The hardware demonstrator for 2-level B6 inverter introduced in EVAL_10KW_B6_SIC400V [20] is shown in 
Figure 57. The board is designed as a topology evaluation platform to address DC-AC inverter applications for 

motor control drives. The inverter has 6 x 11 m CoolSiC™ G2 400 V MOSFETs in TOLL package which offers 

high reliability due to the absence of MOSFET paralleling, while also offering high efficiency due to the high-
voltage DC bus operation up to VDC = 300 V. To provide the highest flexibility covering a range of application 
requirements, an output filter is not populated on board. The power stage efficiency was measured using a 

motor load, excluding the gate driver and controller stage losses.  

 

Figure 57 Hardware demonstrator of a 10 kW 2L B6 inverter using CoolSiC™ 400 V MOSFETs [20] 

To emulate the application conditions encountered in a motor control drive inverter application, the inverter is 
configured to run at a switching frequency of 10 kHz with a dv/dt per switch limited to < 5 V/ns for a DC bus 

voltage of VDC = 300 V. The efficiency measurements are shown in Figure 58, while the switching waveforms are 

shown in Figure 59.  

 

Figure 58 Measurement of power stage efficiency and max. case temperature without heatsink, with 

VDC = 300 V, fsw = 10 kHz, tdead = 150 ns, dv/dt = 5 V/ns, Rg,ext,on,off = 15 Ω/20 Ω  [20] 



 

Application note 46 V 1.0 

  2025-11-13 

 

  

 

CoolSiC™ 400 V and 440 V G2 MOSFETs 
Infineon's latest generation of SiC MOSFETs 

Application tests  

 

Figure 59 Turn-on and -off waveforms using a double-pulse test with Vtest = 300 V, Itest = 50 A, dv/dt = 

~5 V/ns, Rg,ext,on,off = 15 /20  [20] 

5.4.1 Application benchmar ing a high-voltage (288 V) vs  a low-voltage 

(48 V) motor control drive 

CoolSiC™ G2 400 V MOSFETs enable the design of 2-level B6 inverter motor control drive systems with higher 
battery voltages up to 288 V. Compared to conventional 48 V drives, increasing system voltage yields higher 

efficiency and power density. Due to the reduced currents, it has a much lower copper requirement, translating 
into lower system costs. There is also a potential to reduce and even eliminate paralleling of MOSFETs, which 
improves system reliability. Figure 60 shows an improvement of up to 38% in power output for a given 

maximum case temperature limit of 120°C, along with switching waveforms.  

 

 

Figure 60 Thermal benchmarking of a 288 V vs. 48 V drive system and turn-on waveforms using a 

double pulse test with dv/dt = ~5 V/ns 
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5.5 Class-D audio amplifier 

The hardware reference design for Class-D audio using CoolSiC™ G2 400 V MOSFETs is shown in Figure 61. The 
reconfigurable and flexible platform supports three packages – TOLT, TO247-4, and TOLL, with each package 
configuration of the board having a unique power rating dictated by the thermal stack.   

 

Figure 61 Hardware reference design for Class-D audio amplifiers using CoolSiC™ G2 400 V MOSFETs 

The THD+N values measured in high-Z 10 Ω and low-Z   Ω loads are shown in Figure 62 and the worst-case 
thermal measurements at low-Z  

  Ω condition is shown in Figure 63. The measurements were taken with IMZA40R045M2H, bus voltage VBUS = +/- 
148 V, switching frequency fsw = 300 kHz, and audio frequency f = 1 kHz.  

  
(a)                                                                                                            (b)  

Figure 62 THD+N measurements at (a) high-Z  0 Ω and (b) low-Z 4 Ω loads using IMZA40R045M2H 
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(a) 

 
(b) 

Figure 63 Thermal measurements at (a) 1000 W x 2 / 4 Ω after   minute and (b) 125 W x 2 / 4 Ω after 30 

minutes using IMZA40R045M2H 

Short circuit protection was tested to verify the ruggedness of CoolSiC™ 400 V IMZA40R045M2H MOSFETs under 
abnormal conditions of operation. OCP was set to 67  , which is thrice the nominal load at 1000 W    Ω load. 
The measurements were performed for bus voltage VBUS = +/- 150 V, switching frequency fsw = 300 kHz, and 

audio frequency of 1 kHz. Figure 64 shows the waveforms under continuous output short condition and Figure 
65 shows the waveforms with dead output short under operation at 1000 W /100% load.  
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(a) 

 
(b) 

Figure 64 Continuous output short waveforms using IMZA40R045M2H, (a) Overview and (b) Zoomed; 

CH1 = CSD, CH2 = VDD of gate drive, CH3 = VS, CH4 = Output current from a Rogowski coil 
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(a) 

 
(b) 

Figure 65 Output short under 100% load using IMZA40R045M2H, (a) high-side and (b) low-side short; 

CH1 = Output, CH2 = VDD of gate drive, CH3 = VS, CH4 = Output current from a Rogowski coil 
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6 Summary 

This document describes the newest second generation of CoolSiC™ MOSFETs in a new voltage class of 400 

V/440 V. The improvements in switching and conduction FOMs achieved with Infineon’s industry leading trench 
SiC MOSFET technology – optimized for 400 V/ 440 V blocking voltage – indicate the benefits of adopting 
multilevel topologies.  

It also provides further details about the technology and product features. The superior gate oxide allows using 
negative gate driving while the thermal coefficient point lies below 15 V, resulting in a full 15 V capable driving 
scheme. The key target applications and topologies for this new voltage class are discussed in detail, with the 

benefits of the technological parameters demonstrated through application results showcasing the highest 

efficiency and ease of use in end applications. 

  



 

Application note 52 V 1.0 

  2025-11-13 

 

  

 

CoolSiC™ 400 V and 440 V G2 MOSFETs 
Infineon's latest generation of SiC MOSFETs 

References  

 eferences 

[1] AN102653, 3.3 kW high-frequency, high-density PSU with three-level flying capacitor PFC for server and 

datacenter applications, REF_3K3W_3LFC_PSU; Available online 

[2] UG095959, 3-level flying capacitor buck with CoolSiC™ MOSFET 400 V G2, REF_10KW_3LBUCK_SIC400; 
Available online 

[3] TDK Corporation. Solder Crack Countermeasures in MLCC Solution Guide; Available online  

[4] R. Beinarys and T. T. Vu, "Hybrid Voltage Balancing Control in 3-level Bridgeless Totem-pole PFC," 2021 
IEEE Applied Power Electronics Conference and Exposition (APEC), Phoenix, AZ, USA, 2021, pp. 1822-1829, 
doi: 10.1109/APEC42165.2021.9487050 

[5]  . Beinarys and S. O’ riscoll, " 00 V SiC in Next-Generation 3-Level Flying Capacitor Bridgeless Totem-pole 

PFC," 2025 IEEE Applied Power Electronics Conference and Exposition (APEC), Atlanta, GA, USA, 2025, pp. 
2009-2013, doi: 10.1109/APEC48143.2025.10977447 

[6] P. Papamanolis, D. Neumayr, J. W. Kolar, "Behavior of the Flying Capacitor Converter Under Critical 

Operating Conditions", Proceedings of the 26th IEEE International Symposium on Industrial Electronics (ISIE 

2017), Edinburgh, Scotland, June 19-21, 2017; Available online 

[7] R. Beinarys, S. O'Driscoll and T. T. Vu, "Flying Capacitor Voltage Imbalance Protection in Multilevel 
Bidirectional Inverters during Surge," 2023 IEEE Applied Power Electronics Conference and Exposition 

(APEC), Orlando, FL, USA, 2023, pp. 2068-2073, doi: 10.1109/APEC43580.2023.10131272 

[8] AN_2006_PL52_2009_103328, Lightning surge discharge design for SMPS applications; Available online 

[9] AN101816, 8 kW high power density and high frequency PSU for AI data centers and servers, 

REF_8KW_HFHD_PSU; Available online  

[10] O. Song et al., "New 400 V SiC MOSFET technology delivering highest efficiency in three-level industrial 
drive applications," PCIM Asia 2024; International Exhibition and Conference for Power Electronics, 
Intelligent Motion, Renewable Energy and Energy Management, Shenzhen, China, 2024, pp. 584-589, doi: 

10.30420/566414102 

[11] AN123017, 11 kW high-efficiency high-density bidirectional three-/single-phase AC-DC PFC/inverter; 

Available online 

[12] D. Floricau, E. Floricau and M. Dumitrescu, "Natural doubling of the apparent switching frequency using 
three-level ANPC converter," 2008 International School on Nonsinusoidal Currents and Compensation, 

Lagow, Poland, 2008, pp. 1-6, doi: 10.1109/ISNCC.2008.4627496 

[13] Y. Deng, J. Li, K. H. Shin, T. Viitanen, M. Saeedifard and R. G. Harley, "Improved Modulation Scheme for 
Loss Balancing of Three-Level Active NPC Converters," in IEEE Transactions on Power Electronics, vol. 32, 
no. 4, pp. 2521-2532, April 2017, doi: 10.1109/TPEL.2016.2573823 

[14] B. Yang and J. Zhang, "Effect and utilization of common source inductance in synchronous rectification," 
Twentieth Annual IEEE Applied Power Electronics Conference and Exposition, 2005. APEC 2005., Austin, TX, 

USA, 2005, pp. 1407-1411 Vol. 3, doi: 10.1109/APEC.2005.1453213 

[15] AN_2307_PL52_2308_140931, 3300 W CCM totem pole with 650 V CoolSiC™ in TOLL package and XMC™, 
REF_3K3W_TP_SIC_TOLL; Available online 

[16] AN2018-09, Guidelines for CoolSiC™ MOSFET gate drive voltage window; Available online  

https://www.infineon.com/assets/row/public/documents/24/42/infineon-reference-design-ref-3k3w-3lfc-psu-applicationnotes-en.pdf
https://www.infineon.com/assets/row/public/documents/24/44/infineon-ref-10kw-3lbuck-sic400-usermanual-en.pdf?fileId=8ac78c8c9715623e01975db7b7a019dd
https://product.tdk.com/de/techlibrary/solutionguide/mlcc_solder-crack.html
https://www.ams-publications.ee.ethz.ch/uploads/tx_ethpublications/9_Behavior_of_the_Flying_Capacitor_Converter_Under_Critical_Operating_Conditions_Papamanolis_ISIE_2017.pdf
https://www.infineon.com/assets/row/public/documents/24/42/infineon-mosfet-coolmos-p7-lightning-surge-discharge-smps-applications-applicationnotes-en.pdf?fileId=5546d4627448fb2b01744e0271016a6e
https://www.infineon.com/assets/row/public/documents/24/42/infineon-ref-8kw-hfhd-psu-applicationnotes-en.pdf
https://www.infineon.com/assets/row/public/documents/24/42/infineon-ac-dc-pfc-11-kw-high-efficiency-high-density-bidirectional-three-single-phase-inverter-applicationnotes-en.pdf
https://www.infineon.com/assets/row/public/documents/24/42/infineon-an-2307-pl52-2308-140931-3300w-ccm-totem-pole-with-650v-applicationnotes-en.pdf?fileId=8ac78c8c8d2fe47b018e7b0b5fa67927
https://www.infineon.com/assets/row/public/documents/60/42/infineon-guidelines-for-coolsic-mosfet-gate-drive-voltage-window-applicationnotes-en.pdf?fileId=5546d462636cc8fb0163b098fe26306a


 

Application note 53 V 1.0 

  2025-11-13 

 

  

 

CoolSiC™ 400 V and 440 V G2 MOSFETs 
Infineon's latest generation of SiC MOSFETs 

References  

[17] AN145544, 3.3 kW high-frequency, high-density PSU for server and datacenter applications, 
REF_3K3W_HFHD_PSU; Available online 

[18] UG124134, 3-level ANPC evaluation platform EVAL_10KW_3LANPC_SIC; Available online 

[19] Ralf Siemieniec, Martin Wattenberg, Ertugrul Kocaaga, Sriram Jagannath, Elvir Kahrimanovic, Jyotshna 
Bhandari,  eejae Shim,  lberto Pignatelli, “ 00 V SiC MOSFET empowering three-level topologies for 

highly efficient applications from motor-drives to  I”, Power Electronic  evices and Components,  olume 

12, 2025, 100104, ISSN 2772-3704, Available online  

[20] UG124541, Three-phase half-bridge B6 inverter with CoolSiC™ G2 400 V MOSFETs; Available online 

 

https://www.infineon.com/assets/row/public/documents/24/42/infineon-3.3-kw-high-frequency-and-high-density-psu-for-server-and-datacenter-applications-applicationnotes-en.pdf
https://www.infineon.com/assets/row/public/documents/24/44/infineon-eval-10kw-3lanpc-sic-usermanual-en.pdf
https://www.sciencedirect.com/science/article/pii/S277237042500029X
https://www.infineon.com/assets/row/public/documents/24/44/infineon-eval-10kw-b6-sic400v-user-guide-usermanual-en.pdf


 

Application note 54 V 1.0 

  2025-11-13 

 

  

 

CoolSiC™ 400 V and 440 V G2 MOSFETs 
Infineon's latest generation of SiC MOSFETs 

Revision history  

 evision history 

Document 

revision 

Date Description of changes 

V 1.0 2025-11-13 Initial release 



 

 

 

 Important Notice  

Edition 2025-11-13 

Published by 

 

Infineon Technologies AG 

81726 Munich, Germany 

 

© 2025 Infineon Technologies AG. 

All Rights Reserved. 
 

Do you have a question about this 

document? 

Email: erratum@infineon.com 

 

Document reference 

AN140257 

Products which may also include samples and may be comprised of 
hardware or software or both  “Product s)”) are sold or provided 
and delivered by Infineon Technologies AG and its affiliates 
 “Infineon”) subject to the terms and conditions of the frame supply 
contract or other written agreement(s) executed by a customer and 
Infineon or, in the absence of the foregoing, the applicable Sales 
Conditions of Infineon. General terms and conditions of a customer 
or deviations from applicable Sales Conditions of Infineon shall 
only be binding for Infineon if and to the extent Infineon has given 
its express written consent. 
For the avoidance of doubt, Infineon disclaims all warranties of 
non-infringement of third-party rights and implied warranties such 
as warranties of fitness for a specific use/purpose or 
merchantability. 
Infineon shall not be responsible for any information with respect 
to samples, the application or customer’s specific use of any 
Product or for any examples or typical values given in this 
document. 
The data contained in this document is exclusively intended for 
technically qualified and skilled customer representatives. It is the 
responsibility of the customer to evaluate the suitability of the 
Product for the intended application and the customer’s specific 
use and to verify all relevant technical data contained in this 
document in the intended application and the customer’s specific 
use. The customer is responsible for properly designing, 
programming, and testing the functionality and safety of the 
intended application, as well as complying with any legal 
requirements related to its use. 
Unless otherwise explicitly approved by Infineon, Products may not 
be used in any application where a failure of the Products or any 
consequences of the use thereof can reasonably be expected to 
result in personal injury. However,  the foregoing shall not prevent 
the customer from using any Product in such fields of use that 
Infineon has explicitly designed and sold it for, provided that the 
overall responsibility for the application lies with the customer. 

 

Infineon expressly reserves the right to use its content for 
commercial text and data mining (TDM) according to applicable 
laws, e.g. Section 44b of the German Copyright Act (UrhG). 
If the Product includes security features: 
Because no computing device can be absolutely secure, and 
despite security measures implemented in the Product, Infineon 
does not guarantee that the Product will be free from intrusion, 
data theft or loss, or other breaches  “Security Breaches”), and 
Infineon shall have no liability arising out of any Security 
Breaches. 
If this document includes or references software: 
The software is owned by Infineon under the intellectual 
property laws and treaties of the United States, Germany, and 
other countries worldwide. All rights reserved. Therefore, you 
may use the software only as provided in the software license 
agreement accompanying the software. 

If no software license agreement applies, Infineon hereby grants 
you a personal, non-exclusive, non-transferable license (without 
the right to sublicense) under its intellectual property rights in 
the software (a) for software provided in source code form, to 
modify and reproduce the software solely for use with Infineon 
hardware products, only internally within your organization, 
and (b) to distribute the software in binary code form externally 
to end users, solely for use on Infineon hardware products. Any 
other use, reproduction, modification, translation, or 
compilation of the software is prohibited. For further 
information on the Product, technology, delivery terms and 
conditions, and prices, please contact your nearest Infineon 
office or visit https://www.infineon.com 

Trademarks 
All referenced product or service names and trademarks are the property of their respective owners. 

Disclaim er  

mailto:erratum@infineon.com
https://www.infineon.com/

