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The high-efficiency inverter circuits using the 3™ generation MOSFETs were explained in the application note “5 kW
High-Efficiency Fan-less Inverter Circuit” (64AN084J Rev.001) (*1). This application note introduces inverter circuits in which the
3 generation MOSFETs switching devices are replaced with the 4™ generation SiC MOSFETs and assesses how this
replacement improves the performance.

This evaluation has been performed jointly with Power Assist Technology Ltd. (https://www.power-assist-tech.co.jp/)

Evaluation of the replacement in full bridge type inverter circuits

Figure 1 shows the appearance of the evaluated platform employing the full bridge type inverter circuit. Figure 2 shows its
basic circuit configuration.

Figure 1 Evaluated platform

To output 5 kW of power, the switching devices are connected in parallel. Although the number of arms is two, a total of eight
switching devices are used. Here, the efficiency is measured and compared between the inverters using the 3™ and 4t
generation SiC MOSFETSs for these eight switching devices.

Since the basic design is originally based on IGBT (*1), the designed oscillation frequency is 20 kHz, leading to the use of
larger reactors. However, to facilitate the assessment of difference in the performance of devices using the SiC MOSFET, the
frequency is set to 40 kHz for this evaluation.
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Figure 2 Circuit configuration

Efficiency evaluation

RIoa\d

For comparison of performance in the application note “5 kW High-Efficiency Fan-less Inverter Circuit” (*1), the input and
output power conversion efficiencies were used to explain the difference from IGBT. In this application note, the 3 and 4"
generation SiC MOSFETs are operated under exactly the same conditions to measure the conversion efficiencies in the full

bridge type inverter circuits.
Table 1 shows the evaluation conditions and the circuit constants.

Table 1 Evaluation conditions and parts used

Items 3 Generation 4th Generation
Switching Devices 650 V; 30mQ 750, 26mQ
Input voltage (Vin) DC 320 V

Input capacitance (Ci) 560 uF x 4
Switching frequency (fsw) 40kHz
300 uH x 4

Leakage / Smoothing inductance (L) (BCH61-35150)

Copper wire resistance of the reactor 20mQ x 4
Output capacitance (Co) 1uF x8
Output voltage (Vout) AC 200V
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Figure 3 shows the efficiency of the inverters taking output power Pout as the horizontal axis. Efficiency n is calculated as
Pout/Pin, i.€., a ratio of Pout against input power Pin. However, the total power loss (Piotal = Pin - Pout) does not include the gate drive
power in the MOSFET.
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Figure 3 Efficiency taking Pout as indicator

If the 4" generation SiIC MOSFETs are used, the efficiency is improved over nearly an entire load range. At 5 kW, the loss is
reduced by 10.13 W compared with the 3™ generation SiC MOSFETs. The reduction in loss results in an improvement of 0.20%
in efficiency. Furthermore, the maximum efficiency is improved by 0.12% from 98.91% to 99.03%, achieving an efficiency over
99%.

Next, we examine the loss analysis.

Loss analysis

The pie charts in Figure 4 show a breakdown of the total power loss (Pttal) Of the inverters when they are operated at Pout = 5
kW. Pie charts (a) and (b) show the cases of using the 3 and 4™ generation SiC MOSFETs, respectively. The loss is broken
down into the following: the conduction and switching losses in the MOSFET, the conduction loss in the body diode during the
dead time periods of the upper and lower arms, the copper and core losses in the reactors, the ESR losses in the input and
output capacitors, and others.
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Figure 4 Analysis of Pwotal at 5 kW
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The characteristics of the MOSFET depend on the temperature. However, the inverters were under a sufficient cooling
condition using a cooling fan and the temperature increase was approximately 50°C. Therefore, the calculations for this loss
analysis are based on the on-resistance (Ron) when the temperature is increased by approximately 50°C. The details are
explained below.

1) Conduction loss in the MOSFET:

For the 4t generation SiC MOSFETSs, Rbs(on) is approximately 32mQ when the temperature is increased by 50°C. The
effective current flowing in each MOSFET is 12.5 Arms. The upper arm MOSFET (Qx1 and Qwn2) and the lower arm
MOSFET (QL1 and Qv2) are operated in the synchronous rectification mode, and either of the upper or lower arm MOSFET
remain ON except for the dead time (DT) of 220 ns. Since one cycle of the MOSFET is 25 us, the conduction loss in the
MOSFET of the PWM part is (12.5 Arms)? * 32mQ * (1 - (220 ns * 2) / 25 ys) * 2 pcs = 9.82 W.

Similarly, the conduction loss is calculated to be 10.7 W for the 3™ generation SiC MOSFETs, because Rbson is
approximately 35mQ.

2) Switching loss in the MOSFET:

Figures 5 and 6 show the characteristics of Rs-Esw, Re-dV/dt, and Re-d//dt for the 4" generation SiC MOSFETs
(SCT4026DE) used in the PWM part. Figures 5 and 6 take drain current /o and external gate resistance Rc as the horizontal
axis of the graph, respectively. These characteristics were measured with the double pulse test, which is widely known.

As Rc is decreased, the switching speed is increased, Esw is decreased, and dV/dt and d//dt are increased. In the
TO-247N package evaluated here, an increase in d//dt increases the electricity generated due to the parasitic inductance of
the source terminal that reduces the charge or discharge current to the gate capacitance. Therefore, it can be seen that the
switching loss shows nearly no change if Rc is 4.7Q or less. Accordingly, for this evaluation, the total switching loss is
calculated using Eon and Eoff when Rg is 4.7Q.

The energy of switching loss in the MOSFET (Esw) is mainly composed of the energy of turn ON loss (Eon), energy of turn
OFF loss (Eoff), and energy of reverse recovery loss (Er).

The average current flowing through one MOSFET at the point of phase angle 6 is expressed as Equation (1). Therefore,
the average Psw of the MOSFET in the PWM part is the integrated value of Etwta_sw * fsw Over the entire period, and the
integration can be calculated with averaging Equation (2).
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Figure 5 SCT4026DE switching characteristics taking /b as the horizontal axis
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Figure 6 SCT4026DE switching characteristics taking Re as the horizontal axis

3) Power loss during DT period:

For these inverters, DT is set to 220 ns. During this period, the current flows into the body diode of the MOSFET. The
average current flowing through the body diode can also be expressed with Equation (1). As with Psw, the power loss during
the DT period (Por) is calculated according to the following equation.

1 T
Py = Tf Wos | o] - fow - 2DTdt - 2pcs. ®
0

Vbs and Ib represent the source-drain voltage and current of the MOSFET, respectively. Calculation based on the 3™
quadrant V-/ characteristics of the MOSFET results in Por = 1.25 W * 2 pcs = 2.50 W.

4) Copper loss:

The inverters are configured with four reactors in series. For operations at 20 kHz, the magnetizing inductance of each
reactor is designed to be 300 uH or more, and the number of windings is 40 turns or more. Therefore, the resistance value
of the copper winding is 19.53mQ and the copper loss when the effective current is 25 Arms is (25 Arms)? * 19.53mQ =
12.21 W for each reactor. Since the four reactors are connected in series, the total copper loss is 12.21 W * 4 = 48.83 W.
This value is basically independent of the carrier frequency.

5) Core loss:

The core loss in the reactors can be calculated from the maximum value of reactor ripple current Ai., which is determined
with Equation (4). Reactors have certain direct current superimposition characteristics that depend on the current value and
duty ratio d. The maximum value is obtained when d is 0.5, resulting in Ai. = 2.58 A.

AiL — d(l_i)VinT 4)

From the core loss characteristics of the core material used (FeNi-based high flux core), the core loss is estimated to be
1.87 W.

6) Equivalent series resistance (ESR) loss of capacitors:

The ripple current flowing in the input and output capacitors generates a loss due to the equivalent series resistance
(ESR) of the capacitors. The ripple current in the output capacitor is equal to AiL of the reactors. The ripple current of the
input capacitor (icin) can be calculated with Equation (5).
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Calculation using these equations results in 2.54 W for the loss in the input and output capacitors. However, most of the
loss is generated in the input capacitor.

5) Others:

The power losses other than those described above, including the conduction loss in the wiring parts of the circuit board,
are approximately 11.6 W and 10.9 W for the third and fourth generations, respectively. The reduction by approximately 0.7
W for the fourth generation can be attributed to the difference in the drive power of the MOSFET, which is considered as one
of the factors in increasing the switching speed.

Figure 7 shows a comparison of the breakdown of the losses at 5 kW. It can be seen that the difference in the losses in the
transistors has a significant effect on the difference in the total losses. Even when the switching frequency is increased by a factor
of two or more, simply replacing the Si IGBT with the 3™ generation SiC MOSFETs reduces the total loss by 37 W (28%).
Replacing the third generation with the 4" generation further reduces the total loss by 10 W (11%). The comparison of the third
and fourth generations also indicates that the reduction in the switching loss causes the difference in the total losses.

Table 2 summarizes the performance of the inverter circuits using the respective switching devices. Since this evaluation is
performed for the same platform, the size advantages cannot be compared. However, even the switching frequency is increased,
a loss reduction as much as 36% is achieved with the 4" generation SiC MOSFETs. Therefore, it is evident that a significant
performance improvement can be expected, such as simplifying the cooling configuration and downsizing the reactors.
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Figure 7 Comparison of breakdown of Piwtal Of inverters at 5 kW

Table 2 Comparison of performance of inverter circuits

IGBT 3rd Generation 4t Generation
SiC MOSFETs SiC MOSFETs
Switching transistors STGW60H65DFB SCT3030AL SCT4026DE

9 650V, 60 A 650 V, 30mQ 750V, 26mQ
Switching frequency 20 kHz 40 kHz 40 kHz
Conversion efficiency (@5 kW) 97.43% 98.14% 98.33%
Total loss (@5 kW) 132 W 94.8 W 84.6 W
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Summary

By using SiC MOSFET as the switching devices in the full bridge type inverter circuit, the conversion efficiency can be
substantially increased even though the switching operations are performed at a higher frequency compared with Si IGBT.
Furthermore, replacing the 3™ generation with the 4" generation SiC MOSFETs considerably improves the switching
characteristics, achieving a further improvement in efficiency.

It is expected that the 4% generation SiC MOSFETs can significantly contribute to downsizing and energy
conservation of any power supply system.

References:
*1. 5 kW High-Efficiency Fan-less Inverter
Application Note (No. 64AN084JRev.001), ROHM Co., Ltd. September 2021
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Notice

10)

11)

12)

13)

Notes

The information contained herein is subject to change without notice.

Before you use our Products, please contact our sales representative and verify the latest specifica-
tions :

Although ROHM is continuously working to improve product reliability and quality, semicon-
ductors can break down and malfunction due to various factors.

Therefore, in order to prevent personal injury or fire arising from failure, please take safety
measures such as complying with the derating characteristics, implementing redundant and
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by
ROHM.

Examples of application circuits, circuit constants and any other information contained herein are
provided only to illustrate the standard usage and operations of the Products. The peripheral
conditions must be taken into account when designing circuits for mass production.

The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly,
any license to use or exercise intellectual property or other rights held by ROHM or any other
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of
such technical information.

The Products specified in this document are not designed to be radiation tolerant.

For use of our Products in applications requiring a high degree of reliability (as exemplified
below), please contact and consult with a ROHM representative : transportation equipment (i.e.
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety
equipment, medical systems, servers, solar cells, and power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.

ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained herein.

ROHM has used reasonable care to ensure the accuracy of the information contained in this
document. However, ROHM does not warrants that such information is error-free, and ROHM
shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.

Please use the Products in accordance with any applicable environmental laws and regulations,
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a
ROHM sales office. ROHM shall have no responsibility for any damages or losses resulting
non-compliance with any applicable laws or regulations.

When providing our Products and technologies contained in this document to other countries,
you must abide by the procedures and provisions stipulated in all applicable export laws and
regulations, including without limitation the US Export Administration Regulations and the Foreign
Exchange and Foreign Trade Act.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of
ROHM.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.
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