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Power Device User’s Guide (for Inverters)

Introduction

This user’s guide summarizes basic adjustment methods and know-how for parameters to enable full utilization of
the inverter circuit included in the overall “Power Device Solution circuit”. Specific solutions are presented for each
type of issue that could be a bottleneck in designing the inverter circuits. Use this user’s guide as a reference for
cases such as when the circuit is malfunctioning or further optimization of the conditions is desired.

List of inverter circuits



 

Category

Control

 

number

 

Circuit specifications

 

IH Inverter

B-1 IH Half-Bridge Inverter Po=10kW

B-2 IH Full-Bridge Inverter Po=20kW

Half-Bridge Inverter B-3 Half-Bridge Inverter Vo=200V Io=100A

Full-Bridge Inverter B-4 Full-Bridge Inverter Vo=200V Io=100A

1-Phase 3Wire Inverter B-5 1-Phase 3-Wire Inverter Vo=100/200V Po=20kW

 

3-Phase Inverter

B-6 3-Phase 3-Wire Inverter Vo=200V Po=5kW

B-7 3-Phase 4-Wire Inverter Vo=115/200V Po=20kW

 

 

Motor Drive

B-8 Motor Drive 2-Phase-Modulation Po=10kW

B-9 Motor Drive 3-Phase-Modulation Po=10kW

B-10 Motor Drive Step-Modulation Po=5kW

 

3-level Inverter

B-11 3-level Inverter type-T Vo=200V Io=50A

B-12 3-level Inverter type-I Vo=200V Io=50A

Table 1. List of the inverter circuit included in the overall Power Device Solution circuit

Influence of trr

This section explains the influence of trr, which is one of the important features of inverter circuits.
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https://www.rohm.co.jp/solution-simulator/ih_full-bridge_inverter_po20kw
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Figure 1. Example of circuit: B-6. 3-phase 3-wire inverter, Vo = 200 V, Po = 5 kW

Importance of trr characteristics

Figure 2 shows the current path in this circuit during switching.
An inverter circuit adjusts the supply power by repeating operations (1) through (5) to alternatively switch ON/OFF
the High and Low sides using PWM, PFM, or other control methods. During the operation from (4) to (5), recovery
current flows through the internal diode on the Low side when the High side is switched from OFF to ON.
Therefore, through current flows as shown by the red line.

Figure 2. Current path during switching

This recovery current does not significantly affect the loss in the reflux side device itself where the recovery
current is generated. However, a very large Turn ON loss occurs in the switching side device because the
recovery current flows in addition to the normal switching current before the VDS change as shown in Figure 3.
Therefore, for the inverter circuits, it is important to select switching devices with good trr characteristics.



Comparison of differences in trr characteristics

Figure 4 shows the Turn ON waveforms of the switching side devices equipped with a general diode
(R6047KNZ4) and a high
speed diode (R6050JNZ4) in the B-6 circuit. As described above, the differences in the trr characteristics cause a
significant difference in the Turn ON losses. The Turn ON loss can be reduced approximately 5 times with the high
speed diode R6050JNZ4 compared with R6047KNZ4.

Figure 4. Comparison of simulation waveforms between general and high speed diode products.

Furthermore, an analysis of the MOSFET loss throughout the inverter circuit operation shows that the loss due to
trr has a significant influence as shown in Figure 5.
This result also demonstrates that it is important to select high speed diodes for the inverter circuits.



Figure 5. Loss analysis for general/high speed diode products

Selection of optimum device based on loss analysis

This section introduces methods of selecting optimum devices based on analysis of the device loss by separating
it into the switching loss and the conduction loss.

Example of circuit

Circuit “B-9. Motor Drive 3-Phase-Modulation Po=10kW” in Figure 6 is used as an example for explanation.
Change each condition in the yellow boxes and replace power devices to consider the optimum device.

Methods of loss analysis

Figure 7 shows the simulation waveforms of VDS, ID, the loss (Pd), and the energy (E), which is the time
integration of loss,



during the MOSFET switching.
The ROHM Solution Simulator can easily output energy waveforms by integrating the losses using waveform
calculation function “Waveform Analyzer”. The energy waveform clearly shows the energy consumptions in the
switching section (Eon, Eoff) and the conduction section (Econd). In addition, the energy consumptions can be
output as a numerical value by reading differences in the cursor positions.
If the input and output are constant, as with DC-DC converters, the switching loss and the conduction loss can be
calculated by multiplying the respective energies in one period and the switching frequency.

Figure 7. MOSFET waveforms of DC-DC converter circuit

However, since the load fluctuates in inverter circuits as shown in Figure 8, the loss in the entire circuit operation
cannot be calculated by looking at a part of the switching waveform.
For a circuit operation with inconstant device loss as in this case, it is possible to consider the conduction loss and
the switching loss separately by dividing the loss waveform into cases and extracting specific parts.

Figure 8. MOSFET waveforms of inverter circuit

The yellow line in Figure 9 is the waveform to which the conduction loss is extracted.
To extract only the conduction loss, the waveform is divided into cases so that the power is extracted if “VGS is
High” and “the power is lower than the maximum value of the conduction loss”. After extracting the specific
waveform, calculate the average value over one period to analyze the ratio of the losses. In the case of Figure 9,
since the total loss and the conduction loss are 29.5 W and 20.5 W, respectively, the switching loss is 9.0 W.
Therefore, it can be seen that the ratio of loss is 70% and 30% for the conduction loss and the switching loss,
respectively.



Figure 9. MOSFET waveforms of inverter circuit (conduction loss extracted)

In the example above, the waveform is divided into the switching loss and the conduction loss only. However, by
setting the division conditions more finely, it is also possible to further subdivide the loss into the Turn ON loss,
Turn OFF loss, recovery loss, parasitic diode loss, and so on.

Consideration of optimum device
Figure 10 shows the result of the loss analysis for each device when replacing the power devices in circuit “B-9.
Motor Drive 3-phase-modulation, Po = 10 kW” in 3-1.
“**” in R60**JNZ4 represents the rating. You can see a trend indicating that the higher the current rating, the
smaller the conduction loss, while the lower the current rating, the smaller the switching loss. When selecting a
device with a small loss under
these circuit conditions, the results of the analysis suggest that R6030JNZ4 is the optimum device.

Figure 10. Result of MOSFET loss analysis 

Features of half- and full-bridges

This section explains the features of half- and full-bridge inverter circuits.



Example of circuit

Circuit “B-3. Half-bridge inverter, Vo = 200 V, Io = 100 A” in Figure 11 and circuit “B-4. Full-bridge inverter, Vo =
200 V, Io = 100 A” in Figure 12 are used as examples for explanation.

Figure 11. Example of circuit: B-3. Half-bridge inverter, Vo = 200 V, Io = 100 A

Figure 12. Example of circuit: B-4. Full-bridge inverter, Vo = 200 V, Io = 100 A

Features of half- and full-bridges

Table 2 shows the features of half- and full-bridge inverter circuits.



Table 2. Features of half-and full-bridges

Although it depends on the conditions, it can be suggested that the half-bridge is suitable for low voltage/large
current applications, while the full-bridge is suitable for high voltage/high power applications.

Comparison of operations of half-and full-bridges

Figure 13 shows the result of comparison of the module losses in the initial state (Vin = 500 V) of the circuits in 4-
1.

Figure 13. Comparison of module losses in half- and full-bridge circuits

When the losses are compared, the half-bridge has a larger switching loss because the voltage from two power
supplies is applied to the switching device. The loss per module is larger for the half-bridge than the full-bridge.
However, if you look at the total losses, the loss in the full-bridge is larger because the conduction loss in two
modules is even larger.

Next, consider a case where the half-bridge (Vin = 500 V) has only one power supply and Vin is divided into 250 V
× 2. Figure 14 shows the output waveforms for Vin = 500 V × 2 and Vin = 250 V × 2. From this figure, it can be



seen that Vo plateaus at 250 V for Vin = 250 V × 2. This can be attributed to a disadvantage of the half-bridge
circuit that means it can output only up to the voltage of one power supply as described above. Since the setting
of output voltage Vo = 200 V is the effective value and the peak voltage is 282 V, the voltage is insufficient with
Vin = 250 V × 2.

Figure 14. Output waveform of half-bridge 

Thus, the half- and full-bridges have their own advantages and disadvantages, making it impossible to say either
is superior in general.
It is important to understand their features and properly select them according to applications.

Notes

1. The information contained herein is subject to change without notice.

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

3. 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.

4. 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.

5. 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.

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

7. 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.

8. Do not use our Products in applications requiring extremely high reliability, such as aerospace equipment,



nuclear power control systems, and submarine repeaters.

9. ROHM shall have no responsibility for any damages or injury arising from non-compliance with the

recommended usage conditions and specifications contained herein.

10. ROHM has used reasonable care to ensure the accuracy of the information contained in this document.

However, ROHM does not warrant that such information is error-free, and ROHM shall have no responsibility

for any damages arising from any inaccuracy or misprint of such information.

11. 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.

12. 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.

13. 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.
ROHM Customer Support System
https://www.rohm.com/contact/
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