REN ESAS Application Note

IGBT
Alternative proposal for RC-IGBT

About this document

This document will discuss the basics of the differential IGBT and the RC-IGBT.
Target Device

IGBT + FRD & RC-IGBT
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IGBT Alternative proposal for RC-IGBT

1. Introduction

1.1 Insulated Gate Bipolar Transistors (IGBT) with Fast Recovery Diode (FRD)

Insulated Gate Bipolar Transistor (IGBT) are switching components that combine the advantages of both
MOSFET and bipolar junction transistor (BJT). They have high switching speeds and low conduction losses,
making them ideal for applications requiring high-power/high-current handling and fast switching capabilities.
Fast Recovery Diode (FRD) are commonly used alongside IGBTs to manage the reverse recovery
characteristics in switching operations. Their rapid switching capabilities complement the IGBT’s
performance, reducing switching losses and improving overall efficiency.

1.1.1 Advantages and application

There are several advantages to using FRDs in combination with IGBTs. FRDs are known for their shorter
recovery time (trr) compared to standard diodes. This faster recovery time helps reduce overlap losses
during switching periods when both the IGBT and diode conduct simultaneously. Additionally, FRDs have
lower reverse recovery charge, which further contributes to improved efficiency in power electronic circuits.
By minimizing overlap losses and improving switching efficiency, FRDs enhance the overall performance and
reliability of systems using IGBTSs.

IGBTs with FRDs are commonly employed in medium to high power inverters used in industries such as
renewable energy systems (like solar and wind), industrial motor drives, uninterruptible power supplies
(UPS), and electric vehicles. These applications often require inverters with output powers ranging from
several hundred watts to multiple megawatts, depending on the specific industrial or consumer needs.
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Figure 1-1 IGBT with FRD symbol
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1.2 Reverse Conducting IGBT (RC-IGBT)

An RC-IGBT integrates both the IGBT and a freewheeling diode (FWD) on a single chip, ensuring smooth
current flow from emitter to collector during operation. When the IGBT is turned off, the FWD connects in
anti-parallel, effectively preventing damage by conducting any reverse current caused by inductive loads or
components. This integrated design addresses the need for efficient commutation and minimizes power
losses in power electronic circuits.

1.2.1 Advantages and application

Integrating the IGBT and RC diode into a single package streamlines circuit design and reduces component
count, thereby saving space and enhancing overall system efficiency by minimizing switching losses. The fast
recovery time of the RC diode improves commutation performance, ensuring smoother transitions and
reducing stress on components. These modules are commonly used in motor drives, inverters, and power
supplies, where efficiency, reliability, and compact size are very important.

In motor drives, RC-IGBTs efficiently regulate the speed and torque of electric motors, ensuring precise control
and energy efficiency. They are integral components in inverters used for converting DC (Direct Current) to
AC (Alternating Current) power, crucial for renewable energy systems like solar and wind inverters, as well as
in industrial machinery and grid-tied applications. Their ability to handle high frequencies and fast switching
transitions makes RC-IGBTs indispensable in power supplies where stable and efficient power delivery is
essential for reliable operation.

Collector (C)
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Figure 1-2 RC-IGBT symbol
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2. Comparison between IGBT with FRD and RC-IGBT

2.1 Features comparison
On below table mainly to point out the different between both type of IGBT.

Table 2-1 Features comparison

Item IGBT with FRD RC-IGBT
Focus on e Focus on performance of the system e Focus on size and assembly
Advantages e Characteristic optimization on each chip e Small chip size
¢ High heat dissipation by the large chip e Ease of module assembly
e  Support high current / inverter output
Applicable on INV | ¢  Low to High output (~200kW) e Low to Mid output (70kW)
Electrical e Can optimize individually for IGBT and e Switching loss large compared to
Characteristics FRD another.
Process Cost e  Medium e High
Bus voltage
800V q
— [ SiC-MOS }
IGBT+FRD
400V |

RC-IGBT

| ! Inverter

\
100kW 200kW Output Power

Figure 2-1 Corresponding device for inverter output power

2.2 Structure comparison
On below table mainly point out the structure different between both types of IGBT.

Table 2-2 Structure comparison

Product Discrete RC-IGBT
[IGBT+FRD] Cell integration Cell separation
lGBT] [Diode] A [Diode cell] | [IGBTcell]
Al Al
N P H | ’
P P P
Gate
Cell Structure Gate— | Gate
N- drift N- drift N- drift N- drift
P+ N+ P+ N+ N+ | P+
Judgement Simple Design Most Complex Design Complex Design
Chip Size Spacing moderate Spacing better (~Discretex80%) | Spacing better (~Discrete x95%)
Wafer Process Cost Cost lower Cost moderate Cost moderate
Electrical Performance Better Performance Poor performance Average Performance
Heat Dissipation Better Performance Poor performance Average Performance
Assembly Cost Cost higher Cost lower Cost lower
Application adaptability Easily in performance tuning Difficulty in performance tuning Difficulty in performance tuning
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2.3 Product Lineup

Renesas offers two types of products: IGBTs and fast recovery diodes. Both products come with automotive
grade and non-automotive grade.

2.31

IGBT - Industrial Grade (GxH Series)

Below is the product line examples for industrial grade of IGBT for 650V and 1250V.
Table 2-3-1-1 Product Lineup for 650V IGBTs

Technology Series Application Features Frequency
G8H RBNxxH65T1 Inverter | ras Switoning & 10kH to 100kHz
ow VcEe(sat), No tsc
G7H 65Sx Inverter Low Vce(sat), tsc = 10us 1kH to 5kHz
G7H 65Dxx Inverter Low Vce(sat), tsc = 3us 10kH to 20kHz
G7H 65T4x PFC Fast Switching, No tsc 10kH to 100kHz

*Note: tsc = short-circuit withstand time

Table 2-3-1-2 Product Lineup for 1250V IGBTs

Technology Series Application Features Frequency
Fast Switching &
G8H RBNxxH125S81 Inverter Low Vce(sat), tsc = 10us 10kH to 50kHz
G7H 1CSxx Inverter Low Vce(sat), tsc = 10us 1kH to 5kHz
*Note: tsc = short-circuit withstand time
2.3.2 IGBT - Automotive Grade (AE Series)
Below is the product line examples for automotive grade of IGBT for 750V and 1200V.
Table 2-3-2 Product Lineup for 750V and 1250V IGBTs
Technology Series Application Features Frequency
AE4 RJP6831JWS xEV 750V, tsc = 6us 10kH to 100kHz
AE4 RJP1C05JWS xEV 1250V, tsc = 6us 1kH to 5kHz
AE5 RBN220N75A5JWS xEV 750V, tsc = 3.4pus 5kH to 15kHz
AE5 RBN220N75A5PJWS xEV 750V, tsc = 3.4pus 10kH to 20kHz
AE5 RBN300N75A5JWS xEV 750V, tsc = 3.4pus 10kH to 100kHz

*Note: tsc = short-circuit withstand time

2.3.3 Fast Recovery Diode (FRD)

Below is the product lineup examples for the fast recovery diodes (FRDs) offered by Renesas, which can be
combined with the IGBTs product line.

Table 2-3-3 Product Lineup for FRD

Type of Grade Series Features
Industrial RJU1CFOxDWA Fast Recovery Diode
Industrial RJUB0C6x Fast Recovery Diode
Industrial RJUB5F2xDWA Fast Recovery Diode
Automotive RJUxxxxJWS Diode Chip
Automotive RBCxx0A75F3JWS Diode Chip
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3. Conclusion

In conclusion, the comparison reveals that the combination of an IGBT with an FRD offers superior
performance and advantages over the RC-IGBT. This integrated design merges the benefits of both
components, enabling users to optimize characteristics and reduce switching and recovery losses, which
enhances overall performance. Furthermore, the IGBT with FRD is particularly well-suited for high-power
applications, such as renewable energy systems, industrial motor drives, UPS systems, and electric vehicles,

making it a preferred choice in these demanding fields.
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Notice

1.

10.

11.

12.

13.
14.

(Note1)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.

(Note2)

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan
www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.

“Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1 October 2020)

Contact information

For further information on a product, technology, the most up-to-date
version of a document, or your nearest sales office, please visit:
www.renesas.com/contact/.

© 2024 Renesas Electronics Corporation. All rights reserved.
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