REN ESAS Application Note

IGBT

Efficiency Improvement on UPS

About this document

This document mainly to discuss about the function types and efficiency improvement of IGBT on UPS
system.

Target Device
IGBT: RBN50H65T1FPQ

Contents

S 011 e o [¥ o 1 (o o TP 2
LS I @ 7= O STURPTPRR 2
LIV (€120 I (ool [3R=T o] o] o= 11T ] o PRSP 2
1.3  Potential application 0N UPS INVEIEr. ... ... et e e e e e e e 2
RS R I U S R [0 1V 7=Y o (Y 2
1.4 Type of Inverter CircuUit TOr UPS ..... ..ottt e e 3
2. IGBT fOr UPS INVEIET ... .eee ittt e e e e e e e e 4
20 T 10 oY [T 1o o T 4
D (o T U oz =T =Y 1Yo £ o] o 1 5
3.  Improvement efficienCy iN UPS ... 6
3.1 MeEaSUIrEMENT RESUIL .........uuiiiiiiiiiiiii e et e e be e bebebebabebebebststebsbebssabsssbssssssasssnsssssnsnsnsnsnsnsnnnnns 6
T © 1 1= £SO O PP POPPPPPPPPPPRPPRt 8
S 070 [o1 [V 7T o VRSO URR 8
REVISION HISTOIY ... .ttt e e e e e e e e e et e e e e e e eeeesb e eeaaeeennnes 9
RO7ANO0025EJ0100 Rev.1.00 Page 1 of 9

Aug.05.24 RENESAS



IGBT Efficiency Improvement on UPS

1. Introduction

1.1 Overview

An Insulated-gate bipolar transistor (IGBT) is a three-terminal power semiconductor device primarily
designed as an electronic switch. It was developed to achieve a balance between high efficiency and fast
switching speeds. Combining the advantages of MOSFET and BJT technologies, the IGBT is widely utilized
in power supply and motor control circuits. It is particularly well-suited for high voltage and current
applications, making it an ideal choice for large-scale power systems.

1.2 IGBT focus application

Renesas aims to contribute to energy management by prioritizing the development of IGBT products across
multiple sectors. This includes power generation, transmission, and distribution, as well as energy storage
and charging systems.

Renesas solutions cater to the entire energy lifecycle, from renewable energy sources like wind and solar
power transmitted through the power grid to advanced technologies such as solid-state transformer (SST),
active power filter (APF), and Static Reactive Power Compensators (SVC). Renesas also specialize in
energy storage and charging solutions such as uninterruptible power supplies (UPS) and electric vehicle
(EV) charging stations.

1.3 Potential application on UPS Inverter

There are several potential applications where IGBT selection methods can be utilized. Here, we will focus
on the UPS inverter application. This product lineup features IGBTs with optimal characteristics tailored for
inverters and high-frequency applications

1.3.1 UPS Inverter

The UPS (Uninterruptible Power Supply) inverter is designed to monitor power interruptions, overvoltage,
undervoltage, and other electrical issues. In the event of any interruption, it swiftly transitions to a backup
power source. The inverter converts DC power from the battery into AC power, which is supplied to
connected devices or equipment. The figure below illustrates the working principle of a UPS.
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Figure 1-1 UPS Inverter Working principle
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1.4 Type of Inverter circuit for UPS

Below are three types of inverter circuit available in the market which’s from the conventional until the
advanced design.

- Half Bridge
- Full- Bridge
- 3 Level
Table 1-1 Inverter Circuit Types
Item Inverter Circuit
Half-Bridge Full-Bridge 3 Level
a1 ’ Q1
Q3
Topology
Q2 04
) Q2
Configuration Easy Standard Difficult
Efficiency Standard Good Very Good
IGBT Q1 Q2 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
VCES 1250 1250 650 650 650 650 650 650 650 650
. o High speed
Required High speed High speed switching sgvitcr?in
e 9 Low Vce (sat)
performance switching Low VcE (sat) Low VcE (sat)
Efficiency
. 3 Level
- 1F Inverter
Office PC 1 :
14 43
Full-Bridge
Inverter Server
Half-Bridge
Inverter
Trend of inverter circuit
Figure 1-2 Trend of Inverter Circuit
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2. IGBT for UPS Inverter

2.1 Introduction

Renesas has improved the process technology for IGBTs to achieve ultra-low loss and high reliability in

inverter applications. The advancements include two key technologies:

- Microfabrication Technology: This involves a trench field-stop structure that enhances compatibility
with low-loss and high-speed switching.

Thin Wafer Processing Technology: This technique uses ultra-thin wafers, as thin as 65 micrometers,
to reduce conduction loss.
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Figure 2-1 IGBT Trend

Benefits of selecting the latest generation of Renesas IGBT products (G8H):

- Reduced Total Loss: The G8H is designed to achieve a balanced low loss, which minimizes
overall losses in inverter applications.

- Enhanced Performance under Heavy Load: With its low Vce(sat) characteristic, the G8H
delivers high efficiency even under heavy load conditions.

- Cost and Size Reduction: The G8H'’s low noise and low oscillation characteristics can decrease
the need for noise-reducing components and contribute to the miniaturization of the system. This
results in a reduction in both the size and cost of the heatsink and other related parts.
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2.2 Product selection

The IGBT (RBN50H65T1FPQ) selected for this UPS inverter solution. It has capability of 650V with 50A of
power switching.

The main reasons for selecting this IGBT are its features:

- Trench gate and thin wafer technology (G8H series)

- Build in fast recovery diode in one package

- Low collector to emitter saturation voltage VCE (sat) = 1.5V typ. (at IC =50A, VGE = 15V)
- High-frequency switching

- High current 75A single package

- Tjmax =175 °C

- TO-247 and TO-247 Plus lineup

- Applications: UPS, Welding, photovoltaic inverters, Power converter system

RENESAS Package code: PRSS0003ZH-A
(Package name: TO-247A)
C
1. Gate
G 2. Collector
3. Emitter
4. Collector
E
Figure 2-2 RBN50H65T1FPQ IGBT Outline
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3. Improvement efficiency in UPS

Renesas has designed an inverter evaluation board for internal product evaluation. It is used to measure the
efficiency of the IGBT and to compare its performance with that of other competitor products. The figure
below shows the image of the inverter circuit design.
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Figure 3-1 Circuit design for the Inverter

3.1 Measurement Result

The graph in the figure compares the efficiency between RBN50H65T1FPQ and a competitor product. The
results indicate that Renesas' product (blue line) has better efficiency compared to the competitor (red line)
after reaching an output power of 1.5kW.
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Figure 3-2 Output Power versus Efficiency Change
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The graph below plots data comparing conduction loss and switching loss, specifically capture at 2kW output
power. It illustrates that Renesas' product outperforms the competitor in both conduction and switching
losses. Renesas' IGBTs exhibit low on-state resistance, enabling better thermal performance control to
improve the energy efficiency and minimized power losses. These features make Renesas IGBTs
particularly suitable for high-power applications.
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Figure 3-3 Conduction & Switching Loss Comparison

The graph below plots data comparing the noise characteristic comparison, specifically capture at 2kW
output power. It illustrates that Renesas' product has lower noise compared to competitor.
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Figure 3-4 Noise Characteristic Comparison
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3.2 Others

Below is Renesas product list with different ratings in the package TO-247 and TO-247-Plus.

Table 3-1 Model list for the G8H series of IGBTs

Model Vces [V] | Vees [V] @';1:0[0”:]: Vce (sat) [V] @vee =15v | Tsc[us] | Package
RBN40H65T1FPQ 650 +30 40 15 - TO-247
RBN50H65T1FPQ 650 +30 50 1.5 - TO-247
RBN75H65T1FPQ 650 +30 75 1.5 - TO-247
RBN25H125S1FPQ 1250 +30 20 1.8 10 TO-247
RBN40H125S1FPQ 1250 +30 40 1.8 10 TO-247
RBN75H125S1FP4 1250 +30 75 1.8 10 TO-247 Plus

4. Conclusion

From the product evaluation for comparison, it can be observed that Renesas' product offers better switching
performance and less ringing noise compared to others. Additionally, at high output power ranges (1.5kW to
3.0kW), Renesas' TO-247 package also provides superior power efficiency. This is attributed to the product's
design characteristics such as low loss VCE (sat), high-frequency switching, and integrated FRD.
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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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