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= Fuji IGBT Module V Series 600V Family -
RBSOA and SCSOA

Reverse bias safe operating area
[600V Inverter IGBT]
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Fig. RBSOA and SCSOA

Technical data: MT5F24331
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= Fuji IGBT Module V Series 600V Family -

High current output characteristics

V series 600V product family
Conditions: Tj=25°C, 125°C and 150°C
Vge=15V
Note:
This data shows the typical waveforms of chip characteristics. The effect of the internal resistance

of the module is not included
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Technical data: MT5F24332
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= Fuji IGBT Module V Series 600V Family -

Junction breakdown voltage VCES and junction temperature Tj
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Junction Temperature Dependence of Junction Breakdown Voltage

(same as 1200V)

Generally in semiconductor devices, when the temperature becomes lower, the lattice vibration within the
silicon crystal decreases and the collision of carriers is suppressed. Therefore, impact ionization ratio
increases and so the breakdown voltage of the semiconductor device becomes lower. Therefore, when you

use the module at low temperature, take the breakdown voltage drop into account in design.

Technical data: MT5F24333
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= Fuji IGBT Module V Series 600V Family -

Dynamic avalanche voltage Vav and Tj characteristics

Typename: 2MBI450VN-060-50
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Fig. Dynamic Avalanche Voltage (Vav) as function of Tj

Technical data: MT5F24334
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= Fuji IGBT Module V Series 600V Family -

Short-circuit capacity
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Fig. Relation between applied voltage and short-circuit capacity (600V Family)

Technical data: MT5F24337
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— Fuji IGBT Module V Series 600V Family —

Gate resistance dependence of surge voltage

Type name :  2MBI400VB-060-50
Conditions :  Vdc=300V, Ic=400A, Vge=+/-15V, Tj=25deg.C, Rg=vari.
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Gate Resistance Dependence of Turn-off Surge Voltage

The surge voltage, especially at IGBT turn off, depends on the gate resistance. As shown in the figure
above figure shows, the surge voltage is able to control with the gate resistance but the curve shave peaks
depending on the junction temperature. The primary reason of such behavior is the interaction of two silicon
physics in IGBT chip; 1) the carriers stored in the drift region and 2) Current through MOS channel”.

Reference :
1) Y. Onozawa et al., “Investigation of carrier streaming effect for the low spike fast IGBT turn-off”, Proc.

ISPSD, pp173-176, 2006.

Technical data : MT5F26526

[F= Fuiji Electric

Innovating Energy Technology



@ Fuji Electric Innovating Energy Technology

Evaluation Board for IGBT Module

1. Introduction 3. IGBT module type which can be tested

The Evaluation Board FA5650N_7MBR100VP060 was 7MBR50VP060-50
developed to support customers during their first steps )
designing applications with the High voltage driver IC TMBR75VP060-50
FA5650N and IGBT module. This Board realizes driving 7MBR100VP060-50
3-phase motor by easy wiring because built-in Rectifier

Diode Bridge, Inverter circuit and IGBT gate drive circuit. 600V Power Integrated Module only.

2. Features

W Input voltage: AC170~264V, 50/60Hz

B Rated output power: up to 7.5kW motor
m Control signals 3.3V Logic compatible
B Single control power supply of DC+15V
W Built-in high and low side Gate Driver IC
B Built-in Bootstrap circuit

B Built-in Current sensor of DC-bus line

RIS Al
(R =
24 23 22 21 20

AC170 ~ 264V

50/60Hz Innovating Energy Technology

IGBT MODULE Evaluation Board
FAS650N 7MBRI00VPOBO.

Figure 1 Evaluation Board FA5650N_7MBR100VP060
190 x 120 mm

AN-136E Rev.1.0 Jun.2014 © Fuiji Electric Co., Ltd. All rights reserved.
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4. Block Diagram
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Figure 2 Evaluation Board Block Diagram

5. Preparations for use

» Soldering of the IGBT module to this evaluation board.

« Apply a thermal compound to a copper base side of the IGBT module.

» Screw fastening of the IGBT module is carried out to a cooling fin by rated torque.

« Connect AC power supply to the R,S,T terminals of this evaluation board in screw.

» Connect the electrolytic capacitors to the P,N terminals of this evaluation board in screw.

* Connect the motor cables to the U,V,W terminals of this evaluation board in screw.

» Connect the DC+15V power supply to the VCC pins and GND pins of CN1, CN2 and CN3 by connectors.
« Connect the PWM Pulses input wires to the UP/UN pins, VP/VN pins and WP/WN pins by connectors.

AN-136E Rev.1.0 Jun.2014 © Fuiji Electric Co., Ltd. All rights reserved.
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6. Circuit
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Figure 3 Evaluation Board Block Circuit

AN-136E Rev.1.0 Jun.2014 © Fuiji Electric Co., Ltd. All rights reserved.
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7. Pin assignment

Table 1. Main terminals Table 2. Control terminals
T™M1 CN1
Symbol Function No. Symbol Function
R AC power supply input R-phase 1 VP PWM pulse input for High-side of V-phase
S AC power supply input S-phase 2 VN PWM pulse input for Low-side of V-phase
T AC power supply input T-phase 3 GND Ground terminal for control power supply
4 UP PWM pulse input for High-side of U-phase
TM2 5 UN PWM pulse input for Low-side of U-phase
Symbol Function 6 VCC Control power supply
P DC-bus line +
N DC-bus line - CN2
B Collector terminal of Brake IGBT No. Symbol Function
1 VCC Control power supply
TM3 2 WP PWM pulse input for High-side of W-phase
Symbol Function 3 WN PWM pulse input for Low-side of W-phase
U Inverter output terminal U-phase 4 GND Ground terminal for control power supply
V Inverter output terminal V-phase
W Inverter output terminal W-phase CN3
No. Symbol Function
1 T Thermistor output terminal
2 T2 Thermistor output terminal
3 VCC Control power supply
4 GND Ground terminal for control power supply
5 ocC Logic signal output of over current
6 BR Gate signal input for Brake IGBT
7 GND Ground terminal for control power supply

CN1: Housing Model No. XAP-06V-1, 2.5mm pitch
CN2: Housing Model No. XAP-04V-1, 2.5mm pitch
CN3: Housing Model No. XAP-07V-1, 2.5mm pitch
JST

AN-136E Rev.1.0 Jun.2014 © Fuiji Electric Co., Ltd. All rights reserved.
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8. Typical test result

Table 3. Test Conditions

Iltem Value

Input DC Voltage 300V
Inverter output Current 50Apeak
Inverter output frequency 50Hz
Switching frequency 8kHz
Dead time 4usec

Inverter Output Current
20A/di

—WM5.00ms ChI & 27.0mv
10.0mvVe

Figure 4 Output Current waveform

Table 4. Current Sensor amp.
Output characteristics

DC Current (A)  Output Voltage (V)

5 0.8023
10 1.0017
15 1.2016
20 1.4000
25 1.5955

AN-136E Rev.1.0 Jun.2014 © Fuiji Electric Co., Ltd. All rights reserved.
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9. Bill of Material of FA5650N_7MBR100VP060 (1/3)

Description Designator | Quantity Text Field1 Text Field2 Comment Text Field5 NM
CAPACITOR C1 1|ECQEB6474kF 630V 0.47uF [
CAPACITOR C2 1{TMK107BJ105KA 25V 25V1uF Taiyo Yuden
CAPACITOR C3 1|GRM21BB31E475KA75L 25V 25V4.7uF MURATA
CAPACITOR C4 1|GRM1882C1H101JA01D 50V 100p MURATA
CAPACITOR C5 1|GRM1882C1H471JA01D 50V 470p MURATA
CAPACITOR C6 0|GRM188B31H104KA92D 50V NM MURATA O
CAPACITOR C7 1|GRM188B31H104KA92D 50V 0.1uF MURATA
CAPACITOR C8 0|GRM188B31H104KA92D 50V NM MURATA O
CAPACITOR C9 0|GRM188B31H104KA92D 50V NM MURATA O
CAPACITOR C10 1{GRM188B31H104KA92D 50V 0.1uF MURATA
CAPACITOR C11 0|GRM188B31H104KA92D 50V NM MURATA ]
CAPACITOR C12 0|GRM188B31H104KA92D 50V NM MURATA O
CAPACITOR C13 1|GRM188B31H104KA92D 50V 0.1uF MURATA
CAPACITOR C14 0|GRM188B31H104KA92D 50V NM MURATA O
CAPACITOR C15 1|{GRM188B31H104KA92D 50V 0.1uF MURATA
CAPACITOR C16 1|GRM1882C1H101JA01D 50V 100pF MURATA
CAPACITOR C17 1|GRM1882C1H101JA01D 50V 100pF MURATA
CAPACITOR C18 1|GRM1882C1H101JA01D 50V 100pF MURATA
CAPACITOR C19 1|GRM1882C1H101JA01D 50V 100pF MURATA
CAPACITOR C20 1{GRM1882C1H101JA01D 50V 100pF MURATA
CAPACITOR C21 1|GRM1882C1H101JA01D 50V 100pF MURATA
CAPACITOR C22 1|GRM21BB31E475KA75L 25V 4.7uF MURATA
CAPACITOR C23 1|GRM21BB31E475KA75L 25V 4.7uF MURATA
CAPACITOR C24 1{GRM21BB31E475KA75L 25V 4.7uF MURATA
CAPACITOR C25 1|GRM21BB31E475KA75L 25V 4.7uF MURATA
CAPACITOR C26 1|GRM21BB31E475KA75L 25V 4.7uF MURATA
CAPACITOR c27 1|GRM21BB31E475KA75L 25V 4.7uF MURATA
CAPACITOR C28 1|[EKMG250ELL470ME11D 25V BEXR7=aY
CAPACITOR C29 1{TMK107BJ105KA 25V 25V1uF Taiyo Yuden
CAPACITOR C30 1|GRM188B31H104KA92D 50V NM MURATA O
CAPACITOR C31 1|TMK107BJ105KA 25V 25V1uF Taiyo Yuden
CONNECTOR CN1 1{B06B-XASK-1 250V B ARE& inF
CONNECTOR CN2 1{B04B-XASK-1 250V BAEEInF
CONNECTOR CN3 1|B07B-XASK-1 250V B ARE&IRF
SMT-DIODE-ST D1 1|D3FK60 600V D3FK60 HET
SMT-DIODE-ST D2 1{D3FK60 600V D3FKG60 FET
SMT-DIODE-ST D3 1|D3FK60 600V D3FKG60 #FET
ZENER-DIODE D4 1|RD18S-A 18V DZ-18S Renesas
ZENER-DIODE D5 1|RD18S-A 18V DZ-18S Renesas
ZENER-DIODE D6 1|RD18S-A 18V DZ-18S Renesas
ZENER-DIODE D7 1|RD18S-A 18V DZ-18S Renesas
ZENER-DIODE D8 1{RD18S-A 18V DZ-18S Renesas
ZENER-DIODE D9 1|RD18S-A 18V DZ-18S Renesas
SMT-DIODE-SCHOTTKY  |D10 1|M1FS4 40V M1FS4 FET
SMT-DIODE-SCHOTTKY  |D11 1|M1FS4 40V M1FS4 FET
SMT-DIODE-SCHOTTKY  |[D12 1|M1FS4 40V M1FS4 #FET
SMT-DIODE-SCHOTTKY  |[D13 1|M1FS4 40V M1FS4 FET
SMT-DIODE-SCHOTTKY |D14 1|M1FS4 40V M1FS4 FET
SMT-DIODE-SCHOTTKY  |D15 1|M1FS4 40V M1FS4 FET

AN-136E Rev.1.0 Jun.2014 © Fuiji Electric Co., Ltd. All rights reserved.
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9. Bill of Material of FA5650N_7MBR100VP060 (2/3)

Innovating Energy Technology

Description Designator | Quantity Text Field1 Text Field2 Comment Text Field5 NM
LED D16 1|PR5304S RED LED PR5304S A2 L—
High Side Driver IC1 1|FA5650N-A2 830V U-FA5650N FUJIDENKI
High Side Driver IC2 1|FA5650N-A2 830V U-FA5650N FUJIDENKI
High Side Driver IC3 1|FA5650N-A2 830V U-FA5650N FUJIDENKI
DUAL Comparator 1C4 1{LM393AD MONO POWERLM393A Renesas
3TERM REGULATOR IC5 1[NJM78LO7UA 5V NJM78LO7UA [JRC
3TERM REGULATOR IC6 1[RP173N501B 5V(1%) JRC
IGBT Module Q1 1{7MBR100VP060-50 600V100A Fuji electric
Resistor R1 1|RK73H2ATTD2203F 1/8W 100kF KOA
Resistor R2 1|RK73H2ATTD1202F 1/8W 12kF KOA
Resistor R3 1|RK73H2ATTD1001F 1/8W 1kF KOA
Resistor R4 1|RK73H2ATTD1001F 1/8W 1kF KOA
Resistor R5 1|RK73H2ATTD1001F 1/8W 1k KOA
Resistor R6 1|RK73H2ATTD1001F 1/8W 1k KOA
Resistor R7 1|RK73H2ATTD1001F 1/8W 1k KOA
Resistor R8 1|RK73H2ATTD1001F 1/8W 1k KOA
Resistor R9 1|RK73H2ATTD1001F 1/8W 1k KOA
Resistor R10 1{RK73H2ATTD1001F 1/8W 1k KOA
Resistor R11 1|RK73H2ATTD1001F 1/8W 1k KOA
Resistor R12 1|RK73H2ATTD1001F 1/8W 1k KOA
Resistor R13 1|RK73H2ATTD1001F 1/8W 100 KOA
Resistor R14 1|RPC10KT242F 1/8W 2.4kF NCES
Resistor R15 0|RK73Z2ATTD 000 2A 0 KOA O
Resistor R16 1[RK73Z2ATTD 000 2A 0 KOA
Resistor R17 1|RK73H2ATTD2202F 1/8W 22k KOA
Resistor R18 1|RK73H2ATTD2202F 1/8W 22k KOA
Resistor R19 1|RK73H2ATTD2202F 1/8W 22k KOA
Resistor R20 1|RK73H2ATTD2202F 1/8W 22k KOA
Resistor R21 1|RK73H2ATTD2202F 1/8W 22k KOA
Resistor R22 1[RK73H2ATTD2202F 1/8W 22k KOA
Resistor R23 1|RK73H2ATTD30ROF 1/8W 30 KOA
Resistor R24 0|RK73H2ATTD30ROF 1/8W NM KOA O
Resistor R25 0|RK73H2ATTD30ROF 1/8W NM KOA O
Resistor R26 0|RK73H2ATTD30ROF 1/8W NM KOA O
Resistor R27 1|RK73H2ATTD30ROF 1/8W 30 KOA
Resistor R28 0|RK73H2ATTD30ROF 1/8W NM KOA O
Resistor R29 0|RK73H2ATTD30ROF 1/8W NM KOA O
Resistor R30 0|RK73H2ATTD30ROF 1/8W NM KOA O
Resistor R31 1|RK73H2ATTD30ROF 1/8W 30 KOA
Resistor R32 0|RK73H2ATTD30ROF 1/8W NM KOA O
Resistor R33 0|RK73H2ATTD30ROF 1/8W NM KOA O
Resistor R34 0|RK73H2ATTD30ROF 1/8W NM KOA O
Resistor R35 1[RK73H2ATTD30ROF 1/8W 30 KOA
Resistor R36 0|RK73H2ATTD30ROF 1/8W NM KOA O
Resistor R37 0|RK73H2ATTD30ROF 1/8W NM KOA ]
Resistor R38 0|RK73H2ATTD30ROF 1/8W NM KOA O
Resistor R39 1[RK73H2ATTD30ROF 1/8W 30 KOA
Resistor R40 0|RK73H2ATTD30ROF 1/8W NM KOA O
Resistor R41 0|RK73H2ATTD30R0OF 1/8W NM KOA O

AN-136E Rev.1.0 Jun.2014 © Fuiji Electric Co., Ltd. All rights reserved.
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9. Bill of Material of FA5650N_7MBR100VP060 (3/3)

Description Designator | Quantity Text Field1 Text Field2 Comment Text Field5 NM
Resistor R42 0|RK73H2ATTD30ROF 1/8W NM KOA ©)
Resistor R43 1{RK73H2ATTD30ROF 1/8W 30 KOA
Resistor R44 0|RK73H2ATTD30ROF 1/8W NM KOA O
Resistor R45 0|RK73H2ATTD30ROF 1/8W NM KOA O
Resistor R46 0[RK73H2ATTD30ROF 1/8W NM KOA O
Resistor R47 1|RK73H2ATTD10ROF 1/8W 10 KOA
Resistor R48 1[|RK73H2ATTD10ROF 1/8W 10 KOA
Resistor R49 1|RK73H2ATTD10R0OF 1/8W 10 KOA
Resistor R50 0|RK73H2ATTD1002F 1/8W 10kF KOA O
Resistor R51 0[RK73H2ATTD1002F 1/8W 10kF KOA O
Resistor R52 0|RK73H2ATTD1002F 1/8W 10kF KOA O
Resistor R53 0|RK73H2ATTD1002F 1/8W 10kF KOA ©)
Resistor R54 0|RK73H2ATTD1002F 1/8W 10kF KOA O
Resistor R55 0|RK73H2ATTD1002F 1/8W 10kF KOA O
Resistor R56 1[RPC10KT272F 1/8W 2.7k A&
Resistor R57 1|RN732ATTD8200C25 1/8W 820 KOA
VOLUME RV1 1|CT-6EP 10K 10K OHM MAX|[CT6P 10K J/N)LEF
TERMINAL TM1 R 1/0T-048 60A OT-048 OSADA
TERMINAL TM1_S 1/0T-048 60A 0OT-048 OSADA
TERMINAL TM1 T 1[0T-048 60A OT-048 OSADA
TERMINAL TM2 1[ML-300-3P 3P ML-300-3P Hb—N—
TERMINAL T™M3 U 1|0T-048 60A OT-048 OSADA
TERMINAL TM3 V 1]0T-048 60A 0OT-048 OSADA
TERMINAL TM3 W 1/0T-048 60A 0OT-048 OSADA
TEST PIN TP1 1[ST-6-2 ¢1.0 ST-6-2 Ty IA bk
TEST PIN TP2 1[ST-6-2 ¢1.0 ST-6-2 Iy IA b
TEST PIN TP3 1[ST-6-2 ¢1.0 ST-6-2 TP IA K
TEST PIN TP4 1{ST-6-2 ©1.0 ST-6-2 Ty Ik
TEST PIN TP5 1[ST-6-2 ©1.0 ST-6-2 Ty Ik
TEST PIN TP6 1[ST-6-2 ©1.0 ST-6-2 Ty Ik
TEST PIN TP7 1[ST-6-2 ©1.0 ST-6-2 Ty IA b+
TEST PIN TP8 1|ST-6-2 ¢1.0 ST-6-2 XYYV IA b+
TEST PIN TP9 1{ST-6-2 ©1.0 ST-6-2 Ty IA K
TEST PIN TP10 1[ST-6-2 ©1.0 ST-6-2 Ty IA K
TEST PIN TP11 1[ST-6-2 ©1.0 ST-6-2 Ty IA k
TEST PIN TP12 1[ST-6-2 ¢1.0 ST-6-2 Iy IA b+
TEST PIN TP13 1|ST-6-2 ®1.0 ST-6-2 EVETE
TEST PIN TP14 1|ST-6-2 ®1.0 ST-6-2 EFETE
TEST PIN TP15 1[ST-6-2 ¢1.0 ST-6-2 Ty IAk
TEST PIN TP16 1[ST-6-2 ¢1.0 ST-6-2 EVESE
TEST PIN TP17 1|ST-6-2 ¢1.0 ST-6-2 Ty IA b+
TEST PIN TP18 1|ST-6-2 »1.0 ST-6-2 sV ETE
TEST PIN TP19 1|ST-6-2 ®1.0 ST-6-2 IYPIA b
TEST PIN TP20 1[ST-6-2 ¢1.0 ST-6-2 EVEE
TEST PIN TP21 1|ST-6-2 ¢1.0 ST-6-2 IYPIA K
TEST PIN TP22 1|ST-6-2 ©1.0 ST-6-2 IYPIA K
TEST PIN TP23 1|ST-6-2 ©1.0 ST-6-2 Ty Ik
TEST PIN TP24 1[ST-6-2 ©1.0 ST-6-2 Iy IA b+
Current Transducer X1 1|ACS758LCB-100U-PFF-T  |100A 5V Allegro

AN-136E Rev.1.0 Jun.2014 © Fuiji Electric Co., Ltd. All rights reserved.
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10. Layout (1/3)
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10. Layout (2/3)
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10. Layout (3/3)
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WARNING

1. This Catalog contains the product specifications, characteristics, data, materials, and structures as of January 2015.
The contents are subject to change without notice for specification changes or other reasons. When using a product listed in this Catalog, be
sur to obtain the latest specifications.

2. All applications described in this Catalog exemplify the use of Fuji's products for your reference only. No right or license, either express or
implied, under any patent, copyright, trade secret or other intellectual property right owned by Fuji Electric Co., Ltd. is (or shall be deemed)
granted. Fuji Electric Co., Ltd. makes no representation or warranty, whether express or implied, relating to the infringement or alleged
infringement of other's intellectual property rights which may arise from the use of the applications described herein.

3. Although Fuji Electric Co., Ltd. is enhancing product quality and reliability, a small percentage of semiconductor products may become
faulty. When using Fuji Electric semiconductor products in your equipment, you are requested to take adequate safety measures to prevent
the equipment from causing a physical injury, fire, or other problem if any of the products become faulty. It is recommended to make your
design failsafe, flame retardant, and free of malfunction.

4. The products introduced in this Catalog are intended for use in the following electronic and electrical equipment which has normal reliability
requirements.
» Computers » OA equipment » Communications equipment (terminal devices) » Measurement equipment
* Machine tools * Audiovisual equipment Electrical home appliances « Personal equipment ¢ Industrial robots etc.

5. If you need to use a product in this Catalog for equipment requiring higher reliability than normal, such as for the equipment listed below,
it is imperative to contact Fuji Electric Co., Ltd. to obtain prior approval. When using these products for such equipment, take adequate
measures such as a backup system to prevent the equipment from malfunctioning even if a Fuji's product incorporated in the equipment
becomes faulty.

« Transportation equipment (mounted on cars and ships) * Trunk communications equipment
« Traffic-signal control equipment » Gas leakage detectors with an auto-shut-off feature
» Emergency equipment for responding to disasters and anti-burglary devices « Safety devices

* Medical equipment

6. Do not use products in this Catalog for the equipment requiring strict reliability such as the following and equivalents to strategic equipment
(without limitation).
» Space equipment » Aeronautic equipment * Nuclear control equipment
» Submarine repeater equipment

7. Copyright ©1996-2014 by Fuji Electric Co., Ltd. All rights reserved.
No part of this Catalog may be reproduced in any form or by any means without the express permission of Fuji Electric Co., Ltd.

8. If you have any question about any portion in this Catalog, ask Fuji Electric Co., Ltd. or its sales agents before using the product.
Neither Fuji Electric Co., Ltd. nor its agents shall be liable for any injury caused by any use of the products not in accordance with instructions
set forth herein.
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