ENESANS Application Note

Gate Driver IC for IGBTs and SiC MOSFETs
Gate Driver Evaluation Board for Inverter EV-GDIS16 User Guide

Introduction

This user guide describes the configuration and usage of the EV-GDIS16
evaluation board for Renesas’s Gate Driver products in SOP-16 package.

The EV-GDIS16 board is designed for quick evaluation of Renesas Gate
Drivers and is not intended to evaluate or guarantee all the characteristics
of the Gate Driver products it is equipped with.

Target Device

Renesas Electronics Gate Driver series
RAJ293000 and other future products
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1. Getting Start

1.1 EV-GDIS and Interface board connection method and external view

Connect U9 on EV-GDIS to U10 on the interface board as shown in Figure 1 to connect EV-GDIS and
interface board. Figure 2 shows the overall appearance of the connected EV-GDIS and interface board.

Renorat Q| U3 & U4: RAJ293000
p TX3 & TX4: Transformer

EV-GDIS16 Interface Board
Figure 1. How to connect EV-GDIS16 and Interface board

Hiagh Side 5 «
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1. /0 57

/ Interface Board
(ye (Daughter Board)

Figure 2. Overall appearance of board
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1.2 How to switch IGBT/SiC modules

EV-GDIS supports IGBT and SiC modules. By default, EV-GDIS supports IGBT modules, which is
realized by soldering the jumpers in red frame as shown in Figure 3.

To switch to SiC module, remove the jumpers in the red frame in Figure 3 and solder the jumpers in the
yellow frame. Refer Chapter 7 for details.

~

Surface Side pi BB 0z, 23
A g i

Back Side

Oﬁﬂoﬂ

Figure 3. Jumper switching positions for IGBT and SiC
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1.3 Simple operation method

Figure 4 shows a schematic diagram of a simple operation method of EV-GDIS. First, connect EV-GDIS
and Interface board as shown in Figure 1. Apply voltage in the following order when connecting to the
module and evaluating.;

@ Apply 12V to pinl of I/F Board
@ Apply 5V to pin2 of I/F Board
@ Apply a square wave of 0V-5V to each of the pin8 (UH_H) and pin4 (UL_H) of the I/F Board

Please set to prevent High side and Low side from being ON at the same time.

Refer Chapter 3 for pinout and connector details.

The output pin leading to the gate of the module is different when using the IGBT module and the SiC
module. Figure 4 shows the position of the IGBT output pin with a red frame, and the position of the SiC
output pin with a yellow frame.

When evaluating by connecting to a module, voltage is applied to the DESATpin internally and the board
operates, but when evaluating the board alone,

DESATpin needs an externally applied power supply (eg. 1V) as indicated by dotted line in Figure 4.

--4-- THigh Side - Low Side .-4--
v , EV-GDIS16 l Wi
GND2 nterface board — ITSAIACEZRIN R GND2

Lin

oV 12v Pulse Pulse
7777 T777 signall m signal2

GND1 VIN_H VIN_L

GND1

Figure 4. EV-GDIS Simple Operation Method
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2. EV-GDIS16 Evaluation Board overview

EV-GDIS16 is a board for quick evaluation of Renesas' Gate Driver products in SOP-16 package. The
boards are equipped with the necessary connectors and jumpers for evaluation, allowing customers to
start evaluation early, before developing their own boards for target products. The Gate Driver products
mounted on this evaluation board are working samples and the quality is not guaranteed.

The EV-GDIS16 board consists of a main board and an interface board, which has user-friendly pin-pitch

connectors and components for double-pulse testing.

High-Side_U3
Gate Driver
RAJ293000

Transformer i
Converter

TX3 U2

6N
20810}

3|npoyy Jamoy

Transformer Aot
Converter

X4 Us

Low-Side_U4
Gate Driver |«
RAJ293000 .

Power line

Signal line

Galvanic Isolation

Figure 5. EV-GDIS16 block diagram

2.1 Board Name
The board name is marked on the board to identify the device it is equipped with.

/[ S
—

EV-GDIS16-000-000

» Serial Number

—» Mounted Gate Driver device
000: RAJ293000 (10A, 3.75kVrms, DESAT, 1CH)

---: For future products

— Board Name
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3. PCB specification

The EV-GDIS16 uses an automotive grade PCB. The board size and number of layers are as below.

Table 1. PCB specification

Parameter Value

Board size 104.5 mm x 47.0 mm
Thickness of PCB 1.6 mm

Thickness of Cu layer 20 ym

Cu layer numbers 6 layer, 1-4-1 build-up
Board material FR4

Al 13@1:r”“<:>_x, '
BT an -0 RPs

EEPFE T'TYU

Figure 6. Layout of EV-GDIS16 (Main / Interface board)
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4. Connectors

EV-GDIS16 is equipped with a connector and test pins to evaluate the on-board Gate Driver. Please refer
to the following table for the description of each and precautions for use.

Table 2. Connectors

Connector Pin count Function

U9 20 U9 is a fine pitch connector mounted on EV-GDIS16. It is connected to
U10 on the I/F Board.

u10 20 U10 is a fine pitch connector mounted on I/F board. It is connected to U9
on the EV-GDIS16.

ull 20 U11 is a connector on the I/F Board that allows signal input/output
to/from the EV-GDIS16 Board. Please refer to Chapter 4 for U11 signal
details.

C2/D11 1 This is the terminal to be connected to C2 on the IGBT module or D1 on
the SiC module.

G2/s2™1 1 This is the terminal to be connected to G2 on the IGBT module or S2 on
the SiC module.

E2/G2™ 1 This is the terminal to be connected to E2 on the IGBT module or G2 on
the SiC module.

D2(SiC) 1 This is the terminal to be connected to D2 on the SiC module.

S1(SiC) 1 This is the terminal to be connected to S1 on the SiC module.

E1/G1™ 1 This is the terminal to be connected to E1 on the IGBT module or G1 on
the SiC module.

G1(IGBT) 1 This is the terminal to be connected to G1 on the IGBT module.

C1(IGBT) 1 This is the terminal to be connected to C1 on the IGBT module.

T1 1 The T1 terminal is connected to the T1 of the Integrated NTC
temperature of the IGBT/SIC module.

T2 1 The T2 terminal is connected to the T2 of the Integrated NTC
temperature of the IGBT/SIC module.

Notel: The signal numbering depends on where the board is mounted in the 6pack module.
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5. MCU Interface — Ul11

U11 on the I/F Board is an input/output interface to external MCUs and/or measuring equipment.

Table 3. Pin assighment of MCU Interface Ul11

Pin | Name | I/O | Description Pin Name I/O | Description

1 +12V - | +12V power supply 11 | FLYBKEN_MCU | | | Flyback enable

2 +5V - | +5V power supply 12 TP10 - | Optional I/0

3 UL H | | Gate driver input 13 TEMP_U O | Module Temperature
4 FOBL | O | Low side FOB 14 RDY O | RDY from Gate Driver
5 | VSENS | O | Voltage sense 15 N.C. - | N.C.

6 AGND - | Analog ground 16 APWMH O | Future option

7 FOBH | O | High side FOB 17 APWML O | Future option

8 UH H | | Gate driver input 18 GND - | Digital ground

9 RSTB | | Resetinput 19 ASCH O | Future option

10 GND - | Digital ground 20 ASCL O | Future option

6. Test pins

EV-GDIS16 board has test pins (TP) to monitor signals. Please refer to Table 4 below for details.

Table 4. Test Pin list and assignment

TP | Description TP | Description

1 | Flyback for Gate Driver IC U3 VCC2 8 | +5V

2 | Flyback for Gate Driver IC U3 GND2 9 | Flyback enable from MCU
3 | Flyback for Gate Driver IC U4 VCC2 11 | Analog GND

4 | Flyback for Gate Driver IC U4 GND2 12 | DESAT_CS

5 |UH C 13 |UH_C

6 |UH E 14 |UH G

7 | Digital GND

P9 on the I/F Board is the input signal for double pulse testing. Please refer to chapter “9. Optional
Setting” for details.

7. Gate resistor adjustment

EV-GDIS16 board provides a pattern for adjusting and evaluating Gate resistors. The gate resistor
connected to the output pin of the Gate Driver can control the peak current and power dissipation of the Gate
Driver as well as suppress ringing.

The EV-GDIS16 board has one 1.1ohm SMD resistor as default, with options for SMD and leaded resistors
to be added for adjustment.

The following figure shows the schematic of the Gate resistor connected to pin 4 of Gate Driver IC U4. R25 is
the SMD resistor mounted as default, and an SMD resistor can be added in parallel with R72. Additionally,
lead resistors can be attached to P5 and P6.

1.1/0_7$W,DNP
P5 @ R2_ @ P6

i
f‘l‘l

1.1/0.75W" YR25 1

Figure 7. Gate resistor adjustable options
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8. Target Modules

The EV-GDIS16 evaluation board is designed to be combined with a general IGBT/SIC power module to
evaluate the on-board Renesas Gate Driver IC. The EV-GDIS16 is designed to allow three boards to be
mounted side-by-side on these target modules. These IGBT/SiC modules are subject to change in the
future.

Table 5. Target Modules

Module Type Part Number Description

HybridPACK Drive module with Trench/Fieldstop IGBT4 and

IGBT FS950R08A6P2B Emitter Controlled 4 diode

SiC FSO3MR12A6MA1B | HybridPACK Drive module with CoolSiC Automotive MOSFET

Gate-Dftver rvuluatlo'\ Board .

; for Invor er \ar
by
f© ©000 O
000 o
C
Figure 8. Image of EV-GDIS16 board with target module
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Figure 3 shows the pinouts for mounting the EV-GDIS16 board on an IBGT/SIiC module. The pin numbers
depend on where the EV-GDIS16 board is mounted on the 6pack module.

/ N\ J .
O 00 (@] O 000 @]
Cc2 E2 G2 D1 G252 D2

110 11Q
120 120
000 000
<Q c1r Q &
IGBT module SiC module

Figure 9. Connections with IGBT/SiC modules

To support both IGBT/SIC modules on a single board, the EV-GDIS16 board provides pin assignments for
the target module with solder-short jumpers (Refer to Table 4).

Table 6. Solder-short jumper settings for target module

Jumper name For IGBT module For SiC module
JP3-1 - Short
JP3-2 Short -
JP4-1 - Short
JP4-2 Short -
JP5-1 - Short
JP5-2 Short -
JP6-1 - Short
JP6-2 Short -
JP11 Short -
JP12 Short -
JP13 - Short
JP14 - Short

If your target IGBT/SiC module has a different pin layout than these modules, connect this board to your
target module with the shortest wires.

R12AN0133EJ0101 Rev.1.01 Page 10 of 24
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9. EV-GDIS16 interface board

The Interface board contains easy-to-use standard pitch connectors for signal input/output to MCU board
and measuring equipment. The Interface board is attached to the U9 connector on the EV-GDIS16 board.
Refer to Chapter 4 for details on input/output connector U11.

Figure 10. Interface Board
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10. Optional settings

The EV-GDIS16 has an optional setting for a variety of evaluations. 0 ohm resistors and jumpers on the
board can be used to change the connections to achieve the target evaluation purpose.

Table 7. Setting for target evaluation (e.g. For RAJ293000)

Evaluation

Parts setting

Description

Double Pulse Test
(GDU 1pc)

(e.g. the case of IGBT)

No set:

R24,R84,R85,R86,JP3-
2,JP9,JP10,JP11,JP12.

Set: R28,R29,JP4-2,JP5-

Use only Low side. Put in R=47kohm
between VCC2-GND2 & GND2-VEE of
Flyback Converter is recommended. It is
recommended to apply supply voltage
VCC1=5V, VCC2=15V, VEE=-5V as the
input voltage*, and apply pulse signal in INA.
The ON & OFF times of the pulse signal are

2,JP6-2 the most important points.
(*When using Flyback, set R84,R85,R86 and
apply VCC1=5V, VCC2(Pin 1 of U11)=12V)
Flyback external control R14, R32 This option is used to externally control the

LT8301 flyback converter for U2 and U5.
The EV/UVLO pin of the LT8301 on the
board is always asserted by voltage divider
with a resistor from +12V power supply. By
mounting optional resistors R14 and R32, it
is possible to control the EV/UVLO pin of the
LT8301 from the 11 pin of connector U1l on
the interface board.

R12AN0133EJ0101 Rev.1.01
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11. Device option

The pin assignment differs depending on the mounted Gate Driver. EV-GDIS16 is designed to allow
evaluation of different pin out products with 0 ohm resistors and jumpers settings. The following 0 ohm

resistors and jumpers are optional for future Gate Driver products.

Table 8. Setting for target Gate Driver device (The parts in parentheses are low side parts)

Parts No.

RAJ293000

R4 (R24)

Mount

R5 (R18)

JP1 (JP2)

R7 (R29)

R81~R86

R87 (R89)

R88 (R90)

R91 (R92)

R93

R74 (R76)

R75 (R77)

Q3 (Q4)

R12AN0133EJ0101 Rev.1.01
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12. Schematics
The EV-GDIS16 board schematic is shown below.

R BEIO:
z H g :
a g E L
g L3 I |
is ‘:”n EE éa
S S

—g [ I

- - ——
- o
ATmAn TIVINZIS I ) A oia
. i sy
DA
o e i
e 2 e e
o 1
o o P——

H—

Figure 11. EV-GDIS16 schematics - Gate Driver IC and flyback

R12AN0133EJ0101 Rev.1.01 Page 14 of 24
May, 12, 2025 RENESAS



Gate Driver Evaluation Board for Inverter EV-GDIS16 User Guide Gate Driver Evaluation
Board for Inverter EV-GDIS16 User Guide

R12AN0133EJ0101 Rev.1.01 Page 15 of 24
May, 12, 2025 RENESAS



Gate Driver Evaluation Board for Inverter EV-GDIS16 User Guide
Board for Inverter EV-GDIS16 User Guide

Gate Driver Evaluation

1

JP52
Default
s 3
BE T
Pa-1
2

RBZA50H120VDxHV1 -5

P4-2
efault
- 3
uec IGBT
Bl S S
C2/D1 G252 E2/G2 JP13

D2(SIC) —GD_fiu«J'-—D
J
2 S1(31C) s
CUIGBT] GUIGBTIEVG
Ao
JPit

TEMP_U {—————————T1

UF_C> — Default
Jp12
UP_G> = Default
UH_G ﬁ*
JP3-1
2

P32
Default
UH_EDp— 3

Figure 12. EV-GDIS16 schematics — IGBT/SiC module interface.
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Figure 13. EV-GDIS16 schematics - VSENS
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Figure 15. EV-GDIS16 schematics — Interface and power
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Figure 16. EV-GDIS16 schematics — Interface Board
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13. Parts list

The following is a list of the components mounted on the EV-GDIS16. Some of the mounted components
have lower heat resistance than the operating temperature range of Gate Driver. If evaluated in high

temperature, remove the parts as necessary.

Table 9. EV-GDIS16 parts list - 1/4

Symbol Parts name Part number Vendor Note

u3, u4 Gate Driver IC RAJ293000/SO_1 Renesas

U2, Us Flyback converter LT8301JS54#WTRMPBF Linear
Technology

us Op-Amp LMV841Q ITni’t‘fLSmentS

U9 Connector DF12NC(3.5)-20DP-0.5V(51) Hirose

TX3 Trans CEEH1211B/CE Sumida

TX4 Trans CEEH1211B/CE Sumida

FL1, FL2 NFE61HT332Z22A9 NFE61HT332Z2A9L Murata

Q1, Q2 DTC114EEFRA DTC114EEFRATL ROHM

Q3, Q4 Si2318CDS, N/A S12318CDS-T1-GE3 VISHAY

L3 BLM18PG600SH1D BLM18PG600SH1D Murata

D5 BZX384-B27 300mV BZX384-B27,115 Nexperia

D7, D8 VS-E7MH0112HM3/I VS-E7MH0112HM3/I Vishay
Semiconductors

D9 YFZVFH22B YFZVFHTR22B ROHM

D13 YFZVFHTR27B N/A YFZVFHTR27B ROHM

D14 YFZVFHTR6.2B N/A YFZVFHTR6.2B ROHM

D15, D16, RB168VYM-150FH RB168VYM150FHTR ROHM

D17

D18, D19 STPS0540Z STPS0540Z ST Micro

D20, D24 STPS0540Z2 STPS0540Z2 ST Micro

D21, D22 VS-E7TMHO0112HM3/I VS-E7TMHO0112HM3/I Vishay
Semiconductors

D23 BZX384-B27 300mV BZX384-B27,115 Nexperia

D25, D28, RB168VYM-150FH RB168VYM150FHTR ROHM

D30

D26 YFZVFH22B YFZVFHTR22B ROHM

D31, D32, 1SS400SMFH 1SS400SMFHT2R ROHM

D33, D34

D35 YFZVFHTR27B N/A YFZVFHTR27B ROHM

D36 YFZVFHTR6.2B N/A YFZVFHTR6.2B ROHM

D37 BZX384-B9V1 300mW BZX384-B9V1,115 Nexperia

R12AN0133EJ0101 Rev.1.01
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Table 10. EV-GDIS16 parts list - 2/4

Symbol Parts name Part number Vendor Note
D38 BZX384-B24 300mwW BZX384-B24,115 Nexperia
D39 BZX384-B9V1 300mwW BZX384-B9V1,115 Nexperia
D40 BZX384-B24 300mwW BZX384-B24,115 Nexperia
P1, P2, P3, Test pin PE-1 MACS8

P4, P5, P6,

P7, P8

JP1 PMRO1 N/A PMR01ZZPJ000 ROHM
JpP2 PMRO1 N/A PMR01ZZPJ000 ROHM
JP3-1, JP3- | Solder short jumper - -

2,JP4-1,

JP4-2, JP5-

1, JP5-2,

JP6-1, JP6-

2,JP11,

JP12, JP13,

JP14

JP7 Jumper HWC-2P-G MACS8
TP1, TP2, Test Pin (¢1mm round hole) -

TP13, TP14

TP3, TP4 Test Pin (@1mm round hole) -

TP5, TP6, Test Pin (@1mm round hole) -

TP7, TPS,

TP9, TP10,

TP11

R1,R2,R3, |0 RK73Z1ERTTP KOA

R78

R10, R11 1.1/0.75W ERJ-B2BF1R1V Panasonic
R12 0.01/0.75W ERJ-B2CFRO1V Panasonic
R13 15k ERJ-2GEJ153X Panasonic
R15 470k/1% ERJ-2RKF4703X Panasonic
R16 110k/1% ERJ-2RKF1103X Panasonic
R17 IGBT/SIC:56k/1% ERJ-3EKF5602V Panasonic
R18, R29, 0 N/A RK73Z1ERTTP KOA

R32, R76,

R89, R90

R19, R21, 0 RK73Z1ERTTP KOA

R23, R79

R20 6.8k/1% ERJ-3EKF6801V Panasonic
R22 15k ERJ-2GEJ153X Panasonic
R25, R27 1.1/0.75W ERJ-B2BF1R1V Panasonic
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Table 11. EV-GDIS16 parts list - 3/4

Symbol Parts name Part number Vendor Note
R26 0.01/0.75W ERJ-B2CFRO1V Panasonic
R30, R77 10kN/A ERJ-2GEJ103X Panasonic
R31 470k/1% ERJ-2RKF4703X Panasonic
R33 110k/1% ERJ-2RKF1103X Panasonic
R34 IGBT/SIiC:56k/1% ERJ-3EKF5602V Panasonic
R37, R38 10k ERJ-2GEJ103X Panasonic
R39, R40, 4.7M/0.1% MCA1206MD4704BP100 Vishay
R41, R42,

R43, R44,

R45, R46,

R47, R48,

R49, R50,

R51, R52,

R53, R54,

R55, R56

R5, R7, R14, | O N/A RK73Z1ERTTP KOA

R74, R78,

R87, R88

R4, R6, R24, | O RK73Z1JTTD KOA

R28

R57, R61 56k/0.1% ERA-3AEB563V Panasonic
R58, R60 120k/0.1% ERA-3AEB124V Panasonic
R59 0 RK73Z1ERTTP KOA

R62, R64 3.3k N/A ERJ-2GEJ332X Panasonic
R63, R65 3.3k ERJ-2GEJ332X Panasonic
R66, R67, 4.7k ERJ-2GEJ472X Panasonic
R68, R69

R70, R71 1.1/0.75W N/A ERJ-B2BF1R1V Panasonic
R72, R73 1.1/0.75W N/A ERJ-B2BF1R1V Panasonic
R8, R75 10kN/A ERJ-2GEJ103X Panasonic
R80 0 N/A RK73Z1ERTTP KOA

R81, R82, 0 RK73Z2ATTD KOA

R83

R84, R85, 0 RK73Z2ATTD KOA

R86

R9 6.8k/1% ERJ-3EKF6801V Panasonic
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Table 12. EV-GDIS16 parts list - 4/4

Symbol Parts name Part number Vendor Note

C1 1uF/25V CGA3E1X7R1E105K080AC TDK

C2,C3,C4 0.1uF/50V CGA3E2X7R1H104K080AA TDK

C5 1uF/50V CGA4J3X7R1H105K125AB TDK

C6, C10, 10uF/35V(3216) CGA5L1X7R1V106M160AE TDK

C11, C12,

C13,C14

Cc7 0.1uF/50VN/A CGA3E2X7R1H104K080AA TDK

Cc8 100pF/50V CGA2B2C0G1H101J050BA TDK

C9, C15, 10uF/25V CGA5L1X7R1E106K160AC TDK

C1e, C17,

C18

C19 1uF/25V CGA3E1X7R1E105K080AC TDK

C20, C21, 0.1uF/50Vv CGA3E2X7R1H104K080AA TDK

Cc22

Cc23 1uF/50V CGA4J3X7R1H105K125AB TDK

C24, C36, 10uF/35V(3216) CGA5L1X7R1V106M160AE TDK

C55, C56,

C57, C58

C25 100pF/50V CGA2B2C0G1H101J050BA TDK

C26, C59, 10uF/25V CGA5L1X7R1E106K160AC TDK

C60, C61,

C62

c27 0.1uF/50VN/A CGA3E2X7R1H104K080AA TDK

C39, C40, 0.01uF/50Vv CGA2B3X7R1H103K050BB TDK

C41, C44

C42 0.01uF/16V N/A C0805C103J4RECAUTO7210 | KEMET

C43 0.1uF/16V CGA2B1X7R1C104K050BC TDK

C45, C46 10uF/35V (3216) CGA5L1X7R1V106M160AE TDK

C47, C48 1uF/25V CGA3E1X7R1E105K080AC TDK

C49, C50, 100pF/50V CGA2B2C0G1H101J050BA TDK

Ch1, C52,

C54

C53 100pF/50V(N/A) CGA2B2C0G1H101J050BA TDK

C63, C64 N/A - -

C65, C66 N/A - -
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14. Reference document

For the specifications of the Gate Driver ICs supported by the EV-GDIS16 board, please refer to the
following datasheet.

Table 13. Gate Driver datasheets

Part number Datasheet document number
RAJ293000 R33DS0037EJ
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Application Note

Notice

1.

10.

11.

12.

13.
14.

(Notel)

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
WWww.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.
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