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IGBT
IGBT Module Application Note

Introduction

This application note describes IGBT module specifications, how to mount the module, and related usage
notes.

Contents

R O )= YT PR 2
2. Target Module StIUCIUIE ..........uiiiiiiiiee et e e e e e e e e e e e nnes 2
3. Datasheet Parameters...... ..o et 4
1 T I (] = ) TSROSO 4
3.1.1  Absolute Maximum RatiNgS.........ooiiiii e e s 4
T B O 0 - = Ty (=1 4 1 £ (o1 TSSOSO PP SPPPPPPPPPPPPRt 4
K S 5
3.2.1  Absolute MaximuUM RAtINGS. ... ..uuuuuuiiiiiiiiiiiiiiiieieieiee e eaeeetete e e teessssseesssssssssssssnsnsnsssnsssnsssnnns 5
I O g T = o1 (=] 4 ] (o7 S PO PRRPR 6
G TR T I 1= 0 115 (o] P PPPPPPPPPPPNt 6
3.4 MOQUIE PArAmELEIS ........uuuuiiiiiiiiiiiiiiitititt ittt te b ebebaaabetabebebebsbebebabebebststsbsssbsbssssssssssssssssnsssnsnsnsnsnsnsnsnnnnns 7
I U = T [T N\ (o] (== TP 8
4.1  Selection of Gate ReSiStanCe Ry ..o 8
4.2 Dead TiMeE SEHINGS ...coiiiiiiie ittt e e s bt e e s bttt e e e b b et e e ant e e e e annee s 10
L T B 1= -1 1] oo [ PO P OTPR TP 12
4.4 Module ProteClioN..........cooo i 12
REVISION HISTOMY ...ttt nnnnnnne 14
RO7AN0029EJ0100 Rev.1.00 Page 1 of 13

Sep.19.2024 RENESAS



IGBT IGBT Module Application Note

1. Overview

This document was written specifically for power electronics engineers developing inverters for xEVs using
IGBT (Insulate-gate Bipolar Transistor) modules. We aim to help engineers understand each parameter
listed on the datasheet and to explain the precautions and usage notes for using the module (mounting
method, gate drive, etc.).

The target module described in this document is a 6-in-1 module with single-sided cooling, module withstand
voltage of 750V or 1200V, and a current range of several hundred amps.

2. Target Module Structure

The module under consideration is a 6-in-1 module for 3-phase inverters with U, V, and W phases, 3-arm
IGBTs and FRDs (Fast Recovery Diode) (which is an FWD (Free-Wheeling Diode), in a single housing.

An equivalent circuit diagram is shown in Fig.1-1 In addition to the IGBT and FRD, thermistors are provided
for temperature measurement in U, V, and W phases.

P1 P2 P3
C1 c3 c5
G1 G3 c5 o—w- P : Positi
G TR sl e,

+——ou c4 —oV — ow g
C2 o— oO—=s C6 o | G . Gate
G2 o—w— G4 G6 , E : Emitter (kelvin)
E2 E4 C : Collector

E6 T : Thermistor

E T E T3 E T5
N1 T2 N2 T4 N3 T6

Figure 1-1 IGBT Equivalent Circuit

Figure 1-2 shows exterior views of the module. There are two types of heat sinks (copper base) on the back:
flat plate and pin fin. The pin-finned copper base module is a direct water-cooling type in which an LLC (Long
Life Coolant—antifreeze used for engine cooling; main ingredient is ethylene glycol) solution is directly
applied to the back of the copper base. In general, the LLC solution is 50% water and 50% LLC. On the
other hand, the flat copper-base module is basically cooled by adhering it to the cooling component with high
thermally conductive grease. The two types of modules differ only in whether the back copper base is flat or
equipped with pin fins; the remaining materials are essentially the same. Compared to flat copper base
modules, the pin-finned copper base module significantly reduces thermal resistance due to the absence of
both grease thermal resistance and the thermal resistance of the cooling component.

Figure 1-3 shows the cross-sectional schematic of the module, illustrating a flat copper base module. The Si
chips (IGBT, FRD) are soldered or similarly attached to the surface of a ceramic substrate, which has a thin
copper plate, about 0.5 mm thick or less, bonded to both sides. The ceramic material is typically alumina or
silicon nitride with a thickness of a few tenths of a millimeter. The purpose of the ceramic substrate is to
insulate the Si chips, which are subjected to high voltage. The ceramic substrate mounted with the Si chips is
soldered or similarly attached to the copper base. The ceramic substrate electrodes (copper patterns on the
substrate surface) are connected to the Si chip surface electrodes using Al wires, Al ribbons, etc. The
ceramic substrate electrodes and the module terminals are connected using solder bonding, ultrasonic
bonding, or similar methods using conductive materials like copper. The IGBT and FRD are electrically
connected to the module terminals in the above-described structure.

The heat generated by the Si chip due to loss during current drive (steady-state loss during conduction and
switching loss during switching) is dissipated via the copper base, which serves as a cooling component.
Therefore, the temperature of the Si chip when using pin-fin cooling component is controlled by adjusting the
temperature of the LLC solution and the cooling water flow rate, which are the main determinants of the heat
transfer rate. For flat-type cooling component, in addition to the above, the material and thickness of the high
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IGBT IGBT Module Application Note

thermally conductive grease, as well as the material and fin shape of the cooling component, must be
adjusted.

Since the materials used in the module (aluminum, silicon (Si), solder, copper, and ceramics) each have
different linear coefficients of expansion, stress and strain occur between the materials during heating and
cooling from current drive. The repeated strain causes cracks to form and propagate at the aluminum wire/Si
chip interface and in the solder. These cracks lead to increased conduction and thermal resistance, which
constitutes the thermal fatigue of the module. Since thermal fatigue ultimately causes damage to the Si chip,
the thermal fatigue life of the module must be considered during the system design stage.

Top view Bottom view: flat base

Bottom view: pin fins

Figure 1-2 Exterior View

Silicone gel

Ceramic
substrate

Figure 1-3 Cross-sectional Schematic (flat base)
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IGBT IGBT Module Application Note

3. Datasheet Parameters

3.1 IGBT

3.1.1 Absolute Maximum Ratings

Absolute maximum ratings are rated values set to ensure safe usage of the IGBT. Exceeding the absolute
maximum ratings even instantaneously may lead to degradation or breakdown of the circuit, so always use
IGBTs within the maximum ratings stated here.

Table 1-1 Absolute Maximum Ratings

Maximum voltage that can be applied between collector and
emitter.

Current value used in the product number; used to roughly
classify the output.

Maximum allowable current during continuous DC current flow.

Collector to Emitter voltage VcEs

Nominal current Icn

Collector Continuous DC lenom Det_ermined by the ’_(hermal char_acteri_stics _(Ioss x thermal
current current resistance) that satisfy the maximum junction temperature (Tj)
or less.
Repetitive peak Maximu_m allowable .c.urrent during pulselopgration.. N
current lcrRm Determined by conditions that satisfy switching reliability
(RBSOA) and do not exceed maximum Ty;.
Collector loss Pot Maximum allowable dissipation (loss) to satisfy maximum Ty;.
Gate voltage Voes g/lrii);itr:rum voltage that can be applied between gate and

3.1.2 Characteristics
Table 1-2 lists parameters and corresponding definitions related to IGBTs.

Table 1-2 IGBT Parameters
~ Name  Symbol  Definiton

Collector to Emitter saturation V. Collector-emitter voltage at a specified gate-emitter voltage
voltage CEsat and a specified collector current.
Gate to Emitter threshold V. Gate-emitter voltage at a specified collector-emitter voltage
voltage GEth and a specified collector current.
Total Gate charge Qe Gate charge required to reach a specified gate-emitter
voltage.
Internal Gate resistance Raint Internal gate series resistance value
Input Ci Gate-emitter capacitance at a specified gate-emitter voltage,
- ies e . P
capacitance specified collector-emitter voltage, and specified frequency.
Parasitic Reverse Gate-collector capacitance at a specified gate-emitter
. 1) transfer Cres voltage, specified collector-emitter voltage, and specified
capacitance  onacitance frequency.
Collector-emitter capacitance at a specified gate-emitter
Output o . o
X Coes voltage, specified collector-emitter voltage, and specified
capacitance f
requency.
Collector to Emitter cut-off | Collector current when the gate-emitter is shorted and a
current CES specified voltage is applied between collector and emitter.

Gate current when the collector-emitter is shorted and a

el o Bulie) Febege euien! | o specified voltage is applied between gate and emitter.
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1) Figure 2-1 shows a diagram explaining parasitic capacitance.

3.2 FRD
3.2.1 Absolute Maximum Ratings

Collector (C)

Input capacitance Cies = Cgc + Cge
Output capacitance Coes = Cee + Cgc
Reverse transfer capacitance Cyes = Cgc

Emitter (E)

Figure 2-1 Gate Capacitance Explanation

As with the absolute maximum ratings for the IGBT, these are rated values set to ensure safe usage of the
FRD. Exceeding absolute maximum ratings even instantaneously may lead to deterioration or breakdown of
the circuit, so please be sure to use IGBTs within the maximum ratings stated here

Table 2-1

Absolute Maximum Ratings

Repeated peak reverse

voltage

Forward
current

12t value

Nominal
forward current

Continuous DC
current

Repetitive peak
current

VRRM

IEN

IFRM

12t

Maximum voltage that can be applied between the cathode and
anode of reverse-parallel diodes. Same value as Vces of the
IGBT.

Same as lcn of the IGBT -- used to roughly classify the output.

Maximum current allowed during continuous DC current flow.
Determined by the thermal characteristics (loss x thermal
resistance) that satisfy the maximum junction temperature (Tyj)
or less.

Maximum current allowed during switching operation.
Determined by conditions that satisfy switching reliability (SOA)
and do not exceed maximum Ty;.

The overcurrent’s Joule integral value that the diode can
tolerate; specified for one cycle of a commercial half-sine wave
(50, 60Hz).
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3.2.2 Characteristics
Table 2-2 lists parameters and corresponding definitions for the FRD.

Table 2-2 FRD Parameters

Forward voltage value when specified forward current flows into

Diode forward voltage Vr FWD

Maximum diode reverse | Maximum value of reverse current that flows when forward

recovery current RM current in the FWD is cut off.

cl?rll:‘c:gereverse recovery Qr Total charge that disappears during reverse recovery operation.

Reverse recovery loss Erec Energy loss generated during reverse recovery in the FWD
Rihir Thermal resistance from junction to cooling water.

Thermal resistance Risc Thermal resistance from junction to back of case (back of

copper base).
Temperature of junction at which the element can be
continuously operated.

Junction temperature during

. . Ty
continuous operation vop

3.3 Thermistor
Table 3-1 shows the parameters and corresponding definitions for the NTC thermistor.

Table 3-1 NTC Thermistor Parameters

Thermistor resistance Ras Electrical resistance between thermistor terminals at 25°C.
Resistance variation AR/R Variation in resistance at a specified temperature.
Self-heating of the thermistor must be avoided to ensure
accurate temperature measurement. Power dissipation is the

HOTEr el Pas amount of heat (loss) generated by the thermistor to raise its
temperature by 1K.
) Constant between 25 and
Basis0 In resistance-temperature 50°C
characteristics, this constant
B Value" Bas/s0 indicates the magnitude of gg%stant between 25 and
resistance change between Constant bet 25 and
Bosioo  any two temperatures. onstant between <o an

100°C
For example, when B is between 25 and 50 °C, thermistor resistance R2 of temperature T2 is calculated with

the following equation: R2 = R25 exp [Ba2s/50(1/T2 - 1/298.15 K)]
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3.4 Module Parameters

Table 4-1 shows the parameters and corresponding definitions for the module.

Dielectric strength test
voltage

Maximum terminal current
Creepage distance

Clearance distance

Comparative tracking index

Pressure loss

Module cooling component
maximum pressure

Parasitic inductance
Module wiring resistance
Storage temperature
Module tightening torque
Weight
P

Ls1

—

Ls2 Ls5

I—ou

Ls3

|

Ls4

Table 4-1 Module Parameters

VisoL
ltrRms
dCreep

dCIear

CTI

Ap

p

Lsce

Rcc+er

Tstg

M

Effective value of voltage applied between electrodes and heat
sink when all IGBT module electrodes are short-circuited.
Maximum thermally allowable current under specified current
conditions.

Distance along the surface of an insulating material between a
terminal and heat sink or between terminals.

Shortest distance through air between a terminal and heat sink
or between terminals.

Insulation performance index of resin evaluated under insulation
test conditions specified in IEC60112. The larger the value, the
better the insulation performance.

Pressure loss generated between inlet and outlet when cooling
water flows through the module cooling component under
specified conditions.

Maximum allowable water pressure to prevent cooling water
leakage and other malfunctions.

Parasitic inductance from terminal P to terminal N per one
phase. Refer to Figure 3-1.

Parasitic resistance between power terminals of a single switch.
Refer to Figure 3-1.

Maximum and minimum temperatures for long-term storage.
Torque required to achieve appropriate clamping of heat sink.
Especially important for direct cooling types to prevent cooling
water leakage.

Lsce=Ls1+Ls2+Ls3+Ls4
Rce+ee=Rs1+Rs2+Rs5 for Upper arm
Rce+ee=Rs4+Rs3+Rs5 for Lower arm

Figure 3-1 Parasitic Inductance/Resistance Schematics
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4. Usage Notes
4.1 Selection of Gate Resistance Rqg

S The most important factor in driving IGBTs is the
/W | selection of the gate resistor, Rg. The minimum
l c requirement for selecting Ry is to keep the surge

voltage generated during IGBT switching below the
\V rated voltage. This is explained using the diagrams
ce shown below.
-V
L

IGBT,, )
_
Ny

i

43

Di

L For simplicity, Figure 4-1 shows a diagram of the
2 circuit when switching with an inductive load by
extracting one phase of a three-phase inverter circuit.
Here, we consider the case where IGBTH (the high-
side IGBT) is turned on and then off while return
current I+ flows through the low-side freewheeling
diode DiL. Figure 4-2 shows the resulting switching

waveforms.

Figure 4-1 Switching Circuit Diagram

When IGBTH turns on, Ir of DiL is commutated to collector current I of IGBTH and decreases. Then, when -
Vak (the reverse voltage of DiL) rises, reverse current I flows momentarily due to the residual charge in DiL,
and |r decreases as the charge disappears. When |: decreases, voltage dli/d: x Ls is generated by the back
electromotive force (BEF), and this voltage is applied to Vak as a surge on Vbus. This phenomenon is called
“diode reverse recovery”.

On the other hand, at turn-off, when I¢ starts to divert to Ir and I decreases, voltage -dlc/d: % Ls is generated
and this voltage is added to V¢ as a surge voltage to Vbus.

The above explains the surge voltage generated when the IGBT turns on and off. There are various factors
causing variation in this surge voltage. Figure 4-3 shows the related schematics. The main factors
contributing to an increase in surge voltage, in addition to the typical surge voltage, include: (1) variations in
IGBT and FWD characteristics, (2) variability in the gate circuit, primarily due to variations in gate voltage
and gate resistance, and (3) variations in the stray inductance (Ls) and other factors, although their impact is
typically smaller compared to the first two factors. Even considering all these variability factors, it is
imperative that the gate drive conditions prevent the surge voltage from exceeding the rated voltage.
Furthermore, if simply adding all these variability factors is considered excessive, statistical processing may
be a more reasonable solution. The key point is to ensure that, after considering all variabilities, the surge
voltage does not exceed the rated voltage across the entire operating temperature range

(typically -40°C to 175°C).
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0
A
Off-surge voltage
Y lc Vee= Voust+(-Ls X dlc/dt)
-dlc/dt Vbus
|C VCG
0
IGBT turn-on IGBT turn-off

A
Recovery surge voltage
1 ‘Vak= Vbus+|_s X dlr/dt
Vbus
0 -Vak \4

lr —»\f<«— dl/dt

1

Diode reverse recovery

Figure 4-2 Switching Wave Diagram

A
Rated voltage -

Maximum surge voltage (Others(Ls variation, etc.)

(@Gate drive(Vge, Rg, etc.) variation
(DDevice(IGBT, FWD) variation

Typical surge voltage

N

Figure 4-3 Variability Factors Causing Variation in Surge Voltage (image)
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4.2 Dead Time Settings

In an inverter, if the IGBTs on the upper and lower arms are turned on at the same time, no current flows to
the load such as the motor, so the IGBTs are directly connected to the power supply, causing an excessive
short-circuit current to flow through the upper and lower arms. As a result, the IGBTs are at risk of
breakdown. In addition, not only will the IGBTs breakdown, but the destruction may also cause irreversible
damage to surrounding components due to scattered module sealing materials, etc. There is also the risk of
fire. In short, a short-circuited IGBT can cause a major accident and must be avoided. Therefore, the IGBTs
on upper and lower arms should never be turned on at the same time.

Figure 5-1 shows the switching waveform diagram for when the upper and lower arms are short-circuited. In
this example, the upper arm IGBT turns on before the lower arm IGBT is completely off. The area covered
with red hatching represents the period during which both the upper and lower arm IGBTs are
simultaneously on, indicating that a short-circuit current is flowing through the upper and lower arms. This
period must be eliminated consider the gate drive conditions.

ON
—————————— OFF
e
e L . e =
_______ ON
OFF
Upper/lower arm E_ml % %—”
short circuit timing e 3=

Figure 5-1 Upper/Lower Arm Short Circuit Timing Diagram

As a solution, a period called dead time, during which both the upper and lower arms are off, is introduced in
inverter circuits to prevent a short circuit between the upper and lower arms. Figure 5-2 shows the timing
diagram for dead time. Periods (2) and (4) in the figure represent dead time periods. To prevent short
circuits between the upper and lower arms, the dead time should be as long as possible. However, if the
dead time is too long, it can increase the distortion of the output AC current waveform, leading to decreased
efficiency and other issues. Therefore, the dead time must be long enough to reliably prevent short circuits
between the upper and lower arms, but also as short as possible to minimize the latter issues.
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Sep.19.2024 RENESAS



IGBT IGBT Module Application Note

(1) ©) @ 1+ 0

1
: -l b---- ON
1 1
1 1
High i i
side i i
VGE Y [N | 1 OFF
1 1 1
1 1 1
'\ ___r_ . ___ _:. e 1 ON
VGE i
Low i
side 1
i i
i .  ———— OFF
1 1 1
i . X i : l
Dead Time Dead Time

®)

(1) (2) (3) (4)
High OFH
side 1 — 1 —1 1
L
s%vt\a/ —1 — —1 — 1

Figure 5-2 Upper/lower Arm On/Off Timing Chart

The dead time should generally be set for longer than the IGBT switching time.

Consideration should be given to Rg and other gate drive conditions, as well as temperature characteristics
and other factors which may impact switching time.

R0O7AN0029EJ0100 Rev.1.00 Page 11 of 13
Sep.19.2024 RENESAS



IGBT IGBT Module Application Note

4.3 Derating

The absolute maximum ratings explained in section 3.1.1 are instantaneous values determined to prevent
damage to a semiconductor device and do not guarantee long-term reliability. In addition, as with similar
semiconductor devices, IGBTs and FRDs have a certain probability of defects and failure, which is
unavoidable. Therefore, when designing equipment such as inverters, it is necessary to derate the modules
according to the target application and expected operating conditions to extend the equipment's reliability
and lifespan.

There are no general rules for determining the extent to which voltage, current, temperature and other values
should be derated from the rated values of each module for a specific design, as it depends on the device's
application, operating conditions, operating environment, and design life. We recommend that the device
designer sets standards for deratings based on accumulated design and technical know-how. That said,
Table 5-1 offers general derating examples to be used as a reference. In addition, when connecting modules
in parallel, the designer must consider the current imbalance between each module while carefully
determining the current derating.

Table 5-1 Derating Example
~ tem  ExampleofReductionRate =~

Voltage Use within 70% to 80% of the rated value, including the maximum surge voltage.

Use within 70% to 80% of the rated value, including the maximum surge current.

Use with the mean current within 50% of the rated value.

Use within 70% to 80% of the rated values, including transient temperature rises due to

Temperature surge voltage, current, etc. Reduce temperature from the rated value further based on
expected equipment lifespan.

Current

4.4 Module Protection

In the previous section, we described the importance of derating to ensure that the module operates normally
throughout the design life of the equipment. However, this does not eliminate the possibility of damage to the
module due to system operation abnormalities, etc. Therefore, to prevent module breakdown, the designer
must introduce a module protection function into the equipment to prevent module damage.

Module protection is mainly handled by the gate drive circuit; please refer to the gate drive IC specifications
for details when designing the target device. This section explains what to detect, the characteristics to
protect, and protection function concepts.

The main types of damage that occur in IGBT modules are as follows: 1) short-circuit damage, 2) overload
voltage damage: when a voltage higher than the rated voltage is applied to the collector and/or cathode, 3)
overcurrent damage: when excessive current flows through the IGBT and FRD, and 4) overheat damage:
when junction temperature Tyjop exceeds the allowable temperature.

1) Short-circuit damage protection: Short-circuit damage occurs not only due to unsuitable dead
time settings that upper and lower arms to short circuit, as explained in section 4. 2, but also due
to output short circuits caused by insulation damage in loads such as motors and ground faults
that cause a short circuit with the earth. Therefore, short-circuit damage cannot be prevented by
adjusting the dead time alone.

2) Overvoltage damage protection: This module does not detect collector current, but rather
uses a method of detecting on-voltage when the IGBTs are on. In other words, when the gate
voltage is on and the collector potential is high, the module detects a short-circuit condition.
Terminals C1 through C6 are used to monitor on-voltage. If a short-circuit condition is detected,
the IGBTs must be turned off within the short-circuit withstand time specified in the data sheet to
prevent damage to the device. In this case, since the excessive current is turned off, the off-
surge voltage in normal off operations will be excessive, which could result in overvoltage
breakdown (2).

At this point, overvoltage damage may occur. Therefore, a method known as soft shutdown is
generally adopted to reduce the diC/dt and surge voltage by shutting down the device with a
large Rg, separate from normal switching Rg.
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3) Overcurrent damage protection: This is protection for cases where the overcurrent is not as
severe as a short-circuit current, but is expected to continue for a long period of time due to
overload, etc. The collector current is detected by a current sensor such as a Current
Transformer (CT), and after an appropriate filtering time for the detection signal, current
limitation and shutdown are implemented. Consideration for surge voltage at shutdown is
required in the same way as for short-circuit protection.

4) Overheat protection: This is achieved by detecting temperatures using the thermistors
mounted on the U, V, and W phases of the module. Terminals T1-T2, T3-T4, and T5-T6 are
used for detection. Since IGBT/FRD temperature and thermistor temperature are different, the
designer needs to obtain the correlation characteristics between the two in advance and
determine the thermistor temperature at which protection will begin, or at which temperature
current limitation will begin. Also, note that the thermistor cannot keep up with a sudden rise in
IGBT/FRD temperature, and will not function effectively when this occurs.
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Notice

1.

10.

11.

12.

13.
14.

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.

(Note1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled

subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1 October 2020)

Corporate Headquarters Contact information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most up-to-date
Koto-ku, Tokyo 135-0061, Japan version of a document, or your nearest sales office, please visit:
www.renesas.com www.renesas.com/contact/.

Trademarks

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

© 2024 Renesas Electronics Corporation. All rights reserved.
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