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1. Description
This document provides a general description of power MOSFETs. For more information on our power MOSFET
products, please refer to the links below.

e Power MOSFETSs
https://www.semicon.sanken-ele.co.jp/ctrl/en/product/category/MOSFET/

e Power MOSFETSs for automotive
https://www.semicon.sanken-ele.co.jp/ctrl/en/product/category/A MOSFET/

2. Power MOSFETs

2.1. What is a power MOSFET?

A power MOSFET (Metal Oxide Semiconductor Field Effect Transistor) is a field-effect transistor with a MOS
structure. The structure of power MOSFETS is classified into horizontal type and vertical type, and the main products of
our power MOSFETS are vertical type. Vertical type is classified into planar type and trench type.

Figure 2-1 shows an example of a section view of a planar power MOSFET (N-channel). This document describes a
planar power MOSFET (N-channel) as an example. In vertical power MOSFETS in which the current flows in the vertical
direction, the on-resistance per chip area is reduced because of miniaturization.

Source Gate Source
O

Drain

Figure 2-1. Section View Example of a Planar Power MOSFET (N-channel)
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2.2.

Features of Power MOSFETSs

The features of power MOSFETSs when compared with bipolar transistors and IGBTSs are shown below.

Item

Power MOSFET

Bipolar Transistor

IGBT

Structure

(arrows indicate the
direction of the
drain current /
collector current)

Source

Source

Gate
O

Emitter Base Emitter

Emitter Gate  Emitter
O

Drain Collector Collector
N-channel NPN
Drain Drain Colloector Emitter Collector
Gate Gate Base Base Gate

Circuit Diagram - o

Source Source Emitter Collector Emitter

N-channel  P-channel NPN PNP

Control Systems Voltage control Current control Voltage control
Driving Power Small Large Small
Switching Speed Fast Slow Medium
Breakdown Voltage About 30 V to 800 V About 50 V to 800 V About 400 V to 1200 V

Increasing the

Easy (about 1 A to 100 A)

Difficult (about 2 A to 25 A)

Easy (about 15 A to 40 A)

brushless DC motor
e Switching power suply

e Solenoid

Current
. e Audio e High-voltage brushless
o : tga-ﬁ?glg?h:wﬁ-t%na o | ® Low-voltage/high-voltage DC motor
Applications ge/nig 9 brushless DC motor e Inverter
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2.3. Absolute Maximum Ratings

The absolute maximum ratings are defined as the allowable limits that should not be exceeded, even instantaneously.
If one or more of these values are exceeded, the semiconductor device will break. Therefore, it is required to design
electronic devices that use semiconductors so that the stress exceeding the values is not applied to semiconductors even
instantaneously.

Absolute maximum ratings do not guarantee reliability. Even within the absolute maximum ratings, if the recommended
conditions are exceeded, their durability decreases and as a result, semiconductors may not withstand long-term use.

Typical characteristics of the absolute maximum ratings listed in the power MOSFET data sheet are shown below. The
parameters of absolute maximum ratings listed depend on the power MOSFET type.

Parameter Symbol Description Remarks
Drain-to-Source Voltage Vos L\gizr;um voltage that can be applied between drain and
Maximum voltage that can be applied between gate and Section
Gate-to-Source Voltage Vs source 242
Drain Current (DC) Io Ma_X|m_um current that can flow continuously in the
drain pin
. Maximum current that can flow in the drain pin for a
Drain Current (pulse) Iom :
short time

Source-to-Drain Body Diode | Maximum current that can flow continuously in the
Forward Current (DC) S body diode
Source-to-Drain Body Diode Maximum current that can flow through the body diode

Forward Current (pulse) for a short time

Allowable maximum energy at avalanche breakdown by | Section
Avalanche Energy Eas - .

applying a single pulse 2.6.1.1
Avalanche Current Ias Maximum current that can flow at avalanche breakdown gegtlo?

Allowable maximum voltage change rate between drain
and source

Allowable maximum voltage change rate at body diode
reverse recovery

Allowable maximum current change rate at body diode
reverse recovery

Power Dissipation Po Allowable maximum power dissipation

Allowable maximum temperature in the semiconductor
junction in the product

Temperature range at which the product can be stored
when the device is not operating

Maximum Drain-to-Source dv/dt dv/dtl

Maximum Diode Recovery dv/dt dv/dt2

Maximum Diode Recovery di/dt di/dt

Operating Junction Temperature T,

Storage Temperature Tste
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2.4. Electrical Characteristics

Electrical characteristics show the performance of a product by specifying conditions such as temperature, voltage, and
current.

The following are typical parameters of electrical characteristics described in the data sheet. The parameters of
electrical characteristics to be listed depend on the type of power MOSFETS.

Parameter Symbol Description Remarks
Drain-to-Source Breakdown . Section
Voltage V@erpss | Breakdown voltage between drain and source 241
8&?:2:? -Source Leakage Ioss | Drain leakage current when the gate voltage is 0 V
Gate-to-Source Leakage Current lass Gate' I_eakage c_u_rrent when the gate voltage is under the

specified conditions
The gate voltage when the power MOSFET turns on and Section
Gate Threshold Voltage V&s(TH) | the drain current starts to flow 2.4.2
. . Resistance between drain and source when the drain Section
Drain-to-Source On-resistance Rbs(on) . -
current is flowing 24.3
Internal Gate Resistor Reanmy | Gate resistor inside the power MOSFET

. Sum of gate-to-drain capacitance and gate-to-source

Input Capacitance Ciss capacitance
- - - Section

Output Capacitance Cos ?:gcci):‘a%actee—to-dram capacitance and drain-to-source 244
Reverse Transfer Capacitance Crss Capacitance between gate and drain

Total charge that the gate voltage increases to the
Total Gate Charge Qe specified voltage from 0 V/
Gate-to-Source Charge Qas fTrg(ren cga\r/ge that the gate voltage reaches mirror voltage Section

The charge from when the gate voltage reaches the mirror 245
Gate-to-Drain Charge Qb voltage to when the drain-to-source voltage ~ 0 V (the

charge during the mirror period)
Turn-on Delay Time taony | Delay time until the power MOSFET turns on
Turn-on Rise Time tr Rise time until the power MOSFET turns on Section
Turn-off Delay Time tacorry | Delay time until the power MOSFET turns off 2.4.6
Turn-off Fall Time ts Fall time until the power MOSFET turns off
Source-to-Drain Body Diode Vv Voltage drop when forward current flows through the Section
Forward Voltage Drop > | body diode 2.4.7

. . Time from when the recovery current flows through the .

Source-to-Drain Bod_y Diode tr body diode to when the recovery current recovers to 90% Section
Reverse Recovery Time of the peak value 24.7
Source-to-Drain Body Diode . . Section
Reverse Recovery Charge Qw The charge of flowing current at reverse recovery time 547
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2.4.1. Drain-to-Source Breakdown Voltage, VsRr)bss

Verypss 1S the breakdown voltage between the drain and source. The electrical characteristics are specified in the
minimum value, and a margin is applied for the actual value for the safety of circuit operation. However, there is a trade-
off relationship between Vgrypss and drain-to-source on-resistance, Rops(ony, thus, increasing the margin of V(gr)pss also
increases Rps(ony. Therefore, the margin of V(gr)pss is generally designed to be as small as possible. V(grjpss has a positive
temperature coefficient, and the higher the temperature, the higher the V(grypss. The circuit should be designed considering
that the V &r) pss becomes low at low temperatures.
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Figure 2-2.  V(rypss — T; Typical Characteristics
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2.4.2. Gate Threshold Voltage, VesTh)

Vas(th IS the voltage between gate and source when the power MOSFET turns on and the drain current, Ip, starts to
flow. Vgs (thy has a negative temperature coefficient, and the higher the temperature, the lower the Vgs (tw) (See Figure
2-3). The temperature becomes high during circuit operation and the power MOSFET turns on at a low voltage. Therefore,
changes in Vs (rhy due to temperature characteristics must be taken into account in designing the circuit in order to avoid
malfunction due to noise.
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Figure 2-3.  Vgs(r) — T3 Typical Characteristics

Vs is the applied voltage between gate and source. In order to control the drain current, Ip, with Vgs, check the Ip —
Vs characteristics described in the data sheet and set the Vs so that the required Ip can flow (see Figure2-4).

20 .
Vs =10V |
|
|
f
_ 15 T
< |
= |
. 1
- /
.%:_) i"-' T,=150°C __|
5 ==
1] [
| Jeb—T1,=-55°Cc __|
Il |
/1] ]
0 S V7
0 1 2 3 4 5

Gate-to-Source Voltage, Vs (V)

Figure2-4. Ip— Vgs Typical Characteristics
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2.4.3. Drain-to-Source On-resistance, Roson)

Rbs (o) is the resistance between the drain and source when the drain current, Ip, is flowing. The larger the Rpscony, the
larger the power loss. Therefore, a power MOSFET with small Rpsony is ideal. Rpsoony has a positive temperature
coefficient, and the higher the temperature, the higher the Rpson) (see Figure 2-5). When using at high temperature,
consider the change in Rpsiony due to temperature characteristics. When power MOSFETS are connected in parallel, if
there are variations in each Rps(oon), & large amount of current flows through the power MOSFETs with small Rps(on).
However, the flowing current decreases because the Rps(on) increases due to the temperature rises. The current flowing
through each power MOSFET is balanced without the current flowing concentrated on one power MOSFET. This is
called the self-stabilizing function of the power MOSFET.
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Figure 2-5.  Ropson) — Ty Typical Characteristics
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® Robs(on) Resistance
Figure 2-6 shows the Rps(ony resistance of the planar power MOSFET (N-channel).

Source Gate Source

A

WA

N N+
% Ryrer P+

Rn+ Ren
% DRIFT
l N-—
Rsus N+
Drain

Figure 2-6. Rps(on) Resistance of the Planar Power MOSFET (N-channel)

Ros(ony resistance is calculated by the following equation.
Rpscony = Rsug + Rprier + Rj—per + Ren + Rys

Where:

Rsug is substrate resistance,
Rorier is drift resistance,
Ryrer is J-FET resistance,
Rch is channel resistance, and
Rn+ is N+ layer resistance.

There is a trade-off relationship between breakdown voltage and Rps(oony), thus, increasing the breakdown voltage also
increases Rps(on). In order to increase the breakdown voltage of the power MOSFET, it is required to thicken the N— layer
shown in Figure 2-6. Therefore, the Rps(on) Of a high breakdown voltage power MOSFET depends on the drift resistance,

Rorirr. Conversely, the Rpson) of a low breakdown voltage power MOSFET depends more on the channel resistance,
RCH, than on RoriFT.
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2.4.4. Capacitance Characteristics (Ciss, Coss, Crss)

As shown in Figure 2-7, due to the structure of power MOSFETS, parasitic capacitances (Cgss, Cep, Cpbs) are generated.
These parasitic capacitances affect the switching characteristics.

Drain (D)
: """""" O---------- |
Coo: ;
Gate (6) O——ig =+ cos
Cor s
o o I |
Source (S)

Figure 2-7. Parasitic Capacitances of Power MOSFET

e Input Capacitance, Ciss

Input capacitance, Ciss, affects the delay time. When the Cig is large, the delay time is long because a large amount of
charge must be charged/discharged at the power MOSFET turning on/off. The larger the Ciss, the larger the power loss.
Therefore, the power MOSFET with small Cig is ideal.

Ciss is calculated by the following equation.

Ciss = Cgs + Cep

e Output Capacitance, Coss

The output capacitance, Coss, affects the turn-off characteristics. When the Cos is large, the voltage change rate, dv/dt,
of the drain-to-source voltage, Vps, is reduced at the power MOSFET turn-off, resulting in reducing the influence of noise
but increasing the turn-off fall time, ts.

Coss Is calculated by the following equation.

Coss = Cps + Cep

e Reverse Transfer Capacitance, Crss
Reverse transfer capacitance, Ciss is also called mirror capacitance.
Ciss affects high frequency characteristics. The larger the Ciss, the more the following characteristics appear.

- The fall time of drain-source voltage, Vps, at turn-on is long
(The turn-on rise time, t; is long)

- The rise time of drain-source voltage, Vps, at turn-off is long
(The turn-off fall time, t is long)

- Power loss is large

Reverse transfer capacitance, Crss is calculated by the following equation.

Crss = Cep
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2.4.5. Charge Characteristics (Qa, Qas, Qab)

Total Gate Charge, Qg, gate-to-source charge, Qgs, and gate-to-drain charge, Qep, are the charges required to drive the
power MOSFET (see Figure 2-8). These affect the switching characteristics. The smaller the value, the smaller the power
loss, and the fast switching is achieved.

Ves &
QG |
Qes | Qep
{Mirror period /
Vs | \ |

Vas(th)

»

Gate Charge

Figure 2-8. Relationship between Vgs and Gate Charge
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2.4.6. Switching Characteristic (taony, tr, tdoFF), tf)

Figure 2-9 shows the definition of switching time.

f 90%
Vs
I o 10%
90%
Vps
10%
td(ON/)F tr toorr)! Ut
ton torr

Figure 2-9. Definition of Switching Time

e Turn-on Delay Time, taon)
Time from 10% of the Vs setting value to 90% of the Vps setting value

e Turn-on Rise Time, tr
Time from 90% to 10% of the Vps setting value

e Turn-on Time, ton
The total time of tyon) and t.

e Turn-off Time, taorr
Time from 90% of the Vs setting value to 10% of the Vps setting value

e Turn-off Fall Time, ts
Time from 10% to 90% of the Vps setting value

e Turn-off Time, torr
The total time of tyorr) and tr.
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2.4.7. Body Diode

Due to the structure of power MOSFETS, a body diode is generated between the source and drain. Figure 2-10 shows
the Is — Vsp characteristics of the body diode. The Vsp has a negative temperature characteristic and thus the higher the
temperature, the lower the Vsp.

Figure 2-11 shows the reverse recovery characteristics of the body diode. The peak recovery current is defined as Irw.
The smaller the reverse recovery time, t,, and the reverse recovery charge, Q, the smaller the power loss.

20 | — | 4

< V=0V I r s

= tr

| ;

Lg) 15 N "

° / Qe 90% recovery point

g from peak value

B ”””” IRM

(5]

.g T,=150°C Figure 2-11. Reverse Recovery Characteristics
1 1 1

£ I

8 / T,=25°C

S L1 1 1

g 9 [T

g T,=-55°C

3 |

0
0 0.5 1 15

Source-to-Drain Diode
Forward Voltage Drop, Vg (V)

Figure 2-10. Is— Vsp Typical Characteristics

ANEO0017-Rev.1.2 SANKEN ELECTRIC CO., LTD. 14
Jan. 20, 2022 https://www.sanken-ele.co.jp/en
© SANKEN ELECTRIC CO., LTD. 2021



https://www.sanken-ele.co.jp/

ANEO0O017

|
2.5. Thermal Characteristic

The following are typical parameters of thermal characteristics described in the data sheet. The parameters of thermal
characteristics to be listed depend on the type of power MOSFET.

Parameter Symbol Description
Reic Thermal resistance between semiconductor junction and case
Roia Thermal resistance between semiconductor junction and ambient

Thermal Resistance
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2.6. Factors that Cause Power MOSFET Destruction
Power MOSFETSs are destroyed mainly by the following five factors.

Destruction by Avalanche Breakdown
SOA Destruction

Body Diode Destruction

Destruction by Parasitic Oscillation
Destruction by ESD

2.6.1. Destruction by Avalanche Breakdown

Avalanche breakdown occurs when the drain-to-source voltage exceeds the absolute maximum rating to be breakdown
voltage, Verypss, Or higher. In the breakdown region, the power MOSFET may be destroyed due to the following factors.

e Destruction by Current

Figure 2-12 shows a section view of a planar power MOSFET (N-channel). In the breakdown region, the avalanche
current, las, flows as shown in (A) in Figure 2-12. At this time, a voltage is generated across the base resistor, Rg, of the
parasitic NPN bipolar transistor. When the voltage exceeds the base-to-emitter voltage that turns on the parasitic NPN
bipolar transistor, a current flows as shown in (B) in Figure 2-12. At this time, if the drain-to-source voltage is high, the
secondary breakdown occurs in the parasitic NPN bipolar transistor, thus, the current flowing through the transistor
increases rapidly, resulting in the destruction of power MOSFET.

Source Gate

[N

|
’L! )

-“ﬁ--

Drain

Figure 2-12.  Section View of a Planar Power MOSFET (N-channel)

e Destruction by Energy
The power dissipation of energy due to avalanche breakdown causes the temperature to rise. When the junction
temperature, T, exceeds the absolute maximum rating, the power MOSFET is destroyed.
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e Decrease in Destruction Capability due to dv/dt
As shown in Figure 2-13, a power MOSFET generates parasitic capacitance, Cps, between drain and source.
As shown in (A) in Figure 2-13, the current, I, flows at the power MOSFET turn-off. The current, I, can be calculated

by the following equation.
[ = Cpg X dv/dt

Where:
Cpos Is parasitic capacitance, and
dv/dt is change rate of rise of drain-to-source voltage, Vps

At this time, a voltage (Rexl) is generated across the base resistor ,Rg, of the parasitic NPN bipolar transistor. When
this voltage exceeds the base-to-emitter voltage that turns on the parasitic NPN bipolar transistor, a current flows as shown

in (B) in Figure 2-13. As a result, the destruction capability is decreased.
Note that the larger the dv/dt at power MOSFET turn-off, the larger the flowing current, I, and thus, the parasitic NPN

bipolar transistor easily turns on.

Source Gate

e ——

Drain

Figure 2-13.  Section View of a Planar Power MOSFET (N-channel)

e Measures
The following measures are effective in suppressing the destruction caused by the avalanche breakdown.

The wiring should be as wide and short as possible to reduce the stray inductance.
The value of the external gate resistor should be large and dv/dt should be small.
A snubber circuit or a Zener diode should be connected between drain and source to absorb the surge voltage.
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2.6.1.1. Avalanche Energy Measurement

When the drain-to-source voltage exceeds the absolute maximum rating and increases to the breakdown voltage,
V(er)pss, Or higher at the power MOSFET turn-off in the inductive load circuit, avalanche breakdown occurs. The current
that flows at this time is called the avalanche current, 1as, and the generated energy is called the avalanche energy, Eas.

Figure 2-14 shows the avalanche energy measurement circuit. Figure 2-15 shows the switching waveforms.

L A

Vps| V(BRrDss

Rg — Voo Vop

Figure 2-14.  Avalanche Energy Measurement
Circuit

Figure 2-15. Switching Waveform

Avalanche energy, Eas, is calculated by the following equation.

1 V,
EASZEXLXIASZXﬂ

Verypss — Vop

Where:

Eas is avalanche energy (J),

Vop is power supply voltage (V),

L is inductance (H),

Ias is avalanche current (A), and

V@rypss IS drain-to-source breakdown voltage (V).
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2.6.2. SOA Destruction

If any of the maximum rating of drain current, the maximum rating of drain-to-source voltage, Vps, and the maximum
rating of junction temperature exceeds the safe operating area, the power MOSFET may generate abnormal heat, resulting
in power MOSFET destruction. See Section 2.6.2.1 for the safe operating area.

2.6.2.1. Safe Operating Area (SOA)

The Safe Operating Area (SOA) is the range of current and voltage that a power MOSFET can be used without
deterioration or destruction. The safe operating area is divided by the following limits.

(1) The area limited by the maximum rated value of drain current

(2) The area limited by the maximum value of on-resistance, Rpson)

(3) The area limited by the maximum rated value of junction temperature

(4) The area limited by the secondary breakdown

(5) The area limited by the maximum rated value of drain-to-source voltage, Vps

100 —T— =
Single pulse, u
(@] e
P N\
N
< @ IR \\100 s
-0 N
- I
= :
% Ims —
3} L@
£ |
© 1
@)
‘“| (®)
0.1
1 10 100 1000

Drain-to-Source Voltage, Vg (V)

Figure 2-16. Example of Safe Operating Area

The data sheet describes the safe operating area under the ideal conditions (single pulse, Tc = 25 °C, etc.). Use the

power MOSFET within the safe operating area by derating the graph to the actual operating conditions. For derating, refer
to the following URL.

https://www.semicon.sanken-ele.co.jp/en/support/reliability/4-5.html#sec2
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2.6.3. Body Diode Destruction

In a circuit that a body diode between source and drain is intentionally used, when the current change rate (di/dt) at the
body diode reverses recovery is steep, the voltage change rate (dv/dt2) at this time is also steep. At this time, the parasitic
NPN transistor inside the power MOSFET turns on and current flows, which may result in destruction of the power

MOSFET.

e Measures

The wiring should be as wide and short as possible to reduce the stray inductance.
The value of the external gate resistor should be large and dv/dt2 should be small.
A snubber circuit or a Zener diode should be connected between drain and source to absorb the surge voltage.

Vee Ve —1—7 The wiring should be wide and short
The value of the external gate

_I @ resistor should be large
_
A snubber circuit or a Zener
-| -| * diode should be connected

Figure 2-17. Body Diode Destruction Measure Example

1

Lo

2.6.4. Destruction by Parasitic Oscillation

As shown in Figure 2-18, if the power MOSFET is connected in parallel without connecting a gate resistor, parasitic
oscillation tends to occur. Due to parasitic oscillation, the gate-to-source voltage, Vs, exceeds the maximum rated value,
or the power MOSFET malfunctions and generates heat, which may result in the destruction of the power MOSFET.

Drain

iy

:

Gate O—

Source

Figure 2-18. Connection in Parallel (no gate resistor)

e Measures

The wiring should be as wide and short as possible to reduce the stray inductance.
A resistor should be connected to the gate of each power MOSFET.
Ferrite beads should be connected to the gate of each power MOSFET.

|
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2.6.5. Destruction by ESD

The gate pin is sensitive to static electricity. If a static electricity or surge voltage generated by the human body or
mounting equipment is applied to the gate and a static electricity capacitance of the gate is exceeded, the power MOSFET
may be destroyed.

e Measures

- Connect the human body to the ground by a conductive strap or the like.
- Use conductive table mats on workbenches.
- Connect the equipment to the ground.
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Important Notes

All data, illustrations, graphs, tables and any other information included in this document (the “Information”) as to Sanken’s products
listed herein (the “Sanken Products™) are current as of the date this document is issued. The Information is subject to any change
without notice due to improvement of the Sanken Products, etc. Please make sure to confirm with a Sanken sales representative that
the contents set forth in this document reflect the latest revisions before use.

The Sanken Products are intended for use as components of general purpose electronic equipment or apparatus (such as home
appliances, office equipment, telecommunication equipment, measuring equipment, etc.). Prior to use of the Sanken Products, please
put your signature, or affix your name and seal, on the specification documents of the Sanken Products and return them to Sanken.
When considering use of the Sanken Products for any applications that require higher reliability (such as transportation equipment
and its control systems, traffic signal control systems or equipment, disaster/crime alarm systems, various safety devices, etc.), you
must contact a Sanken sales representative to discuss the suitability of such use and put your signature, or affix your name and seal,
on the specification documents of the Sanken Products and return them to Sanken, prior to the use of the Sanken Products. The
Sanken Products are not intended for use in any applications that require extremely high reliability such as: aerospace equipment;
nuclear power control systems; and medical equipment or systems, whose failure or malfunction may result in death or serious injury
to people, i.e., medical devices in Class III or a higher class as defined by relevant laws of Japan (collectively, the “Specific
Applications™). Sanken assumes no liability or responsibility whatsoever for any and all damages and losses that may be suffered by
you, users or any third party, resulting from the use of the Sanken Products in the Specific Applications or in manner not in
compliance with the instructions set forth herein.

In the event of using the Sanken Products by either (i) combining other products or materials or both therewith or (ii) physically,
chemically or otherwise processing or treating or both the same, you must duly consider all possible risks that may result from all
such uses in advance and proceed therewith at your own responsibility.

Although Sanken is making efforts to enhance the quality and reliability of its products, it is impossible to completely avoid the
occurrence of any failure or defect or both in semiconductor products at a certain rate. You must take, at your own responsibility,
preventative measures including using a sufficient safety design and confirming safety of any equipment or systems in/for which the
Sanken Products are used, upon due consideration of a failure occurrence rate and derating, etc., in order not to cause any human
injury or death, fire accident or social harm which may result from any failure or malfunction of the Sanken Products. Please refer
to the relevant specification documents and Sanken’s official website in relation to derating.

No anti-radioactive ray design has been adopted for the Sanken Products.

The circuit constant, operation examples, circuit examples, pattern layout examples, design examples, recommended examples, all
information and evaluation results based thereon, etc., described in this document are presented for the sole purpose of reference of
use of the Sanken Products.

Sanken assumes no responsibility whatsoever for any and all damages and losses that may be suffered by you, users or any third
party, or any possible infringement of any and all property rights including intellectual property rights and any other rights of you,
users or any third party, resulting from the Information.

No information in this document can be transcribed or copied or both without Sanken’s prior written consent.

Regarding the Information, no license, express, implied or otherwise, is granted hereby under any intellectual property rights and
any other rights of Sanken.

Unless otherwise agreed in writing between Sanken and you, Sanken makes no warranty of any kind, whether express or implied,
including, without limitation, any warranty (i) as to the quality or performance of the Sanken Products (such as implied warranty of
merchantability, and implied warranty of fitness for a particular purpose or special environment), (ii) that any Sanken Product is
delivered free of claims of third parties by way of infringement or the like, (iii) that may arise from course of performance, course
of dealing or usage of trade, and (iv) as to the Information (including its accuracy, usefulness, and reliability).

In the event of using the Sanken Products, you must use the same after carefully examining all applicable environmental laws and
regulations that regulate the inclusion or use or both of any particular controlled substances, including, but not limited to, the EU
RoHS Directive, so as to be in strict compliance with such applicable laws and regulations.

You must not use the Sanken Products or the Information for the purpose of any military applications or use, including but not
limited to the development of weapons of mass destruction. In the event of exporting the Sanken Products or the Information, or
providing them for non-residents, you must comply with all applicable export control laws and regulations in each country including
the U.S. Export Administration Regulations (EAR) and the Foreign Exchange and Foreign Trade Act of Japan, and follow the
procedures required by such applicable laws and regulations.

Sanken assumes no responsibility for any troubles, which may occur during the transportation of the Sanken Products including the
falling thereof, out of Sanken’s distribution network.

Although Sanken has prepared this document with its due care to pursue the accuracy thereof, Sanken does not warrant that it is
error free and Sanken assumes no liability whatsoever for any and all damages and losses which may be suffered by you resulting
from any possible errors or omissions in connection with the Information.

Please refer to our official website in relation to general instructions and directions for using the Sanken Products, and refer to the
relevant specification documents in relation to particular precautions when using the Sanken Products.

All rights and title in and to any specific trademark or tradename belong to Sanken and such original right holder(s).

DSGN-CEZ-16003
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