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Selection Method and Usage of TVS Diodes

Transient voltage suppressor (TVS) diodes are a voltage clamp type of surge protection elements. They are designed to absorb
a large amount of energy in a short time with a low operation resistance and high current rating characteristics. To support a wide
range of applications, products of various types are listed in ROHM'’s lineup. This application note explains points for selecting the

TVS diodes and introduces application examples.

Points for selecting TVS diodes

A list of selection points is shown below. Points 1 to 3 explain how to select the TVS diodes in a way that prevents various
characteristics from being deteriorated when the TVS diodes are added to the existing wiring in order to protect devices. Points 4
to 6 describe how to confirm that the TVS diodes themselves will not be damaged by overvoltage pulses, such as electrostatic
breakdown and surges. Point 7 describes how to select a product with a higher protective performance. The details of these

methods are explained in the following pages.

- Confirm that the TVS diodes will not affect the wiring to be protected.

1. Selection with consideration of the voltage on the wiring
2. Selection with consideration of the signal frequency on the wiring
3. Selection based on the signal polarities

- Confirm the breakdown ratings of the TVS diodes.

4. Selection of the TVS diodes that can withstand ESD as required
5. Selection of the TVS diodes that can withstand overcurrent as required
6. Selection of the TVS diodes that can withstand overpower as required

- Confirm the protective performance of the TVS diodes.

7. Selection of products with a low clamping voltage
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The TVS diodes are added to the existing wiring in order to
protect devices. The wiring includes power lines to supply the
power, signal lines to transmit analog and digital signals,
communication lines to link devices using controllers, and
control lines to transmit commands for turning devices ON and
OFF and setting conditions. This application note explains
how to select the TVS diodes in a way that prevents various
characteristics of the existing wiring from being deteriorated
due to additions of the TVS diodes.

1. Selection with consideration of the
voltage on the wiring

Figure 1 shows schematic diagrams of the TVS diode
operations. The left diagram shows the operation under
normal conditions. In this example, the connector is located on
the left end and the IC, which is a device to be protected, is
located on the right end. They are connected via the wiring
and a TVS diode is placed between them. The wiring carries
the designed DC voltage and analog or digital signals
depending on the applications. The TVS diode is not operated
normally because no breakdown has occurred in the TVS
diode.

The right diagram shows the operation when a surge is applied.

If the surge voltage exceeds the breakdown voltage of the TVS
diode, the surge current flows through the TVS diode and a
large part of the current flows to the ground. Then, the TVS

diode clamps the voltage and protects the target device.

DC—— Surge J\L, Ve
Analog NANNNAN o
Digital [ 11 1 1000 o _, !

Normal conditions When overvoltage surge

is applied

Figure 1. Schematic diagrams of TVS diode operations

Operations under normal conditions and when an
overvoltage surge is applied

To prevent breakdown of the TVS diode under normal
conditions, it is necessary to select a product according to the

voltage and signals transmitted on the wiring.

Figure 2 shows the |-V characteristics of the TVS diode.

Standoff voltage Vrwm is important among these
characteristics. This parameter is the maximum voltage
immediately before the TVS diode enters the breakdown state.
The TVS diode does not operate below this voltage. Therefore,
select a TVS diode with Vrwm higher than the voltage

processed with the wiring.

It should be noted that reverse current Ir always flows to the
ground because of reverse voltage Vr. This current is
regarded as a leakage current in terms of the application
circuit and may cause malfunction in some circuits. Select a
product with an Ir value that the circuit can tolerate. Be sure

to check the operation with the actual equipment.

In addition, since Ir is increased as the signal waveform
approaches Vrwu, the distortion rate could be exacerbated for
analog signals. Be sure to check the operation with the actual

equipment.
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Ir: Reverse current (leakage current)
Vrwnm: Standoff voltage

Vgr: Breakdown voltage

Ve.: Clamping voltage

Figure 2. |-V characteristics of TVS diode
Characters in blue indicate important characteristics.
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2. Selection with consideration of the
signal frequency on the wiring

Since the TVS diode is connected to the wiring even under
normal conditions, capacitance between terminals Ctis always
added in addition to reverse current Ir described in the

previous section (Figure 3).

SN

Figure 3. Capacitance between terminals C: of the TVS diode
is added to the wiring under normal conditions

The wiring is not affected by the capacitance if it is a power
line with a DC voltage only. However, signal, communication,
and control lines may be affected depending on the frequency
and communication speed. Therefore, it is necessary to select
a capacitance value suitable for the application. If the
capacitance value is too large on the signal lines, the distortion
rate is exacerbated and waveforms are delayed for analog
signals. Digital signals are delayed and their waveforms are
blunted. For the communication lines, the eye patterns (bit
error rate) could be degraded. For the control lines,

malfunction could occur due to delayed or blunted waveforms.

Figure 4 shows typical applications and the standards for
capacitance between terminals Ct. The capacitance values in
this figure are standard values. Be sure to check the operation

with the actual equipment.

Standards for capacitance

lication )
A ons between terminals C;

USB3.2 Gen 2x2 (20Gbps)
Thunderbolt 2 (20Gbps)
Thunderbolt 3 (40Gbps)
HDMI 2.0 (14Gbps)

HDMI 2.0a/b (18GHz)

HDMI 2.1 (48Gbps)

Wi-Fi antenna (2.4 GHz)
Wi-Fi antenna (5 GHz)
Bluetooth antenna (2.4 GHz)

<0.15 pF

USB3.2 Gen 2™ (10Gbps)
HDMI 1.3 (10.2Gbps)

HDMI 1.4 (10.2Gbps)

NFC antenna (13.56 MHz)

<0.35 pF

USB 3.2 Gen 1"°™! (5Gbps)
HDMI 1.2 (4.95Gbps)
DisplayPort 1.0 (2.7Gbps)
LVDS (1Gbps)

MIPI D-PHY v1.1 (1.5Gbps)
MIPI D-PHY v1.2 (2.5Gbps)
MIPI D-PHY v2.0 (4.5Gbps)
MIPI D-PHY v2.1 (4.5Gbps)
MIPI D-PHY v2.5 (4.5Gbps)
GPS antenna (1.5 GHz)

<05 pF

USB 2.0 (480Mbps)

Ethernet 1000BASE (1Gbps) <1.5pF

MOST150 (150Mbps)

Ethernet 100BASE (100Mbps) | =2 PT

I°C (3.4Mbps) <8pF

USB 1.1 (12Mbps)
CAN FD (5Mbps)
FlexRay (10Mbps)
MOST50 (50Mbps)
LIN (20kbps)

CXPI (20kbps)

<12 pF

CAN (1Mbps)

RS-232C (20kbps)

RS-423 (100kbps)

RS-422 (10Mbps)

RS-485 (10Mbps)

Audio microphone (100 kHz)
Push button switch

<30 pF

Audio headphones (100 kHz)

Audio speaker (100 kHz) <50pF

Power line

Toggle switch &

NOTEL: Earlier USB 3.0 and USB 3.1 Gen 1
NOTE2: Earlier USB 3.1 Gen 2

Figure 4. Applications and standards for capacitance
between terminals Ct
The capacitance values in this figure are standard values. Be
sure to check the operation with the actual equipment.
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3. Selection based on the signal polarities

TVS diodes are available as unidirectional and bidirectional

products, as shown in Figure 5.

Unidirectional Bidirectional Bidirectional configuration
product product with a combination of

e Figure 7. Unidirectional products can be used for the signal
unidirectional products

wiring with positive polarity

Figure 5. Unidirectional and bidirectional TVS diodes

product, the reverse bias causes no current to flow until it

approaches breakdown voltage Vsr. However, the forward Analog

Digital
Figure 6 shows their |-V characteristics. For the unidirectional tta |||| ||||||

bias causes the current to start flowing at 0.5 V or less. For the

bidirectional products, neither the reverse or forward bias o

causes the current to flow until it approaches Vgr. To prevent

LN

any current from flowing through the TVS diode under normal

L

on these two characteristics. Figure 8. Bidirectional products can also be used for the
signal wiring with positive polarity

conditions, select a product suitable for the application based

Reverse bias  Forward bias Reverse bias  Forward bias
Next, we explain the situations with wirings for differential

digital and analog signals and analog signals with DC cutoff.
As shown in Figure 9, since the amplitudes of these signals

are centered around the ground, the bidirectional products are

V >V \3/>V used. The bidirectional products can be used because no
F BR
current flows until the voltage approaches Ver, regardless of
whether the signal swings to positive or negative polarity.
Unidirectional Bidirectional \Y I
Figure 6. I-V characteristics of TVS diode Digital %t

Figure 7 shows the waveforms if a unidirectional product is
Analog o

?

connected to the wiring transmitting digital signals designed

with reference to the ground and analog signals designed to

provide signals centering around the bias voltage. Since the

waveform of each signal has positive polarity with reference to

LN
II/_I\I

L

anode), no current flows through the TVS diode. Therefore, Figure 9. Bidirectional products are used for the signal wiring
the unidirectional products can be used. For the same reason, with both positive and negative polarities

the ground (the reverse bias with reference to the diode =

the bidirectional products can be used for the signal wiring with

positive polarity (Figure 8).
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Consider what happens if a unidirectional product is used for
bipolar signal wiring. Figure 10 shows the waveforms obtained
as a result. Since the amplitude of the waveforms on the
negative polarity is clamped by forward voltage VFr of the diode,
the information of the transmitted signals is lost. Therefore, the

unidirectional products cannot be used for bipolar signal wiring.

v
A
Digital 0 t

\%
+
Analog Owt » v
BR
— | Ve

/N 1vs i

[e;

Figure 10. Unidirectional products cannot be used for bipolar
signal wiring with positive and negative polarities

Here, we will outline the protective operation against
electrostatic discharge (ESD). As shown in Figure 11 for the
unidirectional products, when ESD enters, a surge with
positive polarity causes the reverse bias. The voltage is
clamped when a breakdown occurs and the current flows. A
surge with negative polarity causes the forward bias. The
voltage is clamped when it exceeds Ve and the current flows.

The subsequent stage is protected in this way.

Surge with
positive polarity

Surge with

Surge

e | Ve

Figure 11. ESD protective operation with unidirectional
product

As shown in Figure 12 for the bidirectional products, surges
with positive and negative polarities cause the reverse bias.
The voltage is clamped when a breakdown occurs and the

current flows.

negative polarity

I Surge with

Surge with negative polarity

positive polarity

—

Surge

[EsN=
WEN

-

<

(7))
||}— o

Figure 12. ESD protective operation with bidirectional
product

As described above, the unidirectional and bidirectional
products perform the ESD protective operation for both

positive and negative polarities.

In the following sections, we explain the points for selecting
the TVS diodes that can withstand surge pulses as required
for the applications. When the energy of the entering surge
pulse exceeds the protective performance of the TVS diode,
the TVS diode cannot absorb the energy completely, possibly
causing damage to the TVS diode itself and the device to be

protected.

4. Selection of the TVS diodes that can
withstand ESD as required

To protect the target device, the TVS diode itself must not be
damaged. Select a product with a rating value larger than the
ESD rating required for the application.

Tests were performed in accordance with IEC 61000-4-2 and
the two values of the ESD ratings (Vesp) for the direct contact
and air discharges are listed as the rating values on the data
sheets. The values at +30 kV were obtained as the maximum
values with the testing equipment (electrostatic discharge
generator, as of August 2023).

In the earliest years of development of the TVS diodes, the
ESD rating tended to decrease as the capacitance between
terminals was decreased, causing a trade-off. In recent years,
however, products having a small capacitance between
terminals and a high ESD rating simultaneously have been
developed. Therefore, this relationship is resolved to some
degree. Figure 13 shows the relationship between these two
values among the ROHM products. When selecting products
on a higher level than the test level required by IEC 61000-4-
2, approximately 40 pF or larger capacitance between

terminals can be considered as a high rating.
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Figure 13. Relationship between capacitance between
terminals and ESD rating among ROHM products
IEC 61000-4-2 direct contact discharge test
+30 kV is the maximum value of the testing equipment
(electrostatic discharge generator)

5. Selection of the TVS diodes that can
withstand overcurrent as required

Select a product with a rating value larger than the peak pulse

current required for the application.

The rating values are listed as peak pulse current Ipp on the
data sheets. The test waveform used is a 10/1000 ys impulse
waveform as specified in Telcordia GR-1089-CORE, which is
the industry standard test condition, or a 8/20 ps impulse

waveform as specified in IEC 61000-4-5.

6. Selection of the TVS diodes that can
withstand overpower as required

Select a product with a rating value larger than the peak pulse

power required for the application.

The rating values are listed as peak pulse power Ppp on the
data sheets. The test waveform is the same as the one used

for peak pulse current Ipp above.

7. Selection of products with a low
clamping voltage (VcL)

Select a product with Ve as low as possible for Vrwm selected

in point 1.

The TVS diodes have achieved a faster response compared
with other protective elements. However, there is a region
where they cannot sufficiently respond immediately after ESD
is applied. Therefore, a voltage higher than VcL may be applied
to the subsequent stage, causing damage to the device to be

protected.

50
RN

V¢ = 53.3V (SMF33VTF)
Vo = 19.9V (SMF12VTF) |
— Vg=10.3V (SMF6VOTF)

N
o

w
o
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N
o
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Figure 14. Comparison of peak voltages immediately after
ESD application among products with different clamping
voltages
IEC 61000-4-2 +8 kV direct contact discharge test
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Figure 14 shows a comparison of peak voltages immediately reduced further if the total area of the clamping waveform is

after ESD is applied among products with different VcL. It can smaller, products with a lower VcL are considered to show a
be seen that the peak voltage is lower as VcL is lower. In higher protective performance.

addition, since damage to the subsequent stage can be

Summary

The points for selecting the TVS diodes are summarized as follows.

Item

Characteristics to be
noted

Point for selection

. Selection with consideration of the
voltage on the wiring

Standoff voltage Vrwm

Select a product with Vrwm higher than the voltage
processed with the wiring.

Reverse current
(leakage current) Ir

Select a product with an Ir value that the circuit can
tolerate. Be sure to check the operation with the actual
equipment.

. Selection with consideration of the
signal frequency on the wiring

Capacitance between
terminals Ct

Select a product with a Ct value that can be tolerated in
the application. Be sure to check the operation with the
actual equipment.

. Selection based on the signal
polarities

Configuration of TVS
diode

- The unidirectional and bidirectional products can be
used for the signal wiring if the signal swings only to
positive polarity with reference to the ground.

- Use the bidirectional products for the signal wiring if the
signal swings to positive and negative polarities
centering around the ground.

. Selection of the TVS diodes that can
withstand ESD as required

ESD rating Vesp

Select a product with a rating value larger than the ESD
rating required for the application.

. Selection of the TVS diodes that can
withstand overcurrent as required

Peak pulse current lpp

Select a product with a rating value larger than lpp
required for the application.

. Selection of the TVS diodes that can
withstand overpower as required

Peak pulse power Ppp

Select a product with a rating value larger than Ppp
required for the application.

. Selection of products with a low
clamping voltage

Clamping voltage VcL

Select a product with VcL as low as possible for Vrwm
selected in point 1.
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Application examples

1. Protection of switching systems

Since switches and buttons are touched by the human body when they are operated, ESD may cause damage to the IC or

malfunction. They require protection with the TVS diodes.

Push-button switch N

Piget

g I

IC

Figure 15. Protection against ESD entering via switches and buttons touched by human body

2. Protection of DC plug/jack system

Hot-plugging (hot swapping) could be used to connect a DC output plug of an AC adapter to electronic equipment. However, the
inductance component of long wiring causes a high-voltage surge when the connection is established. Use the TVS diodes to
provide protection so that the devices inside the equipment are not damaged by the surge voltage. In addition, they also provide

protection against ESD entry caused by the plug and jack being touched by the human body.

Commercial . .
power supply AC adapter DC plug / jack Electronic equipment
1 N
AC-DC * Long wiring DC-DC
converter TVSZS """"" L ZSTVS converter
DC OUT DC IN

Figure 16. Protection when DC plug of AC adapter is connected to electronic equipment using hot plugging

3. Protection of audio system

When wired headphones or headset are plugged into a jack of a mobile device, ESD may occur and damage the inside of the
device if the human body is electrically charged. In addition, the wiring must be protected because the speaker and microphone

inside the device are usually placed on the peripheral part of the device, making them susceptible to ESD.

Portable Devices
Audio Codec IC

Plug / Jack :Z}T______-[ié::_"—[[]
R <
ARR Lo SRRE
VS - L vs

Figure 17. Protection of audio system including speaker and microphone
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4. Protection of USB 2.0 interface

USB connectors must be protected from ESD because they are frequently touched by the human body when USB cables and

USB devices are plugged in or unplugged.

USB Host Controller IC 5V—e—  Connector
VBUS
D- D-
D+ D+
L AAN (GND

TVS

ﬂ}a

Figure 18. Protection of USB 2.0 interface

5. Protection of USB 3.2 interface

To accommodate fast data transfer rates at 5 Gbps for USB 3.2 Gen 1 (earlier USB 3.0 and USB 3.1 Gen 1) and 10 Gbps for USB

3.2 Gen 2 (earlier USB 3.1 Gen 2), use the TVS diodes with a small capacitance between terminals for the communication lines.

Iy

— VBUS

Receptacle
USB Type-C

momme e FRERTD [HooTos

' RXL+ TX1+

RX1- ~TX1-
[

VBUS |—VBUS

SBU2 -CC1
[

|
| |
| I
| I
| L
| |
| |
| |
| I
| L
| |
D- D+

| |
| | 1
I : . D+ D-
|
| |
| I
| I
| |
| [
| |
| [
| I
| |
| |

|

—

cc2 |—SBU1

VBUS |—VBUS

TX2- |—RX2—

TX2+ -RX2+
[

s IR 2R R 7R o of o o AR

Figure 19. Protection of USB 3.2 interface
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6. Protection of HDMI interface

To accommodate a fast transmission rate at 10.2 Gbps for HDMI 1.4, use the TVS diodes with a small capacitance between
terminals for the TMDS signal lines.

Connector
Type-A
TMDS Data2+

TMDS Data2 Shield

TMDS Data2-
TMDS Datal+

TMDS Datal Shield

TMDS Datal-
DTMDS DataO+

TMDS DataO Shield

TMDS Data0-
TMDS Clock+

TMDS Clock Shield

] (A [ [

TMDS Clock-
CEC

UTILITY

SCL

SDA

+— GND

+5V

HPD

NN/

|

NN

Figure 20. Protection of HDMI interface
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7. Protection of LIN/CXPI interface

To accommodate a slow communication speed for LIN/CXPI of 20 kbps at maximum, a TVS diode with a large capacitance
between terminals may be considered acceptable. However, since the maximum capacitance is limited to 250 pF as the responder

node, care must be taken so that the total capacitance including C1 does not exceed this value.

LIN node
Connector
o PR |
_L < VBAT
IO.lUF
BAT 1KQ
LINF—e—e LIN BUS
LIN le
Transceiver TCl VS E%
GND GND

*1 Commander Node: 1000pF
Responder Node: 220pF

Figure 21. Protection of LIN/CXPI interface

The figure shows an example for LIN. The same applies to CXPI.

8. Protection of CAN/CAN FD interface

The maximum communication speed is 1 Mbps for CAN and 5 Mbps for CAN-FD. Therefore, provide protection by selecting the

TVS diodes with a capacitance between terminals that will not affect the signal quality.

CAN/CAN FD CAN BUS
Transceiver Connector
CANH CAN_H
TVS
SPLIT |||—o
oo T P
CANL—e——— CAN_L
GND
GND
L in

Figure 22. Protection of CAN/CAN FD interface
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9. Protection of automotive Ethernet (LAN) interface

Since the automotive Ethernet performs high-speed communications at 100 Mbps to 1 Gbps, use the TVS diodes with a small
capacitance between terminals. If the ESD protection with the TVS diodes is insufficient, place an ESD suppressor or varistor that

complies with OPEN Alliance standards directly below the automotive connector.

In-vehicle
Connector
H +—— DA+
TVS
0.1uF G
P> =
\ANAN
Ethernet PHY = |”—< i Loud 3
PN T 8l/¢
or | § [ 843
n T poa-
Common e
Mode Common Mode
Choke Termination
(CMC) Decoupling (CMT)

Figure 23. Protection of automotive Ethernet interface

10. Protection of RS-232C/RS-423 interface

If the 1/O of a transceiver IC is not equipped with an ESD protection function, it is necessary to provide protection against ESD by

placing the TVS diodes directly below the connector.

RS-232C
Connector
DCD ol
DSR | ¢
RXD o2
RS-232C RIS 107
Transceiver XD 03
CTS | g
DTR od
RI 09
05

Figure 24. Protection of RS-232C/RS-423 interface
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11. Protection of NFC antenna

An NFC antenna is built in directly under the cover of equipment. This environment is vulnerable to the ESD entry. Therefore, the

ESD protection must be provided.

RXL— |

TVS

I 8

-\

NFC IC * T
= 1
| e
TX2 4 (1
: Matching
EMC Filter Network

RX2{—{——+

Figure 25. Protection of NFC antenna

12. Protection of wireless power supply antenna

A wireless power supply antenna is built in directly under the cover of equipment. This environment is vulnerable to the ESD entry.

Therefore, the ESD protection must be provided.

T P_ANT
Antenna —
: Vs coil L TVS[ " ZE ZE
TXO0 LYY l Il \- s - * | RXO0
Power
Receiving
L p [ IC
Power —— T 1— J_—_
Transmission - - -
: T .| % X
X1 —e——| Com - . RX1
; Matching Matching
RXOH EMC Filter Network Network zg zg
RX1 —;—
Rectification
Figure 26. Protection of wireless power supply antenna
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13. Snubber circuit for AC-DC converter

This circuit is a pseudo-resonant converter. In this example, an RCD snubber circuit is incorporated to suppress a surge that
occurs in the primary side of the transformer at the moment the MOSFET is turned from ON to OFF. A snubber circuit is usually
configured with a resistor, capacitor, and fast recovery diode (FRD). However, a TVS diode can be connected in parallel with R
and C if a higher protective performance is required. The transient spike noise can be clamped by adding the TVS diode. Check
the switching waveform of the MOSFET to determine whether or not to use the TVS diode. If the voltage applied to this part is
higher than clamping voltage VcL of one TVS diode, connect several TVS diodes with the same item number in series so that the

sum of VcL becomes higher than the voltage applied to this part in order to clamp the transient voltage.

RCD Snubber Circuit

AC IN

bt o
—l_ —l_ oGND

T UEA

FC

DC-DC
controller

FB Ic

FB <— Feedback —

Figure 27. Clamping transient spike noise by adding TVS diodes to snubber circuit for AC-DC converter

14. Overvoltage protection on the secondary side of a power supply circuit

An overshoot of the output voltage may occur in a power supply circuit for some reason. If the IC is not equipped with an
overvoltage protection (OVP ) function, countermeasures must be taken as needed. Clamp the overvoltage by inserting a TVS
diode for the output of a DC-DC or AC-DC converter. TVS diodes are designed to clamp transient voltages that occur for a short
time (order of nanoseconds), such as ESD and surge waveforms. Therefore, to clamp a voltage in waveforms longer than about
several tens of milliseconds, it is necessary to select a product with a power dissipation of the package larger than the power in
the overvoltage part. In addition, when the overvoltage is continuously applied, for example, due to a short circuit between the

input and output, the TVS diode could be damaged if the power in the overvoltage part exceeds the power dissipation of the

package.
VIN OTVIN LX VOUT
TVS
[ | pcbe
GND = Converter GND
1 B 1=
h GND
Figure 28. Overvoltage protection for DC-DC converter output
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Notice

Notice

1) The information contained in this document is intended to introduce ROHM Group (hereafter
referred to asROHM) products. When using ROHM products, please verify the latest specifications
or datasheets before use.

2) ROHM products are designed and manufactured for use in general electronic equipment and
applications (such as Audio Visual equipment, Office Automation equipment, telecommunication
equipment, home appliances, amusement devices, etc.) or specified in the datasheets. Therefore,
please contact the ROHM sales representative before using ROHM products in equipment or
devices requiring extremely high reliability and whose failure or malfunction may cause danger or
injury to human life or body or other serious damage (such as medical equipment, transportation,
traffic, aircraft, spacecraft, nuclear power controllers, fuel control, automotive equipment including
car accessories, etc. hereafter referred to as Specific Applications). Unless otherwise agreed in
writing by ROHM in advance, ROHM shall not be in any way responsible or liable for any damages,
expenses, or losses incurred by you or third parties arising from the use of ROHM Products for
Specific Applications.

3) Electronic components, including semiconductors, can fail or malfunction at a certain rate. Please
be sure to implement, at your own responsibilities, adequate safety measures including but not
limited to fail-safe design against physical injury, and damage to any property, which a failure or
malfunction of products may cause.

4) The information contained in this document, including application circuit examples and their
constants, is intended to explain the standard operation and usage of ROHM products, and is not
intended to guarantee, either explicitly or implicitly, the operation of the product in the actual
equipment it will be used. As a result, you are solely responsible for it, and you must exercise your
own independent verification and judgment in the use of such information contained in this
document. ROHM shall not be in any way responsible or liable for any damages, expenses, or
losses incurred by you or third parties arising from the use of such information.

5) When exporting ROHM products or technologies described in this document to other countries, you
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