ROHM

Application Note

Resistors Thermal Design

How to Use the PSR Series
Thermal Simulation Models

For the PSR series of power shunt resistors, ROHM provides thermal simulation models that can be used with the Simcenter ™
Flotherm™ thermal design support tool for electronic devices and models compatible with other thermal fluid analysis tools. This
application note provides information on how to use the models, how to verify the results, and other points to keep in mind, which

can be utilized for thermal design.

Contents
I L1 1 oo [U T (o o PRSP PR PP 2
(R ¥ T oo Tt T To I o =T o 018 o o O PEEP RSP 2
(VS Tele] oT=No) iF=T o] o] o= 11 o] o FN R OO PR UURR RSO 2
DA £ Y T =Y U1 =Y o =Y o OSSR 2
P IS 1o 111 T S TP P TP U PP URRUPIN 2
B = 1 (01T = OO PUEPUPRT 2
3 OVEIVIEW OF the MOTEIS ...ttt e et et e e et e s a bt e eab e e sa bt e ea bt e sa b e e eab e e e mbeenaneeanbeenanee s 3
3.1 HOW 10 OBtaIN the MOEIS ...t e e e e r e e e et e s e e e e e n e e e eann e e e e nenneas 3
B 70228 |V o o 1= I o o 0 Yo 1= | £ 4
4 HOW 0 USE the MOTEI ... .ottt e e e s r e e e s et e e et e e s n e e e e sre e e e e e e e e s anre e e e annn e e e anneeesanneeeeas 5
T LT o TU L = =T T (Y N 5
V3 1V 1] (o] o P41 g T IR 1 [0 03T o = ISP P SRR 5
T G I (W o 1o T o JR= T3 10 0101 =1 o] o PR P SR 5
5 ANAIYZING T FESUILS ...ttt oottt e e e e oo e te ittt eee e e e e a e e eeeeeae e e e aeaeeeeeeee e e nnneeeeeeaeeeaannsaeeeaeeeaaannsnneeeaaeaannn 6
5.1 Monitoring points and temperature diStribDULION ...........o e e 6
5.2 ULIIZING the FESUILS.....coiie ettt oottt e e e e ettt e e e e e e e a b ettt e e e e e e e nbaeeeeeaaeeaannnteeeeaaeeaaanntbeeeeeaeesannnneeaeans 6
Lo IRC I o] a1 £ 30 (o TN 1= 1= o T I 1 4 T Nt 7
(O o100} =T g ToTo] 119V [P RUT SR 11
RST8] o] o o] u o] o] 4 a3 F= 11T ] o IS RUT P 11
8 GlOSSANY.....teee ettt ettt ettt h e e E et R e e e e e R R et oo e R e e e e o R e e et oA Rt £ oo e R e et oo R e e et e h R et et e R e e e e e R e e e e e anb et e e anreeenanreeeeas 12
© 2025 ROHM Co., Ltd. No. 67ANO87E Rev.001

1/12 June 2025




How to Use the PSR Series Thermal Simulation Models Application Note

1 Introduction

1.1

1.2

Purpose and background

As market demands for miniaturization and higher performance of electronic devices increase, thermal design is
becoming increasingly important as components become smaller, more power-efficient, and more densely
mounted. Resistors are one of the components where temperature control is important because heat generation is
inevitable because of their nature of converting energy into heat. This application note provides information on the
PSR series of shunt resistors used to detect high currents, including how to use thermal simulation models, to help

with thermal design.

The thermal design of shunt resistors is important, but if temperature control can be achieved, it will lead to value-
added improvements, such as further miniaturization of the end product and cost reduction compared to other

current detection methods. Please use this application note to resolve the issue.

Scope of application

The information in this application note applies to the PSR series of power shunt resistors. For details on the PSR

series lineup, specifications, and other information, please refer to the official ROHM website.

2 System requirements

21 Software (Requirements for using the PSR series thermal simulation models)
Simulator: Simcenter Flotherm (Siemens AG)
Version: Model created with Flotherm 2310™
Format: Models can be provided in EROM™, PDML, and ECXML"
*1: The version of the simulation models is subject to change without prior notice. Always check for the latest
version information.The latest version information can be checked in the ***Read Me*** file included with the
models. (See 3.2 in Chapter 3 for details.) The software should also be updated to a version that is suitable for your
models. In the above case, Flotherm 2310 or later can be used.
*2: EROM (Embeddable BCI-ROM) is a reduced-order model that can be output by Simcenter Flotherm. It allows
high precision analysis while black boxing the internal structure and is suitable for model distribution.
*3: ECXML is a standardized thermal design data format to ensure data compatibility between different design
tools.It is compatible with such simulators as the Ansys Icepak and others.

2.2 Hardware (Reference: PC specifications used for model creation)
OS: Windows 10 64-bit
CPU: 12th Gen Intel(R) Core (TM) i7-12700 12 core (12 cores used)
Memory: 16 GB
For details on the requirements, please check the Siemens AG website or contact your maintenance contractor.
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3 Overview of the models
3.1 How to obtain the models

The PSR series thermal simulation models are available from each product page on the official ROHM website.

Pages for Qe
. I Products Technical Support Applications Purchase/Support Company/IR Sustainability
individual
products pe ent Dtecion ¢ R . e S ————

Lineup «  Product Detail -  Design Resources «  Videos & Catalogs Top

— PSR100KTQFH1LO0
6432 (2512) size, 8W, 1mS2, High Power Type Metal Plate Shunt
Resistor (AEC-Q200 Qualified)

ROHM chip resistors for current detection

Tools

Type LastUpdated

4/08/21 < ECXML Inquiry Form
rom the person in char 24/08/21 = EROM Download
= PDML Inquiry Form

Figure 1. Where to obtain the PSR series thermal simulation models
[Obtaining EROM]

Click “SIMCENTER FLOTHERM EROM” and confirm the “Disclaimer and Copyright Notice”. Then, you can download

the model.

[Obtaining PDML or ECXML]

Click the inquiry form and confirm the “Disclaimer and Copyright Notice”. Then, fill in the required information. We

will send you the model at a later date.

[Model features]

EROM allows for high speed and high precision analysis and is excellent in availability. In the future, the model will

be available from the following locations. (As of March 2025)

+ Design model page on the official ROHM website: https://www.rohm.co.jp/support/design-model
* Flotherm library included as standard (Flotherm 2510 or later)
+ IDAJ official website
+ Siemens AG official website
PDML supports section plots and is useful for more detailed analysis.

ECXML is an option when using thermal fluid analysis tools other than Simcenter Flotherm to perform the analysis.

© 2025 ROHM Co., Ltd. No. 67ANO87E Rev.001
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3.2 Model components

Model name: As per the part number. Example: PSR100_KTQ_F_H_1L00

For details on the part number of the ROHM resistors, refer to the separate short form catalog, data sheet, or

specifications.

Files: Provided in library format. The files include a Read Me file containing disclaimers, other information, and

model data. Import and transfer the model data to your project.

L2 Library file

New Library

Cut

Copy

Paste

Delete

Export To File...
Import From File
Refresh

~ |7 PSR100_KTQ_F_H_1L00
IO ***Read Me***
PSR100_KTQ_F_H_1L00

- =

Integrate the model ‘ o§¥ Transfer To Project ‘

Import Project | Library
y O ATX
» V Blov
4 V Con
» & Con I
4 b} Dat¢
4 V Fans
» 7 Filta
FloXML
Library
PDML )
T3Ster L
al

or
0@ Root Assembly
W cubod I psr100 KTQ F H_1L00
P Cuboid drag-and-drop

Figure 2. Importing and transferring model files (an example of PSR100/1.0 mQ EROM)

Model structure: EROM consists of Volume, Faces, Sources, and Probes. Volume is a part inside that is black-

boxed; the boundary conditions are set in advance in Faces. Sources contain the heat generating part that inputs

the heating value. Probes define the standard temperature measurement positions. (PDML and ECXML are

detailed models and therefore not made public.)

» 4 psr100_KTQ_F_H_1L00

¥

-

. Volume

“
Sources
. Source
-@? Probes

7

Terminal temp
7
Component surface temp

Figure 3. Structure of EROM

Grid conditions: The grid conditions under which the thermal simulation model was created are set.

Others: For disclaimers and version information, please refer to the ***Read Me*** file and the note provided in

each model.
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4 How to use the model
41 Input parameters

[Setting the heating value (power)]

Open the Setting tab of the Source assembly from the model tree, select “Resistor_Source®, and click “Edit*. On the

Attribute Data tab, enter the desired heating value (W) in Total Source.

~ K3 psR500 HTQ F B.O...

‘ Volume Attribute Data Notes o

» P Faces

v ‘ Sources Name Resistor_Source
| ) ‘ Source | Source Type | Temperature -

4 @? Probes V  Activate
/"_\// Option | Total Source v
/\/

Location Attachments Notes (2] I Total Source W v
Transient Attribute | No Attachment v Edit

Source | Resistor_Source v Edit

Figure 4. Setting the heating value

4.2  Customizing the model
[Setting transient conditions]

If the heating value is subject to transient changes, set transient conditions.

Open the Source assembly from the model tree, select “Resistor_Source®, and click “Edit”. On the Attribute Data

tab, click “Edit” in Transient attribute and set the desired transient conditions. “ROHM reference values may be set

as initial conditions, which can be changed.

Attnbute Data Notes

Name Resistor_Source

0

Source Type  Temperature v
v Activate
Option | Total Source v
Total Source 4 W v
Transient Attribute | No Attachment v Edit

Figure 5. Setting the transient conditions

4.3  Running a simulation

After placing the model and setting the heating value (and transient conditions if performing transient analysis), run

a simulation.

© 2025 ROHM Co., Ltd.
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5 Analyzing the results

51 Monitoring points and temperature distribution
As the monitoring points, two items are set: component surface temperature and terminal temperature. The surface
temperature is the maximum temperature of the component surface; the terminal temperature is the temperature at
the center of the component electrode surface. In the model tree, “Component surface temp” under “Probes”
corresponds to the surface temperature and “Terminal temp” corresponds to the terminal temperature. For PDML,
ECXML and EROM formats, surface plots can be used to view the temperature distribution on the surface of the
component.
?
-@- Component surface temp
@}" Terminal t
el Surface Plots
.~ Surface
\%‘ Terminal
Figure 6. Temperature monitoring points and surface plots (an example of PSR100/1.0mQ EROM)
After completion of the analysis, the simulation results for the component surface and the terminal can be viewed on
the Table tab. For transient analysis, the temperature change over time can be output as numerical data.
Click “Probes” “Monitor Points vs Time”
~ @ Probes = Monitor Points v Time1 - = [ etting o
@ Terminal temp J":N“:” :'”"“"‘:"""'
‘é}' Component surface temp ! x.if.i o
= AN et on " —
Temperatures are displayed 1 the graph = Compars arica wro Wb::i i.f;uc
Message Window Tables . :'S_P‘TWLBG;M -
Tables tor Hoints 5 Selectic Domponent surtace temp
0M Prot
Temperature (© C)
@ Terminal temp 271.5 I Output
@' Component surface temp | 80.4 ‘ = — numerical
Tim 10 Ste herati 3 data
Figure 7. Output of the analysis results
PDML and ECXML also support section plots, allowing internal temperature distribution to be viewed.
5.2 Utilizing the results
"The component surface temperature can be used to determine whether the component can be used safely. (For
reference, the upper limit of the operating temperature range for the PSR series is 175°C.) The terminal temperature
can also be used to assess whether power derating is required—refer to the derating curve in the datasheet or
specifications." Equation (1) can be used to calculate the component thermal resistance between the component
surface and the terminal, which can be utilized when it is determined that countermeasures against heat are
necessary or when performing a simplified calculation for the next design.
© 2025 ROHM Co., Ltd. No. 67ANO87E Rev.001
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Surface temperature(°C)—Terminal temperature(°C) (1 )

Thermal resistance(°C/W) = Heating value(V)

*If you need to know only the thermal resistance value, please contact ROHM separately. The value is equivalent to

the value obtained from the analysis results of this thermal simulation model.

5.3 Points to keep in mind
[Model precision]
As for the precision of the thermal simulation models to be provided, the difference from the average measured
values for the two items, surface temperature AT and thermal resistance of the component, is +5% or less. Our
approach to precision is the same for all PSR series and all formats (PDML, ECXML, and EROM).
Model precision
For the difference between the measured mean and the model, the following shall be fulfilled.
1. Surface temperature rise (AT): £5% or less
2. Component thermal resistance: 5% or less
Surface temperature AT represents the amount of increase in surface temperature, which is calculated by
subtracting the ambient temperature from the surface temperature. The models ensure high reproducibility in a
variety of different environments by adjusting not only surface temperature AT but also the thermal resistance of the
component.
Figure 8 shows the relationship between surface temperature AT and the thermal resistance of the component in a
thermal circuit network. Thermal circuit network is a modeling method in which the transfer of heat is replaced by an
electric circuit to enable intuitive calculations where the electric resistance is thermal resistance, the current source
is heat source, and the reference point (ground) is atmosphere, and the potential difference corresponds to the
temperature difference.
Component Thermal Resistance | _T_ I Component surface AT
Ambient [ i
atmosphere
Rth, ,
o
Terminal m —
[ ] | T 4 Terminal AT
‘ Heat sink etc. | H
Rth,.,
Ambient . Ambient T
atmosphere
= [Actual measurement condition]
Definitions Cooling condition : Similar to using a water jacket
P : Heat generation of components (applied power) Ambient temperature : 25°C
Rth,_. : Thermal resistance between component surface and ambient atmosphere Temperature sensor: K-type thermocouples(p50pum)
Rth.,: Thermal resistance between component surface and terminals [Analysis condition ]
Rth, ., : Thermal resistance between component terminal and ambient atmosphere Transient analysis: 36 points (10sec)
Figure 8. Surface temperature AT and thermal resistance of the component presented in a thermal circuit network
© 2025 ROHM Co., Ltd. No. 67ANO87E Rev.001
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Figure 9 is an example of a comparison between the average measured values of PDML and EROM for PSR100/

1mQ as reference data to evaluate the model precision.

Component surface AT

Component Thermal Resistance

60.0 14
. « Average . Average
58 50.0 of actual ,§ 12 : of actual
= %) i
5 [ 10 1
g 400 o i
£ c 8 i
7@ 300 i 1
= -1.0% of actual -1.1% of actual w6 +1.9% of actual || +1.5% of actual
£ 200 PDML EROM . PDML EROM
=3 E
E =
8 100 n E 2 “

0.0 0

0.0 05 1.0 1.5 2.0 25 3.0 0.0 0.5 1.0 15 2.0 25 3.0
B5RE (s) B5RA (s)

Figure 9. (Reference) Comparison of the average measured values for PSR100/1mQ

[Details on model precision]

The precision of the thermal simulation models is +5% of the measured values in a steady (saturated) state. For
precision under transient conditions, please contact ROHM separately. The average measured value is a point
estimate of the mean for a typical production lot. In the case of interval estimation, the model precision is £+10% or

less of the upper and lower limit values of the 95% confidence interval for the representative lot average value.

95% confidence interval
.. Model value

o »

Interval estimation

of the mean e
®

D B—

@

R I

- : . Surface temperature rise(AT)

= or Thermal resistance
Measured mean

(point estimates for representative lot)

@ Difference between model and representative lot measured mean (point estimate) : £5% or less

@ Difference between model and representative lot measured mean (interval estimate) : £10% or less
Upper and lower limits of the 95% confidence interval compared with the measured mean
Figure shows an image of a larger difference from the lower limit.

Figure 10. Approach to thermal simulation model precision

Note that the model shown above does not reflect all of the characteristic variations of the actual product to be
delivered. If you need information on the worst-case values or distribution of characteristics (surface temperature
AT and thermal resistance) reflecting lot-to-lot variations and product variations, tolerances of thermal resistance,
and other information, please contact ROHM separately. Figure 11 shows an image of the characteristic distribution

taking into consideration product and lot-to-lot variations.

© 2025 ROHM Co., Ltd. No. 67ANO87E Rev.001
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+30
Reference . i Model value
Distribution of actual
product characteristics

I

1

1

1
I@I
r—b
1

1

I

1

1

@ _ Surface temperature rise(AT)
" or Thermal resistance

Measured mean ™. \yoret value (measured mean +30)

@' Difference between model and measured mean (point estimate)
3@ Worst values considering product variation and lot-to-lot variation
The figure shows an image of the worst values at £3ag (approx. 99.7%)

Figure 11. Characteristic distribution and worst-case values of an actual product that may be delivered

Our thermal simulation models have been adjusted to average values and are suitable for comparison with actual
measured values. By comparing the results of simulation and actual measurement and feeding them back to the
next design, it is possible to improve prediction precision to achieve Front-loading and DX for shortened

development time.

Worst-case values are suitable for robust design to ensure safe design. However, if only worst-case values are

provided as information, it is assumed that comparison with actual measured values may be difficult.

Characteristic distribution and tolerance data can address both of the above issues.

[Example of error factors]

In thermal design, errors are broadly categorized into measurement errors and analysis errors. In this example,

measurement errors that should be noted particularly for the PSR series are described.
Example of significant measurement error — Systematic error due to unnecessary potential difference

One of the characteristics of the PSR series is that conductors are exposed. When a thermocouple is connected to
a conductor that is energized, applying an unnecessary potential difference (circuit voltage) to the thermocouple

can lead to a temperature measurement error. Figure 12 is an example of incorrect thermocouple connection.

Conduct electricity
> Surface

pEp—
To measure f y
component & Contact with conductor Extraneous Temperature
surface temp % current-carrying parts voltage for
X measurement
other than the tip of thermocouples error
the thermocouple (circuit voltage)

Figure 12. Example of incorrect thermocouple connection to the PSR series

Figure 13 is an example of a K thermocouple showing the mechanism of how an unnecessary potential difference

can lead to a temperature measurement error.

© 2025 ROHM Co., Ltd. No. 67ANO87E Rev.001
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T
For a K thermocouple (chromel-alumel),
1mV corresponds to approximately 25°C

AVe
chromel alumel Temperature and Voltage
AV, wire wire | AV,
|AV,, — AV, [ £ AVE/
el e ey 1Sen — Satl
|
¥ ] P Extraneous voltage -> error |

Definitions
T : Temperature to be measured
T, : Reference junction temperature
AV, : Internal voltage of the alumel wire
AV, : Internal voltage of the chromel wire
AVe : Extraneous voltage (circuit voltage)
S, : alumel's Seebeck coefficient
S, 1 chromel's Seebeck coefficient

Figure 13. Temperature measurement error in a thermocouple due to an unnecessary potential difference

Figure 14 shows the temperature measurement results obtained under the conditions shown in Figure 12. When a
power of 4 W was applied to PSR500/0.3 mQ, the surface temperature showed approximately 200 °C. Then, the
direction of the current was changed and the measured temperature showed approximately -200°C. At this point,
the entire thermocouple, except for the tip, was insulated, resulting in a surface temperature of 18°C. It can be seen

that an unnecessary potential difference caused a deviation of more than 10 times in the measured value.

PSR500/0.3m 300 : Insulated th [ 25
Temperature rise +200°C? -hsulated thermocouple .
115.5A(4W) § 2% E (covered except its tip) 1§ 20 ~ lemperature rise +18°C
Voltage 34mV 100 : v 15
I Changing the | |::> 5
2 100 direction of the g 10
- - (o] £
5 200 current -> -200°C? is
-300 0
0 10 20 30 40 0 10 20 30 40
time(s) time(s)

Figure 14: Extreme deviation of the measured temperature due to an unnecessary potential difference

As described above, when measuring the temperature of this series using thermocouples, it is important to

implement insulation measures to prevent the application of unintended potential differences.

(For other general precautions for measurement using thermocouples, refer to “Application Note: Notes for

Temperature Measurement Using Thermocouples.”)

© 2025 ROHM Co., Ltd. No. 67ANO87E Rev.001
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6 Troubleshooting

Two examples of error messages and solutions are shown below. For other errors, please contact the support center of your

maintenance contractor.
* Error related to EROM
Message: Error E/9109 — EROM is overwritten, or partially overwritten.

Cause: This error occurs when EROM is not located at the lowest level of the model tree. In this case, the analysis will not

be performed.
Countermeasure: Perform the analysis with EROM located at the lowest level of the model tree.

Remarks: This issue is resolved in Flotherm 2504 and later versions.

Unanalyzable Analyzable

v Bg Package On Board . Dg paCl(age On Board
> v

g Psr100_KTQ_F_H_1L00

Bar
» DE‘E Bar » PSR100_KTQ_F_H_1L00..

Figure 15. Proper location of EROM in the model tree

« Error related to transient conditions
Message: Error E/19020 — Transient profile is incorrect. — The point of time already exists on the time axis.

Cause: Transient conditions with the same name are set for a different model. In this case, the analysis itself will be

performed with the results displayed.

Countermeasure: Change the name of the transient conditions for the model or delete the transient conditions. (See

Chapter 4 for the setting method.)

7 Support information
For inquiries, please contact us via the inquiry form on the official ROHM website or contact our sales representative.

 Contact for inquiries: https://www.rohm.co.jp/contact-links

* ROHM Group locations/sales offices: https://www.rohm.co.jp/company/about/branch

The latest information on the PSR series thermal simulation models is available from the following link.
» Website for the PSR series of shunt resistors:

https://www.rohm.co.jp/products/resistors/current-detection-resistors/high-power-type-ultra-low-ohmic

© 2025 ROHM Co., Ltd. No. 67ANO87E Rev.001
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8 Glossary

8.1

8.2

8.3

8.4

8.5

8.6

8.7

Shunt resistor

A general term for resistors for current detection used to detect circuit current. By connecting resistors in series and
detecting the potential difference (voltage drop) between both ends, the current value can be obtained from Ohm’s
law. Shunt resistors are commonly used in combination with operational amplifiers as current sensors in

applications such as battery management systems and motor control.
PSR series

The PSR series are metal plate shunt resistors for high power applications that guarantee a maximum power rating
of 15 W (equivalent to approximately 400 A) and feature excellent temperature characteristics. In recent years, with
the growing demand for automotive components, including main inverters for EVs, these resistors are expected to
contribute to the miniaturization and cost reduction of automotive equipment and industrial equipment, and their

application opportunities are expanding as thermal design technologies advance.
Surface temperature

The maximum temperature of the component surface. It may also be referred to as hot-spot temperature or surface
hot-spot temperature. This application note defines surface temperature AT as the temperature obtained by

subtracting the ambient temperature from the surface temperature.
Terminal temperature

This refers to the temperature at the center of a component's terminal surface. It should be monitored to ensure

proper derating of the power load.
Heating value

The applied power. It may also be referred to as loss, load, power consumption, or even Joule heat. For shunt
resistors, the applied power can be calculated from Joule’s law using the resistance value of the product and the

value of the circuit current to be detected.
Component thermal resistance

The value calculated by subtracting the terminal temperature from the surface temperature and dividing the
difference by the heating value. It means the temperature rise on the surface per 1 W of applied power in reference
to the terminal temperature. Component thermal resistance is particularly important in thermal design because it is

an indicator of the component’s heat dissipation (the lower the thermal resistance, the better the heat dissipation).
EROM

A reduced-order model that can be output by Simcenter Flotherm, formally known as Embeddable BCI ROM.
It allows high precision analysis while black boxing the internal structure and supports both steady-state and

transient analysis.

© 2025 ROHM Co., Ltd. No. 67ANO87E Rev.001
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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
must abide by the procedures and provisions stipulated in all applicable export laws and regulations,
such as the Foreign Exchange and Foreign Trade Act and the US Export Administration
Regulations, and follow the necessary procedures in accordance with these provisions.

6) The technical information and data described in this document, including typical application circuits,
are examples only and are not intended to guarantee to be free from infringement of third parties
intellectual property or other rights. ROHM does not grant any license, express or implied, to
implement, use, or exploit any intellectual property or other rights owned or controlled by ROHM or
any third parties with respect to the information contained herein.

7) No part of this document may be reprinted or reproduced in any form by any means without the
prior written consent of ROHM.

8) All information contained in this document is current as of the date of publication and subject to
change without notice. Before purchasing or using ROHM products, please confirm the latest
information with the ROHM sales representative.

9) ROHM does not warrant that the information contained herein is error-free. ROHM shall not be in
any way responsible or liable for any damages, expenses, or losses incurred by you or third parties
resulting from errors contained in this document.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.

ROHM ROHM Customer Support System

SEMICONDUCTOR

https://www.rohm.com/contactus

www.rohm.com
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