1RENESAS Release Note
QE for AFE[RA] V1.1.0

Release Note

Thank you very much for using the QE for AFE[RA] V1.1.0.

This release note covers product installation, restrictions, and so on. Please read this document before using
the product.
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1. About QE for AFE

1.1 Summary

QE for AFE[RA] is an evaluation tool for embedded system development that performs graphical tuning with
an integrated analog front end (AFE). Using this tool, you can configure AFE registers, write register into
evaluation board and monitor the AFE tuning results in a waveform.

QE for AFE[RA] is a standalone version tool (.exe) running on local PC. To use this tool, you firstly need an
evaluation board. QE for AFE[RA] communicates with the evaluation board by a USB cable connecting
between PC and board.

1.2 Functions
The main functions are listed below:

1. Connect and operate the evaluation board
2. Set AFE related registers with GUI

3. Display graphics of the AFE tuning results and digital filter frequency response

1.3 New Functions

1.3.1 Support dynamical connection diagram on the [AFE Connection] tab

From QE for AFE[RA] V1.1.0, the connection diagram on the [AFE Connection] tab can display pins/lines
connection dynamically according to AFE registers setting. If any AFE IP is enabled and the pin is used, the
connection can be highlight on this diagram.

* Legend
. ANDLG
Inactive 8 DA B OFAMF & ADCLE ANDLT
& SDADCTS 8 ACMFHS @ ACHPLF @ FIN ANDIE
ANDLS

ARG
ARDZY
ANOZ2
L rE]

SBIASVREFT

B

OpArmp2-Fis

DpAmp2-Minus

& hit DaCD

OpArmpl-Fos -—

OpAmpl-Minus .

Optenpll-Phis ™

OpAenapl-Finis

CMPREFT
CMPIND
CHMPREFL &
CMPINL

Opampl-tut L

Figure 1-1. Dynamical connection diagram
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1.3.2 Support new AFE peripherals
From QE for AFE[RA] V1.1.0, ACMPHS and ACMPLP are supported newly.

1.3.3 Support AVCCO voltage setting

From QE for AFE[RA] V1.1.0, AVCCO voltage setting is put on the top bar of the [AFE Connection] tab.
Before connection with evaluation board, users can select a AVCCO voltage. The voltage setting can be set
to FW when clicking “connect” button, then user can’t change it before disconnection.

] AFE Tuning RA[QE) 2 = 8
(%) COM Port: w Connect o3
Connection | SDADC24 | ADC16 | OPAMP | DACE | DAC12 | ACMPHS | ACMPLP Voltage |27 = AVCCO = 5.5 ~ || f23

Figure 1-2. AVCCO voltage setting

1.3.4 Support ACMPHS, ACMPLPO, ACMPLP1 monitor function

From QE for AFE[RA] V1.1.0, user can select ADC16 temperature sensor output, ADC16 internal reference
voltage, ACMPHS and ACMPLP as Monitor target on [Monitor] tab.

Monitor target ACMPLP w |

Channel setting ADCIE

] ACMPLPD [ A ADC16-Temperature sensor output
ADC16-Internal reference voltage
ACMPHS

ACMPLP

Auto Scaling

Figure 1-3. Monitor target selection

1.3.5 Support to show avideo about how to use QE AFE

From QE for AFE[RA] V1.1.0, a new button is added on toolbar. By clicking this button, a video about how to
use QE AFE will be open in browser.

@ COM Port: |COMBG Disconnect & @-
Figure 1-4. Video button

1.3.6 Support mode selection for ADC16 monitor function

From QE for AFE[RA] V1.1.0, user can select two monitor mode for ADC16: One-shot mode and Auto mode
on [Monitor] tab.

Monitor target ADC16 One-shot w

Channel setting Auto
F1aNDDD [FlANOOT [Z]ANODZ [F]ANDD3 [Z]A

[] Auto Scaling
£
Figure 1-5. ADC16 monitor mode selection
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Using One-shot mode, QE for AFE tool gets data from EK-RA2A1 board until the board communication
buffer is full and stops drawing AFE tuning waveform.

Using Auto mode, QE for AFE tool resumes acquiring the data and drawing AFE tuning waveform after the
EK-RA2A1 board communication buffer is full. However, if the ADC16 temperature sensor output, ADC16
internal reference voltage is selected, it will not resume

1.3.7 Support pin register setting

From QE for AFE[RA] V1.1.0, pin setting is added on ADC16, OPAMP, DAC8, DAC12, ACMPHS, ACMPLP
tab page.

1.3.8 Improve DAC12, DAC8, OPAMP configuration diagram

From QE for AFE[RA] V1.1.0, DAC12, DAC8, OPAMP diagrams are configurable. The registers value is set
according to the setting on diagrams automatically. User doesn’t input register value by his own anymore.

1.3.9 Improve channel display on [Monitor] tab

From QE for AFE[RA] V1.1.0, on [Monitor] tab, the channel setting displays the input pin name instead of
channel number, so that user can know well which pin is monitoring.

Monitor target SDADC24 ~ | One-shot

Channel setting
PANSDO FAANSD1 [AANSD2 [F]ANSD3 [ OPAMP

Figure 1-6. Channel setting

1.3.10 Improve SPS display on [Monitor] tab

From QE for AFE[RA] V1.1.0, the SPS value is moved from “Channel setting” area to “Parameters” setting
area.

» Parameters

sps =

H-Axis
Time Top(ms) 0 Tirne Width(ms)

Figure 1-7. SPS setting
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1.3.11 Improve clock setting for SDADC24 and ADC16

From QE for AFE[RA] V1.1.0, QE tool read the following clock from firmware and reflect them on SDADC24
and ADC16 diagrams. User can’t change these clocks.

* SDADCCLK on SDADC24

Clock Divider

SDADCCLK
— 64 MHz

STC1.CLKDIV
16 -

/4

1MHz 4MHz
SDADLPM:  Mormal -

Figure 1-8. Display SDADCCLK on SDADC24

e PCLKand PCLD on ADC16

PCLKB
32 MHz
PCLKD
32 MHz
) 4 h 4
Voltages
VREFHO 5 v

—

Figure 1-9. Display PCLK and PCLD on ADC16

1.3.12 Improve information displayed on [Connect setting] dialog

From QE for AFE[RA] V1.1.0, for UART connection, the maximum bitrate value can be displayed on
[Connect setting] dialog, and the dialog doesn’t accept bitrate input that exceed the maximum value. So that
the user can set the correct bitrate easily.

Ea ConnectSetting x
Please make sure the input value is between 9600 and 3000000,
Bitrate setting 4DDDDDD| v (bps)

I The maximum bitrate is 3000000 bps.
The current bitrate is 1000000 bps.

Ok Cancel

Figure 1-10. Bitrate setting dialog
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1.3.13 Fix waveform display issue when AN022, AN023 and SBIAS/VREFI are selected in
ADC16

When monitoring ADC16 and specifying AN022, AN023 and SBIAS/VREFI as ADC16 input, the waveform
can’'t show.

This issue has been fixed from QE for AFE[RA] V1.1.0.

1.3.14 Fix waveform display issue when ADC16 conversion with high speed settings

When specifying lower sampling time on ADC16 setting, the waveform monitor of the ADC16 conversion
results can’t work.

This issue has been fixed from QE for AFE[RA] V1.1.0.

1.4 Supported Environment
e Host PC: Windows10 (64 bit)
e Evaluation board: EK-RA2A1

*  Sample project: The sample project attached in the application note (RA2A1 Groupe Board Control
Program for “QE for AFE”: RO1AN5795EJ0140) must be loaded by e2 studio and run on the evaluation
board. Please refer to the application note for details.

1.5 Supported Microcontrollers

RA Family (only MCUs that incorporate the AFE)
— RA2A Series: RA2A1
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2. Installation and Uninstallation

2.1 Installing This Product
QE for AFE[RA] is provided as a compressed package (.zip). Follow the procedure below to use this product:

1. Extract “.zip” file to a user-specified location on the PC.
Note: Please do not put the tool under OS program folder (C:\Program Files)

2. Start this product by double clicking “\eclipse\ ge-afe.exe”.

3. For the first time this product starts, there is a dialog of license agreement. After checking the license,
you can select “Agree” or “Disagree”.

B8 End User License Agreement >

USER LICENSE AGREEMENT P

IMPORTANT-READ CAREFULLY:

This User License Agreement ("ULA™) is a legal agreement between vou
{etther a natural person or an entity) and Renesas Electronics Corporation
("Renesas") for the SOFTWARE PRODUCT. As used herein, "SOFTWARE
PRODUCT"

means the Renesas software product provided with this ULA, which includes
computer software and may include associated media, printed materials,

and "online" files or data. By installing, copving, or otherwise using

the SOFTWARE PRODUCT, vou agree to be bound by the terms of this ULA.
If yvou do not agree to the terms of this ULA | do not install or use

the SOFTWARE PRODUCT.

1.SOFTWARE PRODUCT LICENSE

Figure 2-1. License agreement dialog

4. If “Agree” is selected in above step, the product is launched then you can use it; if “Disagree” is selected
in above step, the product won’t be launched.

2.2 Updating This Product

If you have already used this product, you can update it in the same way as the procedure for installation.

2.3 Uninstalling This Product
Delete the entire folder in which .zip package is extracted.
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3. Notes / Restrictions

3.1 Usage Considerations
Please pay attention to the following items.

3.1.1 Notes on configuring SDADC24 and ADC16

Because SDADC?24 and ADC16 source clock is got from firmware on the evaluation board, please connect
with evaluation board before configuring SDADC24 and ADC16.

3.1.2 Notes on Tuning Time on [Monitor] Tab

When tuning on [Monitor] tab, QE for AFE obtains the AFE tuning results from the evaluation board. If the
tuning time is very long, too much data will lead to the host PC memory overflow. So, QE for AFE supports
tuning time no more than 1 hour. If tuning operates for more than 1 hour, the tool will stop tuning
automatically and output a message to inform user that the tuning time can’t exceed 1 hour.

3.1.3 Notes on X-Axis Time Width setting on [Monitor] Tab

To display a waveform by clicking “Read AFE tuning data from file”, X-Axis Time Width setting should not be
too large. As a recommendation, X-Axis Time Width should be set no more than 10s with maximum SPS
15625.

= Parameters

5P 222.9654403567447
H-Axis
Time Top(ms) 0 Time Width(ms) 100
Figure 3-1 X-Axis Time Width setting
3.14 Notes on clicking [Write Value to The Target Board] button after configuring one

AFE component setting

It is recommended to click [Write Value to The Target Board] button each time completing one AFE
component configuration and move to next AFE component configuration. The reason is that firmware will
check the validity of the register value basing on the register value on the evaluation board. Keeping the
register values on the evaluation board always consistent with the GUI configuration can avoid unexpected
errors when writing new registers value to the evaluation board.

3.1.5 Notes on Tuning ADC16 on [Monitor] Tab
ADC16 tuning waveform is depending on ADC16 sampling time setting:

B |[f ADC16 sampling time is small, QE for AFE gets ADC16 conversion result from the evaluation board
and draw monitor waveform by the follow procedures:

1) After user click “Start AFE Tuning” button on [Monitor] Tab in QE for AFE, ADC16 starts conversion on
evaluation board.

2) On evaluation board, when the A/D conversion result buffer is full, the sample project stops ADC16
conversion and send response to QE for AFE.

3) QE for AFE starts to read data from evaluation board until the result buffer is empty and start to draw
waveform using these data.

4) QE for AFE restart ADC16 conversion, the procedure goes to 2)
Above 2) to 4) is internal communication between QE for AFE and sample project.

If “One-shot” mode is select, 2) to 4) execute only once. If “Auto” mode is selected, 2) to 4) will continue until
user click “Stop AFE Tuning” button.
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m If ADC16 sampling time and the bitrate are set to the specified values, which can be found in the
application note (RA2A1 Groupe Board Control Program for “QE for AFE”: RO1AN5795EJ0140).”, QE for
AFE gets ADC16 conversion result from the evaluation board and draw monitor waveform by the follow
procedures:

1)  After user click “Start AFE Tuning” button on [Monitor] Tab in QE for AFE, ADC16 starts conversion on
evaluation board.

2) QE for AFE reads data from evaluation board and draws the waveform continuously.
3)  Until user clicks “Stop AFE Tuning” button, the tuning is stopped, and the waveform stops.

Selecting either “One-shot” or “Auto” mode, 1) to 3) always execute.

3.1.6 Notes on closing [AFE Tuning RA(QE)] view

Please don’t close [AFE Tuning RA(QE)] view while performing monitor. If [AFE Tuning RA(QE)] view is
closed by accident, after re-open it, the monitoring waveform cannot be restored.

Please perform the following procedure to restore operation:
- Click [Disconnect] button.
- Reset the EK-RA2A1 board.
- Click [Connect] button.

3.1.7 Notes on UART connection after evaluation board reset

After reset of the evaluation board, please set bitrate as 1,000,000 bps (default bitrate) in the
[ConnectSetting] dialog, then click “connect” button to set up connection.

Ea ConnectSetting x

Bitrate setting m ~| (bps)

Ok Cancel

Figure 3-2 Bitrate setting
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3.2 Functional Restrictions

The following restrictions apply to QE for AFE[RA] V1.1.0. These restrictions will be solved in next or future
version.

3.21 Restrictions on showing a video about how to use QE AFE

If the video content isn’t ready, you can't open the video for QE for AFE even if you press this button. After
the video is published, you will be able to open it.

(&) FOM Port:  COMG Disconnect & o
Figure 3-3 Video button

[Workaround]

Please wait to publish video content.

3.2.2 Restrictions on ACMPLP configuration.
B “DACS8 channel 0 output” is selected as ACMPLPO input (refer to figure3-4 (1))

»  When switcher (A) selects Vref (refer to figure3-4 (A))
» When ACMPLPO is disabled (refer to figure3-4 (D))

» When switcher (B) selects IVREFO, switcher (C) selects Vref (refer to figure3-4 (B) and (C)) and
ACMPLP1 is enabled (figure3-4 (E) selects “Enable”)

CMPINO ——m IVCMPO
AMPOO  ——

| I ACMPLPO | Disable (D)

Window Function

CMPREFD —m IVREFD
| DACS channel 0 output (1)—

Yy

Noise Filter

(A)

Vref T

l
| ACMPLP1 | Disable (Ey
> Window Function
CMPREF1 ——] U E—
| DACB channel 1 output (2)—# (C)l Noise Filter
™~
CMPIN1  ——m IVCMP1
AMPIO  ——
—
iy

Figure 3-4 ACMPLP1 example setting

Either of above ACMPLPO settings will cause the register value cannot be successfully written to the EK-
RA2A1 board with the following 1) — 3) settings.
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1) Set P013 as DA8_O0 function in DACS8 page, PO13PFS = 0A018000 can’t be write to test board
successfully

Channel 0 || Enable -

Output to pin

Enable - »DAS_0

Conversion Value(Hex) @ 00

Figure 3-5 DA8_0 example setting

2) Select DA8_0 as OPAMP1 input in OPAMP page, AMP1PS = 80 can’t be write to test board
successfully.

} OPAMP1 | Enable -

/ Charge Pump | Enable h

DAB_0

Yy

) .
Disable
Disable - j

Yy vy

AMP1+ Disable ~

|

Disable >

AMP1
AMP1- > e 3
| > ’,r’

Figure 3-6 OPAMP example setting

h 4
+

3) Select IVREF3 as ACMPHS input in ACMPHS page, CMPSEL1 = 08 can't be write to test board
successfully.

™~
IVREFD —»

IVREF1 —|
IVREF2 —
{1vrRers —»{ @ ||
TVREF4 —»]
IVREF5 —|

ACMPHS

Y

Maise Filter
WCMPOD —» @ Enable - Not inverted hd

IVCMP1 ——
IVCMP2 —

Bypass bl

Figure 3-7 ACMPHS example setting

[Workaround]

In above ACMPLPO setting, (1) setting is invalid. So please change (1) from “DAC8 channel 0 output” to
“CMPREFO0”.

B “DACS8 channel 1 output” is selected as ACMPLPL1 input (refer to figure3-4 (2))
»  When switcher (B) selects IVREFO (refer to figure3-4 (B))
»  When switcher (C) selects Vref (refer to figure3-4 (C))
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» When ACMPLP1 is disabled (refer to figure3-4 (E))

Either of above ACMPLP1 settings will cause the same limitations 1) and 2) as selecting” DAC8 channel 0
output “above.

[Workaround]

In above ACMPLP1 setting, (2) setting is invalid. So please change (2) from “DACS8 channel 1 output” to
“‘CMPREF1”.

3.2.3 Restrictions on abnormal phenomena in AFE tuning operation
When the following abnormal phenomena occur, it indicates that the data got from evaluation board has
some errors under the current AFE configuration.

(1) After a period of tuning operation, the waveform stops without any error message output in [Console]
view.

(2) User clicks “Stop AFE Tuning” button, then the waveform seems stopped but an error message output
in [Console] view as the following image.

14028
12554
11079
9603
8130
6656
5182
3707
2233
758
= 716
5082.00 602.00 612.00 622.00 632.00 642.00 652.00 662.00 672.00 682.00 692.00
=]
g >
» Paramet ters
» Legend
AFE Connection Monitor  Filter
B console 3
= ==
fierrorisTos command failed to execute. Please reset the board and then re-connect. |
Figure 3-8 “Stop AFE Tuning” error message
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(3) User clicks “Start AFE Tuning” button, then the tuning seems work correctly but an error message
output in [Console] view as the following image

b Legend

%y AFE Connection MNonitor Filter

B Console 2 =% B 0| M=t

QE for AFE

[Info]Write ACMPLP register wvalue to the target board successfully.
e i i i P il

I_[Err:ur]RLlN command failed to execute. Please try again. I

Figure 3-9 “Start AFE Tuning” error message

[Workaround]
There is no workaround. Sample project will fix this issue in future.

It is known that the following configurations may occur above abnormal phenomena, so please take care to
avoid these configurations.

»  When tuning SDADC24
- Using USB connection

Set PGACNn.PGAOSR value as 64, 128 or 256 on [Filter] page (refer to the left on figure 3-10) and
select single channel enabled (refer to the right on figure 3-10)

- Using UART connection

Set PGACNn.PGAOSR value as 64 on [Filter] page (refer to the left on figure 3-10) and select single
channel enabled (refer to the right on figure 3-10)

The abnormal phenomena (1) may be seen in a few minutes.

Select channels to enable

SDADC24.Channel ANSDO w

Estimation | CHO

Fos 1000000 | Hz CH1

Output Sample Rate | 1000 | sps CH2

Over Sampling Ratio |1EI'EI'EI' | CH3

Over Sampling Ratio CH4

PGACO.PGAOSR 64 v

Figure 3-10 Filter (left) and SDADC24 (right) configuration
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»  When tuning ADC16: PCLKB frequency is 8MHz (refer to the left on figure 3-11) and the sampling time
is set as a large value (refer to the right on figure 3-11)

- Set single channel using ADC16 conversion and response sending
The abnormal phenomena (1) may be seen in a few minutes.
- Set multiple channels using ADC16 conversion and response sending

The abnormal phenomena (2) may be seen.

Sampling circuit
Internal reference
PCLKB voltage Hs
8 MHz
Temperature
sensor output HS
PCLKD
8 MHz SBIAS/VREFI, us
l ANO16 - AND23
ANDOB s
o ANODOY s
ANDO6 us |
ANOOS us |-
AN0O4 Hs
ANDO3 us
o | ANDO2 7.96875 |us
ANOD1 s
ANDOO 7.96875 s

Figure 3-11 PCLKB (left) and ADC16 sampling time (right) configuration

»  When tuning temperature sensor output or internal reference voltage (refer to the top on figure 3-12)

- Clicking “Start AFE Tuning” button (refer to the bottom on figure 3-12), the abnormal phenomena (3)
might be seen.

Analog Multiplexer (Pos)

Internal reference voltage —————————P Disable >
Temperature sensor output ——— b Enable B
Monitor target ADC16-Temperature sensor output ~ || One-shot i E = R

Channel setting
[“1 ADC16-Temperature sensor output

Figure 3-12 Temperature sensor output or internal reference voltage configuration (top) and “Start
AFE Tuning” button (bottom)

R20UT5037EC0100 Rev.1.00 Page 15 of 16
Aug.20.21 RENESAS



QE for AFE[RA] V1.1.0

Release Note

Revision History

Rev.

Date

Description

Page

Summary

1.00

Aug.20.21

First edition issued.

R20UT5037EC0100 Rev.1.00

Aug.20.21

RENESAS

Page 16 of 16




General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.
1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
2. Processing at power-on

The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins
in a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the

level at which resetting is specified.
3. Input of signal during power-off state

Do not input signals or an I/O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/O
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. Handling of unused pins

Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal

become possible.
5. Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal

produced with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between Vi
(Max.) and Vi (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between V. (Max.) and Viu (Min.).
7. Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LSl is not guaranteed.
8. Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-
evaluation test for the given product.
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(Notel)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.

(Note2)

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan
www.renesas.com

Trademarks

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

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

For further information on a product, technology, the most up-to-date
version of a document, or your nearest sales office, please visit:
www.renesas.com/contact/.
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