RE N ESAS Application Note

Capacitive Touch Sensor Microcontrollers
Overview of CTSU Functional Safety Self Test

Introduction
This application note describes the software for CTSU functional safety self test.

For the operating principle of CTSU, refer to Capacitive Sensor Microcontrollers CTSU Capacitive Touch
Introduction Guide

Target Devices
RX Family, RA Family, and RL78 Family MCUs embedding the CTSU
(“CTSU” includes CTSU2, CTSUZ2L, CTSU2La, CTSU2SL, CTSU2SLa, and so on)

From the next page, please refer to CTSU1 for CTSU/CTSUa/CTSUb and CTSU2 for
CTSU2L/CTSU2La/CTSU2SL/CTSU2SLa.

Target Development Environments

« IDE e? studio 2025-12 or later

* Renesas QE for Capacitive Touch V4.3.0 or later
* FSP V6.5.0 or later

* FIT V3.30 or later

+ SIS V2.30 or later
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1. Overview

Today, as automatic electronic control systems continue to expand into many diverse applications, the
requirement of reliability and safety are becoming an ever-increasing factor in system design.

For example, the introduction of the IEC60730 safety standard for household appliances requires
manufacturers to design automatic electronic controls that ensure safe and reliable operation of their products.

In IEC 60730, automatic electronic control functions are classified into the following classes.
Class A
Control functions that are not intended to be relied upon for the safety of the equipment

Examples: Room thermostats, humidity controllers, lighting controllers, timers, and switches

Class B
Control functions that are intended to prevent unsafe operation of the controlled equipment

Examples: Thermal cutoff and door locking for laundry machines

Class C
Control functions that are intended to prevent special hazards

Examples: Automatic burner control and thermal cutoff for sealed equipment

Appliances such as washing machines, dishwashers, dryers, refrigerators, freezers, and Cookers / Stoves will
tend to fall under the classification of Class B.

This application note describes the CTSU diagnostic software and supports compliance with IEC 60730 Class
B.

The CTSU-embedded MCUs include functions to diagnose its internal circuits. This software controls these
internal circuits and provides APIs for performing diagnosis. These APIs are implemented as part of the CTSU
modules in the RX Family Firmware Integration Technology (FIT) | Renesas, the RA Family Flexible Software
Package (FSP) | Renesas, and the RL78 Family Software Integration System (SIS) for MCUs equipped with
the CTSU.

The diagnostic items differ between the CTSU1-embedded MCUs and the CTSU2-embedded MCUs.

This software provides seven types of diagnostics for CTSU1 and nine types of diagnostics for CTSU2. For
details, refer to “2. CTSU1 Diagnostic Function” and “3. CTSU2 Diagnostic Function”.

The diagnosis can be performed by calling API functions, in addition to normal measurement operations. For
details, refer to “4. API Specifications” and “5. Sample Application Flowchart”.

When using the diagnosis function, it is recommended to output the config using “QE for Capacitive Touch”.
By using the QE, you can create a project, set a configuration, and output a sample application. Refer to “6.
Project Creation using QE for Capacitive Touch” for details on the setting procedures.

In addition, it is possible to accelerate the acquisition of IEC/UL60730 certification for final products which
support capacitive touch by using "Renesas Functional Safety Solutions for Home Appliances" together. (It is
also possible to use your own program instead of Renesas Functional Safety Solutions for Home
Appliances.)

ASIL-B by implementing both this sample program and another sample program. For detailed information on
the functional safety for automotive, refer to ISO 26262 Functional Safety for Automotive | Renesas.
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2. CTSU1 Diagnostic Function

This chapter describes the specifications of the diagnostic function implemented in CTSU1. Seven diagnostic
items are provided for the target internal circuits, and each item has different execution timing and operating
conditions. This chapter is divided into sections for each diagnostic item and describes the measurement
operation, the execution condition, and the determination method for each. For the list of diagnostic items and
their execution timing, refer to Table 2-1. Note that the diagnostic process described in this chapter covers the
measurement start, measurement operation, and acquisition of measurement data.

Figure 2-1 shows a circuit diagram for the CTSU1 diagnostic function. In addition, when using an MCU other
than one incorporating CTSUb, the TS pin used for “Sensor Offset Diagnosis (with TS pin)” must be connected
to ground through a 560 Q resistor and a 27 pF or 33 pF capacitor. For details, refer to section 2.6.

DUT Inside MCU Outside MCU
¢ cTsUdigtalblock | | CTSUanalog block 1 o
! [ \ TSCAP
Overvoltage «— 11 |Overvoltage 1 E_@
detection flag : T detection : 10nF
Sensor Offset : Sensor Offset E E | Sensor : 110
DAC digital input : DAC Controller : : "| OffsetDAC : %
j : : Constant onstan E A?
! U \{olta_ge gurr;nti:\rcwt 1 i/
' U circuit 1 TS0
: Co ! l ©
i i i v i 7;
et e . NE
1 : : Mirror source 1
: 11| ceo P Coad ! o
et | R | | resmncef 1 |
Clpock h ! o I CTSUb only 1 : Used only in Sensor Offset
: : : A A e (R 1 : Diagnosis (with TS pin)
Test Resul ; Frceoziﬁgfy P VDC for measurement ! i/ en
: o | l o 5600 |—_|
H Vo i 27/33pF
e e e == 1 S -
_____ Lt =
1 CTSUbjonly 1
VDC(LDO) output voltage ADC L :
Figure 2-1 Circuit Diagram for CTSU1 Diagnostic Function
Table 2-1 Diagnostic Items and Execution Timing
Order Diagnostic Name One-time or Repeat N°t¢ !
1 Output voltage diagnosis Note 3 Repeat
2 Overvoltage detection diagnosis Repeat
3 CCO high diagnosis Repeat
4 CCO low diagnosis Repeat
5 SSCG diagnosis Repeat
6 Sensor offset diagnosis (with TS pin) Nete 3 Repeat
7 Sensor offset diagnosis (without TS pin) Note 2 Repeat
Note 1: “One-time” assumes diagnosis is performed once after reset. “Repeat” assumes periodic
measurements.
2: These diagnostics are supported only on MCUs with CTSUb.
3: This diagnostic is not supported on MCUs with CTSUb.
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In this chapter, when evaluating a CTSU1 diagnostic function under multiple conditions, the term “Test” refers
to an individual evaluation unit corresponding to each condition (e.g., Test 1, Test 2)

Table 2-2 shows the settings for CTSU1 power supply operation mode. In this application note, the CTSU1
operating voltage states selected by the CTSUATUNEQO bit are referred to as Normal (NM) mode and Low
Voltage (LV) mode.

Table 2-2 CTSU1 Power Supply Operating Mode Settings

CTSU Power Supply Operating | CTSUCR1.CTSUATUNEO MCU Power Supply Voltage (V)
Mode

NM mode 0 241055

LV mode Nt 1 1.8t05.5

Note: Register and bit field specifications vary depending on the product used. For details on how to configure
the registers, refer to the User's Manual (Hardware) for the MCU in use.

The CTSU1 diagnostic function assumes the use in NM mode. Set the CTSUCR1.CTSUATUNEDO bit to “0”.

In principle, the register settings described in this chapter must not be changed, except for those related to the
MCU power supply voltage, ADC thresholds, and the TS pin used to connect an external capacitor for Sensor
Offset Diagnosis (with TS pin).

This diagnosis function uses the ADC module. Therefore, if the ADC is used in the user system, conflicts with
ADC processing may occur during the diagnostic operation. Before executing the diagnostic function, stop the
ADC on the user side or control it so that no conflict occurs with the diagnosis function.
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2.1 Output Voltage Diagnosis

Figure 2-2 shows the circuit for output voltage diagnosis. The TSCAP pin is connected to a current source
used for CTSU measurement, and the TSCAP voltage is regulated to a constant level. The diagnosis evaluates
this TSCAP voltage when the current from this source flows through the load resistance. The internally
connected TSCAP voltage is measured using the ADC, and a current source failure is diagnosed based on
whether the measured value falls within the specified range.

The current CTSU1 output voltage diagnosis assumes a fixed MCU power supply voltage of 5.0 V. Therefore,
if the MCU power supply voltage in the user system differs from 5.0 V, the user must change the ADC reference
voltage (Vref) and the corresponding threshold for determination according to the system conditions. Set the
threshold considering the ADC measurement error given in the User’s Manual (Hardware) for the MCU in use.

Note: This diagnostic is supported only on CTSUb.

Target circuits of diagnosis
‘ Circuits used for diagnosis |
DUT Inside MCU Outside MCU
! CTSU digital block Vo CTSU analog block ! o
1 [ 1 - TSCAP
Overvoltage | 11 |Overvoltage L E_(U
detection flag ' H detection 1 10nF
1 [ Y 1
Sensor Offset ! Sensor Offset 1 . Sensor : 110
DAC digital input 1 DAC Controller o "] OffsetDAC ]
1 [ 1
[ © tant
: [ VOES an Constant :
' U Sge Current Circuit :
- . circuit 1 TS0
1 1
: [ : l {O)
1 [ 1
1 [ 1 :
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 v 1
1 1 1 1
Measurement ! Frequency ! '
value ] < - Current Current !
1 counter [ < . 5 B
1 [ Mirror source 1
1 L T e N S 1
! Lo cco L Load |i| | 110
e ; — I o e mE
Spectum ¢ ) f Resistance : !
Clock : P H CTSUb only | |
! Vo e T T T e T e Not required
Frequency ' TSN o e e i i i e e e e
Test Result 4——— © ' o Vo VDC for measurement | "r ':
1 [ | l Q 5600 1
1 1
: b | i !
1 [ 1 1 27/33pF 1
N, | L 3 H !
F===---= H H
1 CTSUbfonly : e, i
VDC(LDO) oufput voltage < ADC L 1
_________

Figure 2-2 Circuit Diagram for Output Voltage Diagnosis

2.1.1 Measurement

For each current measurement range, ADC measurements are performed using the MCU power supply
voltage as Vref and the TSCAP voltage as the input voltage Vin to calculate the TSCAP voltage. For the current
measurement range, refer to “3.4 Current Range” in the “QE for Capacitive Touch Advanced Mode Parameter
Guide”

Table 2-3 and Table 2-4 show the register setting values used for the diagnosis. For details on how to configure
the registers, refer to the User's Manual (Hardware) for the MCU in use.
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Table 2-3 Register Settings for Output Voltage Diagnosis (Common)

Register Bit Value Purpose

CTSUCR1 Note CTSUMDI[1:0] 00b Self-capacitance single scan setting
CTSUCLK][1:0] 00b CTSU operating clock setting

CTSUERRS - 0x0000 | Initialization of calibration register settings
CTSUSPMD[1:0] 11b Calibration setting
CTSUDRV 1
CTSUTSOC 1

CTSUDCLKC CTSUSSMODI[1:0] 00b High-frequency noise reduction setting
CTSUSSCNTI[1:0] 11b

CTSUSST CTSUSST[7:0] 0x10 Sensor stabilization wait-time setting

CTSUSOO0 CTSUSO[9:0] 0x000 Offset current setting
CTSUSNUM[5:0] 000111b | Measurement count setting: 8

Note: Configure the CTSUCR1 register while CTSUCRO0.CTSUSTRT is set to “0”.

Table 2-4 Register Settings during Output Voltage Diagnostic Operation

Test Register Bit Value
1 CTSUCR1 CTSUATUNE"1 0
CTSUERRS CTSURO1EN 0
CTSURO2EN 1
2 CTSUCR1 CTSUATUNE"1 0
CTSUERRS CTSURO1EN 1
CTSURO2EN 0
3 CTSUCR1 CTSUATUNE"1 1
CTSUERRS CTSURO1EN 0
CTSURO2EN 1
4 CTSUCR1 CTSUATUNE"1 1
CTSUERRS CTSURO1EN 1
CTSURO2EN 0

2.1.2 Condition
Set the CTSU power supply operation to NM mode (see Table 2-2)

2.1.3 Determination

Check whether the average measured value falls within the specified range. If it falls outside the range,
R_CTSU_Diagnosis returns FSP_ERR_CTSU_DIAG_OUTPUT_VOLTAGE. If it is within the range,
R_CTSU_Diagnosis returns FSP_SUCCESS.
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2.2 Overvoltage Detection Diagnosis

Figure 2-3 shows the circuit for overvoltage detection diagnosis. A circuit for detecting overvoltage at the
TSCAP pin is provided in the device. When the TSCAP voltage exceeds a specified level, an overvoltage
condition is detected, the measurement operation is interrupted, and the internal circuitry is protected.

This diagnosis verifies the overvoltage detection circuit. Normal-voltage and overvoltage conditions are
reproduced using the sensor offset DAC and the load resistance, and the ability of the circuit to correctly
distinguish between these conditions is verified.

Target circuits of diagnhosis

‘ Circuits used for diagnosis |
DUT Inside MCU Outside MCU

Vo TSCAP
E_(U
10nF
110

CTSU digital block CTSU analog block

Overvoltage
detection flag

Sensor
"| OffsetDAC

Constant s— I
Voltage |[—»{ ~om=en

Current Circuit

Sensor Offset
DAC Controller

Sensor Offset
DAC digital input

circuit

TS0

i
g

4
Measurement ¢ Frequency
value 1 counter <k Cu_rrent Current B
1 Mirror source
v vy~ ! e =- 1
1 CCO : Load 1 1 o
Spread | T 1 T
Spectrum < . i esistance : 1
Clock ' : CTSUb only 1| |
______________ Not required
! Frequency !
Test Resut .__:— counter VDC for measurement ! TSn [ === ':
1 ] l & 5600 1
1 1 1
1 1 1 :
| | 1 27/33pF i
b e e = b L 1 1 |
_____ = H H
CTSUb [anly L e 1

1
1
VDC(LDO) output voltage < ADC |"—°l o—

Figure 2-3 Circuit Diagram for Overvoltage Detection Diagnosis

2.2.1 Measurement
After setting the sensor offset to 0x3FF, measurement values are obtained to verify that an overvoltage is
correctly detected (CTSUICOMP = 1) under overvoltage conditions.

Table 2-5 shows the register setting values used for the diagnosis. For details on how to configure the registers,
refer to the User’'s Manual (Hardware) for the MCU in use.
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Table 2-5 Register Settings for Overvoltage Detection Diagnosis (Common)

Register Bit Value Purpose
CTSUCR1 Note CTSUMDI[1:0] 00b Self-capacitance single scan setting
CTSUCLK][1:0] 00b CTSU operating clock setting
CTSUERRS - 0x0000 | Initialization of calibration register settings
CTSUSPMD[1:0] 10b Calibration setting
CTSUDRV 1
CTSUTSOC 1
CTSUSSC CTSUSSDIV[3:0] 111b Spread-spectrum clock division setting
CTSUDPRS CTSUSOFF 0 High-frequency noise reduction setting
CTSUDCLKC CTSUSSMODI[1:0] 00b
CTSUSSCNTI[1:0] 11b
CTSUSST CTSUSST[7:0] 0x10 Sensor stabilization wait-time setting
CTSUSOx CTSUSO[9:0] Ox3FF Offset current setting
CTSUSNUM[4:0] 00111b | Measurement count setting: 8

Note: Configure the CTSUCR1 register while CTSUCRO0.CTSUSTRT is set to “0”.

2.2.2 Condition
Set the CTSU power supply operation to NM mode (see Table 2-2)

2.2.3 Determination
At the measurement completion interrupt, processing is performed according to the result.
If no overvoltage is detected (CTSUICOMP = 0) under overvoltage conditions, R_CTSU_Diagnosis returns

FSP_ERR_CTSU_DIAG_OVER_VOLTAGE. If an overvoltage is detected (CTSUICOMP = 1),
R_CTSU_Diagnosis returns FSP_SUCCESS.
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2.3 CCO High Diagnosis

Figure 2-4 shows the circuit diagram for CCO high diagnosis. CTSU1 repeatedly charges and discharges the
capacitance of the electrode over a fixed period, the current mirror output proportional to the charging current
is input to a current-controlled oscillator (CCO). The CCO generates a frequency signal corresponding to the
input current, and this signal is counted by the counter. The resulting count is used as the CTSU measurement
value.

In this diagnosis, by inputting a current corresponding to the upper limit of the CCO input to the CCO, the CCO
is verified based on whether the measured value falls within the specified range.

Target circuits of diagnosis

‘ Circuits used for diagnosis |

DUT Inside MCU Outside MCU

__________________________________________

CTSU analog block

CTSU digital block /0

TSCAP
Overvoltage »

1

1

1

! Overvoltage
detection flag :

1

1

detection
Y

10nF

7

~ Sensor
7| OffsetDAC

Constant o T
Voltage [— onstan

P Current Circuit
circuit

Sensor Offset
DAC digital input

Sensor Offset
DAC Controller

TS0
p.

i
J

Y

M"N
source

Measurement
value

Frequency
counter

s L

Spread I Load I Vo
prea H - -

Spectrum < | Resistance :

Clack f CTSUb only 1

Frequency Mot required

Test Result 4—————]
counter

1 CTSUb(only :
VDC(LDO) output voltage < ADC 1

&

Figure 2-4 Circuit Diagram for CCO High Diagnosis

2.3.1 Measurement
A specified current is input to the CCO to obtain the measurement value.

Table 2-6 shows the register setting values used for the diagnosis. For details on how to configure the registers,
refer to the User’'s Manual (Hardware) for the MCU in use.
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Table 2-6 Register Settings for CCO High Diagnosis (Common)

Register Bit Value Purpose
CTSUCR/1 Note CTSUMD[1:0] 00b Self-capacitance single scan setting
CTSUCLK][1:0] 00b CTSU operating clock setting
CTSUERRS - 0x0000 Initialization of calibration register settings
CTSUSPMD[1:0] 10b Calibration setting
CTSUTSOC 1
CTSUSSC CTSUSSDIV[3:0] 0111b Spread-spectrum clock division setting
CTSUDPRS CTSUSOFF 0 High-frequency noise reduction setting
CTSUDCLKC CTSUSSMODI[1:0] 00b
CTSUSSCNT[1:0] 11b
CTSUSST CTSUSST[7:0] 0x10 Sensor stabilization wait-time setting
CTSUSOO0 CTSUSO[9:0] 0x000 Offset current setting
CTSUSNUM[5:0] 000111b Measurement count setting: 8

Note: Configure the CTSUCR1 register while CTSUCRO0.CTSUSTRT is set to “0”.

2.3.2 Condition
Set the CTSU power supply operation to NM mode (see Table 2-2).

2.3.3 Determination

Check whether the measured value falls within the specified range. If it falls outside the range,
R_CTSU_Diagnosis returns FSP_ERR_CTSU_DIAG_ CCO_HIGH. If it is within the range,
R_CTSU_Diagnosis returns FSP_SUCCESS.
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2.4 CCO Low Diagnosis

Figure 2-5 shows a circuit diagram for CCO low diagnosis. In this diagnosis, a current corresponding to the
lower limit of CCO input is input to the CCO similarly to section 2.3, and the CCO is verified based on whether
the measured value falls within the specified range.

Overvoltage

CTSU digital block

Target circuits of diagnosis

| Circuits used for diagnosis ‘

__________________________________________

Overvoltage |

CTSU analog block

Inside MCU

detection flag
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Figure 2-5 Circuit Diagram for CCO Low Diagnosis

241

Measurement
A specified current is input to the CCO to obtain the measured value.

Table 2-7 shows the register setting values used for the diagnosis. For details on how to configure the
registers, refer to the User's Manual (Hardware) for the MCU in use.
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Table 2-7 Register Settings for CCO Low Diagnosis (Common)

Register Bit Value Purpose
CTSUCR/1 Note CTSUMD[1:0] 00b Self-capacitance single scan setting
CTSUCLK][1:0] 00b CTSU operating clock setting
CTSUERRS - 0x0000 Initialization of calibration register settings
CTSUSPMD[1:0] 10b Calibration setting
CTSUTSOC 1
CTSUSSC CTSUSSDIV[3:0] 0111b Spread-spectrum clock division setting
CTSUDPRS CTSUSOFF 0 High-frequency noise reduction setting
CTSUDCLKC CTSUSSMODI[1:0] 00b
CTSUSSCNT[1:0] 11b
CTSUSST CTSUSST[7:0] 0x10 Sensor stabilization wait-time setting
CTSUSOO0 CTSUSO[9:0] 0x000 Offset current setting
CTSUSNUM[5:0] 000111b Measurement count setting: 8

Note: Configure the CTSUCR1 register while CTSUCRO0.CTSUSTRT is set to “0”.

2.4.2 Condition
Set the CTSU power supply operation to NM mode (see Table 2-2).

2.4.3 Determination

Check whether the measured value falls within the specified range. If it falls outside the range,
R_CTSU_Diagnosis returns FSP_ERR_CTSU_DIAG_ OSCILLATOR_LOW. If it is within the range,
R_CTSU_Diagnosis returns FSP_SUCCESS.
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2.5 SSCG Diagnosis

Figure 2-6 shows a circuit diagram for SSCG (spread spectrum clock generator) diagnosis. When outputting
sensor drive pulses for current measurement, CTSU1 uses a SSCG to generate pulses with randomized
frequency modulation, thereby reducing the impact of noise.

In this diagnosis, a measured value is obtained through the standard measurement using a SSCG. The
diagnosis verifies the SSCG based on whether the measured value falls within the specified range .
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Figure 2-6 Circuit Diagram for SSCG Diagnosis

2.5.1 Measurement
Measurement is performed with the SSCG enabled to obtain the measured value.

Table 2-8 shows the register setting values used for the diagnosis. For details on how to configure the registers,
refer to the User’'s Manual (Hardware) for the MCU in use.
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Table 2-8 Register Settings for SSCG Diagnosis (Common)

Register Bit Value Purpose
CTSUCR1 Note CTSUMDI[1:0] 00b Self-capacitance single scan setting
CTSUCLK][1:0] 00b CTSU operating clock setting
CTSUERRS - 0x0000 Initialization of calibration register settings
CTSUSPMD[1:0] 00b Calibration setting
CTSUTSOC 1
CTSUCLKSEL1 1
CTSUDPRS CTSUSOFF 0 High-frequency noise reduction setting
CTSUDCLKC CTSUSSMODI[1:0] 00b
CTSUSSCNTI[1:0] 11b
CTSUSST CTSUSST[7:0] 0x10 Sensor stabilization wait-time setting
CTSUSOO0 CTSUSO[9:0] 0x000 Offset current setting
CTSUSNUM[5:0] 000111b Measurement count setting: 8

Note: Configure the CTSUCR1 register while CTSUCRO0.CTSUSTRT is set to “0”.

2.5.2 Condition
Set the CTSU power supply operation to NM mode (see Table 2-2).

2.5.3 Determination

Check whether the measured value falls within the specified range. If it falls outside the range,
R_CTSU_Diagnosis returns FSP_ERR_CTSU_DIAG_ SSCG . If it is within the range, R_CTSU_Diagnosis
returns FSP_SUCCESS.
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2.6 Sensor Offset Diagnosis (with TS Pin)

Figure 2-7 shows a circuit diagram for sensor offset diagnosis. The CTSU1 sensor offset function is a function
that supplies an offset current adjusted by the sensor offset DAC to compensate for the charge corresponding
to the parasitic capacitance of the electrode. For details on the sensor offset function, refer to section “2.
Capacitance Detection” in Capacitive Sensor Microcontrollers CTSU Capacitive Touch Introduction Guide.

In this diagnosis, the sensor offset value is decreased stepwise from the value determined by offset tuning
down to -0x100. The resulting changes in the sensor offset current are monitored using measurement values,
and it is verified that the measurement value falls within the specified range at each step. Therefore, the TS
pin must be connected to ground through a 560Q resistor and a capacitor with sufficient capacitance to ensure
that the sensor offset value does not become negative even when decreased to -0x100. Recommended
external capacitor values for each MCU are listed in Table 2-9. Connect an external capacitor such that the
total capacitance, including the board parasitic capacitance, becomes 27 pF or 33 pF.
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Figure 2-7 Circuit Diagram for Sensor Offset Diagnosis (with TS Pin)

Table 2-9 Recommended Capacitance of TS Pin Used for Diagnostis

Microcontroller Recommended capacitance
RA2A1, RA4M1, RA4W1, RX130, RX230, RX231, RX23W | 27 pF
RA4M2, RA4M3, RA6M1, RA6M2, RA6M3, RA6M4, 33 pF
RABM5, RX671
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2.6.1 Measurement
Offset tuning is performed with the TS pin connected to an arbitrary electrode, then the sensor offset value is
stepwise decreased in each test to obtain the measured values.

Table 2-10 and Table 2-11 show the register setting values for used for the diagnosis. In addition, enable the
TS pin used for this diagnosis. For details on how to configure the registers, refer to the User's Manual
(Hardware) for the MCU in use.

Table 2-10 Register Settings for Sensor Offset Diagnosis (Common)

Register Bit Value Purpose
CTSUCR1 Note CTSUMDI[1:0] 00b Self-capacitance single scan setting
CTSUCLK][1:0] 00b CTSU operating clock setting
CTSUERRS - 0x0000 | Initialization of calibration register settings
CTSUSPMD[1:0] 00b Calibration setting
CTSUTSOC 1
CTSUSsC CTSUSSDIVI[3:0] 0010b Spread-spectrum clock division setting
CTSUDPRS CTSUSOFF 0 High-frequency noise reduction setting
CTSUDCLKC CTSUSSMODI[1:0] 00b
CTSUSSCNTI[1:0] 11b
CTSUSST CTSUSST[7:0] 0x10 Sensor stabilization wait-time setting
CTSUSOO0 CTSUSNUM[5:0] 000111b | Measurement count setting: 8
CTSUSO1 CTSUSDPA[4:0] 00111b | Base clock setting: 1/16 of the CTSU operating
clock

Note: Configure the CTSUCR1 register while CTSUCRO0.CTSUSTRT is set to “0”.

Table 2-11 Register Settings during Sensor Offset Diagnostic Operation

Test Register Bit Value

1 CTSUSOO0 CTSUSO[9:0] (Note)

2 CTSUSOO0 CTSUSO[9:0] (CTSUSO value in Test 1) - 0x010
3 CTSUSOO0 CTSUSO[9:0] (CTSUSO value in Test 1) - 0x020
4 CTSUSOO0 CTSUSO[9:0] (CTSUSO value in Test 1) - 0x040
5 CTSUSOO0 CTSUSO[9:0] (CTSUSO value in Test 1) - 0x080
6 CTSUSOO0 CTSUSO[9:0] (CTSUSO value in Test 1) - 0x100

Note : Use the sensor offset value obtained after offset tuning.

2.6.2 Condition
Set the CTSU power supply operation to NM mode (see Table 2-2).

2.6.3 Determination

Check whether the measured value obtained in each test falls within the specified range. If it falls outside the
range, R_CTSU_Diagnosis returns FSP_ERR_CTSU_DIAG_ DAC. If it is within the range,
R_CTSU_Diagnosis returns FSP_SUCCESS.
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2.7 Sensor Offset Diagnosis (without TS Pin)

Figure 2-8 shows a circuit diagram for sensor offset diagnosis without TS pin. In CTSUb, the sensor offset
function can be evaluated using only the MCU internal circuitry, without using external elements connected to
TS pins, by means of a load resistance circuit and ADC measurement.

In this diagnosis, the current supplied by the sensor offset DAC is adjusted, and ADC measurement is
performed. The diagnosis verifies the sensor offset function based on whether the measured value falls within
the specified range.

Note: This diagnosis is supported only on CTSUb.
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Figure 2-8 Circuit Diagram for Sensor Offset Diagnosis (without TS Pin)
2.7.1 Measurement
The load resistance and the sensor offset value are configured, and measurements are obtained by ADC
measurement (see Table 2-13).
Table 2-12 and Table 2-13 show the register setting values used for the diagnosis. For details on how to
configure the registers, refer to the User's Manual (Hardware) for the MCU in use.
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Table 2-12 Register Settings for Sensor Offset Diagnosis (without TS Pin) (Common)

Register Bit Value Purpose
CTSUCR/1 Note CTSUMD[1:0] 00b Self-capacitance single scan setting
CTSUCLK][1:0] 00b CTSU operating clock
CTSUERRS - 0x0000 Initialization of calibration register settings
CTSUSPMD[1:0] 00b Calibration setting
CTSUTSOC 1
CTSUSsC CTSUSSDIVI[3:0] 0011b Spread-spectrum clock division setting
CTSUDPRS CTSUSOFF 0 High-frequency noise reduction setting
CTSUDCLKC CTSUSSMODI[1:0] 00b
CTSUSSCNT[1:0] 11b
CTSUSST CTSUSST[7:0] 0x10 Sensor stabilization wait-time setting
CTSUSOO0 CTSUSNUM[4:0] 00111b Measurement count setting: 8

Note: Configure the CTSUCR1 register while CTSUCRO0.CTSUSTRT is set to “0”.

Table 2-13 Register Settings during Sensor Offset Diagnostic Operation (without TS Pin)

TEST Register Bit Value
1 CTSUSOO0 CTSUSO[9:0] 0x200
CTSUERRS CTSURO1EN 1
CTSURO02EN 0
CTSURO3EN 0
2 CTSUSOO0 CTSUSO[9:0] 0x100
CTSUERRS CTSURO1EN 0
CTSURO02EN 1
CTSURO3EN 0
3 CTSUSOO0 CTSUSO[9:0] 0x080
CTSUERRS CTSURO1EN 0
CTSURO02EN 0
CTSURO3EN 1
4 CTSUSOO0 CTSUSO[9:0] 0x070
CTSUERRS CTSURO1EN 0
CTSURO02EN 0
CTSURO3EN 1
5 CTSUSOO0 CTSUSO[9:0] 0x060
CTSUERRS CTSURO1EN 0
CTSURO02EN 0
CTSURO3EN 1
6 CTSUSOO0 CTSUSO[9:0] 0x050
CTSUERRS CTSURO1EN 0
CTSURO02EN 0
CTSURO3EN 1
7 CTSUSOO0 CTSUSO[9:0] 0x030
CTSUERRS CTSURO1EN 0
CTSURO02EN 0
CTSURO3EN 1
8 CTSUSOO0 CTSUSO[9:0] 0x088
CTSUERRS CTSURO1EN 0
CTSURO02EN 0
CTSURO3EN 1
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2.7.2 Condition
Set the CTSU power supply operation to NM mode (see Table 2-2).

2.7.3 Determination

Check whether the measured value obtained in each test falls within the specified range. If it falls outside the
range, R_CTSU_Diagnosis returns FSP_ERR_CTSU_DIAG__ DAC. If it is within the range,
R_CTSU_Diagnosis returns FSP_SUCCESS.
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2.8 Diagnosis API

The determination for each diagnostic item is performed sequentially. If an abnormality is detected, the
diagnostic process is terminated at that time, and R_CTSU_Diagnosis returns the corresponding error value.
If all diagnostic items are normal, R_CTSU_Diagnosis returns FSP_SUCCESS. Even if an abnormality is
detected in diagnosis, diagnosis can be executed again without user operation.
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2.9 Relation to Other Functions

If R_CTSU_Stop is called, the diagnostic test is suspended, and the current diagnostic state is retained. When
measurement is restarted, the diagnostic test resumes from the point at which it was suspended.

If R_CTSU_Close is called, the diagnostic test is terminated, and the diagnostic state is initialized.
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3. CTSU2 Diagnostic Function

This chapter describes the specifications of the diagnostic function implemented in CTSU2. Nine types of
diagnostic items are provided for the target internal circuits, and each item has different execution timing and
operating conditions. This chapter is divided into sections for each diagnostic item and describes the
measurement operation, the execution condition, and the determination method for each. For the list of
diagnostic items and their execution timing, refer to Table 3-1. Note that the diagnostic process described in
this chapter covers the measurement start, measurement operation, and acquisition of measurement value.

Figure 3-1 shows a circuit diagram for the CTSU2 diagnostic function.
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Figure 3-1 Circuit Diagram for CTSU2 Diagnostic Function

Table 3-1 Diagnostic Items and Execution Timing

Order Diagnostic Name One-time or Repeat N°t¢
1 Output voltage diagnosis Repeat

2 Overvoltage detection diagnosis One-time
3 Overcurrent detection diagnosis One-time
4 Load resistance diagnosis Repeat

5 Sensor offset diagnosis One-time
6 CCO frequency diagnosis Repeat

7 SUCLK frequency diagnosis Repeat

8 SUCLK clock recovery diagnosis Repeat

9 CFC oscillator diagnosis (CFC Repeat

operation only)

Note : “One-time” indicates execution once after reset. “Repeat” indicates periodic execution.

This function is enabled when CTSU_CFG_DIAG_SUPPORT_ENABLE is set to “1” and the touch interface
configuration variable md of the instance is set to CTSU_MODE_DIAGNOSIS_SCAN.
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To minimize the impact of diagnostic processing on normal touch measurement operation, use this function
according to the steps described below.

1. Initialization of the normal measurement configuration
2. Initialization of the diagnostic configuration
3. Execution of diagnostics at initialization

— Measurement for diagnosis and acquisition of the measurement value, followed by diagnosis

— After the measurement data acquisition returns normal completion, the diagnostic API is called to
obtain the diagnostic results

4. Execution of normal measurement and periodic diagnostics

The diagnostic determination is executed during measurement data acquisition. If an abnormal result is
detected in the determination, the measurement data acquisition returns normal completion at that time, and
the diagnostic APl is called. Even if an abnormality is detected in diagnosis, diagnosis can be executed again
without user operation.

In this chapter, when evaluating a CTSU2 diagnostic item under multiple conditions, the term “Test” refers to
an individual evaluation unit corresponding to each condition (e.g., Test 1, Test 2)

Table 3-2 through Table 3-4 show common register settings for the diagnostic function described in this chapter.

The diagnosis described in this chapter is performed with single-frequency measurement to reduce processing
time. Accordingly, set CTSUMCH.MCAQO to 1 and set MCA1 through MCA3 to “0”.

The hardware CCO correction (auto-correction) function is disabled during the diagnosis.

Table 3-2 CTSU2 Common Register Settings for Diagnostic Function (RA Family)

Register Bit Value Setting
CTSUMCH MCAO 1 Single-frequency measurement
CTSUMCHH MCA1 0
CTSUMFAF MCA2 0
MCA3 0
CTSUOPT CCOCFEN 0 Auto-correction function OFF
CTSUOPTL
CTSUAC
CTSUCRA SDPSEL 1 High-resolution pulse mode
CTSUCRAH
CTSUCRA2

Table 3-3 CTSU2 Common Register Settings for Diagnostic Function (RL78 Family)

Register Bit Value Setting
CTSUMCHH MCAO 1 Single-frequency measurement
MCA1 0
MCA2 0
MCA3 0
CTSUOPTL Note CCOCFEN 0 Auto-correction function OFF
CTSUCRAH SDPSEL 1 High-resolution pulse mode

Note: Register and bit field specifications vary depending on the product used. For details on how to
configure the registers, refer to the User's Manual (Hardware) for the MCU in use.
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Table 3-4 CTSU2 Common Register Settings for Diagnostic Function (RX Family)

Register Bit Value Setting
CTSUMCH MCAO 1 Single-frequency measurement
MCA1 0
MCA2 0
MCA3 0
CTSUOPT CCOCFEN 0 Auto-correction function OFF
CTSUCRA SDPSEL 1 High-resolution pulse mode

Table 3-5 shows the settings for CTSU2 power supply operation mode. In this application note, the CTSU2
operating voltage states selected by the ATUNEDO bit are referred to as Normal (NM) mode and Low Voltage

(LV) mode.

Table 3-5 CTSU2 Power Operating Mode Settings

CTSU Power Supply
Operating Mode

CTSUCRA.ATUNEO (RA and RX Families) | MCU Power Supply Voltage (V)
CTSUCRAL.ATUNEO (RL78 Family)

NM mode

0

241055

LV mode

1

1.8t05.5

Note: Register and bit field specifications vary depending on the product used. For details on how to
configure the registers, refer to the User's Manual (Hardware) for the MCU in use.

In principle, the register settings described in this chapter must not be changed.

This diagnosis function uses the ADC module. Therefore, if the ADC is used in the user system, conflicts with
ADC processing may occur during the diagnostic operation. Before executing the diagnostic function, stop the
ADC on the user side or control it so that no conflict occurs with the diagnosis function.
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3.1 Output Voltage Diagnosis

Figure 3-2 shows a circuit diagram for output voltage diagnosis. The TSCAP pin is connected to a current
source used for CTSU measurement, and the TSCAP voltage is regulated to a constant level. The diagnosis
evaluates this TSCAP voltage while the current from this source is flowing through the load resistance. To
evaluate the TSCAP voltage independently of fluctuation in the MCU power supply voltage, the internal power
supply voltage is first measured by the ADC using the MCU power supply voltage as the reference, and the
MCU power supply voltage is calculated from the known ratio to the internal reference voltage. Next, TSCAP
voltage is measured by the ADC using the MCU power supply voltage as the reference. A current source
failure is diagnosed based on whether the measured value falls within the specified range.

This function is also applicable to systems in which the MCU power supply voltage varies, such as battery-
powered systems.
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Figure 3-2 Circuit Diagram for Output Voltage Diagnosis

3.1.1 Measurement

In this diagnosis, the ADC is used to measure the TSCAP voltage independently of the MCU power supply
voltage.

Since the ADC conversion result depends on the reference voltage, the MCU power supply voltage must be
known in advance when used as the reference for TSCAP voltage measurement. Therefore, the internal
reference voltage is measured by the ADC using the MCU power supply voltage as the reference, and the
MCU power supply voltage is calculated from the known ratio to the internal reference voltage. The TSCAP
voltage is then calculated using the MCU power supply voltage as the reference. Each voltage is obtained by
performing ADC measurements four times, and the average value is used.

Table 3-6 to Table 3-8 show the register settings for output voltage diagnosis.
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Table 3-6 Register Settings for Output Voltage Diagnosis for RA Family (Common)

Register Bit Value Setting

CTSUCALIB - 0x00000000 Initialization of calibration register
CTSUCALIB TSOC 1 Calibration mode setting
CTSUBGRO DRV 1 Calibration mode setting

CTSUSO SO[9:0] 00 00000000b No offset current

CTSUSOO0

CTSUSO SNUM[7:0] 0x07 Measurement time 128us

CTSUSO SDPA[7:0] 0x00 Sensor drive pulse frequency: 1/2 of
CTSUSO1 SUCLK

Table 3-7 Register Settings for Output Voltage Diagnosis for RL78 Family (Common)

Register Bit Value Setting
CTSUDBGRO - 0x0000 Initialization of calibration register
TSOC 1 Calibration mode setting
DRV 1 Calibration mode setting
CTSUDBGR1 - 0x0000 Initialization of calibration register
CTSUSOO0 SO[9:0] 00 00000000b No offset current
CTSUSO1 SNUM[7:0] 0x07 Measurement time 128us
SDPAJ[7:0] 0x00 Sensor drive pulse frequency: 1/2 of

SUCLK

Table 3-8 Register Settings for Output Vo

Itage Diagnosis for RX Family(Common)

Register Bit Value Setting

CTSUCALIB - 0x00000000 Initialization of calibration register
TSOC 1 Calibration mode setting
DRV 1 Calibration mode setting

CTSUSO SO[9:0] 00 00000000b No offset current
SNUM[7:0] 0x07 Measurement time 128us
SDPA[7:0] 0x00 Sensor drive pulse frequency: 1/2 of

SUCLK
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Table 3-9 show the register settings during output voltage diagnostic operation. For details on how to configure
the registers, refer to the User's Manual (Hardware) for the MCU in use.

Table 3-9 Register Settings during Output Voltage Diagnostic Operation

TEST Register Bit Value Setting
1 CTSUCRA. CTSUCRAH | LOAD[1:0] 00b Constant-current
CTSUCR2 load mode
ATUNE2 1 Current range: 20 uA
CTSUCRA. CTSUCRAL | ATUNE1 0
CTSUCR1
2 CTSUCRA. CTSUCRAH | LOAD[1:0] 00b Constant-current
CTSUCR2 load mode
ATUNE2 0 Current range: 40 uA
CTSUCRA. CTSUCRAL | ATUNE1 1
CTSUCR1
3 CTSUCRA. CTSUCRAH | LOAD[1:0] 00b Constant-current
CTSUCR2 load mode
ATUNE2 0 Current range: 80 uA
CTSUCRA. CTSUCRAL | ATUNE1 0
CTSUCR1
4 CTSUCRA. CTSUCRAH | LOAD[1:0] 00b Constant-current
CTSUCR2 load mode
ATUNE2 1 Current range: 160
CTSUCRA. CTSUCRAL | ATUNE1 1 uA
CTSUCR1
5 CTSUCRA., CTSUCRAH | LOAD[1:0] 01b—11b Resistive load mode
CTSUCR2 ATUNE2 1 Current range: 20 uA
CTSUCRA. CTSUCRAL | ATUNE1 0
CTSUCR1
6 CTSUCRA., CTSUCRAH | LOAD[1:0] 01b—11b Resistive load mode
CTSUCR2 ATUNE2 0 Current range: 40 uA
CTSUCRA. CTSUCRAL | ATUNE1 1
CTSUCR1
7 CTSUCRA. CTSUCRAH | LOAD[1:0] 01b—11b Resistive load mode
CTSUCR2 ATUNE2 0 Current range: 80 uA
CTSUCRA. CTSUCRAL | ATUNE1 0
CTSUCR1
8 CTSUCRA. CTSUCRAH | LOAD[1:0] 01b—11b Resistive load mode
CTSUCR2 ATUNE2 1 Current range: 160
CTSUCRA. CTSUCRAL | ATUNE1 1 uA
CTSUCR1
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3.1.2 Condition

The CTSU power supply operates in either NM mode or LV mode depending on the user settings (see Table
3-5).

3.1.3 Determination

Check whether the average of measured values falls within the specified range. If it falls outside the range,
R_CTSU_Diagnosis returns FSP_ERR_CTSU_DIAG_OUTPUT_VOLTAGE. If it is within the range,
R_CTSU_Diagnosis returns FSP_SUCCESS.

RO1AN0512EJ0200 Rev.2.00 Page 30 of 81
May.27.26 RENESAS



Capacitive Touch Sensor Microcontrollers Overview of CTSU Functional Safety Self Test

3.2 Overvoltage Detection Diagnosis

Figure 3-3 shows a circuit diagram for overvoltage detection diagnosis. A circuit for detecting overvoltage at
the TSCAP pin is provided in the device. When the TSCAP voltage exceeds a specified level, an overvoltage
condition is detected, the measurement operation is interrupted, and the internal circuitry is protected.

This diagnosis verifies the overvoltage detection circuit. Normal-voltage and overvoltage conditions are
reproduced using the sensor offset DAC and a load resistance, and the ability of the circuit to correctly
distinguish between these conditions is verified.
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Figure 3-3 Circuit Diagram for Overvoltage Detection Diagnosis

3.2.1 Measurement
In Test 1, after setting the load resistance and the sensor offset to 0x000, the measurement value is obtained
to verify that no overvoltage is detected under normal voltage conditions (ICOMPO = 0).

In Test2, after setting the load resistance and the sensor offset to 0x200, the measurement value is obtained
to verify that an overvoltage is detected under overvoltage conditions (ICOMPO = 1). Then, after setting
ICOMPRST to 1, it is verified that no overvoltage is detected (ICOMPO = 0).

Normal voltage and overvoltage conditions are switched by CTSUSO register settings.

Table 3-10 to Table 3-12 show the register setting values used for the diagnosis. For details on how to
configure the registers, refer to the User's Manual (Hardware) for the MCU in use.
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Table 3-10 Register Settings for Overvoltage Detection Diagnosis for RA Family (Common)

Register Bit Value Setting

CTSUCALIB - 0x00000000 Initialization of calibration register
CTSUCALIB TSOC 1 Calibration mode

CTSUBGR1

CTSUCRA LOADI[1:0] 01b—11b Resistive load mode
CTSUCRAH

CTSUCRA2

CTSUCRA ATUNE1 1 Current measurement range: 40uA mode
CTSUCRAX ATUNE2 0

(x:H,L,2,1)

CTSUSO SNUM[7:0] 0x07 Measurement time 128us

Table 3-11 Register Settings for Overvoltage Detection Diagnosis for RL78 Family(Common)

Register Bit Value Setting
CTSUDBGRO | - 0x0000 Initialization of calibration register
TSOC 1 Calibration mode
CTSUDBGR1 | - 0x0000 Initialization of calibration register
CTSUCRAH LOADI[1:0] 0x01—0x03 Resistive load mode
CTSUCRAL ATUNE1 1 Current measurement range: 40uA mode
CTSUCRAH ATUNEZ2 0
CTSUSOO0 SNUM[7:0] 0x07 Measurement time 128us
CTSUSO1

Table 3-12 Register Settings for O

vervoltage Detection Diagnosis for RX Family (Common)

Register Bit Value Setting

CTSUCALIB - 0x00000000 Initialization of calibration register
TSOC 1 Calibration mode

CTSUCRA LOADI1:0] 01b—11b Resistive load mode
ATUNE1 1 Current measurement range: 40uA mode
ATUNE2 0

CTSUSO SNUM[7:0] 0x07 Measurement time 128us
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3.2.2 Condition

The CTSU power supply operates in either NM mode or LV mode depending on the user settings (see Table
3-5).

3.2.3 Determination

At the measurement completion interrupt, the following processes are performed based on the overvoltage
detection result under normal and over voltage conditions reproduced intentionally.

If an overvoltage is detected under normal voltage conditions (ICOMPO = 1), R_CTSU_Diagnosis returns
FSP_ERR_CTSU_DIAG_OVER_VOLTAGE. If no overvoltage is detected (ICOMPO = 0), R_CTSU_Diagnosis
returns FSP_SUCCESS.

If no overvoltage is detected under overvoltage conditions (ICOMPO = 0), R_CTSU_Diagnosis returns
FSP_ERR_CTSU_DIAG_OVER_VOLTAGE. If an overvoltage is detected (ICOMPO = 1), R_CTSU_Diagnosis
returns FSP_SUCCESS.

If an overvoltage is detected (ICOMPO0=1) after detecting an overvoltage (ICOMP0=1) and setting ICOMPRST
to 1, R_CTSU_Diagnosis returns FSP_ERR_CTSU_DIAG_OVER_VOLTAGE. If no overvoltage is detected
(ICOMPO = 0), R_CTSU_Diagnosis returns FSP_SUCCESS.
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3.3 Overcurrent Detection Diagnosis

Figure 3-4 shows a circuit diagram for overcurrent detection diagnosis. CTSU2 repeatedly charges and
discharges the electrode capacitance using an internal current source for a fixed period, inputs the resulting
charge current to a current-controlled oscillator (CCO). An overcurrent detection circuit is incorporated in the
input current path to the CCO. When an instantaneous current exceeds a specified level, an overcurrent
condition is detected, the measurement operation is suspended, and the internal circuitry is protected.

This diagnosis verifies the overcurrent detection circuit. Normal-current and overcurrent conditions are
intentionally reproduced by changing the settings for the sensor offset, current measurement, and SDPA, the
ability of the overcurrent detection circuit to correctly distinguish between these conditions is verified.
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Figure 3-4 Circuit Diagram for Overcurrent Detection Diagnosis

3.3.1 Measurement

In Test 1 a measurement value is obtained under normal current conditions, and it is verified that no overcurrent
is detected (ICOMP1 = 0) under normal current conditions.

In Test 2, a measurement value is obtained under overcurrent conditions, and it is verified that an overcurrent
is detected (ICOMP1 = 1) under overcurrent conditions. Then, after setting ICOMPRST to 1, a measurement
value is obtained, and it is verified that no overcurrent is detected (ICOMP1 = 0).

Table 3-16 shows register settings for normal and over current conditions

For the SDPA settings without using QE, refer to the following Application Notes on CTSU module.
RL78 Family CTSU module Software Integration System Rev.2.30

RX Family QE CTSU module Firmware Integration Technology

RA Flexible Software Package Documentation: CTSU(r_ctsu)

For the SDPA settings for the diagnosis, refer to “1.4.5 (d) Notes on configuration” when using RL family and
RX family MCUs.
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Table 3-13 to Table 3-16 show the register setting values used for the overcurrent detection diagnosis.

Table 3-13 Register Settings for Overcurrent Detection Diagnosis for RA Family (Common)

Register Bit Value Setting

CTSUCALIB - 0x00 Initialization of calibration register
CTSUCRA LOADI1:0] 01b Load resistance OFF
CTSUCRAH

CTSUCR2

Table 3-14 Register Settings for Overcurrent Detection Diagnosis for RL78 Family (Common)

Register Bit Value Setting

CTSUDBGRO - 0x0000 Initialization of calibration register
CTSUDBGR1 - 0x0000 Initialization of calibration register
CTSUCRAH LOADI1:0] 01b Load resistance OFF

Table 3-15 Register Settings for Overcurrent Detection Diagnosis for RX Family (Common)

Register Bit Value Setting
CTSUCALIB - 0x00000000 Initialization of calibration register
CTSUCRA LOADI1:0] 01b Load resistance OFF

Table 3-16 shows the CTSUSO register settings to switch between a normal current condition and an
overcurrent condition. For details on how to configure the registers, refer to the User's Manual (Hardware) for

the MCU in use.

Table 3-16 Register Settings for Normal and Over Current Conditions

Register

Bit

Value

Setting

Normal Current Condition

CTSUSO SO[9:0] 00 00000000b No offset current

CTSUSOO0 SNUM[7:0] 0x07 Measurement time 128 us

CTSUSO1 SDPA[7:0] CTSU_CFG_SUM | Use the CTSU_CFG_SUMULTIO
ULTIO value value Nete !

CTSUCRA ATUNE1 1 Current measurement range: 160 uA

CTSUCRAL

CTSUCR1

CTSUCRA ATUNE2 1

CTSUCRAH

CTSUCR2

Overcurrent Condition

CTSUSO SO[9:0] 00 00000000b No offset current

CTSUSOO0 SNUM[7:0] 0x07 Measurement time 128 us

CTSUSO1 SDPA[7:0] (Note 2) (Note 2)

CTSUCRA, ATUNE1 0 Current measurement range: 20 uA

CTSUCRAL

CTSUCR2

CTSUCRA, ATUNEZ2 1

CTSUCRAH

CTSUCR1

Note 1: During normal current operation, the CTSU_CFG_SUMULTIO value is stored in SDPA[7:0] to set the
sensor drive pulse frequency to 0.5 MHz.
2: Set the SDPA assigned to a member of the diagnostic configuration output by QE.

RO1ANO0512EJ0200 Rev.2.00

May.27.26

RENESAS

Page 35 of 81



Capacitive Touch Sensor Microcontrollers Overview of CTSU Functional Safety Self Test

3.3.2 Condition

The CTSU power supply operates in either Normal (NM) mode or Low Voltage (LV) mode depending on the
user settings (see Table 3-5).

3.3.3 Determination

At the measurement completion interrupt, the following processes are performed based on the overcurrent
detection result under normal and over current conditions reproduced intentionally.

If an overcurrent is detected under normal current conditions (ICOMP1 = 1), R_CTSU_Diagnosis returns
FSP_ERR_CTSU_DIAG_OVER_CURRENT. If no overcurrent is detected (ICOMP1 = 0), R_CTSU_Diagnosis
returns FSP_SUCCESS.

If no overcurrent is detected under overcurrent conditions (ICOMP1 = 0), R_CTSU_Diagnosis returns
FSP_ERR_CTSU_DIAG_OVER_CURRENT. If an overcurrent is detected (ICOMP1 = 1), R_CTSU_Diagnosis
returns FSP_SUCCESS.

If an overcurrent is detected after detecting an overcurrent condition (ICOMP1 = 1) and setting ICOMPRST to
1, R_CTSU_Diagnosis returns FSP_ERR_CTSU_DIAG_OVER_CURRENT. If no overcurrent is detected
(ICOMP1 =0), R_CTSU_Diagnosis returns FSP_SUCCESS.
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3.4 Load Resistance Diagnosis

Figure 3-5 shows a circuit diagram for load resistor diagnosis. CTSU2 incorporates a load resistance circuit
that enables measurement operations internally, without requiring additional capacitance on external elements
connected to the TS pin in CCO correction.

This diagnosis verifies the load resistance circuit. For each current measurement range, the current adjusted
by the CTSU load resistance circuit is applied to the CCO, and the load resistance circuit is diagnosed for
faults based on whether multiple measured values fall within the specified range.
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Figure 3-5 Circuit Diagram for Load Resistance Diagnosis

3.4.1 Measurement

When the TSCAP voltage is applied to the load resistance, the resulting current is input to the CCO. The CCO-
corrected measurement value is then acquired four times, and the average of measurement values are
calculated.

Table 3-17 to Table 3-19 show the register setting values for used for the diagnosis. For details on how to
configure the registers, refer to the User's Manual (Hardware) for the MCU in use.
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Table 3-17 Register Settings for Load Resistance Diagnosis for RA Family (Common)

Register Bit Value Setting

CTSUCALIB - 0x00000000 Initialization of calibration register

CTSUCALIB TSOC 1 Calibration mode

CTSUBGR1

CTSUSO SO[9:0] 00 00000000b | No offset current

CTSUSOO0

CTSUSO SNUM[7:0 0x07 Measurement time 128us

CTSUSO SDPAJ[7:0 0x00 Sensor drive pulse frequency: 1/2 of SUCLK

CTSUSO1

CTSUCRA LOADI1:0] 01b—11b Resistive load mode

CTSUCRAH

CTSUCRA2

CTSUCRA ATUNE1 0 Current measurement range: 20uA

CTSUCRAX ATUNE2 1

(x:H,L,2,1) ATUNE1 1 Current measurement range: 40uA
ATUNE2 0
ATUNE1 0 Current measurement range: 80uA
ATUNE2 0
ATUNE1 1 Current measurement range: 160uA
ATUNE2 1

Table 3-18 Register Settings for Load Resistance Diagnosis for RAL78 Family (Common)

Register Bit Value Setting

CTSUDBGRO - 0x0000 Initialization of calibration register
TSOC 1 Calibration mode

CTSUDBGR1 - 0x0000 Initialization of calibration register

CTSUSOO0 SO[9:0] 00 00000000b | No offset current

CTSUSO1 SNUM[7:0] 0x07 Measurement time 128us
SDPAJ[7:0] 0x00 Sensor drive pulse frequency: 1/2 of SUCLK

CTSUCRAH LOADI1:0] 01b—11b Resistive load mode

CTSUCRAL ATUNE1 0 Current measurement range: 20uA

CTSUCRAH ATUNEZ2 1

CTSUCRAL ATUNE1 1 Current measurement range: 40uA

CTSUCRAH ATUNE2 0

CTSUCRAL ATUNE1 0 Current measurement range: 80uA

CTSUCRAH ATUNE2 0

CTSUCRAL ATUNE1 0 Current measurement range: 160uA

CTSUCRAH ATUNE2 1
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Table 3-19 Register Settings for Load Resistance Diagnosis for RX Family (Common)

Register Bit Value Setting
CTSUCALIB - 0 Initialization of calibration register
TSOC 1 Calibration mode
CTSUOPT CCOCFEN 0 Hardware correction OFF (only when
hardware frequency correction is effective)
CTSUSO SO[9:0] 00 00000000b No offset current
SNUM[7:0] 0x07 Measurement time 128us
SDPAJ[7:0] 0x00 Sensor drive pulse frequency: 1/2 of SUCLK
CTSUCRA LOADI1:0] 01b—11b Resistive load mode
ATUNE1 0 Current measurement range: 20uA
ATUNE2 1
ATUNE1 1 Current measurement range: 40uA
ATUNE2 0
ATUNE1 0 Current measurement range: 80uA
ATUNE2 0
ATUNE1 1 Current measurement range: 160uA
ATUNE2 1

3.4.2 Condition

The CTSU power supply operates in either Normal (NM) mode or Low Voltage (LV) mode depending on the
user settings (see Table 3-5).

3.4.3 Determination

Check whether the average measurement value falls within the specified range. If it falls outside the range,
R_CTSU_Diagnosis returns FSP_ERR_CTSU_DIAG_ LOAD_RESISTANCE . If it is within the range,
R_CTSU_Diagnosis returns FSP_SUCCESS.
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3.5 Sensor Offset Diagnosis

Figure 3-6 shows a circuit diagram for sensor offset diagnosis. The CTSU2 sensor offset function is a function
that supplies a current corresponding to the parasitic capacitance of the electrode using the offset current
adjusted by sensor offset DAC. As the offset current increases, the current flowing through the current mirror
in the measurement VDC circuit decreases accordingly.

In this diagnosis, changes in the measurement value in response to the offset current are evaluated, and the
sensor offset circuit is diagnosed for faults by verifying whether the offset current is correctly reflected in the
current mirror.

DUT Target circuits of diagnosis Inside MCU Outside MCU
oottt T e - - -
H CTSU digital block P CTSU analog block d Circuits used for diagnosis 110 TSCAP
i |—|
Overvoltage | 11 |Overvoltage
detection flag | T 1 | detection [ 10nF
I '
Sensor offset ! Sensor offset 1 Sensor
DAC digital input | DAC Controller T [ offsetDAC
I '
Constant
[ ‘Constant
Vel Current Circuit e Y S DUT _______.
circuit |CTSU digital block :I CTSU analog block : TS0
I I

1
1
1
1
1
! 1
'
1
! 1
! '
' '
1 | 1 1
| '
' '
1 1 1
() Current Current ' '
< T B et B !
Mirror source | Measurement Frequency | 1 CFC
: 1 result 1 counter ! CCcoO
1 I
] . .
T
1 | I
' | '
' ' . .
1
1
1
1
1

Overcurrent
detection flag

%
| l:i/‘
K4l

|

! 11| detection :

[ '

Measurement ! Frequency 1 % |
result counter [ Resistance T '
I T 7;; I

1 [
Frequency L VDC for measurement

Reference Clock +P Comparator T CCO
' and Controller

TSn

Muttiply clock L

I
] I

I

' ' [ \

H Frequency 1 1 H " T

Test Result L Pl oo ! - i " !
H H Measurement Frequency [ 1, o ° 4

b oo o ! resuft 1 counter H 1

VDC(LDO) output voltage ADC H H [
II |

Figure 3-6 Circuit Diagram for Sensor Offset Diagnosis

3.5.1 Measurement
The difference between the measurement values for minimum changes in the offset current as below.

Under all combinations of settings where only a single bit of the offset current is enabled, measurements are
performed four times for each condition, and the average of CCO-corrected measurement values is obtained.
Then, the difference from the result of section 3.4 (no offset current) is calculated.

With the offset current set to the maximum, measurements are performed four times, and the average of CCO-
corrected measurement values is obtained. Then, under all combinations of settings where only a single bit of
the offset current is disabled, measurements are performed four times for each condition, and the average of
CCO-corrected measurement values is obtained. The difference between them is calculated.

Table 3-20 to Table 3-22 show the register setting values for used for the diagnosis. For details on how to
configure the registers, refer to the User's Manual (Hardware) for the MCU in use.
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Table 3-20 Register Settings for Sensor Offset Diagnosis for RA Family (Common)

Register Bit Value Setting

CTSUCALIB - 0x00000000 | Initialization of calibration register

CTSUCALIB TSOC 1 Calibration mode

CTSUBGR1

CTSUCALIB DACMSEL 1 Current source fixed

CTSUBGR1 DACCARRY 1 ON/OFF control enabled for each current
source

CTSUCRA LOADI1:0] 01b—11b Resistive load mode

CTSUCRAH

CTSUCRA2

CTSUCRAX ATUNE1 0 Current measurement range: 20uA

(x:H, L,2,1) ATUNE2 1

Table 3-21 Register Settings for Sensor Offset Diagnosis for RL78 Family (Common)

Register Bit Value Setting
CTSUDBGRO - 0x0000 Initialization of calibration register
TSOC 1 Calibration mode
CTSUDBGR1 - 0x0000 Initialization of calibration register
CTSUBGR1 DACMSEL 1 Current source fixed
DACCARRY 1 ON/OFF control enabled for each current
source
CTSUCRAH LOADI1:0] 01b—11b Resistive load mode
CTSUCRAL ATUNE1 0 Current measurement range: 20uA
CTSUCRAH ATUNEZ2 1

Table 3-22 Register Settings for Sensor Offset Diagnosis for RX Family (Common)

Register Bit Value Setting
CTSUCALIB - 0x00000000 | Initialization of calibration register
TSOC 1 Calibration mode
DACMSEL 1 Current source fixed
DACCARRY 1 ON/OFF control enabled for each current
source
CTSUCRA LOADI1:0] 01b—11b Resistive load mode
ATUNE1 0 Current measurement range: 20uA
ATUNE2 1

3.5.2 Condition

The CTSU power supply operates in either NM mode or LV mode depending on the user settings (see Table

3-5).

3.5.3 Determination

Check whether the difference acquired in each test falls within the specified range. If it falls outside the
range, R_CTSU_Diagnosis returns FSP_ERR_CTSU_DIAG_ CURRENT_SOURCE. If it is within the range,

R_CTSU_Diagnosis returns FSP_SUCCESS.
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3.6 CCO Frequency Diagnosis

Figure 3-7 shows a circuit diagram for CCO frequency diagnosis. In CTSU2, measurement values are
generated based on the current flowing through the electrode, and CCO is used to generate a frequency signal
corresponding to the input current. This signal is counted by a counter, and the resulting count value is obtained
as the CTSU measurement value.

This diagnosis evaluates the counter response to an arbitrary current from the test circuit and verifies whether
the oscillation and measurement path from the CCO to the frequency counter operates as specified. Thus,
abnormalities in the frequency characteristics of the CCO is detected.

buT Target circuits of diagnosis Inside MCU Outside MCU
:__ a (_:'Fs_u_d_ig_itgl_bl_u;k_ T CTSU analog block : | Circuits used for diagnosis | Vo

o0
[
H Vo ! TSCAP
Overvoltage ' 11 |Overvoltage .
detection flag : R detection ] ) 10nF

I [ '
Sensor offset 1 | Sensor offset . Sensor |1 110
DAC digital input I DAC Controller [ ‘ offset DAC

'

i [ i

I [

I [

I [

I [

Constant
Voltage
circuit

I '
I '
I '
Overcurrent ! 1 1 | overcurrent X Current Current
< N < . >
detection flag ' [ detection Mirror source
'
'
I

b
Resistance

VDC for measurement

Constant
Current Circuit

(TS0 el Hock || STsU andog Hosk ] T/ 150
! !

: I

]
i

! 1

! i

i

: :

Frequency | 1 CFC !
counter CCO 1
o :

i

i

i

. 0 i

Yo

Measurement
result

|

Measurement
result

Frequency
counter

s}

Frequency

Reference Clock —t®| Comparator
and Controller
A

TSn

I
|
|
|
|
|
1 |
1 |
1 |
1 |
1 |
L
| I
1 |
1 |
L

Muttiply clock L1

Test Result 1 Frequetmy oo
! counter Measurement
L

! result
VDG(LDO) output voltage < 1 ADC

S

'
'
Frequency CFC 1
counter CcCo o<_| !
'
'
'

Figure 3-7 Circuit Diagram for CCO Frequency Diagnosis

3.6.1 Measurement

For each test, a different current level is applied to the frequency counter, with the current increasing stepwise
from Test 1 onward. In each test, measurements are performed four times, and the average value is calculated.
The difference between the average values obtained from consecutive tests is then calculated.

Table 3-23 through Table 3-25 show the register setting values used for CCO frequency diagnosis. For details
on how to configure the registers, refer to the User's Manual (Hardware) for the MCU in use.
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Table 3-23 Register Settings for CCO Frequency Diagnosis (RA Family)

Register Bit Value Setting

CTSUCALIB - 0x00000000 Initialization of calibration register
CTSUCALIB TSOC 1 Calibration mode

CTSUBGRO

CTSUCALIB CCOCALIB 1 Oscillator calibration mode

CTSUBGR1

CTSUCRA LOADI1:0] 01b Load resistance OFF

CTSUCRAH

CTSUCR2

CTSUCRB SSCNT[1:0] | 00b Clock adjustment for SUADJDO disabled
CTSUSO SO[9:0] 00 00000000b No offset current

CTSUSOO0

CTSUSO SNUM[7:0] 0x07 Measurement time 128us

CTSUSO SDPA[7:0] 0x00 Sensor drive pulse frequency: 1/2 of SUCLK
CTSUSO1

Table 3-24 Register Settings for CCO Frequency Diagnosis (RL78 Family)

Register Bit Value Setting
CTSUDBGRO - 0x0000 Initialization of calibration register
TSOC 1 Calibration mode
CTSUDBGR1 - 0x0000 Initialization of calibration register
CCOCALIB 1 Oscillator calibration mode
CTSUCRAH LOADI1:0] 01b Load resistance OFF
CTSUCRBH SSCNT[1:0] | 00b Clock adjustment for SUADJDO disabled
CTSUSOO0 SO[9:0] 00 00000000b No offset current
CTSUSO1 SNUM[7:0] 0x07 Measurement time 128us
SDPAJ[7:0] 0x00 Sensor drive pulse frequency: 1/2 of SUCLK

Table 3-25 Register Settings for CCO Frequency Diagnosis (RX Family)

Register Bit Value Setting
CTSUCALIB - 0x00000000 Initialization of calibration register
TSOC 1 Calibration mode
CTSUCALIB CCOCALIB 1 Oscillator calibration mode
CTSUCRA LOADI1:0] 01b Load resistance OFF
CTSUCRB SSCNT[1:0] | 00b Clock adjustment for SUADJDO disabled
CTSUSO SO[9:0] 00 00000000b No offset current
SNUM[7:0] 0x07 Measurement time 128us
SDPAJ[7:0] 0x00 Sensor drive pulse frequency: 1/2 of SUCLK
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3.6.2 Condition

The CTSU power supply operates in either NM mode or LV mode depending on the user settings(see Table
3-5).

3.6.3 Determination

Check whether the difference obtained in each test falls within the specified range. If it falls outside the
range, R_CTSU_Diagnosis returns FSP_ERR_CTSU_DIAG_ SENSCLK_GAIN. If it is within the range,
R_CTSU_Diagnosis returns FSP_SUCCESS.
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3.7 SUCLK Frequency Diagnosis

Figure 3-8 shows a circuit diagram for SUCLK frequency diagnosis. CTSU2 is connected to SUCLK with an
FLL (frequency-locked loop) the source clock for sensor drive pulses.

In this diagnosis, while the current supplied to the frequency counter for SUCLK is varied, it is verified whether
the resulting oscillation frequency falls within the specified range. Thus, abnormalities in the frequency
characteristics of the SUCLK circuit is detected.
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Figure 3-8 Circuit Diagram for SUCLK Frequency Diagnosis

3.7.1 Measurement

For each test, a different current level is applied to the frequency counter, with the current increasing stepwise
from Test 1 onward. In each test, measurements are performed four times, and the average value is calculated.
The difference between the average values obtained from consecutive tests is then calculated.

Table 3-26 and Table 3-27 show the register setting values for used for SUCLK frequency diagnosis. For
details on how to configure the registers, refer to the User’'s Manual (Hardware) for the MCU in use.
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Table 3-26 Register Settings for SUCLK Frequency Diagnosis for RA Family (Common)

Register Bit Value Setting

CTSUCALIB - 0x00000000 Initialization of calibration register
CTSUCALIB SUMSEL 0 CCODAC current source switching
CTSUBGR1 1 CCODAC current source fixed
CTSUCRA LOADI[1:0] 01b Load resistance OFF

CTSUCRAH

CTSUCR2

CTSUCRB SSCNT[1:0] | 00b Clock adjustment for SUADJDO disabled
CTSUCRBH

CTSUDCLKC

CTSUSO SO[9:0] 00 00000000b No offset current

CTSUSOO0 SNUM[7:0] 0x07 Measurement time 128us

CTSUSO1 SDPA[7:0] 0x00 Sensor drive pulse frequency : 1/2 of SUCLK

Table 3-27 SUCLK Register Settings for SUCLK Frequency Diagnosis for RL78 Family (Common)

Register Bit Value Setting
CTSUDBGRO - 0x0000 Initialization of calibration register
TSOC 1 Calibration mode
CTSUDBGR1 - 0x0000 Initialization of calibration register
CCOCALIB 0 Oscillator calibration mode
SUMSEL 0 CCODAC current source switching
1 CCODAC current source fixed
CTSUCRAH LOADI[1:0] 01b Load resistance OFF
CTSUCRBH SSCNT[1:0] | 00b Clock adjustment for SUADJDO disabled
CTSUSOO0 SO[9:0] 00 00000000b No offset current
CTSUSO1 SNUM[7:0] 0x07 Measurement time 128us
SDPAJ[7:0] 0x00 Sensor drive pulse frequency : 1/2 of SUCLK
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Table 3-28 SUCLK Register Settings for SUCLK Frequency Diagnosis for RX Family (Common)

Register Bit Value Setting
CTSUCALIB - 0x00000000 Initialization of calibration register

TSOC 1 Calibration mode

CCOCALIB 1 Oscillator calibration mode
CTSUCALIB SUMSEL 0 CCODAC current source switching

1 CCODAC current source fixed

CTSUCRA LOADI[1:0] 01b Load resistance OFF
CTSUCRB SSCNT[1:0] | 00b Clock adjustment for SUADJDO disabled
CTSUSO SO[9:0] 00 00000000b No offset current

SNUM[7:0] 0x07 Measurement time 128us

SDPAJ[7:0] 0x00 Sensor drive pulse frequency : 1/2 of SUCLK
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3.7.2 Condition

The CTSU power supply operates in either NM mode or LV mode depending on the user settings (see Table
3-5).

3.7.3 Determination

Check whether the average counter value acquired in each test falls within the specified range. If it falls
outside the range, R_CTSU_Diagnosis returns FSP_ERR_CTSU_DIAG_ SUCLK_GAIN. If it is within the
range, R_CTSU_Diagnosis returns FSP_SUCCESS.

RO1AN0512EJ0200 Rev.2.00 Page 48 of 81
May.27.26 RENESAS



Capacitive Touch Sensor Microcontrollers Overview of CTSU Functional Safety Self Test

3.8 SUCLK Clock Recovery Diagnosis

Figure 3-9 shows a circuit diagram for SUCLK recovery diagnosis. CTSUZ2 incorporates a clock recovery
function that compensates for deviations between the configured frequency and the actual output frequency
using FLL during SUCLK generation.

In this diagnosis, the measurement process is performed with SUCLK set to a specified frequency, and the
SUCLK clock recovery function is diagnosed for faults based on whether the resulting SUCLK counter value
falls within the specified range.

DUT Target circuits of diagnosis Inside MCU Outside MCU
T 7T T aTel dicital black 1 w0 e . . - .
| CTSU digital block L CTSU analog block : | Circuits used for d|agnos|s | 110 Tecap
I
Overvoltage | i1 |overvoltage| [
detection flag } | 1 | detection ] 10nF
' ' 1
Sensor offset H Sensor offset L Sensor /0
DAC digital input 1 DAC Controller [l ‘ offsetDAC
1 [
1 [ ?
1 [ G Constant :
' i \/_olta_ge Current Circuit ! P e B Dy—t ————————
b circuit : , CTSU digital block 1 CTSU analog block : TSO
' q ' n
H | i n l i l -
1
! D ! ; : g .
| o 1 | !
Overcurrent ! ! 1 | overcurrent _ Current Current 1) ! 1
detection flag 1 Mirror source i Measwefz:"jt L -
1 L
1

L
[ detection
o
o

'

'

'
Measurement :
result

! 1
! 1

1
Froquency | 1! CFC }‘_fo—i/ i
counter B CCO |
: :
1

|
n at |
Resistance ! T

VDC for measurement

S

Frequency
Reference Clock —1—>eICICI
and Controller

I . c
i
i i
Muttiply clock L L
i i F .
i i H .
v [F i ] H .
Test Result L ’e“”el“cy oo et e T g ! i ]
[ i Measurement || Frequency | 11 CFC !
0‘—| 1
I

TSn

et

_________________ ! result counter

Figure 3-9 Circuit Diagram for SUCLK Clock Recovery Diagnosis

3.8.1 Measurement
The maximum output frequency of SUCLK varies depending on the MCU product.

The tests are performed four times at three or four different frequency settings depending on the SUCLK upper
limit. The SUCLK counter values are measured in each test, and the average is obtained.

Table 3-29 through Table 3-31 shows the register setting values used for the diagnosis.
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Table 3-29 Register Settings for SUCLK Clock Recovery Diagnosis for RA Family (Common)

Register Bit Value Setting
CTSUCALIB - 0x00000000 Initialization of calibration register
TSOC 1 Calibration mode
CCOCALIB 1 SENSCLK Oscillator calibration mode
CCOCLK 1 SUCLK selected for CCO modulation circuit
clock
CTSUCRA LOADI1:0] 01b Load resistance OFF
CTSUCRB SSCNTI[1:0] 01b SUCLK frequency adjustment
CTSUCRBH
CTSUDCLKC
CTSUCRB SSTI[7:0] Ox3F Measurement stabilization wait-time setting
CTSUCRBL
CTSUSST
CTSUSO SO[9:0] 00 00000000b No offset current
CTSUSOO0 SNUM[7:0] 0x07 Measurement time 128us
CTSUSO1 SDPA[7:0] 0x00 Sensor drive pulse frequency : 1/2 of SUCLK

Table 3-30 Register Settings for S

UCLK Clock Recovery Diagnosis for RL78 Family (Common)

Register Bit Value Setting
CTSUDBGRO - 0x0000 Initialization of calibration register
TSOC 1 Calibration mode
CTSUDBGR1 - 0x0000 Initialization of calibration register
CCOCALIB 1 Oscillator calibration mode
CCOCLK 1 SUCLK selected for CCO modulation circuit
clock
CTSUCRAH LOADI1:0] 01b Load resistance OFF
CTSUCRBH SSCNT[1:0] 01b SUCLK frequency adjustment
CTSUCRBL SSTI[7:0] O0x3F Measurement stabilization wait-time setting
CTSUSOO0 SO[9:0] 00 00000000b No offset current
CTSUSO1 SNUM[7:0] 0x07 Measurement time 128us
SDPAJ[7:0] 0x00 Sensor drive pulse frequency : 1/2 of SUCLK
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Table 3-31 Register Settings for SUCLK Clock Recovery Diagnosis for RX Family (Common)

Register Bit Value Setting
CTSUCALIB - 0x00000000 Initialization of calibration register
TSOC 1 Calibration mode
CCOCALIB 1 Oscillator calibration mode
CCOCLK 1 SUCLK selected for CCO modulation circuit
clock
CTSUCRA LOADI1:0] 01b Load resistance OFF
CTSUCRB SSCNT[1:0] 01b SUCLK frequency adjustment
SSTI[7:0] O0x3F Measurement stabilization wait-time setting
CTSUSO SO[9:0] 00 00000000b | No offset current
SNUM[7:0] 0x07 Measurement time 128us
SDPAJ[7:0] 0x00 Sensor drive pulse frequency : 1/2 of SUCLK

In this diagnosis, the test frequency is set based on the SUCLK upper limit of the MCU. Since the MCU
maximum frequency varies depending on the CTSU power supply operation mode, the test conditions are
configured accordingly. Table 3-32 shows the settings for each test, and Table 3-33 and Table 3-34 show the
combination for the tests based on the CTSU power supply operation mode. For details on how to configure
the registers, refer to the User's Manual (Hardware) for the MCU in use.

Table 3-32 SUCLK Frequency Settings during SUCLK Clock Recovery Diagnostic Operation

Test Register Bit Value | Setting

1 CTSUSUCLKA Note SUMULTIO 31 SUCLK: 16MHz
CTSUSUCLKO

2 CTSUSUCLKA SUMULTIO 47 SUCLK: 24MHz
CTSUSUCLKO

3 CTSUSUCLKA SUMULTIO 63/59 | SUCLK: 32MHz/30MHz Note 2
CTSUSUCLKO

4 CTSUSUCLKA SUMULTIO 79/75 | SUCLK: 40MHz/38MHz Note 3
CTSUSUCLKO

Note 1: Due to CTSU IP constraints, writing to CTSUSUCLKX (x: A, 0) is prohibited while SDPSEL is set
to 1. After setting SDPSEL to “0”, set CTSUCLKA, and then set SDPSEL back to “1”.

2: For MCU products with a maximum SUCLK of 30 MHz, the test is performed at 30 MHz instead.

3: For MCU products with a maximum SUCLK of 38 MHz, the test is performed at 38 MHz instead.

Table 3-33 Combination for SUCLK Clock Recovery Diagnostic Tests (CTSU Power Supply
Operation Mode: NM)

MCU Maximum Tests to be conducted
Frequency (MHz)

RA2L1, RA4L1, RA2E1, RX140, 40 Test 1, Test 2, Test 3, Test 4

RL78/F25, RL78/F22 38 Test 1, Test 2, Test 3, Test 4 Note

RX261, RX260 32 Test 1, Test 2, Test 3

RAOL1, RL78/G22, RL78/G23, RL78/L23 30 Test 1, Test 2, Test 3 Note2

Note 1: Since a maximum SUCLK of the MCU is 38 MHz, Test 4 is conducted at 38 MHz frequency instead.
2: Since a maximum SUCLK of the MCU is 30 MHz, Test 3 is conducted at 30 MHz frequency instead.
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Table 3-34 Combination for SUCLK Clock Recovery Diagnostic Tests (CTSU Power Supply
Operation Mode: LV)

MCU Maximum Tests to be conducted
Frequency (MHz)

RA2L1, RA4L1, RA2E1, RX140, 32 Test 1, Test 2, Test 3

RL78/F25, RL78/F22 N/A -

RX261, RX260 32 Test 1, Test 2, Test 3

RAOL1, RL78/G22, RL78/G23, RL78/L23 30 Test 1, Test 2, Test 3 Note

Note : Since a maximum SUCLK of the MCU is 30 MHz, Test 3 is conducted at 30 MHz frequency instead.

3.8.2 Condition
The CTSU power supply operates in either NM mode or LV mode depending on the user settings(see Table
3-5).

3.8.3 Determination

Check whether the average counter value acquired in each test falls within the specified range. If it falls outside
the range, R_CTSU_Diagnosis returns FSP_ERR_CTSU_DIAG_CLOCK_RECOVERY. If it is within the range,
R_CTSU_Diagnosis returns FSP_SUCCESS.
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3.9 CFC Oscillator Diagnosis

Figure 3-10 shows a circuit diagram for CFC oscillator diagnosis. CTSU2 provides a function that enables
parallel simultaneous measurement using the CFC-CCO (current controlled oscillator) by the mutual-
capacitance method.

This diagnosis verifies whether the CFC-CCO operates as specified by examining the response of the
measurement values to variations in the current supplied to the CFC-CCO.
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Figure 3-10 Circuit Diagram for CFC Oscillator Diagnosis

3.9.1 Measurement

In this diagnosis, measurements are performed four times for each of five conditions with different input
currents, and the average value is obtained.

Table 3-35 shows the register settings for CFC oscillator diagnosis.
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Table 3-35 Register Settings for CFC Oscillator Diagnosis (Common)

Register Bit Value Setting
CTSUCALIB - 0x00000000 Initialization of calibration register
CTSUDBGR1 CCOCALIB 1 Oscillator calibration mode
CTSUDBGRO CFCMODE 1 Calibration mode selected for CFC oscillator
calibration mode
CFCRDMD 1 CFC counter reading enabled
CTSUCRA MD2 1 Switched capacitor current and DC current
CTSUCRAH
CTSUCR2
CTSUCRA CFCON 1 CFC power-on control: ON
CTSUCRAL TXVSEL 1 VCC pin selected as a power supply for the
CTSUCRO transmit pin
CTSUCRB SSCNT[1:0] | 0x00 SUCLK adjustment bit
CTSUCRBH
CTSUDCLKC
CTSUCHACx CHACxxx Note | 1 Measurement of the selected TS pin
(x: A, AH, AL, B,
BL, 4,0, 1, 2, 3)
CTSUCHTRCx | CHTRC Nete 0 CTSU channel transmission/reception control
(x: A, AH, AL, B, setting: reception
BL,4,0,1,2,3)
CTSUSO SO[9:0] 00 00000000b Offset current
CTSUSOO0 SNUM[7:0] 0x07 Measurement time 128us
CTSUSO1 SDPA[7:0] 0x00 Sensor drive pulse frequency : 1/2 of SUCLK

Note: Refer to the User's Manual (Hardware) for the MCU in use.

Table 3-36 shows the register setting during CFC oscillator diagnosis operation. For details on how to configure
the registers, refer to the User's Manual (Hardware) for the MCU in use.

Table 3-36 Register Setting during CFC Oscillator Diagnostic Operation

Register Bit Value Setting
CTSUSUCLKO SUADJO ((N+1) *32) -1 CFC scan time control and the SUCLK
CTSUSUCLKA N indicates the test frequency setting

counts
N=1,2345

3.9.2 Condition

The CTSU power supply operates

3-5).

in either NM mode or LV mode depending on the user settings(see Table

3.9.3 Determination

Compare the measurement average values obtained from each test to determine whether the result of the Nth
test (N = 2, 3, 4, and 5) is greater than that of the (N-1) test. If this condition is not met, R_CTSU_Diagnosis
returns FSP_ERR_CTSU_DIAG_CFC_GAIN. Ifit is met, R_CTSU_Diagnosis returns FSP_SUCCESS.
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3.10 Diagnostic API

The diagnostic API retrieves diagnostic results. If R_CTSU_Diagnosis returns FSP_SUCCESS, the result is
normal. Otherwise, the error value defined for each diagnostic is returned, and should be treated as a
diagnostic error. Even if an abnormality is detected in diagnosis, diagnosis can be executed again without user
operation.
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3.11 Relation to Other Functions

If R_CTSU_Stop is called, the diagnostic test is suspended, and the current diagnostic state is retained. When
measurement is restarted, the diagnostic test resumes from the point at which it was suspended.

If R_CTSU_Close is called, the diagnostic test is terminated, and the diagnostic state is initialized. When
diagnosis is restarted, one-time tests are also executed again.
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4. API Specifications

For the details on API specifications, refer to the following Application Notes that describe Touch modules.
RL78 Family CTSU Module Software Integration System Rev.2.30

RX Family QE CTSU module Firmware Integration Technology Rev.3.30

RA Flexible Software Package Documentation: CTSU(r_ctsu)

For details on the API related to the functional safety, refer to “2. API Information” and “3. API Functions” for
RL78 and RX families.

5. Sample Application Flowchart

For details on the flowcharts, refer to the following Application Notes that describe Touch modules.
RL78 Family CTSU Module Software Integration System Rev.2.30

RX Family QE CTSU module Firmware Integration Technology Rev.3.30

For details on the sample program related to the diagnostic function, refer to Section “1.4.5 Diagnosis Mode”
for RL 78 family and RX family microcontrollers. When using RA family microcontrollers, refer to the same
material as RX family microcontrollers.

6. Project Creation using QE for Capacitive Touch

This chapter describes how to create a project using QE for Capacitive Touch. For more detailed explanation,
refer to the following Application Notes.

RA Family Using QE and FSP to Develop Capacitive Touch Applications

RX Family Using QE and FIT to Develop Capacitive Touch Applications

RL78 Family Using QE and SIS to Develop Capacitive Touch Applications
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6.1 RA Family

1. Create a new project.

2. As shown in Figure 6-1, add the Touch middleware on the [Stacks] tab of the RA Smart Configurator.

Stacks Configuration

= HAL/Common Stacks

% | New Stack >

Threads
v g HAL/Common —
47 g_ioport I/0 Port (r_ioport) ¥ g_ioport I/O Port
(r_ioport)

47 Touch (rm_touch)

®

4 Touch (rm_touch)

®

Objects

Summary |BSP | Clocks Pins Interrupts | Event Links | Linker Sections | Stacks Components

4 CTSU (r_ctsu)

®

%7 Add UART Driver for
monitor of QE

%7 Add DTC Driver for
Transmission
[Recommended but
optional]

% Add DTC Driver for
Reception
[Recommended but
optional]

Generate Project Content

Figure 6-1 Add the Touch Middleware

3. If you are using an MCU with CTSU2, ADC drivers must be added. For the procedure to configure the
ADC driver, refer to Step 4 through 11. If you are using an MCU with CTSU1, proceed to Step 12.
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4. As shown in Figure 6-2, add two ADC drivers

N N (]
Stacks Conflguratlon Generate Project Content
Threads = HAL/Common Stacks 4| New Stack >
~ % HAL/Common - Y n e
48 g joport /0 Port (rioport) 4 Touch (rm_touch) # g adcO ADC (r_adc_d) $ g adc1 ADC (r_adc_d)
42 Touch (rm_touch)
4 g_adc0 ADC (r_adc_d) ® ® ®
@ g_adc1 ADC (r_adc_d) i
T T
# CTSU (r_ctsu) % Add UART Driver for
monitor of QE
@
a
T T
% Add DTC Driver for % Add DTC Driver for
Transmission Reception
[Recommended but [Recommended but
optional] optional]

Objects

Summary BSP Clocks | Pins | Interrupts  Event Links | Linker Sections | Stacks Components

Figure 6-2 Add ADC drivers

5. Starting from the next section, the procedures to set the ADC drivers are described for each microcontroller.
Refer to the steps shown in Table 6-1 according to the MCU in use.

Table 6-1 ADC Driver Settings and Steps to Be Referred for RA Family Products

Microcontroller CTSU Power Operating Mode Steps to be referred
RAOL1 NM mode 6,7
LV mode 8,9
RA2E1, RA2L1, RA4L1 NM mode 10, 11
LV mode
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6. If you are using an RAOL1 in NM mode, select “g_adcO ADC” and click [Properties] at the lower left. As
shown in Figure 6-3, change the following settings.

Set [Interrupt Support] to “Disabled”

Change the name to "g_adc_ctsu” in [General] > [Name].
Select “CTSU TSCAP voltage” in [Input] > [A/D Input channel]
Select “Software” in [Interrupt] > [Start trigger source]

Powpn =

Properties < Problems Smart Browser Console

g_adc_ctsu ADC (r_adc_d)

Settings Property Value
API Info ¥ Common .
Parameter Checking Default (BSP)
Internal Reference Voltage Support Enabled
Snooze Mode Support Disabled
[ Interrupt Support Disabled ]
~ Module g_adc_ctsu ADC (r_adc_d)
v Geperal
Name g_adc_ctsu I
Resolution 12-Bit
Conversion operation One-shot
Operation trigger Wait
Operation voltage Normal 1
Conversion Clock (fAD) PCLK
v Input
Channel Selection Mode Select
3 I A/D Input channel CTSU TSCAP voltage l
Negative Side Reference Voltage VSS
Positive Side Reference Voltage \'eo

v Interrupts
> Conversion Result upper/lower bound value setting

Callback NULL
Scan End Interrupt Priority Disabled
4 I Start trigger source Software l

Figure 6-3 Configure "g_adc_ctsu" (RAOL1/NM mode)
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7. Select “g_adc1 ADC” and click [Properties] and change the following settings as shown in Figure 6-4.

Set [Internal Reference Voltage Support] to “Enabled” in [Common]
Change the name to “g_adc_ctsu_ivref’ in [General] > [Name]
Select “No-wait” in [General] > [Operation trigger]

Select “Normal 2” in [General] > [Operation voltage]

Select “Internal reference voltage” in [Input] > [A/D Input channel]
Select “Software” in [Interrupts] > [Start trigger source]

o0k wN =

Properties X Problems Smart Browser Console

g_adc_ctsu_ivref ADC (r_adc_d)

Settings Property Value
API Info ~ Common .
Para meter Checking Default (BSP)
1 I Internal Reference Voltage Support Enabled l
Snooze Mode Support Disabled
Interrupt Support Disabled
~ Module g_adc_ctsu_ivref ADC (r_adc_d)
v Geperal
2 Name g_adc_ctsu_ivref I
Resolution 12-Bit
Conversion operation One-shot
3 Operation trigger No-wait
4 Operation voltage Normal 2
Conversion Clock (fAD) PCLK
v Input
Channel Selection Maode Select
5 A/D Input channel Internal reference voltagel
Negative Side Reference Voltage VSS
Positive Side Reference Voltage VCC

~ Interrupts
> Conversion Result upper/lower bound value setting

Callback NULL
Scan End Interrupt Priority Disabled
6 | start trigger source Software |

Figure 6-4 Configure “g_adc_ctsu_ivref” (RAOL1/NM mode)
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8. Ifyou are using an RAOL1 in LV mode, select “g_adc0 ADC” and click [Properties] at the lower left. Change
the following settings as shown in Figure 6-5

Set [Interrupt Support] to “Disabled”

Change the name to "g_adc_ctsu” in [General] > [Name]
Select “Low voltage 1” in [General] > [Operation voltage]
Select “[PCLK/2” in [General] > [Conversion Clock (fAD)]]
Select “CTSU TSCAP voltage” in [Input] > [A/D Input channel]
Select “Software” in [Interrupt] > [Start trigger source]

ook wdn -

Properties < Problems. Smart Browser Console

g_adc_ctsu ADC (r_adc_d)

Settings Property Value
~ Common
APl Info .
Parameter Checking Default (BSP)
Internal Reference Voltage Support Enabled

de Support Di
1 Interrupt Support Disabled

~ Module g_adc_ctsu ADC (r_adc_d)

2 I Name g_adc_ctsu I

Resolution 12-Bit
Conversion operation One-shot
ion trigger Wait,
3 Operation voltage Low voltage 1
4 | Conversion Clock (fAD) PCLK/2
v Input
Channel Selection Mode Select
I A/D Input channel CTSU TSCAP voltage I
Negative Side Reference Voltage VSs
Positive Side Reference Voltage vcc

v Interrupts

> Conversion Result upper/lower bound value setting

Callback NULL
Scan End Interrupt Priority Disabled
= ==
I Start trigger source Software I

Figure 6-5 Configure “g_adc_ctsu_ivref’ (RAOL1/LV mode)
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9. Select “g_adc1 ADC” and click [Properties] and change the following settings as shown in Figure 6-6.

Set [Internal Reference Voltage Support] to “Enabled” in [Common]
Change the name to “g_adc_ctsu_ivref’ in [General] > [Name]
Select “No-wait” in [General] > [Operation trigger]

Select "Low Voltage 2” in [General] > [Operation voltage]

Select "PCLK/2” in [General] > [Conversion Clock (fAD)]

Select “Internal reference voltage” in [Input] > [A/D Input Channel]

Nookrobh-=

Select “Software” in [Interrupt] > [Start trigger source]

Properties X Problems Smart Browser

g_adc_ctsu_ivref ADC (r_adc_d)

Settings Property

~ Commeon
API Info .
Parameter Checking

Console

Value

Default (BSP)

1 Ilntema\ Reference Voltage Support

Enabled I

Snooze Mode Support
Interrupt Support
~ Module g_adc_ctsu_ivref ADC (r_adc_d)

Disabled
Disabled

~ Gegperal
2 IName g_adc_ctsu_ivref I
Resolution 12-Bit
i ion Qne-shot
3 Operation trigger No-wait

~ Input

Operation voltage Low voltage 2
Conversion Clock (fAD) PCLK/2
Select

i de
6 I A/D Input channel

Internal reference voltage I

Negative Side Reference Voltage
Positive Side Reference Voltage
~ Interrupts

> Conversion Result upper/lower bound value setting

Callback
Scan End Interrupt Priority

VSS
vcC

NULL
Disabled

I Start trigger source

Software I

Figure 6-6 Configure "g_adc_ivref" (RAOL1/LV mode)
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10. If you are using an RA2L1 or RA4L1, select “g_adc0 ADC” and click [Properties] at the lower left. As shown
Figure 6-7 and Figure 6-8, change the following settings.

PoON=

Change the name to "g_adc_ctsu” in [General] > [Name]
Select “Channel 16” in [Input] > [Channel Scan Mask]
Select “Channel 16” in [Input] > [Additon/Averaging Mask]

Select [Average four samples] in [Input] > [Add/Average Count]

g_adc_ctsu ADC (r_adc)

Settings ~ PTOPETY
~ Common
API Info
Parameter Checking
~ Module g_adc_ctsu ADC (r_adc)
© Genezal

Value

Default (BSP)

1

gaadc ctsu |

Unit

Resolution

Alignment

Clear after read

Mode

Double-trigger

~ Input
~ Channel Scan Mask (channel availability varies by MCU)

Channel 0
Channel 1
Channel 2
Channel 3
Channel 4
Channel 5
Channel 6
Channel 7
Channel 8
Channel 9
Channel 10
Channel 11
Channel 12
Channel 13
Channel 14
Channel 15

o

12-Bit
Right

on

Single Scan
Disabled

2 [Crannerie

Channel 17

Channel 18

Channel 19

Channel 20

Channel 21

Channel 22

Channel 23

Channel 24

Channel 25

Channel 26

Channel 27

Channel 28

Temperature Sensor

Intemal Reference Voitage
Group B Scan Mask (channel availability varies by MCU)

> Addition/Averaging Mask (channel availability varies by MCU and unit)

Sample and Hold

I]I]I]jDEDDDDZIDI]DEDDDEDDDD]DDDDDDD

indow Compare
4 [ addaverage count

Average four samples|

Reference Voltage control

AVCCO/AVSSO

> Interrupts
> Extra

Figure 6-7 Configure "g_adc_ctsu" (RA2E1, RA2L1, RA4L1)
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Properties X Problems Smart Browser Console

g_adc_ctsu ADC (r_adc)

Settings  ProPerty Value
API Info Scommon
Parameter Checking Default (BSP)
~ Module g_adc_ctsu ADC (r_adc)
v General
Name g_adc_ctsu
Unit 0
Resolution 12-Bit
Alignment Right
Clear after read On
Mode Single Scan
Double-trigger Disabled
~ Input

Channel Scan Mask (channel availability varies by MCU)
> Group B Scan Mask (channel availability varies by MCU)
~ Addition/Averaging Mask (channel availability varies by MCU and unit)

Channel 0
Channel 1
Channel 2
Channel 3
Channel 4
Channel 5
Channel 6
Channel 7
Channel 8
Channel 9
Channel 10
Channel 11
Channel 12
Channel 13
Channel 14
Channel 15

w

Channel 16

Channel 17
Channel 18
Channel 19
Channel 20
Channel 21
Channel 22
Channel 23
Channel 24
Channel 25
Channel 26
Channel 27
Channel 28
Temperature Sensor
Internal Reference Voltage
> Sample and Hold
> Window Compare
Add/Average Count
Reference Voltage control
> Interrupts
Extra

I:II:IDI:II:IDI:II:IDDDDDDI&DDDDDDDDDDDDDDDD

Average four samples
AVCCO/AVSSO

Figure 6-8 Configure "g_adc_ctsu" Addition/Averaging Mask (RA2E1, RA2L1, RA4L1)
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11. Select “g_adc1 ADC” and click [Properties] at the lower left. As shown in Figure 6-9 and Figure 6-10,

change the following settings.

Change the name to "g_adc_ivref” in [General] > [Name]

PoON=

Select “Internal Reference Voltage” in [Input] > [Channel Scan Mask]
Select “Internal Reference Voltage” in [Input] -> [Additon/Averaging Mask]
Select [Average four samples] in [Input] > [Add/Average Count]

Properties % Problems Smart Browser Console
g_adc_ctsu_ivref ADC (r_adc)

Settings  PrOPerty
~ Common
Parameter Checking
~ Module g_adc_ctsu_ivref ADC (r_adc)
v Genera

APl Info

Value

Default (BSP)

Name

g adc_ctsu_ivref |

Unit

Resolution

Alignment

Clear after read

Mode

Double-trigger

~ Input
~ Channel Scan Mask (channel availability varies by MCU)

Channel 0
Channel 1
Channel 2
Channel 3
Channel 4
Channel 5
Channel 6
Channel 7
Channel 8
Channel 9
Channel 10
Channel 11
Channel 12
Channel 13
Channel 14
Channel 15
Channel 16
Channel 17
Channel 18
Channel 19
Channel 20
Channel 21
Channel 22
Channel 23
Channel 24
Channel 25
Channel 26
Channel 27
Channel 28

[

12-Bit
Right

on

Single Scan
Disabled

Temperature Sensor
2 Internal Reference Voltage

IHIEDDDDDDD:IDDDDDDDDD]EDDDDDDDJED

Group B Scan Mask (channel availability varies by MCU)
> Addition/Averaging Mask (channel availability varies by MCU and unit)
> Sample and Hold
indow Compare.

4 |Ado/average Count

Average four samples_|

Reference Voltage control
Interrupts
> Extra

AVCCO/AVSSO

Figure 6-9 Configure "g_ctsr_ivref" (RA2E1, RA2L1, RA4L1)
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Properties X Problems Smart Browser Console

g_adc_ctsu_ivref ADC (r_adc)

Settings  ProPerty Value
APlinfo | COMmon
Parameter Checking Default (BSP)
~ Module g_adc_ctsu_ivref ADC (r_adc)
~ General
Name g_adc_ctsu_ivref
Unit 0
Resolution 12-Bit
Alignment Right
Clear after read on
Mode Single Scan
Double-trigger Disabled
~ Input

> Channel Scan Mask (channel availability varies by MCU)

> Group B Scan Mask (channel availability varies by MCU)

v Addition/Averaging Mask (channel availabilty varies by MCU and unit)
Channel 0
Channel 1
Channel 2
Channel 3
Channel 4
Channel 5
Channel 6
Channel 7
Channel 8
Channel 9
Channel 10
Channel 11
Channel 12
Channel 13
Channel 14
Channel 15
Channel 16
Channel 17
Channel 18
Channel 19
Channel 20
Channel 21
Channel 22
Channel 23
Channel 24
Channel 25
Channel 26
Channel 27
Channel 28

Temperature Sensor
3 [[temal Reference voltage

Inll]I]I]DDDDDDDDDDDDDDDDDDDDDDDDDDD

> Sample and Hold
> Window Compare
Add/Average Count
Reference Voltage control
> Interrupts
> Extra

Average four samples
AVCCO/AVSSO

Figure 6-10 Configure "g_adc_ctsu_ivref" Addition/Averaging Mask (RA2E1, RA2L1, RA4L1)
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12. In the RA Smart Configurator, select the TS pin to be used for CTSU measurement. (For CTSU1,
additionally, the TS pin for Sensor Offset Diagnosis must be selected.)

13. Click [Generate Project Content] at the upper right of the RA Smart Configurator, generate code.

14. Open [Renesas Views] > [Renesas QE] > [Cap Touch Workflow (QE)]. As shown in Figure 6-12, click
[Prepare a Configuration] and select an existing configuration or create a new configuration

@ B3 QE for Capacitive Touch

Preparation Tuning Coding Monitoring

To Prepare a Configuration
Select or create a touch interface configuration.

| v

1.Preparation

@ Select a Project

Prepare a Configuration

2.Tuning Touch Sensors -

Select a Connection Method

Start Tuning (Serial)

Output Parameter Files

“odi - 5 q
3.Coding I Prepare a touch interface configuration
Implement Program 3 5 =

! = Select a touch interface configuration.
If the touch interface configuration has not yet been created, select "Create a new configuration" from the list. In the "Create Configuration
of Touch Interfaces" dialog that is displayed, allocate touch interfaces and assign TSXx pins.

4.Monitoring -

Select a Connection Method

. o L. ITips for creating touch interface configuration
Start Monitoring (Serial)

B You can allocate multiple touch-interface components by repeatedly clicking on desirable points in the allocation area.

M To finish the allocation of touch-interface components, click on the toggle button indicating the type of touch-interface components or
press the ESC key on the keyboard.

M Also, to finish the allocation of touch-interface components, click on the allocation area while pressing the SHIFT key on the keyboard.

B Double-click on each touch-interface component and assign TSxx pins via the Setup Touch Interface Dialog Box.The TSxx pins need to
have been enabled in projects that have been created by using the Smart Configurator.

QE for Capacitive Touch ..

This video

Figure 6-11 [Prepare a Configuration] in Cap Touch Workflow (QE)
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15. Configure the electrode to be used for CTSU measurement. For CTSU1, place a Diagnosis pin and assign

it to the TS pin used for Sensor Offset Diagnosis as shown in Figure 6-12.

@ Create Configuration of Touch Interfaces

File Name of Touch I/F: RA_Diagnosis

Description:

Button00

Pin00
TS00
TS01

Setting

Setup Touch I/F Setup Resistance Value Clear Assigned TSx

Press the [esc] key on the keyboard to stop allocating the touch interface.

Setup Configuration

Import / Re-edit

Touch I/F

Capacitance Type
Self-Capacitance method v
Button
Slider (horizontal)
Slider (vertical)
Wheel
Key pad

3D Gesture (Al

Touch pad
Shield Pin
TC Pin

Capacitance Sensor

Current Sensor

Diagnosis Pin ‘ ‘

Remove Touch I/F |

Configurations (Methods)

Create Cancel Help

Figure 6-12 Configure TS Pin for Diagnosis in Touch Interface Configuration
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16. As shown in Figure 6-13, click [Start Tuning]. Complete the tuning operation according to the QE
instructions.

) CapTouch Workflow (QE) X 4 *[RA_Diagnosis] FSP Configuration > § =t
@ B3 QE for Capacitive Touch

© Preparation Tuning Coding Monitoring

1.Preparation v [ Start Tuning

<

@ Select a Project

© Preparea contguraton el e s o o
2.Tuning Touch Sensors -
Select a Connection Method To Start Tuning
I Start Tuning (Emulator)
Output Parameter Files Follow instructions in the dialog.

3.Coding - Start Tuning

Implement Program (J Advanced mode

4.Monitoring -

Select a Connection Method Display Tuning Result

Start Monitoring (Emulator)

I Start tuning (Emulator)

Perform tuning of each touch sensor automatically using emulator connection.
Click on the "Start Tuning" button and follow the instructions.

Click on the "Start Tuning” button. The "Automatic Tuning Processing” Dialog Box will be displayed

ning procedure

B Follow the instructions displayed in the "Automatic Tuning Processing" Dialog Box to start tuning.

[ For example, in the tuning of touch-interface buttons, automatic tuning of a single button involves one time measurement. Touch the target
button according to the instructions shown in this dialog. After that, press any key (e.g. Y) on the keyboard.

n For the automatic adjustment of 3D gesture (AI), place your hand at the height where you want the 3D gesture to be recognized and press
any key on the keyboard.

B After the tuning of all touch interfaces is finished, the result will be displayed. Close the "Automatic Tuning Processing" Dialog Box if there
are no problems. Otherwise (e.g. when you have failed to touch the touch interface in the tuning process), select the target touch interface

Figure 6-13 Start Tuning

17. As shown in Figure 6-14, check [Use diagnostic code] and click [Output Parameter Files].

[A]> BWQE for Capacitive Touch

© Preparation Tunlng Coding Monitoring

1.Preparation v % To Output Parameter Files

@ Select a Project

@ Prepare a Configuration Output parameter files from a tuning result

2.Tuning Touch Sensors - Output Parameter Files

Select a Connection Method

Specify an output folder
@ Start Tuning (Emulator) Use an external trigger

Use diagnostic code
Output Parameter Files Znostic ¢

osoo

Use API compatilibity mode
3.Coding -

Implement Program

4.Monitoring - I Output parameter files

Select a Connection Method The result of tuning is output as a parameter file and can be read by touch middleware.

— - Please make sure to output the file when tuning is performed and when the touch interface configuration is changed.
Start Monitoring (Serial)

] Fite output

You can specify any location for the file output, but by default it is output to the following location.
Output location

B project>\ge_gen

Output files

B ge_touch_defineh
M ge_touch_configh

M ge_touch_config.c

QE for Capacitive Touch ..

This video

Figure 6-14 Output Diagnostic Code
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18. Click [Implement Program] -> [Show Samples] to open the [Show Sample Code] window. Click [Output to
a File] to implement the sample code.

ﬁ Show Sample Code X

| Sample code of main() function

* Copyright (c) 2020 - 2026 Renesas Electronics Corporation and/or its affiliates I
*
|

* SPDX-License-Identifier: BSD-3-Clause

| * File Name : ge_touch_sample.c
* Description : Main Program for RA

#include "ge_touch_config.h"
| #define TOUCH_SCAN_INTERVAL_EXAMPLE (20) /* milliseconds */

| void ge_touch_main(void);

uinté4_t button_status;

#if (TOUCH_CFG_NUM _SLIDERS != 0)

uint16_t slider_position[TOUCH_CFG_NUM_SLIDERS];
#endif

#if (TOUCH_CFG_NUM_WHEELS != 0)

Copy to the Clipboard Output to a File Show the Application Note

Figure 6-15 Implement Sample Code
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6.2 RL78 Family

1. Create a new project.

2. As shown in Figure 6-16, add the Touch middleware and the CTSU driver on the Smart Configurator.

3. Inthe RA Smart Configurator, select the TS pin to be used for CTSU measurement.

Software component configuration

Components 218 - [+] Configure

Su1

r text (* = any string, ? = any character)

@

Generate Code Generate Report

(©)

. type filtes
type filter text Property
v = Startup #

v [= Generic #

& r_bsp #

v (= Middleware #
v (= Generic #

W rctsu #

& rm_touch #

#

aC

Interrupt level for INTCTSUWR
Interrupt level for INTCTSURD
Interrupt level for INTCTSUFN

v 15 Resources

CTsU

"\ TSCAP Pin
"\ TS00 Pin
"\ TSO1 Pin
"\ TS02 Pin
"\ TS03 Pin
“\. TS04 Pin
"\ TS05 Pin
"\ TS06 Pin
"\ TS07 Pin
"\ TS08 Pin
"\ TS09 Pin
"\ TS10 Pin
"\ TS11 Pin
"\ TS12 Pin
"\ TS13 Pin
"\ TS14 Pin

Value

Level 2
Level 2
Level 2

V| Used
VI Used
/| Used
¥| Used
¥| Used
V| Used
V| Used
V| Used
V| Used
V| Used
V| Used
V| Used
V| Used
V| Used
¥| Used
¥| Used

Figure 6-16 Smart Configurator (RL78)

4. If you are using an MCU with CTSU2, the ADC drivers must be added. For the procedure to configure the
ADC driver, refer to Step 5 to 8. If you are using an MCU with CTSU1, proceed to Step 9

5. The following steps describe how to configure the ADC driver for each MCU. Refer to the appropriate steps

according to the MCU in use.

Table 6-2 ADC Driver Settings and Steps to Be Referred for RL78 Family Products

Microcontroller CTSU Power Operating Mode Steps to be referred
RL78/G22 NM mode Step 6
LV mode
RL78/G23, RL78/L23 NM mode Step 7
LV mode
RL78/F22, RL78/F25 NM mode Step 8
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6. If you are using an RL78/G16, add the AD converter “Config_ ADC”. Change the following settings as
shown in Figure 6-17

1. Select “One-shot select mode” in [Operation mode setting].
2. Select “Internal reference voltage output” in [A/D channel selection].
3. Uncheck “Use AD interrupt (INTAD) ” in [Interrupt setting].

Software component configuration

Components
S1 128

type filter text

2 e

&

=

v = Startup
v [ Generic
& rbsp
v (= Drivers
v = A/D converter
W& Config_ ADC
v = Middleware
v [= Generic
& rctsu
& rm_touch

Configure

Comparator operation setting

O stop O Operation
Resolution setting

010 bits O 8 bits
VREF(+) setting

OvoD O AVREFP
VREF(-) setting

Ovss O AVREFM

Trigger mode setting

O software trigger mode

O Hardware trigger no wait mode
© Hardware trigger wait mode

INTTMO1

& &

Generate Code Generate Report

@

Internal reference voltage

Operation mode setting
O Continuous select mode O Continuous scan mode
© One-shot select mode © One-shot scan mode

A/D channel selection Internal reference voltage output

Conversion time setting
Conversion time mode Normal 1

Conversion time 1216/fCLK

Conversion result upper/lower bound value setting

O Generates an interrupt request (INTAD) when ADLL < ADCR < ADUL

O Generates an interrupt request (INTAD) when ADUL < ADCR or ADLL > ADCR
Upper bound (ADUL) value 255

Lower bound (ADLL) value 0

v @8

Interrupt setting
(JUse A/D interrupt (INTAD)

Level 3 (low)

Overview | Board | Clocks | System | Components | Pins | Interrupt

Figure 6-17 Configure ADC driver (RL78/G22)
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7. If you are using an RL78/G23 or RL78/L23, add the AD converter “Config_ADC” and change the following
setting as shown in Figure 6-18.

Select “12 bits” in [Resolution setting]
Select “One-shot select mode” in [Operation mode setting]
Select “Internal reference voltage output” in [Operation mode setting]

Select “Normal 2” (NM mode) or “Low voltage 2” (LV mode) in [Conversion time setting] > [Conversion
time mode]

5.  Uncheck “Use A/D interrupt (INTAD)” in [Interrupt setting]

PoODN=

. . %l
Software component configuration Generate Code Generate Report
Components 2 el =] [¥] Configure ()
i T " Comparator operation setting
type filter text O stop O Operation
v = Startup 1 Resolution setting
v @ Generic O10bits O8 bits 012 bits
& r_bsp
v (= Drivers VREF(+) setting
v (= A/D converter OvDbD O AVREFP Internal reference voltage
& Config ADC VREF )
v = Middleware () setting =
v & Generic Ovss O AVREFM
@ rctsu Trigger mode setting
& rm_touch

O software trigger no wait mode
O Software trigger wait mode
O Hardware trigger no wait mode
O Hardware trigger wait mode

INTTMO1

Operation mode setting
2 O Continuous select mode

O One-shot select mode

3 A/D channel selection Internal reference voltage output N

Conversion time setting

4 ICcnversion time mode Normal 2 N I

Conversion time 183/fCLK v (5.71875 ps)

Conversion result upper/lower bound value setting

O Generates an interrupt request (INTAD) when ADLL < ADCRn < ADUL

O Generates an interrupt request (INTAD) when ADUL< ADCRn or ADLL>ADCRn
Upper bound (ADUL) value 255

Lower bound (ADLL) value 0

5 Interrupt setting
(J Use A/D interrupt (INTAD)

t Level 3 (low)

Overview | Board | Clocks | System | Components | Pins | Interrupt

Figure 6-18 Configure ADC driver (RL78/G23, RL78/L23)
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8. If you are using an RL78/F22 or RL78/F25, add the 12-bit AD single-scan “Config_ S12AD0”. Change the

following settings as shown in Figure 6-19 and Figure 6-20.

Select “Internal reference voltage” in [Analog input channel setting].

Uncheck “Enabled AD conversion end interrupt (INTAD)” in [Interrupt setting].
Select “Average mode” in [Data register setting] > [Addition/average mode]
Select “4-time (addition 3 times)” in [Data register setting] > [Addition count]

PoDbN=

Software component configuration

Components 238 =] [+ Configure

S5 1 E
LS . v Basic setting
type filter text

Clock setting
v (& Startup

v [= Generic
& rbsp
v (= Drivers

Clock source fCLK v (Clock frequency: 32000 kHz)

Analog input channel setting

© @ A/D converter ANIO CIann CIANI2 CJANI3 [JANI4 JANIS [JANI6 CaN7 [CJANI8
& Config_S12AD0 CJANIT0 AN [JANIT2 [JANIT3 (JANI14 CJANITS [JANI16 JANIT7 [JANI18
v (= Middleware OAN20 DaNi21 OaNi22 [@YANIPES OANi24 OANI2s [JaNI26 OaNR27 [JANI28

v [= Generic [JANI29 - Capacitance measurement supply voltage
& rctsu 1 8 internal reference voltage
& rm_touch

Conversion start trigger setting

Start trigger source Software trigger v

2 Interrupt setting
() Enable AD conversion end interrupt (INTAD)

Priorit Level 3 (low)
~ Advanced setting

A/D sample-and-hold circuit setting
ANI1 ANI2

Dedicated s e anc 1 circ 4 3 tual v

Addition/average input channel setting
ANIO ANI1 ANI2 ANI3 ANI4 ANI5 ANI6 ANI7 ANI8
ANIT0 ANIT1 ANI12 ANI13 ANI14 ANI15 ANI16 ANIT7 ANI18
ANI20 ANI21 ANI22 ANI23 ANI24 ANI25 ANI26 ANI27 ANI28

ANI29 - Capacitance measurement supply voltage

High-potential reference voltage setting

AVREFP fixed

Low-potential reference voltage setting

AVREFM fixed

Self diagnosis setting

&l &

Generate Code Generate Report

JANI9
[JANIT9

ANI9
ANI19

Overview Board | Clocks | System | Components | Pins | Interrupt

Figure 6-19 Configure ADC Driver Reference (RL78/F22, RL78F25)
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Software component configuration

Components el B E ~ Advanced setting
S512 %= A/D sample-and-hold circuit setting
type filter text ANI1
“ & stanup Dedicated sample and hold circuit
~ @ Generic Addition/average input channel setting
& rbsp ANIO ANI1T ANI2
(= Drivers .
v (2 A/D converter ANI10 ANIT1 ANI12
& Config_S12ADO ANI20 ANI21 ANI22

v = Middleware
v = Generic
." r_ctsu

& rm_touch AVREFP fixed

Low-potential reference voltage setting
AVREFM fixed

Self diagnosis setting

Mode

Voltage used

Disconnection detection assist setting

Charge setting

Period
Period

Data register setting
Data register format

Automatic clearing

High-potential reference voltage setting

ANI2
4
ANI3 ANI4 ANI5
ANI13 ANI14 ANI15
ANI23 ANI24 ANI25

ANI29 - Capacitance measurement supply voltage

Unused

ov

[JEnable the disconnection detection assist function

Discharge
2 ADCLK

Right-alignment

Enable automatic clearing

ANI6
ANI16
ANI26

3 Addition/average mode
4 Addition count

Average mode

4-time (addition 3 times)

Input sampling time setting
ANIO/Self-diagnos
NI

ANI2

0.337
0.337

0.337

ANI7
ANI17
ANI27

ANI8
ANI18
ANI28

&l (=]
Generate Code Generate Report

ANI9
ANI19

Overview | Board Clocks | System Components  Pins | Interrupt

Figure 6-20 Configure ADC Driver (RL78/F22, RL78F25)
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9. Click [Generate Code] at the upper right of the Smart Configurator to generate code.

10. Open [Renesas Views] > [Renesas QE] > [Cap Touch Workflow (QE)]. As shown in Figure 6-21, click
[Prepare a Configuration] and select an existing configuration or create a new configuration.

@ 3 QE for Capacitive Touch

Preparation Tuning Coding Monitoring

q A
1.Preparation N E To Prepare a Configuration

@ Select a Project

Select or create a touch interface configuration.

Prepare a Configuration

2.Tuning Touch Sensors -
Select a Connection Method RL78_Diagnosis.tifcfg
Start Tuning (Serial) Create a new configuration

Output Parameter Files

ing v . .
3.Coding I Prepare a touch interface configuration

Implement Program o 2
L g Select a touch interface configuration.

. If the touch interface configuration has not yet been created, select "Create a new configuration" from the list. In the

4.Monitoring v "Create Configuration of Touch Interfaces" dialog that is displayed, allocate touch interfaces and assign TSxx pins.

Select a Connection Method
L R I Tips for creating touch interface configuration
Start Monitoring (Serial)

M You can allocate multiple touch-interface components by repeatedly clicking on desirable points in the allocation area.

B 1o finish the allocation of touch-interface components, click on the toggle button indicating the type of touch-interface
components or press the ESC key on the keyboard.

M Also. to finish the allocation of touch-interface components, click on the allocation area while pressing the SHIFT key on
the keyboard.

B Double-click on each touch-interface component and assign TSxx pins via the Setup Touch Interface Dialog Box.The
TSxx pins need to have been enabled in projects that have been created by using the Smart Configurator.

QE for Capacitive Touch __.
This video

In this section, the sensitivity tuning procedure is explained

OE Series How to install/uninstall How to undate FAO License

Figure 6-21 [Prepare a Configuration] in Cap Touch Workflow (QE) (RL78)
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11. Configure the electrode to be used for CTSU measurement.as shown in Figure 6-22. Configuration of the
diagnostic pin is not required in this step.

8 Create Configuration of Touch Interfaces X
File Name of Touch I/F: RL78_Diagnosis Setup Configuration Import / Re-edit
| Description:
Touch I/F
Capacitance Type
Self-Capacitance method v
Button
Button00
utton Slider (horizontal)
1500 Slider (vertical)

Wheel

Key pad

Remove Touch I/F

Configurations (Methods)

Setting
Setup Touch I/F Setup Resistance Value Clear Assigned TSx -

Press the [esc] key on the keyboard to stop allocating the touch interface.

Create Cancel Help

Figure 6-22 Configure TS Pin in Touch Interface Setting (RL78)

12. Using the QE for Capacitive Touch, implement the sample code following the same steps described in
Section 6.1 RA Family, Steps 16 through 18.
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6.3 RXFamily

1.

Create a new project.

As shown in Figure 6-23, add the Touch middleware and the CTSU driver on the Smart Configurator.

Software component configuration

Components AL EEY -

type filter text
v (& Startup
v = Generic
& rbsp
~ (= Drivers

v (& Capacitive Touch

Configure

type filter text (* = any string, ? = any character)

ic| &

Generate Code Generate Report

@

Property

v @ Configurations
# Parameter check
# Support for QE monitoring using UART
# Support for Serial tuning using UART

#
@ rctsuge #
~ (= Middleware #

~ (& Capacitive Touch

W& rm_touch_ge

# Type of chattering suppression
# Selection module to use for UART

Value

Use system default
Sensor monitor not used
Serial tuning not used

TypeA : Counter of exceed threshold is hold within h
Include code using SCI module

Figure 6-23 Smart Configurator (RX)
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3. If you are using an MCU with CTSUZ2, the ADC drivers must be added. For the procedure to configure the
ADC driver, refer to Step 4 to 11. If you are using an MCU with CTSU1, proceed to Step 5.

4. Add the ADC driver as shown in Figure 6-24. The ADC pins (ANxxx) do not need to be selected in this

) . S =]
Software component configuration Generate Code Generste Report
Components 23edl%d B @3 v Configure
L
v Basic setting
type filter text
Note
v (& Startup
v @ Generic When the 12-bit A/D converter is used, output from port 4 should not be used.
& rbsp Analog input mode setting
v @ Drivers () Double trigger mode
v (= Capacitive Touch
W& r_ctsu_ge Analog input channel setting
v (= A/D Converter
. (JANO0O AN0OT (JAN002 (JAN003 AN004
& Config_S12AD0 )
~ & Middleware (JANO0S AN006 (7 AN0O7 (JANO08 ANO16
v @ Capacitive Touch (JANO017 ANO18 ) ANO19 (JAN020 ANO21
& rm_touch_qe (JANO024 AN025 (T AN026 () Temperature sensor output

(JInternal reference voltage
Conversion start trigger setting
Start trigger source
Software trigger v
Interrupt setting

Enable AD conversion end interrupt (S12ADI0) Priority  Level 15 (highest)

v Advance setting

Add/Average AD value setting

AN000 ANOO AN002 ANO003 AN004
ANO005 ANO006 ANO007 ANO008 ANO16
ANO017 ANO18 ANO19 AN020 AN021
AN024 AN025 AN026 Temperature sensor output

Internal reference voltage

A/D conversion select

O High-speed O Low-current

Conversion cycle select

02 rurloc nar hit ()9 rurlac nar hit

Figure 6-24 Add ADC Drover (RX)

5.  Click [Generate Code] at the upper right of the Smart Configurator to generate code.

6. Using the QE for Capacitive Touch, implement the sample code following the same steps described in
Section 6.1 RA Family, Steps 12 through 18.
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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 LS| 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 1/0
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 Vi (Max.) and Vi (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.



Notice

1. 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.

2. 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.

3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics

or others.

4. 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.
5. 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.
6. 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 Quiality": 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.

7. 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.

8. 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.

9. 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.

10. 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.

11. 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.

12. ltis 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.

13. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

14. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas

Electronics products.

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

subsidiaries.

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

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.

(Rev.5.0-1 October 2020)

Contact information

For further information on a product, technology, the most up-to-date
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www.renesas.com/contact/.
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