REN ESAS Application Note

Capacitive Sensor MCU

QE for Capacitive Touch Advanced Mode Parameter Guide

Introduction

QE for Capacitive Touch is a tool that generates tuning data which is used by Renesas MCU which have the
CTSU peripheral (Capacitive Touch Sensing Unit).

By default, QE for Capacitive Touch generates tuning data via “Auto Tuning” mode. However, to optimize
touch performance and to mitigate against unwanted behavior from environmental effects such as electrical
noise, QE for Capacitive Touch supports an “Advanced mode” Tuning.

This application note describes "Advanced mode” Tuning and the CTSU parameters which can be adjusted.

If you are developing a Capacitive Touch for the first time, it is recommended that you read the Capacitive
Touch Introduction Guide beforehand.

Capacitive Sensor Microcontrollers CTSU Capacitive Touch Introduction Guide (renesas.com)

Target Device
CTSU mounted RX family, RA family, RL78 family MCU, Renesas Synergy ™
(CTSU includes CTSU2, CTSU2L, CTSU2SL, etc.)
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1. Outline

QE for Capacitive Touch measures the parasitic capacitance of the user's touch sensor and performs auto-

tuning to optimize the parameters. For more information about QE for Capacitive Touch, see Web page
below.

Capacitive Sensor Microcontrollers CTSU Capacitive Touch Introduction Guide (renesas.com)

Auto tuning with QE for Capacitive Touch generates basic CapTouch parameters. If the required
specifications are not met in evaluations using this parameter, perform manual tuning with CapTouch
parameters. If further adjustment is required, perform ““Advanced mode” Tuning. Figure 1-1 shows the tuning
procedure in QE for Capacitive Touch.

< Tuning Start >

Automatic tuning

OK

System evaluation

Manual tuning

with CapTouch parameters

OK

System evaluation

Tuning with “Advanced mode”

OK

System evaluation

< H/W redesign > < Tuning END >

Figure 1-1 Tuning Flowchart
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Table 1-1 lists the parameters that can be adjusted with Auto Tuning /Manual tuning with CapTouch
parameters /"Advanced mode" Tuning.

Table 1-1 Tuning-adjustable parameters

Manual tuning with QapTouch

Parameter Auto tuning”! 2 Tuning with “Advanced mode”
parameters

Measurement frequency

4 /

Offset

Touch threshold

AR

Hysteresis

Drift correction interval

Long press cancel cycle

Positive noise filter cycles

Cycle of the negative noise filter

Depth of the moving average filter

HENININININANENE

Number of Measurements/Number of Time

Target value of Offset Tuning

'
£

Measured Current Range ™

Non-Measured Channel Output Select™

Multi-Clock Measuring/Multiplier Rate™

Transmit Pin Power

NNENENININANANE

Automatic Correction (hardware)

v Supported

Note: 1. In Auto tuning, QE for Capacitive Touch automatically adjusts parameter values and outputs the
adjustment results to a source file.

Note: 2. For manual tuning with CapTouch parameters, see "CapTouch Parameters (QE)" in QE for
Capacitive Touch for a list of parameters that can be changed. For details, please refer to "7.2 Manually
Tuning with CapTouch Parameters" in the following document.

Capacitive Sensor Microcontrollers CTSU Capacitive Touch Introduction Guide (renesas.com)

Note: 3. This function can be adjusted only for CTSU2/CTSU2L/CTSU2La/CTSU2SL. For
CTSU2La/CTSUZ2L from the next page, refer to CTSUZ2. Also, please refer to the Introduction Guide for the
difference between each capacitive touch sensor and compatible products.

Capacitive Sensor Microcontrollers CTSU Capacitive Touch Introduction Guide (renesas.com)

Note: 4. The registers can be set from the "CapTouch Parameters (QE)", but do not change them, as they
are parameters adjusted by the software to follow the environment.

If the “Auto tuning” or “Manual tuning with CapTouch parameters” does not meet the user's requirements for
sensitivity/noise immunity, you can adjust the parameters in “Advanced mode”.
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1.1 Auto tuning
Figure 1-2 shows the flow of Auto tuning.

[ Automatic Tuning Proceszsing X

QE is beginning the tuning process.
During the tuning process, please do not touch the sensors on the target board
Preparing f0|' until instructed by the QE Tuning Program.

adjustment
ey
V [ Automatic Tuning Processing X

QE is measuring the parasitic capacitance for all touch sensors.

Measuring During this measurement process, please do not touch the sensors on the target
Fo board.
parasitic o
capacitance

v [ Automatic Tuning Processing x

QE is adjusting offset values for each sensor.(config01)
During the adjustment process, please do not touch the sensors on the target

Adjusting board.
the OffSBt Button00, TS00 35329

& Automatic Tuning Processing X

AV

QE is now starting sensitivity measurement for each of the touch sensors when not
M - touched.(config01)
eas_'—!”_ng During this step, please do not touch the sensors on the target board.
sensitivity
(while not touched) | m——

v B8 Automatic Tuning Processing X

QE will now measure touch sensitivity for (Button00, TS00 @ config01).
In this step please use maximum touch pressure on the sensor with a metal
conductor. Press any key on the PC keyboard to accept the sensitivity
Measunng measurement.
Sensrtl‘”ty Button00, TS00 @ config01: 15265

(while touched)

B Automatic Tuning Processing X

v The automatic tuning process is now complete. If overflow or warning/errors are
indicated, those sensors can be retried. If there are continued overflows or
warning/errors, please consult the Renesas application notes for Capacitive Touch
for guidance.

Hesult Uf Select thetarget Method  Kind Name Touch Sensor  Threshold  Overflow  Warning / Emror

the tuning

config0l Button Button00 TS00 65535

Retry | | Continue the Tuning Process

Figure 1-2 Flow of Auto tuning with QE for Capacitive Touch

Auto tuning adjusts the sensitivity of touch sensor detection to determine the optimal parameters.

First, the capacitance at touch OFF is measured, and the measurement frequency is set according to the
measurement result. Also, adjust the offset according to the target value of offset tuning. Then, the
capacitance of the touch ON/OFF status is measured, touch thresholds, etc. are set, and the tuning result is
outputted to the source file.
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1.2 Manual tuning with CapTouch parameters

For Manual tuning with CapTouch parameters, software parameters can be changed from "CapTouch
Parameters (QE)". The touch behavior and the effect of changing the parameter values can be viewed in real
time.

@ s2.7vP - & studio - X
File Edit Navigate Search Project Renesas Vi
& || % || ® || pebug [mi &2 |- & -@iw|wo®xn bod B[4 Qu-ili-d5 e~ & B F il E G|

Q | BOC #5707 B AR-h-IUIFL-5 {8 FP Configuration |&) CaplouchE=5 (QE)
S CopTouch Board Monitor (Q8) X | o[m B § = O |[S Copouch Status Chart (QF) X | & CapTouch Workflow (QF) R EHRKER § = O ||p CGplouchpammeters Q8 X

{Enable Monitoring: Monitering: Disabled, Communication Status; Conneting via 2 ||[| Touch VF: [Button00 @ configor Esync a selection

I/F Type: Button(setf), Channel(s): TS0

Touch VF: Button00 @ configol v

Count Vaue: Reference Value: Threshol: Difference:
C Touch /F: |Button0 @ configo [sync a selectio
NoseNT: [ | AvergeNTE [ | Minimum [ ] Madmm [ | WENEE Buttorbef oo IS
Button0l - Buttonop Nosem: [ | Avemger: [ |sgmat [ s [ | ttem Value

255
o
3
Negative Noise Filter Cycle 3
Movi e Fiter Depth 4
1000

Slideroo

Hyst B

v cTsuso 170
< >
CTSUSNUM 3
Name  Touch Sensor ~ CTSUSDPA Operating clock divided by 16

Buttono  TS00
Bussann O

atus Chart (QF) X & B §=8

Seta value of touch threshold,
I rameter

used for determining whether the

REE »B-N-= 0

h button.

ebug [Renesas GDB [pict 9]
2.07.00.010
3.11.00.01

EOLITE Rev.®
4.85977 v )

Figure 1-3 Manual Tuning with QE for Capacitive Touch

For Manual tuning with CapTouch parameters, use the "CapTouch Parameters (QE)" in QE for Capacitive
Touch (in red box in Figure 1-3).You can change the parameter and check the operation after adjusting it
from the "CapTouch Status Chart (QE)" in real time. Parameters adjusted in this view can also be reflected in
the source file. Refer to Table 1-2 for explanations of the functions of the "CapTouch Parameters (QE)" tool
bar (in the blue frame in Figure 1-3) used when performing manual tuning. Parameters can be read and
written to the application via the CapTouch Parameter icons.

Table 1-2 "CapTouch Parameters (QE)" tool bar function.

Icon Description Feature Overview
@ t 3 - Read from target board Reads parameter values from the target board.
@ b 1t Write to target board Write the value of the edited parameter to the target board.
@ | Write to target board in real time Toggle button to switch whether the numerical value of the parameter is reflected to
L0 the target in real time.
@ :-."\ Generate a parameter file The parameter file is output based on the parameter information adjusted in this
& view.

"Generate parameter file" outputs the source file under the ge_gen folder. Table 1-3 shows the output source
files. After outputting the source file, the operation of adjusted parameters can be checked by building and
debugging.

Table 1-3 Source files output by "Generating a Parameter File"

File name Description

ge_touch_config.c File that holds parameter settings for each configuration (method)

Please refer to the QE for Capacitive Touch “Help” for details.
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1.3 “Advanced mode” Tuning

In the “Advanced mode” Tuning, it is possible to adjust mainly hardware parameters such as the sensor
drive pulse output for measuring capacitance. For details on the parameters that can be adjusted, please
refer to the table below 2.3 Correspondence table for each capacitive touch sensor.

Figure 1-4 shows the Cap Touch workflow (QE). Tuning can be performed from "2. Tuning Touch Sensors”
can be performed in “Advanced mode” Tuning by checking the “Advanced mode" checkbox under "Start
Tuning”.

\E‘ ) Preparation Tuning Coding Monitoring
1.Preparation - a Note on Use
v

J

(“) Select a Project
If you are tuning using emulator connection,
you do not need to tune using serial

2.Tuning Jouch Sensors =_Lconnection.

Start Tuning (Emulator)

(“) Prepare a Configuration

Start Tuning (Serial) =R UL
Output Parameter Files QE will automatically perform tuning
3.Coding - | processing for each touch sensor. _
Connect your target board and PC via an
Implement Program emulator.
4.Monitoring -
Start Monitoring (Emulator) To Start Tuning

Start Monitoring (Serial) Follow instructions in the dialog.

| Start Tuning |

r BEAdvanced mode

Figure 1-4 Tuning with "Advanced mode"

When tuning with "Advanced mode" Tuning is started, a window as shown in Figure 1-5 is displayed and
each parameter can be adjusted. Click the "Start the Tuning Process" button in the blue frame in Figure
1-5 to start tuning.

a Automatic Tuning Processing x
Select setting values for each method / touch interface.

5, If you will set these values inadvertently or without clear understanding, it could lead to poor tuning results.

Method Capacitance Type  Shield Pin  Target Value of Offset Tuning  Measured Current Range  Mon-Measured Channel Output Select  Transmit Pin Power
configdl Self Capacitance  None Auto Auto Auto Auto

Multi-Clock Measuring ~ Multiplier Rate 1 Multiplier Rate 2 Multiplier Rate 3 Automatic Correction (Hardware)  Judgement Type

System 3 Frequencies 64 55 73 Enable Default
Method  Kind Name Touch Senser  Mumber of Measurements / Mumber of Time  Measurement Frequency
configdl Button(self) Button00 TS08 Auto Auto

Start the Tuning Process

Using CTSU2SL

Figure 1-5 "Advanced mode" Tuning window

The parameters that can be adjusted in "Advanced mode" Tuning vary depending on the device. For details,
see 2.3 Correspondence table for each capacitive touch sensor.
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After tuning in the “Advanced mode”, you can reflect the results of parameter adjustment in the source file by
clicking the "Output Parameter Files" button shown in Figure 1-6 from the "To Output Parameter Files" menu.

\E‘ ) Preparation Tuning Coding Monitoring

1.Preparation v @ To Output Parameter Files
) Select a Project —

— Qutput parameter files from a tuning result.
(v) Prepare a Configuration

2.Tuning Touch Sensors - Output Parameter Files
——Ctact Tuning Zmulntac) O Specify an output folder
() Start Tuning (Serial) OUse an external trigger
OUtpuUt Parameter Files OUse diagnostic code
3.Coding - Use API compatilibity mode
Implement Program The result of tuning is output as a
4.Monitoring - parameter file and can be read by touch
Start Monitoring (Emulator) middleware.
8 onitoring LEmuiator Please make sure to output the file
Start Monitoring (Serial) when tuning is performed and when the

touch interface configuration is changed.

Figure 1-6 To Output Parameter Files

Click the Output File button to output the source file under the “qe_gen” folder.
Table 1-4 Source files output by the "Output Parameter Files" button

Table 1-4 Source files output by the "Output Parameter Files" button

File name Description
ge_touch_define.h Macro information file used by the touch middleware
ge_touch_config.h Files to include from user programs
ge_touch_config.c File that holds parameter settings for each configuration (method)

After outputting the source file, the operation of adjusted parameters can be checked by building and
debugging.

Setting these values incorrectly or without a clear understanding may result in poor adjustment results.
Adjust the value after sufficiently evaluating it to suit the environment in which it is used.
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2. “Advanced mode” settings

2.1 Sensitivity improvement adjustment flow

Figure 2-1 shows the adjustment steps to improve sensitivity through “Advanced mode” Tuning.

Sensitivity
Improvement
Adjustment Flow

<
<%

CTSU2 or later
Capacitive Touch sensor?

Yes

31

Increase Number of
Measurements/Number
of Time

|

Adjust Target Value of
Offset Tuning

System evaluation

No

NG

34 A

Change Measured
Current Range

System evaluation
3.3

NG

Y

OK

Adjust Measurement
Frequency

END

System evaluation

OK

NG

H/W redesign

Figure 2-1 Sensitivity improvement adjustment flow
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2.2 Noise suppression adjustment flow
Figure 2-2 shows the adjustment steps for improving noise immunity through “Advanced mode” Tuning.

Noise suppression
adjustment flow

3.5 <

Review of Non-
Measured Channel
Output Select

System evaluation

A

END

CTSU2 or later
Capacitive Touch sensor2

36 Yes

Chage Multi-Clock
Measuring/Multiplier
Rate

System evaluation

OK

H/W redesign

Figure 2-2 Noise suppression adjustment flow
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2.3 Correspondence table for each capacitive touch sensor
Table 2-1 Correspondence table of capacitive touch sensors

Table 2-1 Correspondence table of capacitive touch sensors.

Parameter Purpose CTSU2SL | CTSU2 | CTsut Feature Overview
Number of Improved Set the number of measurements and determine
Measurements/Number sensitivity the measurement time.
1 of Time v v v The signal value can be improved by integrating
the number of measurements.
CTSU1 settings use the defaults and should not
be changed by the user.
Target value of Offset Improved Set the target value (%) of the offset current so
2 Tuning sensitivity v/ v v/ that the measured value at touch OFF becomes
the target value. Adjust this when the
measurement time is changed.
Measurement Improved Sets the frequency division of the frequency
frequency sensitivity output to the touch sensor. The higher the
3 v v v measurement frequency, the better the sensitivity
can be seen. However, a measurement error
occurs when the parasitic capacitance is large.
Measured Current Improved Sets the current mirror ratio between the
Range sensitivity measured power supply current and the input
4 / v } current of the current-controlled oscillator. Setting
a low measuring current range increases the
sensitivity. This is because CCO inputcurrent at
touch ON increases.
Non-Measured Noise These bits set the handling of non-measurement
Channel Output Select | Suppression pins other than the measurement pins during the
5 / / _ measurement interval of the pins set in TS pin.
Noise suppression can be achieved by
appropriately processing the non-measurement
pins.
Multi-Clock Noise Set the number of times to be measured in multi-
Measuring/Multiplier Suppression Clock measurement and the multiplier rate of
6 Rate / / } multiple types of frequencies to be used for
measurement. Multi-Clock Measurement allows
you to measure multiple drive frequencies to avoid
synchronous noise
Transmit Pin Power Pin Setting Selects 1/O power supply of the pins set to the
transmit pins when the mutual capacitance
7 v v v method is used or the active-shield is used.
This value uses the default setting and should not
be changed.
Automatic Correction Process Sets whether to process the compensation
(Hardware) reduction computation with CTSU peripheral. Hardware
8 Low power v - - processing eliminates the need for wake-up for
consumption each measurement and contributes to power
consumption reduction.
v Supported
R30AN0428EJ0100 Rev.1.00 Page 11 of 37
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3. Overview of each parameter

3.1  Number of Measurements/Number of Time

In "Number of Measurements/Number of Time", you can set how many times the charge/discharge is
accumulated repeatedly to perform one touch detection, and determine the measurement time for one touch
detection. By increasing the number of measurements, the signal value* can be increased, leading to
improved sensitivity. However, since measurement time is also extended at the same time, adjustment
according to the user's specifications is required. In addition, adjust the offset tuning target by the target
value of offset tuning to prevent overflow when the number of measurements is changed. Refer to 3.2 Target
value of Offset Tuning for details of offset tuning target adjustment.

Do not change the Number of measurements when CTSU1 is used because it affects the
compensation process.

Note: The signal value indicates the difference value at touch ON/OFF.

Figure 3-1 shows the image of the measurement times by the number of measurements and the measured
value at the time of touch ON/OFF.

In Touch ON
In Touch OFF

CountValue

P

A period of pulse output

(I

A period of pulse output A period of pulse output

e INOONNNOALAOANADANAL

Time

Measurement Count=1

Figure 3-1 Image of measurement time and measurement value based on the number of measurements

Table 3-1 shows the default number of measurements.

Table 3-1 Default "Number of measurements" Setting

Measurement frequency Number of Measurement
(sensor drive pulse frequency) measurements time [us]
CTSU1 ™ 4 MHz 8
(Sample RX130) > MHz 7
526
1 MHz 2
0.5 MHz 1
CTSU2/CTSU2SL i 8 128 2
(Sample RX140)

Note: 1. For CTSU1, the number of measurements varies depending on the measurement frequency (sensor
drive pulse frequency). Use the value at the time of Auto tuning for this number of measurements, and do not
change it. By CTSU2/CTSU2SL, the number of measurements is fixed at 8.

Note: 2. The measurement time of one frequency is described.

R30AN0428EJ0100 Rev.1.00 Page 12 of 37
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The stabilization wait time and measurement time also vary depending on the number of measurements. The
formulas for calculating the stabilization wait time and measurement time for CTSU1, CTSU2/CTSU2SL are
shown below.

® CTSU1 (RX130)
Stabilization wait time [us] = 34 x (1/sensor drive pulse frequency)

Measurement time [us] = 263 x (1/sensor drive pulse frequency) x (number of measurements)

Table 3-2 shows a typical example of the measurement time and stabilization wait time when the self-
capacitance method is used in RX130 as a typical CTSU1.

Table 3-2 Stable latency and measurement time when using self-capacitance method on RX130

Number of Measurement time + stabilization wait time

Sensor drive pulse frequency [MHz] measurements Stabilization wait time [us] Measuring time [us] [us]
4 8 8.5 526 534.5

2 4 17 526 543

1 2 34 526 560

0.5 1 68 526 594

For CTSU1, do not change the Number of measurements, as changing the Number of
measurements will affect the measurement compensation process.

® CTSU2/CTSU2SL (RX140)
Stabilization wait time [us] = (64 x 3 [for 3 frequency measurement])

Measurement time [us] = (16 x (number of measurements) x 3 [for 3 frequency measurement])

Table 3-3 shows a typical CTSU2/CTSU2SL for the measurement time and stabilization wait time when the
self-capacitance method is used in RX140.

Table 3-3 Stable latency and measurement time when using self-capacitance method with RX140 (3
frequency measurement)

Number of measurements Stabilization wait time [us] Measuring time [us] Measurement time + stabilization wait time [us]

8

[(STCLK cycle* 8) * 8] 19264 x 3] 384 [128 x 3] 576 [384 + 192]

Note: STCLK cycling is a reference clock for measuring times. It is set to the recommended 0.5MHz (2us).

The stabilization wait time and measurement time when each capacitive touch sensor is used vary
depending on the operation clock. Please refer to the hardware manual of each capacitive touch sensor and
the following documents.

RX Family QE CTSU Module Using Firmware Integration Technology Rev.2.20 (renesas.com)
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Figure 3-2 shows a window example when setting "Number of Measurements/Number of Time" with
“Advanced mode”.

Y -
Select setting values for each method / touch interface.

1 If you will set these values inadvertently or without clear understanding, it could lead to poor tuning results.

Methoed Capacitance Type  Shield Pin  Target Value of Offset Tuning  Measured Current Range  Non-Measured Channel Qutput Select  Transmit Pin Power

configdl  Self Capacitance  Mone Auto v Auto v Auto v Auto v

Multi-Clock Measuring ~ Multiplier Rate 1 Multiplier Rate 2 Multiplier Rate 3 Judgement Type

System 3 Frequencies B4 55 73 Default
Method  Kind Name Touch Senscff  Number of Measurements / Number of Time easurement Frequency
configdl Button(self) ButtonOD TS11 Auto v Auto w

(STCLK cycle * 8) * 1

(STCLK cycle " &)~ 2
Start the Tuning Process (STCLK cycle™8) " 3
(STCLK cycle * &) * 4

[STCLK cycle*8)*5
(STCLK cycle *8) * 6 Help

(STCLK cycle* &) * 7

CTSuU2

8 ~utomatic T
Select setting values for each method / touch interface.

L. If you will set these values inadvertently or without clear understanding, it could lead to poor tuning results.

Methed Capacitance Type  Shield Pin Target Value of Offset Tuning ~ Measured Current Range  Nen-Measured Channel Qutput Select  Transmit Pin Power

configdl  Self Capacitance  None Auto v Auto v Auto v Auto v

Multi-Clock Measuring  Multiplier Rate 1 Multiplier Rate 2 Multiplier Rate 3 Automatic Correction (Hardware) Judgement Type

System 3 Frequencies v 64 55 w 73 v Enable w Default v

Method  Kind Name Touch Sensor,

configdl Button(self) Button00 TS08 v Ruto (")

|(STCLK cycle * ) * 1

(STCLK cycle * 8) * 2
Start the Tuning Process (STCLK cycle™8) ™ 3
(STCLK cycle* 8) * 4

(STCLK cycle* 8) * 5
(STCLK cycle* &) * & Help

(STCLK cycle * E:I 7 y

CTSU2SL

Figure 3-2 Setting of "Number of Measurements/Number of Time"

For the set value, the value of Number of measurements -1 is reflected to "snum” of the ge_touch_config.c. If
"(STCLK Cycle* 8) * 8" is selected in "Number of Measurements/Number of Time", it is set as "snum = 0x07".

const ctsu_element cfg t g ge_ctsu_element_cfg configd1[] =
{
{ .ssdiv = CTSU_SSDIV_4000, .so = 0x12B, .snum = 0x07, .sdpa = 0x07 },
)
Note: Refer to the respective capacitive touch sensor hardware manual for more information on SNUM.
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3.1.1

measurements/Number of time

Table 3-4 shows the measured values (actual measurement examples) when RX140 mounted capacitance
touch evaluation system is used when the number of measurements/Number of Time is changed.

Impact on sensitivity and precautions due to changes in the Number of

Table 3-4 Measurement values when the number of measurements/Number of Time is changed (actual

measurement example)

Capacitance Touch Evaluation System with CTSU2SL(RX140)
Self-capacitance method, Measurement frequency: 2MHz, measurement current range: 40uA, button 1ch (averaged five times)
Target value | Avg. at touch Avg. at touch Signal value Avg. at touch Measurement time
Number of K
for offset OFF ON (Difference of touch ON/OFF) OFF +
measurements
tuning A B B-A Noise value Stabilization wait time
8 37.5% 15388 17186.4 1798.4 17.8 576 ps
12 25% 15353.6 18278.6 2925 30.4 768 ps
15 20% 15339.2 19124 3784.8 36 912 us

Note: The actual measurement was obtained from QE for Capacitive Touch's "CapTouch Status Chart (QE)
View" function. For more information, refer to e2studio “Help”.

Accumulation of the number of measurements increases the signal value. At the same time, however, the
measurement value may overflow or the measurement time may not satisfy the user's required
specifications. In such a case, adjust the target value for offset tuning, reduce the number of measurements,
and change the Measured Current Range and frequency.

Also, increasing the number of measurements can cause CTSU to consume more power during low-power
operation. Please set the number of measurements after thoroughly evaluating.
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3.1.2 Necessity of Offset Tuning Adjustment when Changing Number of Measurements

When the number of measurements is changed, the sensor counter register becomes 0xOFFFF and the
measured value exceeds 65535. In order to prevent overflow, offset-tuning must be adjusted and the
measured value adjusted. Refer to 3.2 Target value of Offset Tuning for offset tuning adjustment.

Table 3-5 and Figure 3-3 show typical measurements for "Number of Measurements/Number of Time" in
RX140 as a CTSU2/CTSU2SL.

Table 3-5 Measured value for "Number of Measurements/Number of Time" with RX140 (theoretical value)

Capacitance Touch Evaluation System with CTSU2SL(RX140)
Self-Capacitance System PCLKB:32MHz Driving Pulse Frequency: 2MHz Target value of Offset Tuning: 37.5% Key 1ch
Number of measurements Measurement time + stabilization wait time [us] Measured value (theoretical value)
1 [(STCLK cycle* 8) * 1] 240 1920
2 [(STCLK cycle* 8) * 2] 288 3840
3 [(STCLK cycle* 8) * 3] 336 5760
8 [(STCLK cycle* 8) * 8] 576 15360
16 [(STCLK cycle* 8) * 16] 960 30720
40960
Y 36864
§ 32768
§ 28672
% 24576
£ 20480
% 16384
% 12288
% 8192
S 20%
0
0 2 4 6 8 10 12 14 16

Measurement Count

Figure 3-3 Measured value (theoretical value) for "Number of Measurements/Number of Time" with RX140

For instance, if the number of measurements is increased to 16 by the self-capacitance method, the
measured value at touch OFF will be around 30720. Increasing the number of measurements may cause
overflow of measurements during touch ON. It is necessary to adjust the target value of offset tuning so that
the measured value fits within the good range (10%: 4096 to 100% (40960)) of the output linearity
characteristic of the current controlled oscillator (CCO).

R30AN0428EJ0100 Rev.1.00 Page 16 of 37
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3.2 Target value of Offset Tuning

In "Target value of Offset Tuning", adjust the offset current setting for each method so that the measured
value at touch OFF becomes the target value. This adjustment is made when the measurement time is
changed and the measurement value overflows, or when the parasitic capacitance is large and the
measurement value does not reach the target value for measurement value when the active shield is used.
For details, refer to "2.2.2 Measurement Range" in the following document.

Capacitive Sensor Microcontrollers CTSU Capacitive Touch Introduction Guide (renesas.com)

Figure 3-4 shows an image of offset-tuning when using the self-capacitance method in RX130.

Sensor Counter (16bit)

@ Out of measurement range
(100%) o e e e -
- ~
~
parasitic S o
capacitance S o
— ~
(37.5%) F-------- --t S --ym----------
~
~
Offset cu rr(T-r‘.t* RN
h
Before offset After offset

Figure 3-4 Offset Tuning Process of Self-Capacitance Method

Table 3-6 shows the target values for the default number of measurements.
For the default "number of measurements" see Table 3-1 setting.

Table 3-6 Default "Target value of Offset Tuning" Setting for Each Method

When self-capacitance When using mutual . . .
; . When using active shield
method is used capacitance method
CTSU1 15360 (37.5%) 10240 (25%) -
CTSU2/CTSU2SL* 15360 (37.5%) 10240 (25%) 6144 (15%)

Note: In the actual measurement, the sum of the two adopted frequency measurement results out of the
three frequency measurement results (128 + 128 = 256 us) is the final measurement result. Offset tuning
uses the value of the measurement time doubled at the first frequency (128 x 2 = 256 ps) for tuning.

R30AN0428EJ0100 Rev.1.00 Page 17 of 37
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Target values are shown in Table 3-7 for setting the target value during offset-tuning in CTSU1.

Table 3-7 Target value for "Target Value of Offset tuning" in CTSU1

Target value of Offset Tuning Target value
25.0% 10240
30.0% 12288
35.0% 14336
37.5% 15360
40.0% 16384
45.0% 18432
50.0% 20480

Target values are shown in Table 3-8. for setting the target value during offset-tuning in CTSU2/CTSU2SL.

Table 3-8 Target value for "Target Value of Offset Tuning" in CTSU2/CTSU2SL

Target value of Offset Tuning Target value*
10.0% 4096
15.0% 6144
20.0% 8192
25.0% 10240
30.0% 12288
35.0% 14336
37.5% 15360
40.0% 16384
45.0% 18432
50.0% 20480

Note: The value after the two-frequency sum of the three-frequency measurement results.

R30AN0428EJ0100 Rev.1.00
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Figure 3-5 shows an example window for setting "Target value of Offset Tuning" with “Advanced mode”.

| 8 Aucomatic Tunin
Select setting values for each method / touch interface.

1. If you will set these values inadvertently or without clear understanding, it could lead to poor tuning results.

arget Value of Offset Tunina Transmit Pin Power

Auto v Puto v

Method Capacitance Type  Shield Pin

configdl Self Capacitance  None

Methed  Kind MName Toudg 30.0% nEnts / Mumber of Time  Measurement Frequency
3%,
configdl Button(self) Button00 TSO00 i?g; Auto
40,0%
45,00
- 0.0%
Start the Tuning Process —

Cancel

Help

CTSU1

8 2otomatic Tunin
Select setting values for each method / touch interface.

1, If you will set these values inadvertently or without clear understanding, it could lead to poor tuning results.

Method  Capacitance Type ~ Shield Pin glarget Value of Offset Tuningy Measured Current Range  Mon-Measured Channel Qutput Select  Transmit Pin Power
configdl Self Capacitance  None A Auto v Auto v Auto v
10.0%
Multi-Clock Measuring  Multipl§ 15.0% ultiplier Rate 3 Judgement Type
i
System 3 Frequencies 64 20.0% Default
25.0%
30.0%
. 35.0% "
Method  Kind Name Toucll 57 53 ents/ Number of Time  Measurement Frequency
configdl  Button(self) ButtonD0  T511j40.0% Auto
45.0%
\o0.0% y.
A~ >

Start the Tuning Process

CTSuU2

B oo unin
Select setting values for each method / touch interface.

% If you will set these values inadvertently or without clear understanding, it could lead to poor tuning results.

Method  Capacitance Type  Shield Pin ffTarget Value of Offset Tuning'§ Measured Current Range  Non-Measured Channel Qutput Select  Transmit Pin Power
configll Self Capacitance  None Auto v Auto v Auto v Auto v

10.0%
Multi-Clock Measuring  MultipQf 15.0% ultiplier Rate 3 Automatic Correction (Hardware)  Judgement Type
ae
System 3 Frequencies 64 sgg:’; Enable Default
0%

30.0%

) 35.0%
Method  Kind Name Tou 37.5%

configdl Button(self) Button00 TSOEH40.0% Auto
45,05

ﬁD‘D:J_ é

ents / Number of Time  Measurement Frequency

Start the Tuning Process

Cancel

Help

CTSU2SL

Figure 3-5 Setting of "Target value of Offset Tuning"

The settings are reflected in the ge_touch_config.c. The following is an example of the target value for 8
measurements of the self-capacitance method/mutual capacitance method. It is not recommended to rewrite

this value directly.

#if (CTSU_TARGET_VALUE_CONFIG_SUPPORT == 1)
.tuning_sel|f_target_value = 15360,
.tuning_mutual_target_value = 10240,

#endif

R30AN0428EJ0100 Rev.1.00
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3.2.1 Effect of Target value of Offset Tuning and Number of measurements Change on
Measurement Value

The number of measurements can be changed only with CTSU2/CTSU2SL. The measured value changes
according to the number of times of measurement, and if the number of times of measurement is set to
double the default setting, the measured value is also doubled.

Measured value = (Target value of Offset Tuning [%] x 40960%*)/100 x
(number of measurements/default number of measurements)

Note: 40960 is the value when the Target value of Offset Tuning is 100%.

Table 3-9 and Figure 3-6 show the measured values (theoretical values) at touch OFF with respect to the
setting of the target value at offset tuning when the Number of measurements in CTSU2/CTSU2SL.

Table 3-9 Measurement values for "Target values of offset tuning" when the number of measurements is
changed (theoretical values)

Measured value at touch OFF (theoretical value)*
Target value of Offset "
Tunin Target value Number of measurements: 8 Number of measurements: 16
g
(default)
10.0% 4096 4096 8192
15.0% 6144 6144 12288
20.0% 8192 8192 16384
25.0% 10240 10240 20480
30.0% 12288 12288 24576
35.0% 14336 14336 28672
37.5% 15360 15360 30720
40.0% 16384 16384 32768
45.0% 18432 18432 36864
50.0% 20480 20480 40960

Note: The value after the 2 frequency sum of the 3 frequency measurement results.

40960
36864
32768
28672
24576

20480
16384
12288

8192

4096

0
15.0% 20.0% 25.0% 30.0% 35.0% 40.0% 45.0% 50.0%

Target value for offset tuning

Measured value(Theoretical value)

—&— Measurement Count : 8 Measurement Count: 16

Figure 3-6 Measurement value (theoretical value) with respect to "Target value of Offset Tuning" when the
number of measurements is changed
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Changing the offset tuning target value may cause the count value to overflow. Set the target value and
measurement time so that the measured value at the maximum capacitance-added state* assumed when
the system (product) is operating falls within the good range of output linearity characteristics of the current-
controlled oscillator (CCO) (10%:4096~100% (40960)). If there is no particular need to change, set the target
value and measurement time for offset tuning to the target value for each method, referring to Table 3-6.

Change the number of measurements. If the measured value differs from the expected value, refer to
Table 3-9 to set the target value for offset tuning. Set the target value for offset tuning lower than the default
setting when the measured value is larger than the target value, and higher than the default setting when the
measured value is smaller than the target value. When the parasitic capacitance of the electrode is small or
the active shield is used, set these target values again when it does not reach the target value set by the
offset tuning process.

Note: As an example, assume the maximum possible capacity addition state, including non-normal
operation, when water is spilled over the touch buttons.
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3.3 Measurement frequency

"Measurement frequency" (sensor drive pulse frequency) sets the frequency division of the frequency output
to the touch sensor. The higher the measurement frequency, the better the sensitivity will be. However,
measurement errors will occur if the parasitic capacitance is large.

CTSU outputs a sensor drive pulse from TS terminal and measures the capacitance from the charge current.
For details, refer to the following document.

Capacitive Sensor Microcontrollers CTSU Capacitive Touch Introduction Guide (renesas.com)

The measurement frequency is set to an appropriate frequency in Auto tuning by the parasitic capacitance
and the set damping resistance. In addition, the measurement frequency varies depending on the operation
clock. For details, refer to the Hardware Manual of each capacitive touch sensor. Figure 3-7 shows the
relation between the parasitic capacitance/damping resistor of RX130 set by auto tuning and the measured
frequency. A typical example of CTSU1 is shown below.

o~ 10] 12 18] 18] 22 27] 33 39[ 47] s6[ e8] 82| 100 150] 200[ 220] 240] 270] 300] 330] 360] 390] 430] 470] 510 s60[ 620] 680] 750] s20] 910] 1000

10|
o 4MHz

15
18
22
27
33
39
2
47
51
56
62
68
75 0.5MHz
82
91

100

Figure 3-7 Parasitic capacitance/damping resistance of RX130 (receiving electrode 1.6V) vs. measurement
frequency

Figure 3-8 shows the relation between the parasitic capacitance/damping resistor of RX140 and the
measured frequency. A typical example of CTSU2/CTSU2SL is shown below.

P~ 1] 12] 18] 18] 22 27] 33[ 39 47 6] e8] s 100 150] 200] 220] 240] 270[ 300[ 330] 360] 390] 430] 470] s510] s60] 620] 680] 750] 820[ 910[ 1000

4MHz

0.5MHz

100

Figure 3-8 Parasitic capacitance/damping resistance of RX140 (receiving electrode 1.5V) vs. measurement
frequency

The higher the parasitic capacitance, the lower the measurement frequency is set. If the measurement
frequency is set to a high value when the parasitic capacitance is large, the charge/discharge may not be
satisfactorily performed and measurement error may occur when outputting sensor drive pulses from TS pin.
In Auto tuning, set the optimum measurement frequency where no measurement error occurs.

In addition, in CTSU2/CTSU2SL, the frequency set in "Measurement frequency" is determined as the 1st
frequency in multi-clock measurement. Refer to 3.6 Multi-Clock Measuring/Multiplier Rate for the setting
method of the 2nd/3rd Frequency.
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Figure 3-9 shows a window example for setting "Measurement Frequency" with “Advanced mode”.

B fuorstic Tuning Pre
Select setting values for each method / touch interface.

1 If you will set these values inadvertently or without clear understanding, it could lead to poor tuning results.

Method  Capacitance Type  Shield Pin ~ Target Value of Offset Tuning ~ Transmit Pin Power

Operating clock divided by 2
Operating clock divided by 4
Start the Tuning Process Operating clock divided by &
Operating clock divided by 8
Operating clock divided by 10

Operating clock divided by 12
NQperating clock divided by 14

configdl Self Capacitance  None Auto v Auto v
Method  Kind Name Touch Senser Mumber of Measurements / Mumber of Time, ﬂ\ﬂ easurement Frequency
configdl  Button(self) Button00  TS00 Auto Jd Auto w

g Automatic Ti b
Select setting values for each method / touch interface.
1. If you will set these values inadvertently or without clear understanding, it could lead to poor tuning results.
Methed Capacitance Type  Shield Pin  Target Value of Offset Tuning  Measured Current Range  Non-Measured Channel Qutput Select  Transmit Pin Power
configol Self Capacitance  None Auto v Auto v Auto v Auto v
Multi-Clock Measuring  Multiplier Rate 1 Multiplier Rate 2 Multiplier Rate 3 Judgement Type
System 3 Frequencies &4 55 73 Default
Methed  Kind Mame Touch Sensor  Number of Measurements / Number of Timef Measurement Frequency
configdl Button(self) Button0O TS11 Auto Auto W
|SUCLK divided by 1
SUCLK divided by 2
Start the Tuning Process SUCLK divided by 3
SUCLK divided by 4
SUCLK divided by 5
SUCLK divided by 6 Help
SUCLK divided by 7
a Automatic T X

Select setting values for each method / touch interface.

5, If you will set these values inadvertently or without clear understanding, it could lead to poor tuning results.

Method  Capacitance Type  Shield Pin  Target Value of Offset Tuning  Measured Current Range  Mon-Measured Channel Qutput Select  Transmit Pin Power
configdl  Self Capacitance ~ None Auto v Auto v Auto v Auto v

Multi-Clock Measuring  Multiplier Rate 1 Multiplier Rate 2 Multiplier Rate 3 Automatic Correction (Hardware)  Judgement Type
System 3 Frequencies v B4 55 v 73 v Enable w Default W

Method  Kind Name Touch Sensor  Number of Measurements / Number of Time
configdl Butten(self) Button00 TS08 Auto

Measurement Frequency

v

SUCLK divided by 1

SUCLK divided by 2
Start the Tuning Process SUCLK divided by 3
SUCLK divided by 4
SUCLK divided by 5

&J_CLK divided by 7

SUCLK divided by 6 Help

CTSU2SL

Figure 3-9 Setting of "Measurement Frequency"

R30AN0428EJ0100 Rev.1.00
Jun.20.23 RENESAS

Page 23 of 37




Capacitive Sensor MCU QE for Capacitive Touch Advanced Mode Parameter Guide

The setting is reflected in "sdpa" of the qe_touch_config.c. For instance, when the Capacitance Touch
Evaluation System with RX140 is used, if "8 division of SUCLK" is selected for the measurement frequency,
"sdpa = 0x07" is set.

const ctsu_element_cfg_t g ge_ctsu_element_cfg_config01[] =
{
{ .ssdiv = CTSU_SSDIV_4000, .so = 0x12B, .snum = 0x07, .sdpa = 0x07 },
IE
Note: Refer to the respective capacitive touch sensor hardware manual for more information on SDPA.
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3.3.1

Influence on Sensitivity by Changing Measurement Frequency

Table 3-10 shows the measured values (actual measurement examples) when RX140 mounted capacitance
touch evaluation system is used when the measurement frequency is changed.

Table 3-10 Measured values when the measurement frequency is changed (actual measurement example)

Capacitance Touch Evaluation System with CTSU2SL(RX140)

Self-capacitance method, Number of measurements: 8, Measurement current range: 40uA, Target value of Offset Tuning: 37.5% (averaged five times)

Avg. at touch Avg. at touch Signal value Avg. at touch
Measurement
OFF ON (Difference of touch ON/OFF) OFF
Frequency
A B B-A Noise value
4MHz 15359.2 18914 3554.8 30.2
2MHz 15408 17217.2 1809.2 18.2
1TMHz 15370.6 16306.4 935.8 14.2
0.5MHz 10881.8 11357 475.2 12.6

Note: The actual measurement was obtained from QE for Capacitive Touch's "CapTouch Status Chart (QE)
View" function. For more information, refer to e2studio “Help”.

When the measurement frequency is increased, the difference in the touch ON/OFF can be seen to be
large. However, when the measurement frequency is increased, overflow may occur during touch ON. If the
measurement frequency is increased forcibly when the parasitic capacitance is large, a measurement error
may occur.

Figure 3-10 shows the image of CTSU measurement when the parasitic capacitance is large and the
measurement frequency is increased. If the output of the pulse is faster than the charging time and the
parasitic capacitance is large at a higher frequency, charging/discharging may not be performed sufficiently.
As a result, measurement errors may occur. Therefore, it is necessary to set the measurement frequency to
match the parasitic capacitance.

Sensor VJ\ fiHz2) V, fi2 (Hz)

Drive Pulse | | | | | | >t _| |_| ot
Measurement % l\. l\ l\\ %%\ K
Block Input > t
Current : :

Insufflt:lent charge
= Count value error

\ Sufficient charge

= |deal count value
Measurement

Time

2 times per measurement
= 1/2 count value result

4 times per measurement
=x1 count value result

Figure 3-10 Image of CTSU measurement

When 0.5MHz is set and parasitic capacitance is low, averaging at touch OFF may not be set to around
156360. The reason is that the measured value does not reach the target value because the current supplied
from VDC is small because the parasitic capacitance is small and the current supplied to the current mirror
circuit is also small. In this case, increase the measurement frequency or decrease the Target value of Offset
Tuning.

Please make adjustments after sufficiently evaluating it in accordance with the specifications required by
the user.
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3.4 Measured Current Range

The "Measured Current Range" setting can be changed only with CTSU2/CTSU2SL.
In “Measured Current Range", the current mirror ratio between the current supplied from the measurement
VDC and the current flowing through the current controlled oscillator (CCO) via the current mirror circuit is
set for each method. Setting a low "Measuring Current Range" increases the sensitivity. This is because
CCO inputcurrent at the time of touch ON increases.
CTSU measures the capacitance by outputting a sensor drive pulse from TS pin and measuring the
charge/discharge current. The following equation is established.

I=FCV
Here, the current | is the sum of the current |1 supplied from the measurement VDC and the current |12
supplied from the offset current (DAC). For details, refer to "2.2.1 Principles of Detection" in the following
documents.
Capacitive Sensor Microcontrollers CTSU Capacitive Touch Introduction Guide (renesas.com)

A current IOUT proportional to CCO is applied to the current 11 supplied from the measurement VDC through
the current mirror. The "Measured Current Range" setting sets the current mirror ratio.

Figure 3-11 shows the measurement image when "Measured Current Range" is changed.

Normal output (40uA)

—— N :lour = 4 : 1
Power ! vDc
Supply [} élle—ol
- urrent Mirror

Hl ll lout=11/4=xUuA

«— /Dﬁm DpAC cco Sensor

N\ Counter
10nF; [=I1+12 —m

TSx swi1 %]‘—l
O iio —©
sw2 l‘\

Sensor Drive Pulse

ML

:.‘::cp
E 4

Figure 3-11 Measurement image when normal current (40uA) is used

Table 3-11 Default "Measured Current Range" settings

When self-capacitance method is used When using mutual capacitance method

CTSU2/CTSU2SL Normal current (40uA) High current (80uA)

In addition to the defaults, CTSU2/CTSU2SL can be set to low current (20uA) or high current (160uA).
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Figure 3-12 shows an example window for setting "Measured Current Range" with “Advanced mode”.

B fomaic T
Select setting values for each method / touch interface.

5, If you will set these values inadvertently or without clear understanding, it could lead to poor tuning results.

Methed  Capacitance Type  Shield Pin  Target Value of Offset Tuning ffMeasured Current Range  Non-Measured Channel Output Select  Transmit Pin Power

configdl  Self Capacitance  None Auto vj Auto v Auto v Auto v
Low-current output(20uA) |
Multi-Clock Measuring  Multiplier Rate 1 Multiplier Rate 2 MINormal cutput{40uA)
. High-current cutput({80ud)
System 3 Frequencies B = Very high-current output{160uA)
Methed  Kind MName Touch Sensor  Number of Measurements / Mumber of Time  Measurement Frequency
configdl Button(self) Button00 TS11 Auto Auto

Start the Tuning Process

Select setting values for each method / touch interface.

L. If you will set these values inadvertently or without clear understanding, it could lead to poor tuning results,

Method Capacitance Type  Shield Pin  Target Value of Offset Tuning | Measured Current Range  Mon-Measured Channel Qutput Select  Transmit Pin Power

configdl Self Capacitance  None Auto Auto v Auto v Auto v
§| Low-current cutput(20uA) s

Multi-Clock Measuring  Multiplier Rate 1 Multiplier Rate 2 Normal cutput(40uA) n (Hardware) Judgement Type
. . High-current output{80uA)

System 3 Frequencies &4 55 Very high-current output(160uA) Default
. > 4

Method  Kind Mame Touch Senser  Number of Measurements / Number of Time ~ Measurement Frequency

configdl Button(self) Button0D TS08 Auto Auto

Start the Tuning Process

CTSU2SL

Figure 3-12 Setting of "Measured Current Range"

The settings are reflected in the ge_touch_config.c. Normal current (40uA) is shown below.

.atune12= CTSU_ATUNE12_40UA,

Note: Refer to the respective capacitive touch sensor hardware manual for more information on ATUNE.
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3.4.1 Effects on Sensitivity by Changing the Measured Current Range

Table 3-12 shows the measured values (actual measurement examples) when RX140 mounted capacitance
touch evaluation system is used when the Measured Current Range is changed.

Table 3-12 Measured values when the Measured Current Range is changed (actual measurement example)

Capacitance Touch Evaluation System with CTSU2SL(RX140)
Self-capacitance method, Measurement frequency: 2MHz, easurement count: 8, Target value of Offset Tuning: 37.5% (averaged five times)
Avg. at touch Avg. at touch Signal value Avg. at touch
Measured Current Range | OFF ON (Difference of touch ON/OFF) OFF
A B B-A Noise value
20uA 15362.8 18897.4 3534.6 34.2
40uA 15429.4 17214 1784.6 19.4
80uA 16372.2 16254.8 882.6 11
160uA 10833.6 11271 437.4 8.2

Note: The actual measurement was obtained from QE for Capacitive Touch's "CapTouch Status Chart (QE)
View" function. For more information, refer to e2studio “Help”.

When the Measured Current Range is low, the difference in the touch ON/OFF can be seen to be large,
but when the current range is low, overflow may occur during touch ON. Perform adjustment after fully

evaluating the offset tuning to meet the user's required specifications.

When 160uA is used and the parasitic capacitance is low, the averaging at touch OFF may not be set to
around 15360. The reason is that the measured value does not reach the target value because the current
supplied from VDC is small because the parasitic capacitance is small and the current supplied to the current
mirror circuit is also small. In this case, lower the Measured Current Range or decrease the target value of

the measured value.
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3.5 Non-Measured Channel Output Select

The setting of "Non-Measured Channel Output Select" can be changed only with CTSU2/CTSU2SL.

In "Non-Measured Channel Output Select", the processing of non-measurement pins other than the
measurement pins during the measurement period is set for each method.

Noise suppression is possible by appropriately processing non-measurement pins.It is recommended to set
TS pin which is not measured to GPIO Low output for noise-suppression. In order to shield the external
influence while suppressing the increase of the parasitic capacitance when using the active shield, set the
non-measurement terminal to the common-mode pulse output which is the setting to output the shield signal
in the same phase as the sensor drive pulse during the measurement period. Table 3-13 shows the default
settings.

Table 3-13 Default "Non-Measured Channel Output Select" setting

When self-capacitance method is used | When using mutual capacitance method When using active shield

Same phase pulse output as transmission

Output low thorough GPIO channel through the power setting

CTSU2/CTSU2SL Output low thorough GPIO

Figure 3-14 shows an image of TS pin measurement in a touch interface configuration as shown in Figure
3-13. Since the active shield is set for the behavior of TS pin during config01 measurement period, the other
pin TS01,TS02 is in-phase pulsing while TS00 is being measured. During config02 measurement, TS04 that
TS03 is being measured is turned Low.

Config01 Config02
Shieldoo, TS02 8 Automatic Tuning Processing
Button00~ - Buttonol Button02 - Button03 Select setting values for each method / touch interface.
| L. 1 you will st these values inadvertes without clear understanding, it could lead to poor tuning results
500 Tsoi 1 TSo3 S04 Method  Capacitance Type  Shield Pin Target Value of Offset Tuning  Measured Current Range | Non-Measured Channel Output Select | Transmit Pin Power
e - — — configh Self Capacitance  Assigned (1S2)  Auto Aute (S phose pulee outputa: e Aute
configuz Self Capscitance  None Auto Ao R —
M song Codngutiond rensaq Multi-Clock Messuring  Mulip | Multipier Aate 2 Multp 3 Automatic Correction (Hardware)  Judgement Type
N Contigmtion] [Rewons Eoniiastio Syshin | 3 Bracoencles o 55 7 Enable Detault
. O [contez
Method Kind Name  Touch Sensor  Number of Messurements./ Number of Time | Measurement Frequency
(7] Available Button(self) Button00  TS00 Auto. Auto. i
[ avaitatie Button(self) Buttond!  TS01 Aute Aute
5 configrz Buttonise) Bumtond2 TS03 avto avo
B vt configto Buttonlsel) Button03 TSO4 Auto Auto
o Sensing by Hardnare Cltmable Clinatle -
—— Start the Tuning Process
Cancel e Cancel Help

Figure 3-13 Example touch interface configuration-
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TS00 (Button00)
Blue Wave: Uses TSCAP power

TS00 Measuring

TS00 Measuring TS00 Common mode
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Figure 3-14 Image of TS terminal measurement

This is an example of a Non-Measured Channel Output Select. Please refer to the following documents.
RL78 Family Capacitive Touch Sensing Unit (CTSU2L) Operation Explanation Rev.1.00 (renesas.com)

R30AN0428EJ0100 Rev.1.00 Page 29 of 37

Jun.20.23 RENESAS




Capacitive Sensor MCU QE for Capacitive Touch Advanced Mode Parameter Guide

Table 3-14 shows an overview of each process setting.

Table 3-14 Overview of processing settings

Non-Measured Channel Output Select setting Overview
Output low thorough GPIO This setting is used to output a Low from the non-measurement pin during measurement.
Hi-Z This setting is used to output a Hi-Z from the non-measurement pin during measurement.

Same phase pulse output as transmission This setting outputs a shield signal in phase with the sensor drive pulse from the non-measurement
channel through the power setting terminal during the measurement period.

Figure 3-15 shows an example window for setting "Non-Measured Channel Output Select" with “Advanced
mode”.

o A
Select setting values for each method / touch interface.

L. If you will set these values inadvertently or without clear understanding, it could lead to poor tuning results,

(Non-Measured Channel Qutput Select  Transmit Pin Power

Method Capacitance Type  Shield Pin = Target Value of Offset Tuning ~ Measured Current Range
Aug

Mone Auto v Auto Aut

configdl Self Capacitance

Output low through GPIO

Multi-Clock Measuring  Multiplier Rate 1 Multiplier Rate 2 Multiplier Rate 3 Judgemgr Hi-Z
Output low through the power setting (prohibited item)

System 3 Frequencies B = » Default Same phase pulse output as transmission channel through the power setting
Method  Kind Name Touch Sensor  Number of Measurements / Number of Time ~ Measurement Frequency

configdl Button(self) Butten00 TS11 Auto Auto

Start the Tuning Process

8 Automatic T
Select setting values for each method / touch interface.

L If you will set these values inadvertently or without clear understanding, it could lead to poor tuning results.

Shield Pin ~ Target Value of Offset Tuning  Measured Current Range Mon-Measured Channel Qutput Select  Transmit Pin Power

Method ~ Capacitance Type
Auto v Auto v

configdl  Self Capacitance  Mone Auto v Auto

GUtput low through GPIC

Multi-Clock Measuring  Multiplier Rate 1 Multiplier Rate 2 Multiplier Rate 3 AutomafjqHi-Z
Output low through the power setting (prohibited item)

System 3 Frequencies & = » Enable Same phase pulse output as transmission channel through the power setting
Method  Kind Name Touch Sensor  Number of Measurements / Number of Time  Measurement Frequency

configdl  Button(self) Button00 TS08 Auto Auto

Start the Tuning Process

Figure 3-15 Setting of "Non-Measured Channel Output Select"

The settings are reflected in the ge_touch_config.c. Below is an example of setting from GPIO to L-output.

.posel = GTSU_POSEL_LOW_GPIO,
Note: Refer to the respective capacitive touch sensor hardware manual for more information on POSEL.
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3.6 Multi-Clock Measuring/Multiplier Rate

The "Multi-Clock Measuring/Multiplier Rate" setting can be changed only with CTSU2/CTSU2SL.

In "Multi-Clock Measuring/Multiplier Rate", the number of times of measurement and measurement
frequency in multi-clock measurement are set from the multiplier rate.

Multi-Clock Measuring can be performed at multiple drive frequencies to avoid synchronous noise. By
default, the instrument measures three frequencies and makes a majority decision on the result at the three
frequencies to determine the measured value. For 3-frequency measurement, the frequency set in
"Measurement frequency" (sensor drive pulse frequency) is used as the first frequency, and the multiplying
ratio of the 2nd/3rd frequencies can be changed to any value. For details, refer to the following document.
Capacitive Sensor Microcontrollers CTSU Capacitive Touch Introduction Guide (renesas.com)

Figure 3-16 shows an image of multi-clock measurement (3-frequency measurement).
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and correction
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and correction

b —

Add and use Add and use

Time

Figure 3-16 Image of multi-clock measurement (3-frequency measurement)

Table 3-15 lists the default settings.
Table 3-15 Default "Multi-Clock Measuring/Multiplier Rate" Settings

Multi-Clock Measuring
Measurement Frequency

1st frequency Multiplier
Rate

2nd frequency Multiplier
Rate

3rd frequency Multiplier
Rate

CTSU2/CTSU2SL

3 Frequencies

64

55

73

The number of multi-clock measurements can be set at 1 frequency or 3 frequencies. For 3-frequency
measurement, the multiplier rate of the 2nd/3rd frequency can be set within the range of 32 to 80. The
multiplier rate of the 1st frequency is fixed at 64, and the frequency set in "Measurement frequency" is used.
Refer to 3.3 Measurement frequency for details. The measurement frequency according to the set multiplier
rate is displayed as shown in Figure 3-17.

Automatic Correction (Hardware)

Enable

Judgement Type

Multi-Clock Measuring  Multiplier Rate 1| Multiplier Rate 2§ Multiplier Rate 3
System 3 Frequencies 64 55 73 Default

Method ~ Kind Number of Measurements / Number of Time . Measurement Frequency
Auto 2,000 MI—‘_ 1.719 MH] 2,261 MHzI

Name Touch Sensor

i config01  Button(self) Button00 TS08
Figure 3-17 Measurement Frequency by Setting the Multiplier Rate

The formulas for calculating the measurement frequencies of the 2nd and 3rd frequencies when the
multiplier rate is changed are shown below.

Measurement frequency [2nd frequency] = Measurement frequency [1st frequency] x Multiplier rate [2nd
frequency]/Multiplier rate [1st frequency]

Measurement frequency [3rd frequency] = Measurement frequency [1st frequency] x Multiplier rate [3rd
frequency]/Multiplier rate [1st frequency]

Increasing the frequency difference for 3-frequency measurement tends to increase the dispersion of the
measured value.

In addition, the multiplier rate should be set so that the measured value does not overflow. The multiplier rate
should be set after thorough evaluation.

R30AN0428EJ0100 Rev.1.00
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Figure 3-18 shows a window example for setting "Multi-Clock Measuring/Multiplier Rate” with “Advanced

mode”.

@ hutomatic T
Select setting values for each method / touch interface.

& IFyou will set these values inadvertently or without clear understanding, it could lead to poor tuning results.

Method ~ Capacitance Type  Shield Pin  Target Value of Offset Tuning

Auto v Auto

Measured Current Range  Non-Measured Channel Output Select  Transmit Pin Power

configdl Self Capacitance  None v Auto v Auto v

Multi-Clock Measuring  Multiplier Rate 1 Multiplier Rate 2  Multiplier Rate 3 Judgement Type

3 Frequencies v b 55 v 73 v Default v

1 Frequency

Touch Sensor

Number of Measurements / Number of Time  Measurement Frequency

configdl Button(self) Button0o TS11 Auto Auto

Start the Tuning Process

-] a@
Select setting values for each method / touch interface. Select setting values for each method / touch interface.

8 o & 1 you il s hese s inacerter
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iype
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gt Fyse

Mui-Clock Measuring - Mutipher Rote fl outtpter Rate 2 [Ivuliper Rate 3 Judgerment Trpe

SpiEm s v 68 Ddmt v S Srandes v 88 5 y oo
M H b
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Start the Tuning Process Staet the Tuning Process 5
2
Help = tele
Select setting values for each method / touch interface.
4, If you will set these values inadvertently or without clear understanding, it could lead to peor tuning results.
Method  Capacitance Type  Shield Pin  Target Value of Offset Tuning ~ Measured Current Range  Non-Measured Channel Output Select  Transmit Pin Power
configll  Self Capacitance  None Aute v Auto v Auto v Auto v
Multi-Clock Measuring  Bultiplier Rate 1 Multiplier Rate 2 Multiplier Rate 3 Automatic Correction (Hardware)  Judgement Type
Systemfl 3 Frequencies v & 55 v 73 v Enable v Default v
Touch Sensor  Mumber of Measurements / Number of Time  Measurement Frequency
configdl Button(self) Button0D TS0B Auto Auto
Start the Tuning Process
o ©
Select setting values for each method / touch interface. Select setting values for each method / touch interface.
Seect T
« Ao v Ao
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Figure 3-18 Setting of "Multi-Clock Measuring/Multiplier Rate"

The settings are reflected in the ge_touch_define.h. The following is an example of the default setting when

3-frequency measurement is used.
#define CTSU_CFG_NUM_SUMULTI  (3)
#define CTSU_CFG_SUMULTIO (0x3F)
#tdefine CTSU_CFG_SUMULTI1 (0x36)
#define CTSU_CFG_SUMULTI2 (0x48)

Note: Refer to the respective capacitive touch sensor hardware manual for more information on SUMULTI.
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3.7 Transmit Pin Power

When the mutual capacitance method is used, I/O power supply of the pins set in the transmit pin is selected
for each method in the "Transmit Pin Power". The selected power supply is also used for the self-

capacitance active shield electrode.
This value uses the default setting and should not be changed. For details, refer to the following document.

RL78 Family Capacitive Touch Sensing Unit (CTSU2L) Operation Explanation Rev.1.00 (renesas.com)

Table 3-16 lists the default settings.

Table 3-16 Default "Transmit Pin Power" settings

When self-capacitance
method is used

When using mutual
capacitance method

When using active shield

CTSU1

VCC

VCC

CTSU2/CTSU2SL

VCC

VCC (private)

Internal logic power supply

(Power supply for active shield)

Table 3-17 outlines the settings in CTSU1.

Table 3-17 Overview of "Transmit Pin Power " settings for CTSU1

Power setting of transmit pin TXVSEL Overview
When self-capacitance vVee 0 Only the receive pin is used during measurement and the transmit
method is used pin is not used. The receiving terminal uses TSCAP power supply.
When using mutual The transmission pin is also used during measurement. Sensitivity
! 9 VCC 0 changes depending on the voltage of the transmission terminal.
capacitance method L )
The receiving terminal uses TSCAP power supply.

When using CTSU1, do not set TXVSEL = 1.

Table 3-18 outlines the settings in CTSU2/CTSU2SL.

Table 3-18 Overview of "Transmit Pin Power " settings for CTSU2/CTSU2SL

Power setting of transmit pin TXVSEL TXVSEL2 Overview
When self-capacitance Only the receive pin is used during measurement and
ap VCC 0 0 the transmit pin is not used. The receiving terminal uses
method is used
TSCAP power supply.
The transmission pin is also used during measurement.
When. using mutual VCC (private) 0/1 1 Sensﬁlylt){ changgs depending on Fhe voltage of the
capacitance method transmission terminal. The receiving terminal uses
TSCAP power supply.
Internal logic power supol The transmit terminal is used for the output of the shield
gic p F Supply pulse. It can act as a shield by outputting pulses of the
. . . (Power supply for active shield) ) - :
When using active shield RX RA:VCL 1 0 same phase and potential as the receiving terminal from
RL"REGC the transmitting terminal. The receiving terminal uses

TSCAP power supply.

Note: For details, refer to "2.3.1 Principles of Detection" in the following documents.

Capacitive Sensor Microcontrollers CTSU Capacitive Touch Introduction Guide (renesas.com)
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Figure 3-19 shows an example window for setting "Transmit Pin Power" with “Advanced mode”.

ﬁ-.:'-'-'.._.":."'.-.::':_ H
Select setting values for each method / touch interface.

L If you will set these values inadvertently or without clear understanding, it could lead to poor tuning results.

Method  Capacitance Type  Shield Pin  Target Value of Offset Tuning rTransmit Pin Power )

configd1  Self Capacitance  Mone Auto 4 Auto hd

Method  Kind Mame Touch Senser  Mumber of Measurdp] Internal logic power supply ement Frequency
configdl  Button(self) Button00 T500 Auto Auto

Start the Tuning Process

CTSU1

B futomatic Tun
Select setting values for each method / touch interface.

5, If you will set these values inadvertently or without clear understanding, it could lead to poor tuning results.

Method ~ Capacitance Type  Shield Pin  Target Value of Offset Tuning  Measured Current Range  Mon-Measured Channel Qutput Select ff Transmit Pin Power
configdl Self Capacitance  None Auto v Auto v Auto

Multi-Clock Measuring  Multiplier Rate 1 Multiplier Rate 2 Multiplier Rate 3 Judgement Type Internal logic power supply (Power supply for active shield)
System 3 Frequencies 64 55 73 Default W Clprivate] |
Method  Kind Name Touch Sensor  Mumber of Measurements / Number of Time  Measurement Frequency
configdl  Button(self) Button0d TS11 Auto Auto

Start the Tuning Process

CTSuU2

Q,-_----_ Tuning Processing *
Select setting values for each method / touch interface.

5, If you will set these values inadvertently or without clear understanding, it could lead to poor tuning results.

Method  Capacitance Type  Shield Pin  Target Value of Offset Tuning  Measured Current Range  Non-Measured Channel Qutput Select ff Transmit Pin Power

configdl Self Capacitance  None Auto v Auto v Auto Auto v

VCC
Multi-Clock Measuring  Multiplier Rate 1 Multiplier Rate 2 Multiplier Rate 3 Automatic Correction (Hardware)  Judgement TylY{ Internal logic power supply (Power supply for active shield)

System 3 Frequencies 64 55 73 Enable Default (Cloprivate)

Methed  Kind Mame Touch Sensor  Number of Measurements / Number of Time  Measurement Frequency

configdl Button(self) Button00 TS08 Auto Auto

Start the Tuning Process

CTSU2SL

Figure 3-19 Setting of "Transmit Pin Power"
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The settings are reflected in the ge_touch_config.c.

Below is a sample of CTSU1.

® Self-capacitance method/Mutual capacitance method used

. txvsel = CTSU_TXVSEL_VCC,

Below is a sample of CTSU2/CTSU2SL.

® When self-capacitance method is used
. txvsel = CTSU_TXVSEL_VCC,
.txvsel2= CTSU_TXVSEL_MODE,

® When using mutual capacitance method
. txvsel = CTSU_TXVSEL_VCC,
. txvse|2= CTSU_TXVSEL_VCC_PRIVATE,

® \When using active shield
. txvsel = CTSU_TXVSEL_INTERNAL_POWER,
. txvsel2= CTSU_TXVSEL_MODE,

R30AN0428EJ0100 Rev.1.00
Jun.20.23
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3.8 Automatic Correction (Hardware)

The "Automatic Correction (Hardware)" setting can be changed only in CTSU2SL.

In "Automatic Correction (Hardware)", it is set whether to process the correction computation with CTSU
peripheral. CTSU has built-in circuitry to compensate for the potential small variations in the current
controlled oscillator (CCO) MCU manufacturing process. CTSU drivers or software temporarily shift to the
compensation process at initialization after power-on. In the correction process, a correction circuit is used to
generate a correction factor to ensure accurate sensor measurements. In the correction calculation,
correction is calculated for the measured value obtained by using this correction coefficient.

Hardware processing of correction calculation eliminates the need for wake-up for each measurement and
contributes to power consumption reduction. For details, refer to the following document.

RX Family QE CTSU Module Using Firmware Integration Technology Rev.2.20 (renesas.com)

Enabled is the default setting. If it is set to "Disable", the correction calculation is executed by software.

Figure 3-20 shows an example window for setting "Automatic Correction (Hardware)" with “Advanced mode”.

&
Select setting values for each method / touch interface.

5. If you will set these values inadvertently or without clear understanding, it could lead to poor tuning results.

Methed Capacitance Type  Shield Pin  Target Value of Offset Tuning  Measured Current Range  Men-Measured Channel Qutput Select  Transmit Pin Power
configdl Self Capacitance  None Auto v Auto v Auto v Auto W

System 3 Frequencies v B 55 v T3

Multi-Clock Measuring  Multiplier Rate 1 Multiplier Rate 2 Multiplier Rate 3\‘{ Automatic Correction (Hardware)  Judgement Type
v Refault v

|

'l
Method  Kind Name Touch Sensor  Number of Measurements / Number T ==y
configdl Button(self) Button00 TS08 Auto Auto

Start the Tuning Process

CTSU2SL

Figure 3-20 Setting of "Automatic Correction (Hardware)"

The settings are reflected in the ge_touch_define.h. The following is an example when Automatic Correction
(hardware) is enabled.

#define CTSU_CFG_AUTO_CORRECTION_ENABLE (1)
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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 LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins
in a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the

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

Do not input signals or an 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or /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 Vin (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 ViL (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.
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1.
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14.

(Note1)

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

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

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

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

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

(Note2)
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