RENESAS Application Note

RA2A1 Group
QE for AFE[RA] Analog Front End Tuning Guide

Introduction

This document is an operation manual of “QE for AFE [RA]’ (call QE for AFE below) that is connected to
Evaluation Kit for RA2A1 MCU Group (EK-RA2AL1 board) for operation. For details of the MCU, refer to
“‘RA2A1 Group User's Manual: Hardware”.

The QE for AFE is used in combination with “RA2A1 Group Board Control Program for QE for AFE” which
is included in the QE for AFE.

Target Device
RA2A (R7TFA2A1AB3CFM)

Board to Be Operated
Evaluation Kit for RA2A1 Microcontroller Group: EK-RA2A1

RO1AN5973EJ0100 Rev.1.00 Page 1 of 58
Aug.20.21 RENESAS



RA2A1 Group QE for AFE[RA] Analog Front End Tuning Guide

Contents

I O 1V = V= 4
O V53 (T .4 IO AV =T YT SRR 4
1.2 Operating ENVIFONMENT .........uiiiiiiiii et e et e e e e e et e e e e e e s s st eeeeaeese s antaaeeeeaeesaassssaneeeeaeesaansnes 5
1.3 RETEIENCES ...ttt e oo e ettt e e oo e sk a b e b ettt e e e e e e ah bbb et e e e e e e e e b nbr e e e e e e e e e aanae 5
N = (=T o= = (o] o USSP 6
2.1 Installation of the QE fOr AFE .........uuuuuiiiiiiiiiiiiii e e an e aaaaaaaaananananannsnnnnnnnnnnnnnnnsnnnnns 6
2.1.1 Update of the QE fOr AFE .......uuiiiiiiie e e et e s e e e e e e e s e e e e e e e e s st ate e e e e e e e e s ssnnnaneneaeenas 7
2.1.2  Uninstall of the QE fOr AFE ...t e e e e e e s et e e e e e e e s s nbnneeeeaaeeeas 7
2.2 Programming of the board control program for the QE for AFE ..o, 7
2.3 Settings Of the target DOAI ........veiieiiieie ettt et e e rbre e e e anens 7
2.3.1 Set the operating mode to “Single-Chip MOAE”...........uuiiiiiiiiii e 7
2.3.2 Reference voltage pin connection setting when using ADCL6 ..........ccooiiiiiiiiiiiiiiiicre e 7
G T o 1 ] = ox 1 o] o RPN 8
3.1  Precautions when CoONNECHNG UART .......uuuuiiiii s 9
3.1.1 Do not use power supply function of USB-UART @dapter ..........cccccoiiiiiiiiiiiii s 9
3.1.2 Baud-rate Changing PrOCEAUIE..........uuuuueiiieiiiii s 9
4, EVvaluation EXAMPIES .....uuuiii i e e e e e e e et e e e e e e aa it aeaaaeaaane 10
4.1 EVAIUALION PrOCEAUIE ......eeiiiiie ittt ettt e e e e e sttt e e e e e s s b b e e et e e e e e s aanbbbe e e e e e e e e e annnnnneeas 10
A1 1 PrEPAIAtiON .o ——————————————————————————————————————— 11
4.1.2 Connect host PC to the target DOAId..........c.uuiiiiiiiiii e e 11
4.1.3 Connect the QE for AFE and the target board ... 11
4.1.4 Import the register SEtNG file .........ooo i 12
4.1.5 Configuration Of DACS .......ccooiiiiie i ——————————— 13
4.1.6  Configuration Of OPAMP ... ————————————— 14
4.1.7  Configuration Of ADCLE ......cccoiiieii i ————— 15
4.1.8 Confirmation Of CONNECHION...........uuiiiiiie it e e r e e e e e s r e e e e s e ennnee e eeeeeeesannneneees 16
e B & L= 1= Tox 1T g I (o TN A2 N PSS 17
o OS] = 14 A (1 11 o S SO OUPRTPP 18
4.1.11 Display Of the graph ...t e e e et e e e e e e e et b e e e e e e e nn e e eas 19
4.2  Evaluation example Of SDADC24 ... ittt e e e et e e e s e e e e e e s eas 20
4.3  Evaluation eXample Of ADCLE ..........eeiiii it e e e e e e e e s b e e e e e e s e s bbb e e e e e e e e e e anbeeaeeas 22
4.4 Evaluation example Of ACMPHS ... .. ettt e e s sabe e e s snnneee s 24
4.5 Evaluation example Of ACMPLE ...ttt st e st e e nnbe e e e snnneee s 27
5. EXplanation of FUNCHONS ... e e e e e e e e e 30
S0 A N R @ ] =3 1T o SO 31
S0 I O @0 o 4T T o 1 T T 1) SRR 31
L0 2 o o 1Yo 1o i - oSSR 34
RO1AN5973EJ0100 Rev.1.00 Page 2 of 58

Aug.20.21 RENESAS



RA2A1 Group QE for AFE[RA] Analog Front End Tuning Guide

B5.1.3  SDADC24 A0 .. .eeiieiiiiiie et et e e e et e e et b e e e e e bb e e e e abre e e e abaeeeeaans 35
ST 0 S B L O3 G 3 = o TR UPPTOUPPTOURTRPR 37
B.15 OPAMP 18D ...ttt bbbt h bt h b e e e bt e eRbe e e bt e e abee e ebeeennneeans 39
ST LG I B X0 = o RO PTOUPPTOURTRPR 41
oI O A B ) A\ @31 22 - | o PP UPRPRPPRRN 43
B5.1.8  ACMPHS 18D . ettt e e b et e et e e e b et e e e e bbe e e e e bae e e e abreeeeabaeeeeaans 45
B5.1.9  ACMPLP 18D ... ettt e et e e e e b e e e e e e bbe e e e abreeeeabaeeeeaans 47
T2 |V o 11 (o PR P R OPPPPRR 49
02 A O] 1211 4 To o I8 11 o1 0 o 1S PR P PP 49
5.2.2 Display Of the WaVEOIM .......coi ettt e e e bt e e s bbeeeeaaes 52
5.2.3 Display Of the NiStOGIramM ...........uuiiiiiiei e e e e s r e e e e e s e s e e e e e e e e s s annraneeaaeaeas 53
5.2.4  DiSPlay Of FAW QALA........uuuuuuuieiiiiiiiiiiiiiii s 54
ST T 11 (= PP O PP PUPRPPPURRRN 55
5.3.1 Frequency characteriStiCS Of SINC3 ...ttt e e et e e e sbeeeaeaaes 56
ST O 1 1] =1 1o o SRR 57
LAY o] T 151 (o] Y2 PSR 58
RO1AN5973EJ0100 Rev.1.00 Page 3 of 58

Aug.20.21 RENESAS



RA2A1 Group QE for AFE[RA] Analog Front End Tuning Guide

1. Overview

1.1 System Overview

The QE for AFE is a development assistance tool that supports the development of embedded systems that
perform highly accurate sensing using microcontrollers with a built-in AFE. The QE for AFE perform serial
communication with the EK-RA2A1 board (called target board below) via USB connection to set the registers
of the AFE, control operation of the AFE, and obtain and display A/D conversion values as a graph. The QE
for AFE is a stand-alone tool (.exe) that runs on your local PC.

The main functions are listed below.

(1) Perform the following operations with serial communication through the target board by USB connection.
Checks the connection with the target board.

Obtains and sets RA2A1 register values.

Requests the target board to start and stop A/D conversion and comparator operation.

Obtains A/D conversion values / comparator output (A/D conversion performs the continuous scan
mode).

(2) Analyzes and displays the obtained A/D conversion values / comparator output as follows.
o Displays a waveform of the A/D conversion values or comparator output.

e Analyzes and displays a histogram of the A/D conversion values.

e Displays various measurement results.

(3) Obtains and sets AFE register setting values.

e Selects and specifies register parameters in a block diagram.

o Displays the register setting values for parameter.

o Displays a SINCS filter frequency-gain characteristic graph based on register setting value.

Connection diagram
Selects register parameters in a
block diagram

SINC3 Frequency-Gain
characteristic graph

Figure 1-1 Main functions of the QE for AFE
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1.2 Operating Environment
The operating environment of the QE for AFE is as follows.

Table 1-1 Conditions for operation

ltem Details Remark

OS of host PC Windows10 (64bit) -

Target board EK-RA2A1 board -

QE for AFE QE for AFE[RA] V1.10 -

Board control program for the QE for | QE_for_AFE_uart Please refer to RO1AN5795

AFE QE_for_AFE_usb Application Note: RA2A1
Group Board Control Program
for QE for AFE

Write the board control program for QE
for AFE to RA2A1

Power supply

""" ke o fll Serial communication

Target board Host PC

Figure 1-2 Operating environment of the QE for AFE

1.3 References

e RO1UH0888 RAZ2A1 Group User’'s Manual: Hardware
e RO1AN5795 Application Note: RA2A1 Group Board Control Program for QE for AFE
e R20UT4580 Evaluation Kit for RA2A1 Microcontroller Group EK-RA2A1 User’'s Manual
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2. Preparation
The necessary preparations to use the QE for AFE are as follows.

e Installation of the QE for AFE
e Programming of the board control program for the QE for AFE
e Settings of the target board

2.1 Installation of the QE for AFE

The QE for AFE is provided in a zip package. The procedure how to use the QE for AFE is as follows.

(1) Unzip the zip file anywhere on your PC.
Unzip the zip file in a shallow folder hierarchy.
Note: Do not place it under the OS program folder (C:\Program Files).

(2) Double-click “\eclipse¥ ge-afe.exe” and start the QE for AFE.

RenesasQE_AFE_RA_V110
afeConfig
eclipse
configuration
features
META-INF
p2
plugins
readme
| B artifacts.xml
| = eclipsec.exe
_G notice_eclipse.html
B qe-afeexe
&1 ge-afe.ini
76‘ readme_eclipse.h

™

Figure 2-1 EXE file of the QE for AFE

(3) The license dialog is displayed when the QE for AFE is started for the first time. Check the contents of the
license and select “Agree” or “Disagree”.

G £nd User License Agreement X

USER LICENSE AGREEMENT A
IMPORTANT-READ CAREFULLY

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

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

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

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

the SOFTWARE PRODUCT

1. SOFTWARE PRODUCT LICENSE v

Figure 2-2 License agreement dialog

(4) If you select “Agree” in the above step, the QE for AFE will be launched and ready to use.
If you select “Disagree”, the QE for AFE will not start and you will not be able to use it.
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2.1.1 Update of the QE for AFE
If you want to update the QE for AFE, you can update using the same procedure as installation.

2.1.2 Uninstall of the QE for AFE
If you want to uninstall the QE for AFE, delete the folder where you unzipped the zip file.

2.2 Programming of the board control program for the QE for AFE

For the method of programming the board control program to RA2A1 on the target board, please refer to
the application note: “RA2A1 Group Board Control Program for the QE for AFE”.

2.3 Settings of the target board

2.3.1 Set the operating mode to “Single-chip mode”
Set “J8” jumper pin on the target board to “INTERNAL FLASH”.

2 p
I ® INTERNAL
e FLASH
® @ sCi/use
o=e BOOT/

CETH

Figure 2-3 “INTERNAL FLASH” mode setting

2.3.2 Reference voltage pin connection setting when using ADC16
The reference voltage pins for ADC16 is as follows.

¢ Positive reference voltage: Reference voltage pin (VREFHO) or Internal reference voltage (VREFADC)
¢ Negative reference voltage: Reference ground pin (VREFLO)

On the EK-RA2A1 board, VREFHO and VREFLO are open. Therefore, when using ADC16, it is necessary to
supply reference voltage to these pins.

Pin 34 (VREFLO) and pin 36 (AVSSO0) of “J2” on EK-RA2A1 board are adjacent pins, and can be easily
connected using jumper as shown below.

Figure 2-4 VREFLO connection example when using ADC16
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3. Connection
Before connecting the host PC and the target board, refer to “2. Preparation” to complete the preparation.

Follow the procedure below to establish a connection in order to operate RA2A1 on the target board from
the QE for AFE.

(1) Connect the host PC and the target board with a USB cable.

The communication between the host PC and the target board can be selected from USB PCDC or SCI
UART. “Board control program for the QE for AFE” corresponding to each communication is included in
the QE for AFE package. Either communication to be used is depends on the “board control program for
QE for AFE” which is programmed to RA2A1 on the target board.

Figure 3-1 shows the connection diagram between the host PC and the target board.

For USB connection

DEBUG USB

USB2.0FS

DEVICE USB

USB2.0FS

For UART connection

i DEBUG USB

USB2.0FS

USB-UART - .
Conversion board Target board

Figure 3-1 System connection diagram

For details on the target board, refer to “RA2A1 Group Evaluation Kit for RA2A1 Microcontroller Group
EK-RA2A1 User’'s Manual”.

(2) Start the QE for AFE
Start the QE for AFE on host PC.

(3) Select of AVCCO voltage
Select the voltage range to provide AVCCO.

® COM Port: v Connect &

27V=AVCCO=55V ~

27NV =AVCCO=55V
22V =AVCCO <27V

Voltage

Figure 3-2 Selection of AVCCO voltage
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(4) COM port selection and connection with the target board
Confirm “COM Port” of “USB Serial Device” from Device Manager on host PC, and set it in the QE for
AFE. After setting of “COM Port”, connect the QE for AFE to the target board.
Figure 3-3 shows the selection of the “COM Port” and connection control with the target board.

®

COM Port:

Figure 3-3 COM port selection and connection control

3.1 Precautions when connecting UART

3.1.1 Do not use power supply function of USB-UART adapter

Some USB-UART adapter can supply 3.3V. To prevent supplying different voltage to the EK-RA2A1 board
from different power source, do not use 3.3V supply function from USB-UART adapter.

3.1.2 Baud-rate changing procedure

After reset the target board, connect with the default baud-rate of 1,000,000bps. Once connected, the baud-
rate can be changed by clicking the icon below.

= 8

® CcOM Port: COM4 Disconnect E &

Voltage |27 V = AVCCO = 5.5V Ly

Figure 3-4 UART baud-rate setting

The baud-rate can be selected from the pull-down menu, or can be entered directly as shown below.

" ConnectSetting X

The maximum bitrate is 3

The current bitrate is 1000

Figure 3-5 UART baud-rate selection

RO1AN5973EJ0100 Rev.1.00 Page 9 of 58
Aug.20.21 RENESAS




RA2A1 Group QE for AFE[RA] Analog Front End Tuning Guide

4. Evaluation Examples

This application note provides a register setting file that can be imported into the QE for AFE. This chapter
describes the procedure to import the register setting file and evaluation. Table 4-1 lists the register setting
files.

The detailed evaluation procedure is explained in “4.1 Evaluation Procedure”, and the setting example of
each function is show in “4.2 SDADC24 Evaluation Example” and later.

Table 4-1 List of the register setting file

Register setting file name Descriptions Reference

ge_afe_sample_dac8 adcl16.2al | The output of DAC8 is used for the input of ADC16 via | 4.1
OPAMP for A/D conversion.

This register setting file is for checking the operation of
the QE for AFE. You can check the operation without
using external analog signal.

ge_afe_sample_sdadc24.2al The analog signals from AN022 pin and AN023 pin are | 4.2
used for SDADC24 A/D conversion.

ge_afe_sample_adcl6.2al The analog signal from ANOO8 pin is used for ADC16 4.3
A/D conversion.

ge_afe_sample_acmphs.2al ACMPHS comparator compares the analog signal 4.4
from ANOOO pin with the DAC12 output voltage.

ge_afe_sample_acmplp.2al Two ACMPLP comparators operate as “window 4.5

comparator” which compare the analog signal from
CMPIN1 pin with the two DACS8 output voltages.

4.1 Evaluation Procedure

This chapter describes the evaluation procedure when the output of DACS8 is used for the input of ADC16
via OPAMP for A/D conversion.

o Register setting file: ge_afe_sample_dac8 adcl16.2al

In this example, it is not necessary to supply reference voltage and input signal from outside of the target
board. Therefore, it is easy to check how to use the QE for AFE.

USB PCDC is used for the communication between the QE for AFE and the target board.

EK-RA2A1
RA2A1
DACS8
AVCCO = DIAC i
VaIu: g\:aetgsr:gn ‘ D/A Converter A/D Converter ’ AR/D p?ta
AVSSO0 é Register egister
VREFLO
Figure 4-1 Evaluation Procedure: AFE connection
RO1AN5973EJ0100 Rev.1.00 Page 10 of 58
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4.1.1 Preparation
Follow “2 Preparation” to prepare for using the QE for AFE.

e Installation of the QE for AFE

e Programming of the board control program for the QE for AFE

e Settings of the target board
— Set “J8” jumper pin on the target board to “INTERNAL FLASH”.
— Short “VREFLO” pin and “AVSS0” pin to use ADC16.

4.1.2 Connect host PC to the target board
Connect host PC and the target board as shown below.

DEBUG USB

USB2.0FS

DEVICE USB

USB2.0FS

Target board EK-RA2A1 Host PC

Figure 4-2 Evaluation Procedure: Connect host PC and the target board

4.1.3 Connect the QE for AFE and the target board
Start the QE for AFE.

3.3V is supplied to AVCCO of the target board. Select the voltage range to provide AVCCO as shown below.

® COoM Port: v Connect 3

Voltage

27V=AVCCO=55V ~

27V =AVCCO =55V
22V =AVCCO <27V %

Figure 4-3 Evaluation Procedure: Selection of AVCCO voltage

Select “COM Port”, and click “Connect”.

®

COM Port:

Figure 4-4 Evaluation Procedure: COM port selection and connection control
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In the QE for AFE console, verify that the connection was successful. If the connection is successful, the
register value is also automatically written to the target board.

B Console =

QE for AFE

[Info]Connect succeeds.

[Info]lWrite DAC12 register value to the target board successfully.
[InfolWrite ADC16 register value to the target board successfully.
[Infollrite OPAMP register value to the target board successfully.
[InfolWrite ACMPLP register value to the target board successfully.
[InfolWrite ACMPHS register value to the target board successfully.
[Info]lrite DAC8 register value to the target board successfully.
[InfolWrite SDADC24 register value to the target board successfully.

Figure 4-5 Evaluation Procedure: Successful connection

4.1.4 Import the register setting file
Select “AFE Connection” tab, and display the setting.

AFE Connection JMgnitor Filter

Figure 4-6 Evaluation Procedure: AFE Connection tab

Click the icon as shown below, import the register setting file.

= 8

) COM Port: COM4 Disconnect £ &%

Voltage 2.7 V= AVCCO = 55V wd

Figure 4-7 Evaluation Procedure: Import icon

Once select the register setting file, the window as shown below will be displayed. Make sure all functions
are checked, and click “OK”.

" Register setting file

Register setting file The configuration file name saved after
import is displayed
pDADC24 Register Setting Name |qe_af;_samme_dacs_adﬂﬁ
hDC16 Register Setting Name || qe_afe_sample_dacs_adc16
ppamp Register Setting Name |qe_afe_samp\e_dac8_adc 16
bacs Register Setting Name [qe_afe_sample_dacs adc1s
baci2 Register Setting Name [ qe_afe_sample_dacB_adc 16
hcMPHS Register Setting Name [ qe_afe_sample_dacB_adc 16
hcmPLP Register Setting Name || qe_afe_sample_dacg_adc16
Checked functions will be imported Ft

Figure 4-8 Evaluation Procedure: Selection of the register setting file
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4.1.5 Configuration of DAC8

In the register setting file, DAC8 Channell is used to perform D/A conversion of 0x73 to generate an analog
signal (about 1.5V).

Select “DACS8” tab, and display the setting.

"I QE for AFE(RA)
File Window Help
[ AFE Tuning RA(QE) 32 |

Connection | SDADC24 ‘ ADC16 ‘ OPAMPY DACS |DACT2 | ACMPHS | ACMPLP‘

Figure 4-9 Evaluation Procedure; DACS8 tab

DACS is configured as shown below.

{ QF for AFE(RA)

Trh MHUED ANT

[ AFE F2-=24 RA(QE) B =
® comiti-+ Comd F-rubf-FEOERENLIT @ @
B | SDADC24|ADC16 OPAMP DACB| DAC12| ACMPHS ACMPLP BE [QIVZAVCCD=55V S in oA
qe_afe_sample_dacB_adc16  ~ | BRRIFEL o MR ]
DACB
DAM 20
DACPC 00
Channel 0
DACS0 00
Channel 1
DACS1 73
Charge Pump Pin Settings
Disable = Poo2prs [] |ooa18000
* P02 has been assigned to DAS 1
(Channel 0 Disable - Please do not enable the following pins:
Outputtopin o pus g - ANDOT on the [ADC16] tab.
Conwersion Value{Hex) - - AMP2+ on the [OPAMF] tab,
PO13PFS [ 00018000
*P013 has been assigned to DAS 0.
Dissble -~ —CUPULIOPIn_ o pp g Please do not enable the following pins:

- ANDOS on the [ADC16] tab.

E Channel 1 | Enable =
g Conversion Value{Hex) 73
H IVCMP1 on the [ACMPHS] tab.
* - AMP1+ an the [OPAMP] tab,
Enable DAC8 chl
Set D/A conversion value

B Console = [ Y] #8~f~"19
|QE for AFE

AFEESR T-7- TF

Figure 4-10 Evaluation Procedure: Configuration of DAC8
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4.1.6 Configuration of OPAMP
In the register setting file, OPAMP2 is used and select the output from DAC8 channel 1 as input signal.

Select “OPAMP” tab, and display the setting.

" QE for AFE(RA)
File Window Help
[ AFE Tuning RA(QE) |

Connection | SDADC24 |ADC1 OPAMP DAC8| DAC12 | ACMPHS | ACMPLP‘

Figure 4-11 Evaluation Procedure: OPAMP tab

OPAMP is configured as shown below.

{ QF for AFE(RA)

Trh MHUED ANT

[ AFE F2-Z34 RAQE) B =B

® comiti-+ Comd F-rubf-FEOERENLIT @ @

¥ SDADC24|ADC16 OPAMP DACB DAC1Z| ACMPHS ACMPLP BE QIVSAVCCD=55V S in oA

qe_afe_sample_dacB_adc16  ~ | BRRIFEL o MR ]
AMPO- =

ENE

AMPOOTN

OPAMP1
AMPIMS

AMP1PS
AMP1OTP
AMPIOTN

OPAMPL bie -
- Charge Pump — OPAMP2
AMP2MS a0
AMP1+ AMPZPS 80
— o AMP2OTP 00
AMP1 e AMP2OTN
) Enable P002 settings o sete
Select the DAC8 Ch1 output
as the AMP2+ input = Enable OPAMP2 '
OPAMPZ | Enable - A
DAB_1 -
AMP2+ —l—» Disable = Charge Pump | Dissble = po13prs [ 00018000
P Disable - * P013 has been assigned 1o AMP1+.

Please do not enable the following pins:

EIENEE

AMP2 0 - DACE channel 0 output on the [DACE] tab.
AMP2- PsooPFs [ 00018000
* P500 has been assigned to AMPO+.
Please do not enable the following pins:
Select the AMP2 output - DAC12 output on the [DAC12] tab. .

P as the AMP2- input

& Console &2 B g ————

'QE for AFE

Figure 4-12 Evaluation Procedure: Configuration of OPAMP
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4.1.7 Configuration of ADC16

In the register setting file, ADC16 sets the OPAMP2 output to the input signal, and set the A/D conversion
cycle to 0.40625ys.

Select “ADC16” tab as shown below, display the setting.

"I QE for AFE(RA)
File Window Help
[ AFE Tuning RA(QE) i |

Connection | SDADC24 ADC16 OPAMP| DAC8| DAC12 ‘ ACMPHS | ACMPLP‘

Figure 4-13 Evaluation Procedure: ADC16 tab

ADC16 is configured as shown below.

£ QE for AFE(RA)

TP HMIED AT

[ AFE F2-=2% RA(QE) 2 =B
J-TobF-FEOBERENNLET © &

B SDADC24 ADC16| OPAMP DACB DAC12Z| ACMPHS ACMPLP| 27V = AVCCO = 55V i el

qe_afe_sample dac8: || BRfER L 713 mt
' . ADC16 ~
WREFHO Internal reference voltage H
ADANSAD 1
VREFLO H P f DANS Lt
‘nciog Ml VREFADC |ESRRS i ADANSA1 o000
0g Multiplexer (Pos) | votege |23 - ) : Ao —
Intemal reference voltage H>- Disable - e ————————a
Temperature sensor output —————— | Disable - ADADS1 0000
SBIAS/VREF] ———————————————————1% Disable ADADC 00
oz [Pomoe < Enable AMP20 / AN008 connection ADCER o)
AN022 ————————————1b Disable. - » ADEXICR 0000
AN02] —————————————————1 Disabl Decoder
e Sampling circuit ADSSTRO0 oD
AN020 » Disable P
ntermal reference
AN01§ ———————————————1P Disable voltage ADSSTROT 0D
R ——————— ] Temperature ADSSTROZ oo
sensor output
ANOI7 ————————— 1 Disable. ADSSTRO3 [
SBIAS/VREFI, AND16
ANOLE ————— | Disable.
e [ o ANOLS - AN nows ADSSTRO4 [
ADSSTROS oD
ANODS — Signie-ended 1® Disable Anoos 040625 ANDLE
ADSSTRS
AN0D4 — Signle-ended +# Disable - f——#{ ANOO? AND19 DSSTROE oo
ANOD2 — Signie-nded # Disable - ANOOE A0 ADSSTRO? oo
ANODO — Signie-andsd ei# Disable - Angos Aozt ADSSTRO8 [
ANDZ2
ANOOA ADSSTRL [
Analog Multplexer (Neg) ANDOT AND23
ANDO3 3
ANOD7 + Disable - 002 ¥ ANOOS  Disable - S'uﬁg"“r? ADSSTRT L
AN
ANOOS » Disable - ! e Intemal reference voltage ADSSTRO AD
Ano03 oisable - Anoot s Temperature sensor output VREFAMPCNT 1E
Anoo1 » Dissble - Anaoo b Count ADANIM 0000
Motinversion = Pin Settings
nananee [ Annsannn v
AFEEE Eo5- DS
B Console & bl #8~-8~+=0

‘QE for AFE

Figure 4-14 Evaluation Procedure: Configuration of ADC16
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4.1.8 Confirmation of connection

Select the “Connection” tab as shown below, and confirm the connection.

" QE for AFE(RA)
File Window Help

£ AFE Tuning RA(QE) 5|

ConnectionlSDADC24 ADC1 6| OPAMP‘ DAC8| DAC12 | ACMPHS ‘ ACMPLP|

Figure 4-15 Evaluation Procedure: Connection tab

The settings of DAC8, OPAMP, and ADC16 are reflected in the connection diagram.

{ QF for AFE(RA)
File Window Help
[ AFE Tuning RA(QE) &

Connection SDADC24 ADC16 OPAMP DACE DAC12 ACMPHS ACMPLP

¥ Legend

(® COM Port:  COM4 et Connect ® @

Voltage 27V=AVCCO=55V ~ e o3

2 ANOLE
Inactve @ DAC @ OPAMP ® ADCL6 aNOL7
@ S0ADC24 @ ACMPHS @ ACMPLP @ PIN AND18
o
i
e
e
ANO23
P
OpAmp2-Out I
OpAmpL-PlUS
vt
Opamp1-Out
Opamp0-Plus
oot
-
CHPIND
OpAmp0-Out g:::f;'
AFE Connection Monitor Filter
B Console Bv~=0O
No consoles to display at this time.
Figure 4-16 Evaluation Procedure: Connection diagram
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4.1.9 Reflectionto RA2A1

For each setting of “DAC8”, “OPAMP”, and “ADC16”, once the icon as shown below is clicked, the register
setting value of each function will be reflected to RA2A1 on the target board.

If the value other than the initial value has been set to the register of the functions other than these three
functions before importing the register setting file, make sure to write to the functions for which the value
other than the initial value has been set, in the same way.

I AFE Tuning RA(QE) & = g
® COM Port:  COM4 Disconnect | & &

Connection | SDADC24 | ADC16 | OPAMPY DACE JDAC12| ACMPHS | ACMPLP Voltage 27V = AVCCO=55V [y

Figure 4-17 Evaluation Procedure: Reflection of DACS8 register value

1 AFE Tuning RA(QE) &2 = 8
® COM Port:  COM4 Disconnect | % %

Connection SDADC24 ADC16|JOPAMP |DAC8 DACT2| ACMPHS | ACMPLP Voltage |27V = AVCCO =55V T
El:

Figure 4-18 Evaluation Procedure: Reflection of OPAMP register value

=

[ AFE Tuning RA(QE) 2 =
& CoM Port: coM4 Disconnect | %

Connection SDADC24) ADC16 JOPAMP| DAC8 DAC12 | ACMPHS | ACMPLP Woltage 27V =AVCCO=55V U]

Figure 4-19 Evaluation Procedure: Reflection of ADC16 register value

In the QE for AFE console, verify that the register values of all related functions are reflected to RA2AL1.

Bl Console &
QE for AFE

(LU Wl LUE UALLZ T EEI3LEl VOIUT LU LIE LGOI ECL UUGH U SULLCSSIULLy.
[Info]Write ACMPHS register value to the target board successfully.
[Info]Write ADC16 register value to the target board successfully. The result written at the time of connection is displayed
[Info]Write DAC8 register value to the target board successfully.

[Info]Write ACMPLP register value to the target bo_ar“d successfully.
[Info]Write DAC8 register value to the target board successfully.

[Info]Write OPAMP register value to the target board successfully. The result written after setting is displayed
[Info]Write ADC16 register value to the target board successfully.

Figure 4-20 Evaluation Procedure: Successfully reflected
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Aug.20.21 RENESAS




RA2A1 Group QE for AFE[RA] Analog Front End Tuning Guide

4.1.10 Start tuning
Select “Monitor” tab, and switch the display.

AFE Connectio Filter

Figure 4-21 Evaluation Procedure: Monitor tab

Select ADC16 to be monitored from the pull-down menu as shown below, and select “Auto” mode. The
mode can only be selected if ADC16 is selected for monitoring.

The selection of monitoring function is made while AFE tuning is stopped.

“{© QE for AFE(RA) "I QE for AFE(RA)

File Window Help File Window Help
[ AFE Tuning RA(QE) &2 1 AFE Tuning RA(QE) 2
Monitor target SDADC24 ~ | |One-shot Monitor target ADC16 ~ || One-shot ~

One-shot

SDADC24
Channel setting
ADC16-Temperature sensor output [#] ANDDO [+] ANDOT [#] ANDD2 [/] ANOD3 [] ANDD4 [»] ANOOS [w] ANOOE |

ADC16-Internal reference voltage
ACMPHS <
ACMPLP

Figure 4-22 Evaluation Procedure: Selection of monitoring function

Click the icon as shown below, start AFE tuning.

= 0

® COM Port: COM4 Disconnect & @

Iﬁ@@;ﬂ

Figure 4-23 Evaluation Procedure: Start AFE tuning

In the QE for AFE console, verify that the AFE tuning is started.

= Console &
QE for AFE

i i cessfull;r .
[Info]Start AFE tuning.

Figure 4-24 Evaluation Procedure: Tuning is started
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4.1.11 Display of the graph

In the initial state, the waveform is displayed on the left side of the screen and the histogram is displayed on
the right screen. If the waveform is not displayed, clock the icon below to display the waveform.

- X

= B8
® COM Port:  COM4 Disconnect | #% &

& @sa

Figure 4-25 Evaluation Procedure: The icon to display the waveform

If the histogram is not displayed, clock the icon below to display the histogram.

— x
= 8
® COM Port:  COM4 Disconnect | # &

f.‘BEI

Figure 4-26 Evaluation Procedure: The icon to display the histogram

The value of the ADC16 conversion result register is displayed graphically. It is possible to change both X-
axis and Y-axis range of the graph as shown below.

[, QE for AFE(RA) = [=] X
File Window Help
AFE Tuning RA(QE) .
Select ANOO8 as the waveform display channel T Fe—
G i

Monitor target ADC16 Auto

Channel setting “ | Channel selection | ANOOB ~ . .
! ! N0O4 ! NOOT (2] ANODS » [ Auto Scaling Select ANOO8 as the histogram display channel

[ Auto Scaling v
S S Disable auto scale to adjust

display range

& Disable auto scale because there is only one
display channel

6967.10

5371.80

437650

3981.20

298590

109.00 119.00 129.00 139.00 149.00 159.00 169.00 179.00 189.00 19900 209.00
= &

< >

~ Parameters
1968000 1969000 1970000 1971000 1972000 1973000 1974000 1975000 1976000 19770.0019780.00
SPS 4 ! (sample per second)
X-Asis

Time Top(ms) Time Width(ms} 100 - Parameters

Y-Amis X-Axis
{ sample Max 65535 Sample Min 5 i { Max 19780 Min 19680 f Adjust the display range
k X Classes |50
== hange the number of cl
- - Change the number of classes
AFE Connection Manitor Filter Set Y axis to maximum range 9

© Console
QE for AFE
[[Tnfolstart AFE tuning.

B =2

Figure 4-27 Evaluation Procedure: Graph settings
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4.2 Evaluation example of SDADC24

This chapter shows an example of acquiring the result of SDADC24 A/D conversion of the input signal from
ANO022 pin and AN023 pin as shown in Figure 4-28.

For details of the evaluation procedure, refer to “4.1 Evaluation Procedure”.

o Register setting file: ge_afe_sample_sdadc24.2al

EK-RA2A1

RA2A1

SBIAS — SDADC24

ADREG =

60.47UF

ANQ22 ==t

Sensor

AN023 —
Sensor 3.3V

AVCC1 ——1—

AVSS1 =

A/D Data
Register

+
Sigma-Delta
_ A/D Converter

Figure 4-28 Evaluation example of SDADC24: AFE connection

Once the register setting file is imported, the settings will become as shown in Figure 4-29 and Figure 4-30.

£ QE for AFE(RA)
File Window Help
[ AFE Tuning RA(QE)

(® COMPort: COM4 Disconnect © &
Connec! tion SDADC24 ADC16 OPAMP|DACB|DAC12 ACMPHS| ACMPLP Voltage 27V = AVCCOD = 55V oS
qe_afe_sample_sdadc. ~ New Duplicate Delete . = =]
Enable internal reference voltage
SDADC24 2
onse y o o] o7 -
H m__ - ADC1 00001700
H 1MHz AMHZ
Hl sl | g SDADLPM: | Normal - Input Multiplexer 0
1 00010040
VRERL e Enable Ch3 e
i sBiAs 08~V P OCVIRO 00000000
i { ™ Select channels to enable. '}
, H H Input Multiplexer 1
cHo i PGACT 00010040
H
oL i GOVIR1 4492
nput Multiplexers Config channel selection = = H oz i oovr1 [ 00000000
VBIAS 1.0v V| cH3 H
o 4 Input Multiplexer 2
Input Multiplexer PGAC3 ! : A R
i H
ANSD3P G - Gen [l * oo 2SS Mmmmemm e Govirz O 4492
Differential oovirz [ 00000000
. Format: 2's compi
ANSDIN S‘”E:n'::':[:rm' SING Callbration Input Multiplexer 3
PGAC3 00010040
GCVLR3 [ 4492
ocnrs (] 00000000
Input Multiplexer 4
Set differential input for Ch3 poact A
GCVLR4 [ 4492 .
AFE Connection Manitor Filter
© Console ‘ ] g-=0o
|GE for AFE
Figure 4-29 Evaluation example of SDADC24: SDADC?24 settings
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" QF for AFE(RA) = a X
File Window Help
AFE Tuning RA(QE)

® COM Port: [COM Disconnect  © &
Connection| SDADC24 ADC16 OPAMP|DACE| DAC12 ACMPHS| ACMPLP Voltage 2 i e
" " " 016
" SDAC @ OPAMP @ ADCIG 0w
@SDADC24 @ ACMPHS @ ACIRLP @ PN ot
anots
a2
ano2t
M2 ——— o
A
SEIAS/VREF]
Opamp2-Plus
OpAmoz-Minus
OpAmoz-0ut m
opamp1-Pus
opAmp1-Mins
OpAmp1-Out
Opamp0-Plus
Optmpd-Minus
cupREFD
eI
Opamoo-out CMBREFL
AFE Cannection Monitor _Filter
B Console - [

QE for AFE

Figure 4-30 Evaluation example of SDADC24: Connection diagram

The A/D conversion result when the analog signals are input from the AN022 pin and AN023 pin is
displayed as a graph as shown below.

Figure 4-31 shows only the waveform.

{7 GE for AFE(RA} — A x
File Window Help
AFE Tuning RA(QE)
(® COMPort: |COM: Disconnect
Monitor target ADC24 Aute B

Channel setting

B aNsD3

[] Auto Scaling

B 14591704

13340199
12088695

10837190

205300 2063.00 2073.00 2083.00 2093.00 2103.00 211300 2123.00 213300 2143.00 2153.00

» Parameters
» Legend
AFE Connection  Monitor Filter

B Console 18~-0-
QE for AFE

Figure 4-31 Evaluation example of SDADC24: Display of the waveform
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4.3 Evaluation example of ADC16

This chapter shows an example of acquiring the result of ADC16 A/D conversion of the input signal from
ANO0O08 pin as shown in Figure 4-32.

For details of the evaluation procedure, refer to “4.1 Evaluation Procedure”.

o Register setting file: ge_afe_sample_adc16.2al

EK-RA2A1

RA2A1

ANOO8 A/D Converter AR/D DEiE

Sensor egister
VREFLO
AVSSO

v

Figure 4-32 Evaluation example of ADC16: AFE connection

Once the register setting file is imported, the settings will become as shown in Figure 4-33 and Figure 4-34.

. QE for AFE(RA)

File Window Help

[ AFE Tuning RA(QE) 2 = o
Disconnect & &

Connection SDADC24 ADC16 OPAMP DACB DAC12 ACMPHS ACMPLP V= AVCCO = 55V [LIRE

qe_afe sample adc1s  ~  New Duplicate | Delete tmtm
’ y PCLKB ADC16 -
{ ¥
VREFHO } [interma reference voltage | 2 Mz ||| ADANSAO 0101
VREFLO H
i | VREFADC | Enable  ~ BGR 1 ADANSAT 0001
Analog Multiplexer (Pos) H H PCLD
P Vot=ge |23 Ty |[Ewie C 2 MHz ||| ADADSO 000!
Intemal reference voltage > Disable - [ H
Temperature sensor output » Disable - I ADADS1 000/
foitages
SBIAS/VREF] ———————————{ 3 Disable . Control Gircuit e ADADC 00
VREFHO
a0z M Enable ANOO8 connection v rocR —
e caltraton " ADEXICR 0001
An021 ———Lp pisah arcul Decod
= Sampling circuit ADSSTROO )
AND20 —————Lp Disah
== Interal reference Set th li iod ADSSTROT S
ANO19 —————————— Disable voltage s € € sampling perio
ANO18 ——————————————» Disable Temperature " pr— ADSSTRO2 [
ANO17 1 Disable Isor output ADSSTRO3 [
SBIAS/VREFI, ANDOO ANOL6
AN01E ——————————— - Disable nd
ANOLG - ANO23 AN001L AN0i7 ADSSTRO4 [
ANOOS # Enable > ADSSTROS oD
AnaoB
ANOOG — Sonle-ended - te Disable DAeas 7] 1= ANo02 AnotE
ANOD4 — Sgnie-ended - —fo—{# Disable - [ Anoo? bs ANOD3 ANDIS ADSSTROG 0D
ANODZ — Sgnie-snded - —-+e— Dissble - ANOOS s Comparator N ANOO4 ANDZ0 ADSSTRO7 oD
ANODO — Signle-zndsd = ||| Dissble = ANOOS ™ ANODS ANDZL ADSSTR08 oD
. . ANOOG ANO22 ApseTR
Analog Multiplexer (reg) v 007 o2 DSSTRL [
AN0O3
ANOD? . » Disable - v ANDOS | Disable - | EIAY ADSSTRT AD
Anaoz
ANODS » Disable —* Lol Internal reference voltage ADSSTRO AD
ANOD3 Disable: ANOOL s Temperature Sensor output VREFAMPCNT 1E
ANOOL Disable & ANOOD s count ADANIM 0001 ¥
< >
AFE Connection Monitor Filter
@ Console &2 B R
QE for AFE

Figure 4-33 Evaluation example of ADC16: ADC16 settings

RO1AN5973EJ0100 Rev.1.00 Page 22 of 58
Aug.20.21 RENESAS




RA2A1 Group

QE for AFE[RA] Analog Front End Tuning Guide

" QF for AFE(RA)
File Window Help
AFE Tuning RA(QE)

Connection SDADC24| ADC16 OPAMP DACE DAC12 ACMPHS ACMPLP

* Legend
Inacte ® DaC @ OPAMP @ ADCLG
@SDADCI @ ACMPHS @ ACMPP @ PIN
Ten
Opamp2-Flus

OpAmo2-Minus

Opamp2-Out .

Opamp1-Plus

Opamp1-Minus

OpaAmp1-Out

OpampO-Plus

OpAmpO-Minus

Gomon-Out
AFE Connection Monitor  Filter
B Console
QE for AFE

&N016
oL
ano1s
Aano19
AND20
Aio21
Aoz
ANDZ3

SBIAS/VREFI

(® COMPort: COMA Disconnect 9 @

Voltage 27V = AVCCO = 55 [T

CMPREFD
cHeIND
CHPREFL

Figure 4-34 Evaluation example of ADC16: Connection diagram

The A/D conversion result when the constant voltage signal is input from the ANOO8 pin is displayed as a

graph as shown below.

Figure 4-35 shows the waveform and the histogram.

" QF for AFE(RA)
File Window Help
AFE Tuning RA(QE)

Monitor target

Channel setting

] Auto Sealing
<

[ ANoDB

(® COM Port: COM4 Disconnect

(e~

* || channet selection |ANGOS v
[ Auto Scaling

>

10900 11900 12900 13800 14900 15900
=
<
~ Parameters
5P 34 (sample per second)
X-Axis
Time Top(ms) Time Widthms) 100
Y-Awis
Sample Max 65535 Sample Min 5
+ Legend

AFE Connection Monitor Filter

© Console
QE for AFE
l[Info]start AFE tuning.

169.00

179.00

189.00 19900 209.00
=

>

1968000 1969000 1970000 1971000 1972000 1973000 1974000 19750.00 1976000 19770.0019780.00
B ®
~ Parameters
X-Aais
Max 19780 Min 19680
Classes 50
- -

Figure 4-35 Evaluation example of ADC16: Display of the graph
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4.4 Evaluation example of ACMPHS

This chapter shows an example of ACMPHS operation as a comparator by comparing the analog signal
input from ANOOO pin with DAC12 output as shown in Figure 4-36.

For details of the evaluation procedure, refer to “4.1 Evaluation Procedure”.

o Register setting file: ge_afe_sample_acmphs.2al

EK-RA2A1

RA2A1

D/A Conversion
Value Setting
Register

Sensor

VAV

ACMPHS

IVREF4

D/A Converter

DAC12 output
ANO0O0O pin

J_IL CMPOUTO

Figure 4-36 Evaluation example of ACMPHS: AFE connection

Once the register setting file is imported, the settings will become as shown in Figure 4-37, Figure 4-38, and

Figure 4-39.

£ QE for AFE(RA)
File Window Help
[ AFE Tuning RA(GE) &

Connection SDADC24 ADC16 OPAMP DACE DAC12 ACMPHS ACMPLP

qe_afe_sample_acmph | New Duplicate Delete

Select a reference voltage

Charge Pump
Dissble -

r

| oac12 | Emable -

H
AVCCOMVSS0 i Conversion Value Format
VREFH/VREFL H

1| Conversion value(Hex)

H

. Output to pin

0409

AFE Connection Monitor  Filter

B Console &
\QE for AFE

Enable DAC12
Set D/A conversion value

120

® COM Port: |COMA Disconnect @ &

Voltage 27V =AVCCO =SSV -+ in w3
@t
DACTZ
DADRO 0409
DACR SF
DADPR 00
DAVREFCR 01
DAPC 00
Pin Settings
P500pFs [ 00018000

* PS00 has been assigned to DA12.0.
Please do not enable the following pins:
- AN0OO on the [ADC16] tab.
- IVCMPO on the [ACMPHS] tab,
- AMPD+ on the [OPAMP] tab.

Figure 4-37 Evaluation example of ACMPHS: DAC12 settings
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£ QE for AFE(RA)
File Window Help

) AFE Tuning RA(QE) =2 =
® COM Port: COM4 Disconnect @ &
Connection SDADC24 ADC16 OPAMP DACE DAC12|ACMPHS ACMPLP Voltage |27V = AVCCD = 55V i oed
qe_afe_sample_acmph ~ ~ New Duplicate Delete (=35
ACMPHS
CMPCTL 80
CMPSELD 0
CMPSELT 10
CIPOC 00
Select DAC12 output for Pin Settings
reference voltage . por3pes [ 00018000
e ] Enable P500/ANOOO settings 013 nas been aesigned o NCHP1
IVREF1 —— | Please do not enable the following pins:
IVREF2 —B \".;RBEE.MLDMEMUE‘.MCELM ........... iy
TVREF3 ——# —.mwggb()’“m(” S00PFS [ 00018000 i
WREFS — @ P500 has been assigned to IVCMPO. i
IVREFS — Enable ACMPHS Please do not enable the following pins: i
{__-DACI2 output on the [DAC12] tab. H
ACHEHS Outpettopin pa01pFs [] [a9010004
VCMPO e Enable A > Notinverted  + - e ter Disable = » VOOUT
IVEMP1 —— | Dran
weMp2 ——
N
Select ANOOO pin for
comparator input
AFE Connection Monitor Filter
PP MB-D~"

B Console =
IQE for AFE

Figure 4-38 Evaluation example of ACMPHS: ACMPHS settings

{ QF for AFE(RA)

File Window Help

1 AFE Tuning RA(QE) &2 =)
® COM Port: [coma Disconnect @ &
Connection| SDADC24 ADC16 OPAMP DACE DAC12 ACMPHS | ACMPLP Voltage 27V = AVCCO=55V [
o
Inactve @ DAC . OPAMP ® ADC16 ANOLT
@ SDADC24 @ ACMPHS @ ACMPLP @ PIN AND1E
o
N0
e
e
ANDZ3
Opamp2-Flus
OpAmp2-Minus
OpAmp2-Out
OpAmp1-Plus
OpAmp1-Minus
m <l
IR i
OpAmpO-Plus
CMPREFD
CMPING
oo oy

AFE Connection Monitor Filter

© Console
\QE for AFE

Figure 4-39 Evaluation example of ACMPHS: Connection diagram
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The comparator output when the analog signal is input from ANOOO pin is displayed in a waveform as
shown below.

In case that ACMPHS is selected to be monitored, only the waveform is displayed.

" QF for AFE(RA)

- a X
File Window Help
AFE Tuning RA(QE)
(B COM Port:  COM Disconnect
Monitor target

[P~

Channel setting
[ CMPMON.CMPMON

261200 2622.00 2632.00 2642.00 2652.00

5 267200 2682.00 2692.00 270200 21200

» Parameters
» Legend
AFE Connection Monitor Filter

B Console
QE for AFE

Figure 4-40 Evaluation example of ACMPHS: Display of the waveform
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4.5 Evaluation example of ACMPLP

This chapter shows an example of two ACMPLP operation as a “window comparator” by comparing the
analog signal input from CMPIN1 pin with two DACB8 output as shown in Figure 4-41.

For details of the evaluation procedure, refer to “4.1 Evaluation Procedure”.

o Register setting file: ge_afe_sample_acmplp.2al

EK-RA2A1
RA2A1

ACMPLP

Conversion : DACS8 Ch1 output
Value Setting D/A Converter > — \// DAC8 ChO output
Register iV CMPIN1 pin

H\ CPLOUT1

IVCMP1

l R
Conversion DJ/A Converter IVREFO

Value Setting
Register

Figure 4-41 Evaluation example of ACMPLP: AFE connection

Once the register setting file is imported, the settings will become as shown in Figure 4-42, Figure 4-43, and
Figure 4-44.

£ QE for AFE(RA)
File Window Help
1 AFE Tuning RA(QE) = =
(® COMPort: COM4 Disconnect © &
Connection SDADC24 ADC16 | OPAMP DACB DAC12 ACMPHS | ACMPLP Voltage 27V = AVCCO = 55V o oed
qe_afe_sample_acmplp - MNew Duplicate Delete @@
DACE
DAM 30
DACPC 00
Channel 0
DACS0 30
Channel 1
DACS1 60
Enable DAC8 ChO
Pin Settings.

Set D/A conversion value Charge Pump Po02prs [ 00018000
Disatle = * P02 has been assigned to DAB_1

Please do not enable the following pins:
‘Channel 0 Enable - - ANDO7 an the [ADC16] tab.
Dsatle v —CUBULICRIn o pg - AMP2+ on the [OPAMP] tab,
Conversion Valuetex) | 3 po13PFs [ 00018000
* P13 has been assigned to DAB_0.
Channel 1 | Enable = Please do not enable the following pins:
Dissble -~ —CUPULIOPIN o o ANOOS on the [ADC16] tab.
Conversion Value{Hex) 6D - IVEMP1 on the [ACMPHS] tab,
- AMP1+ on the [OPAMP] tab.
Enable DAC8 Ch1l
Set D/A conversion value
AFE Connection Monitor Filter
© Console ApE ME-f--0
‘QE for AFE
Figure 4-42 Evaluation example of ACMPLP: DACS settings
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£ QE for AFE(RA)
File Window Help

£ AFE Tuning RA(QE) —
(® COMPort: COM4 Disconnect © &
Connection SDADC24 ADC16 | OPAMP DACB DAC12 |ACMPHS ACMPLP Voltage 27V = AVCCO = 55V o oed
qe_afe_sample_acmplp - MNew Duplicate Delete @@
ACMPLP
COMPMODR 30
Select DAC8 Ch0 and DAC8 Ch1l COMPFIR 88
output for reference voltage COMPOCR 80
P— COMPSELD 1n
AMPOO COMPSEL A2
- pr—— Enable P002 settings | oo \
CHPREFD IVREFD { _pooaprs 2] 00016000 i
DACS channel 0 ut Window Function -~ Lo o e oy -
chnnel 0 outp cpLouTo po13pFs [ 00018000
Noise Filter
pantpFs [ 09010004
T ACMP_LPO
vref (Moritor Flag)
High-speed =
v ]
ACMPLP1  Ensble = i
H
Window Function Enable + | H— Motiversd = Disable -~ CPLOUT1
CMPREF1 @ H
DACS channel 1 output TVREFL Noise Filter Bypass. - |1
N S H
> ACMP_LP1
CMPINL IVCMPL ({Manitor Flag)
AMP10
Select CMPIN1 pin for Enable ACMPLP1
comparator input Select window mode
AFE Connection Manitor Filter
B Console & % bl #@-fd~-=0

‘QE for AFE

Figure 4-43 Evaluation example of ACMPLP: ACMPLP settings

£ QE for AFE(RA)
File Window Help

[ AFE Tuning RA(QE) 2 = =
(® COM Port: COM4 Disconnect & &
Connection| SDADC24 ADC16 OPAMP|DACA| DAC12 ACMPHS| ACMPLP Vohage [ZIV=AVCCO=55V | in
¥ Legend
— . . 016
Inatve  @DAC @ OPAMP @ ADCIS prostes
@SOADC2Y @ ACMPHS @ ACHRLP @ FIN anots
ana1e
N2
21
ANoZ2

Intermal reference SEIASIRER
Temperature sensor
Opamp2-Plus
OpAmp2-Mirns

OpAmpZ-Out

=

Opamp1-Plus

Opamp1-Minus

OpaAmp1-Out

OpAmpO-Phs

OpAMpO-Minus
CMPREFD

Opmpd-Out

CHPINL

AFE Connection Monitor Filter

© Console % bl #8~-3~-=0
|QE for AFE

Figure 4-44 Evaluation example of ACMPLP: Connection diagram
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The comparator output when the analog signal is input from CMPINL1 pin is displayed in a waveform as
shown below.

In case that ACMPLP is selected to be monitored, only the waveform is displayed.

" QF for AFE(RA)

- a8 x
File Window Help
AFE Tuning RA(QE)
® coMPort: [CON
Manitor target 1

[P~

Channel setting
[ acMmPLP1

3236.00 3246.00 3256.00 3266.00

3276.00 3286.00 3296.00 331600 3326.00 3336.00

3306.00

» Parameters
» Legend
AFE Connection Manitor Filter

B Console
QE for AFE

Figure 4-45 Evaluation example of ACMPLP: Display of the waveform
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5. Explanation of Functions

The QE for AFE has three main functions. Each function can be selected on the tabs at the bottom of the
QE for AFE.

AFE Connection Monitor Filter

- __| _

= i '¢

_ ) :
e - == - |

J I

AFE Connection | Monitor | Filter

& Console &
Mo consoles to display at this time.

Figure 5-1 Functions of the QE for AFE

Table 5-1 Function tabs of the QE for AFE

Tab name Description
AFE The block diagram of the analog functions of RA2A1 is displayed, and each analog function can be
Connection set on the GUI. The register setting value based on this setting can be reflected to the RA2AL on

the target board.
It also displays the entire connection diagram based on the settings for each function.

Monitor Obtains the A/D conversion value from the target board, and displays the waveform and
histogram.
Output signal from the comparator can also be displayed as waveform in here.

Filter SINCS3 filter-related registers can be set. The register setting value can be reflected to the RA2A1

on the target board.
SINCS3 filter frequency-Gain characteristic graph is also displayed based on the settings.
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5.1 AFE Connection
By selecting the “AFE Connection” tab, it is possible to set the analog functions on the block diagram.

AFE Connection JMgnitor Filter

Figure 5-2 “AFE Connection” tab

The register value based on this setting can be reflected to the RA2A1 on the target board. It also displays
the entire connection diagram based on the settings for each function.

Each setting can be saved to the file. And it is also possible to reflect the saved setting to the QE for AFE by
reading the file.

For details on each analog function and register value, refer to “RA2A1 Group User’'s Manual: Hardware”.

5.1.1 Common Functions

Export current setting file
{ QE for AFE(RA)

File Window Help

I AFE Tuning RAIGE) Select the function to be set Import setting file

& COM Port.  COM4

It »
il Connection |SDADC24 ADC16 OPAMP DACB| DACT2 ACMPHS ACMPLP |

f ]
i qeafesample dacB adcl6  ~  New Duplicate | Delete | |

Write Value to the Target Board
Configuration file management (Excluding the connection tab)
(Excluding the connection tab)

Read Value from the Target Board
(Excluding the connection tab)

Channel 1
DACST 73

Pin Settings
Crarge Pump Po02pFs [] 00018000
1o +P002 has been assigned to DAS.1.
— Please do not enable the following pins:
Channel 0 | Dissbie = ‘ - ANOOT on the [ADC18] tab.
Output to pin DAB_O - AMPZ+ on the [OPAMP] tab.
Conversion Value(Hex) Po13pFS [ 00018000
* P013 has been assigned to DA8 0.
Channel 1 | Enable x Please do not enable the following pine:
Disble = —QUIPULTOPIN ey - AN0OS on the [ADC16] tab,
Conversion Value(tex) | 73 - IVCMP1 on the [ACMPHS] tab.
- AMP1+ on the [OPAMP] tab.

Display the execution status on the console

{| AFE Connection Menitor Filter
H

i |2 console =
| |QE for AFE

H

I‘\

Figure 5-3 AFE Connection: Common functions
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e Selecting of function to be set
The analog function to be set can be selected from the tabs. For details of each tab will be explained in
the following chapters.

"I QE for AFE(RA)
File Window Help
[ AFE Tuning RA(QE) 23

I Connection| SDADC24| ADC16| OPAMP| DAC8| DAC12| ACMPHS ACMPLPI

Figure 5-4 AFE Connection: Selecting of function to be set

e Selecting of AVCCO voltage

The AVCCO voltage to be supplied to the target board can be selected from the pull-down menu as
shown below. It cannot be changed while connecting the QE for AFE and the target board.

® COM Port: v Connect o

Voltage |27V =AVCCO=55V v || tu i

27V =AVCCO =55V 1
22V = AVCCO <27V

Figure 5-5 AFE Connection: Selecting of AVCCO voltage
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Table 5-2 AFE Connection: Common functions

Icon

Description

Condition

Before
connection

After
connection Note

Stop Running

Import the register settings from the file, and reflect to the QE
for AFE. The function to be imported is selectable. The
extension of the import file is “.2a1”, and the file can be saved
to any location.

v

4

[T

Export the register settings of the QE for AFE to the file.
The function to be exported is selectable. The extension of the
export file is “.2a1”, and the file can be saved to any location

Reflect the register value of the QE for AFE to RA2A1.
This operation will be done only for the function which is selected.

Reflect the register value of RA2A1 to the QE for AFE.
This operation will be done only for the function which is selected.

Register settings 1

~

The currently selected configuration file name is displayed.

It is also possible to change to another configuration file from the
pull-down menu. In case to change the configuration file, the
configuration file before the change will be automatically saved.
The configuration file is saved by each function in the “afeConfig”
folder in the folder where the QE for AFE is unzipped. The import
operation will be done for multiple functions, while this
configuration file operation will be done only for the selected
function. The extension of the configuration file is “.cn”.

The register settings of the QE for AFE will be reset to the
initial value of RA2A1, and create another configuration file
with a different name.

The register settings before this operation will be automatically
saved in the configuration file.

Duplicate

The configuration file will be duplicated with a different name.

Delete

The selected configuration file will be deleted.

Note. After connecting the QE for AFE and the target board, the condition when AFE tuning is stopped and when
AFE tuning is running is different.
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5.1.2 Connection tab
By selecting the “Connection” tab, the entire connection diagram based on each analog function setting is

displayed.

"f QE for AFE(RA)
File Window Help
£ AFE Tuning RA(QE) 5|

Connection|SDADC24 ADC1 6| OPAMP‘ DAC8| DAC12 | ACMPHS ‘ ACMPLP|

Figure 5-6 AFE Connection: Connection tab

You can check the connection status of the analog function on this screen. There are no items to set on this
screen.

{ QF for AFE(RA)

File Window Help

[ AFE Tuning RA(QE) & =
® COM Port: COM4 Disconnect @ &

Connection| SDADC24 ADC16 OPAMP|DACE|DAC12 ACMPHS ACMPLP Voltage 2.7V = AVCO0 =55V [

Lacand ANDIG

Inactive ® DAC @ OPAMP ® ADCLE ANOL7 9
AND1E8 —
AND1Y —%
o0 g—————————————————¢

@SDADC24 @ ACMPHS @ ACMFLP @ PIN

i
OpAmp2-Out @
OpAmp1-Plus
xtaptiom
Opamp1-Out -
Opamp0-Plus
Opampt-Minus OPAMPO
Friry
wnpn e e
AFE Connection Monitor Filter
B Console B 0 2B-S--0D
'QE for AFE
Figure 5-7 AFE connection diagram
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5.1.3 SDADC24 tab

By selecting the “SDADC?24” tab, the block diagram and register value of the 24-hit delta-sigma A/D
converter (SDADC24) is displayed.

QE for AFE[RA] Analog Front End Tuning Guide

“{* QE for AFE(RA)

File Window Help
[ AFE Tuning RA(QE) &

SDADC24

Connectio ADC16| OPAMP| DACE| DACTZ2 | ACMPHS | ACMPLP

Figure 5-8 AFE Connection: SDADC24 tab

Each function of SDADC24 can be set on the block diagram. Figure 5-9 ~ Figure 5-11 show the related
register names for each function.

For SINC3, refer to “5.3.1 Frequency characteristics of SINC3”, and for calibration, refer to “5.4 Calibration”.

The frequency of the source clock of SDADCCLK SRC of SDADC?24 is obtained from the target board and
reflected on the block diagram. When setting SDADC?24, connect the QE for AFE to the target board.

" QE for AFE(RA)
File Window Help
[ AFE Tuning RA(QE) :

@ COM Port: |COM4 Disconnect & &

Connection SDADC24 ADC16 OPAMP DACS DAC12 ACMPHS | ACMPLP
Select the reference clock division of SDADC24
(STC1.CLKDIV)

SDADCCLK SRC cannot be changed.

e afe ush v New

It is obtained from the target board and reflected.

e
Power control

e (STC2.ADCPON, BGRPON) _ g —=
SDADCCLK SRC
STCLOLKDIV e e stez 103
n - ADC1 00000000
- Input Multiplexer 0
) i 00015040
Select A/D conversion operation mo b O —
(STC1.SDADLPM) = ——
Select VREF mode of Select channels to enable e Multplexer
reference voltage for sensor | Select a reference voltage PeACT ’ 00078040
(STC1.VREFSEL) (STC1.VSBIAS) GoviRt 402
Input Multiplexers Config channel selection ocvir1 [ 00000000
VBIAS 1.0V
L S Input Multiplexer 2
Input Multipleer PGACD PGAC2 00018040
ANSDOP G = Gam |3, X Gl GCVLR2 [ 4492
Positwe-side single-ended P oovrz [ 00000000
ANSDON  —————————» > * sigma-Delta A/D Cabration Format: straight binary
VBIAS b Converter Input Multiplexer 3
- PGAC3 00018040
- GOVLR3 [] 4492
OCvIR3 [] 00000000
Input Multiplexer 4
PGAC4 00018040
GCVLR4 [] 4492

AFE Connection Monitor Filter

B Console :
(QE for AFE

Figure 5-9 AFE Connection: SDADC24 voltage reference and clock settings
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File Window Help
5 AFE Tuning RA(QE)

Connection SDADC24 ADC16 OPAMP DACS| DAC12 ACMPHS| ACMPLP

Disconnect.

Lo

Veltage 2.7 V= AVCCO = 55V (O

® comPort COM4

ge_afe_ush v New Duplicate Delete =%
SDADC24 -~
Loree STt 0007 ]
SDADCCLK SRC sTc2 0
Power Supply | gnable - 48 MHz
ADC1 00000000
- Select the channel to use 00018040
(ADC1. SDADBMP) 492
00000000
Select the channel to be set Sl channels o snable 4 Input Multipleser 1
Must be configured for all channels used T PGACT 00018040
: GCVLR1 [] 4497
1 1 L
Input Mulbplexers. Config channel selection 0 -mmm Set for each selected channel H i ooviri [ 00000000
VBIAS LOV i H
: 1 Input Multiplexer 2
Input Multiplexer PGACD ] !
lum'.n. = Gmn 1 = X Ggn 1 = i E e m] _—
ANSbop o " GOVIR2 4422
Positve-side single-ended - ooirz [ 00000000
+ \ Sigma-Delta AID o Format: straight binary
\ or Calibration Input Multiplexer 3
PGAC3 00018040
Select polarity and analog GevLRs O (a2
inout mode 0 Stk . . . oorz [ 00000000
channel input mode Gain selection of a programmable gain
(PGACNn.PGAPOL, PGASEL) instrumentation amplifier Input Multiplexer 4
PGAC4 00018040
(PGACNn.PGAGC) :
GCVLR4 (] 4492 .
AFE Connection Monitor Filter
© Consale &1 ARE ME-d--0
QF for AFE

Figure 5-10 AFE Connection: SDADC24 channel settings

£ QE for AFE
File Window Help

[ AFE Tuning RA(QE) = =]
. . 3]
Display register values based on
Connection SDADC24| ADC16 OPAMP DACB DAC12 ACMPHS| ACMPLP blOCk diagram Settings o oed
qe_afe_usb i New Duplicate Delete 505
SDADC24
sTC1 0007
ADREG Clock Divider
sTC2 03
Powsr Supely Lol E ADCY 00000000
ADBGR Input Multiplexer 0
e Check the check-b ble calibrati 22E e
-box to enable calibration il ]
e eck the check-box to enable calibration fem 1} —
— to the channel Yocuso ] | 00000000
Select channels to enable \:p/-ul-!\d-u;;\um .
PGACT 00018040
GOviR1 [ 4492
Input Multiplexers. Config channel selection ey = ocviri [ 00000000
VBIAS 1.0V
Input Multiplexer 2
Input Multiplexer PGACD PGAC2 00018040
Gow = Gen 1 v X Gen 1 =
ANSOOP = ! Govirz [ (4492
Positive-side single-ended - ocviz[] 20000000
oo ANSDOP Sma-Deta AD b | FomaE: SR by
— :
VBIAS Converter ibraton \Pr::z;rlultw‘exeri —
GOVIR3 ] 4492
. OCVLR3 00000000
Set on the Filter tab at the bottom o
left of the screen Input Multiplexer 4
Set with the icon at the top right of the screen

AFE Connection Monitor Filter

B Console &
| for AFE

(Can be set after connection)

Figure 5-11 AFE Connection: SDADC?24 register settings
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5.1.4 ADCl6tab
By selecting the “ADC16” tab, the block diagram and register value of the 16-bit A/D converter (ADCL16) is
displayed.

"* QE for AFE(RA)
File Window Help
[ AFE Tuning RA(QE) &

Cannection | SDADC24 ADCT6 JOPAMP| DACE DACT2| ACMPHS | ACMPLP

Figure 5-12 AFE Connection: ADC16 tab

Each function of ADC16 can be set on the block diagram. Figure 5-13 ~ Figure 5-15 show the related
register names for each function.

The frequency of the ADC16 peripheral module clock PCLKB and the A/D conversion clock PCLKD are
obtained from the target board and reflected on the block diagram. When setting ADC16, connect the QE for
AFE to the target board.

On the EK-RA2A1 board, VREFHO and VREFLO are open. Refer to “2.3.2 Reference voltage pin
connection setting when using ADC16” and connect the reference voltage to the pin to be used.

£ QE for AFE(RA) PCLKB and PCLKD cannot be changed
File Window Help It is obtained from the target board and reflected
[ AFE Tuning RA(QE) =

comd4 Disconnect @ &

Connection SDADC24 ADC16 OPAMP| DACE|DACT2Z ACMPHS| A Select internal reference V0|tage Select BGR power Supply Voltage 27V = AVCCD = 55V [T
e . New Duplicate Delet (VREFAMPCNT.OLDETEN, VREFADCG) (VREFAMPCNT.BGREN) =
ADC16 &
VREFHO Intemal reference voltage 2 iz || | Apansao i
VREFLO
VREFADC | Enable = 3 BGR PCLKD ADANSAT 000
‘Analog Multiplexer (Pos)
Voitage |25 T ) Bl L 32 MHz ADADSO 000
Intemal reference voltage Ho Disable -
Temperature sensor output # Disable - ADADS! 000
SBIAS/VREFl —— | Disable Control aircuit Voitages ADADC 00
VREFHO
An023 ——— | Disable. - ADCER 400
e - Calibration ADEXICR
ANOZ] —————————————{p Disable. - ———— arcult
Sampling circuit
ANOZ) ————————————{» Disable. - nternal reference
" P
ANOI9 | Disable - voltage s If the output of the VREFADC is Disable, set
S Temperauae. " pro—— the input reference voltage
SBIAS/VREFI, ANDOO ANDI6 2
ANO1E ——————————1 Enabl -
] ANOLG - ANOzs | 040625 bs o0t ot ADSSTRO4 0D
ANODS » Disable - ADSSTROS —
ANODE — Signle-ended = {4 Disable = Anaos L Aoz AHO1E
PO e | M M ey . —»{ anooz s ANDOZ | Disable < | ANDIS ADSSTR0G 0D
. Ly . ANDO4 ANO20 ADSSTROT O
ANOO2 — Signle-ended ¢ Disable ANDOE s CDAC Comparator s P 0
ANDDO — Sguieended - —---#1# Disable - ANDOS bs ADSSTROS 0D
Al AND22
ANDO4 bs ooe ADSSTRL 00
Analog Multiplexer (Neg) 003 Py ANOO7 AND23
s
ANOOT . # Disable - v ANDDS \S,Efl‘ﬁj ADSSTRT L
ANODS  Disable [y ANO0Z Lo Intemal reference voltage ADSSTRO AD
ANOO3 Enable - Anoot L Temperature sensor output VREFAMPCNT I
ANODL Disable: - ANGOO s Count ADANIM 000
oy - Pin Settinas @
< >
AFE Connection Monitor Filter
B Console % bl #8~-3~=0
|GIE for AFE
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£ QF for AFE|
File Window Help

1 AFE Tuning RA(QE) = ==
® coMPort: COM4 Disconnect @ &

Connection SDADC24 ADC16 OPAMP DACB DAC12 ACMPHS ACMPLP Voltage 2.7 W= AVCCD = 55V o oed
qe_afe_usb ~ New Duplicate Delete @@

PCLKB ADC16
ﬁ:: Select an input signal [ — o ) AoaNsad >
P g | | VREFADC | Enable  ~ BGR POLKD ADANSAT 000
Anzlog Multiplexer (Pos) (ADANSA1.ANSA24-16) voliege | 23 oo [ e - 2 ez ||| apapso o
Internal reference voltage ————————# Disable 3 (ADEX|CR_TSSA’OCSA) g l
Temperature sensor output ————+ Disable. - ADADS1 000
SBIAS/VREF] ———————————— Disable - Control aircuit Voltages ADADC 00
AN023 ————————————————— Disable B VREFHD ADCER 400
AND22 ———————————— Disable = Set the sampling time ADEXICR 000
—_— Decod
oz Lo osave - (ADSSTRN.SST) . ®
ANO20 . ele A/D co erted 00
o1 Select analog channel input mode
alue average a e
ano1s (ADANIM.ANIM) _
ANOL7 ADADSO,A D (]
AND16 | Disable AD =) AD.O AD
m;: ANDLE - ANO23 0.40625 ANOL7 )
ADSSTROS Ll
ano0s L signie-ended  ~ 1 Disable - ANOOB Lod AHOLS
ANOO4 Signle-ended = dte——1p Disable - [ Anoor s | ANoi9 ADSSTROS )
ANOOZ L signie-tnded  ~ » Disable - ANOOE bs ANoz0 ADSSTRO7 0D
ANODO 4 Signieended - o pisable - ANOOS s AnO2L ADSSTROB )
ANO22
Arelog Mgl ::x bs 0oy oz ADSSTRL 0D
: 4 s
ANOO7 Disable = 002 DA | ANODS S'Vﬁg"r}? ADSSTRT L
ANODS Disable - » AN s ntemal reference voltage ADSSTRO AQ
AnODY Enable -1 Anoo1 s Temperature sensor output VREFAMPCNT 3
ANOO1 b oisabie - ?\ ANOOD s count ADANIM 000
Pin Settinas h
Select an input signal 2
AFE Connection Monitor Filter (ADANSAQ.ANSA08-00) Select A/ID CO?XS;:?CV;TB%?VQIHQE count
. o--o

Select single-end input A/D converted data inversion
(ADCER.ADINV)

Figure 5-14 AFE Connection: ADC16 Input / Output settings

File Window Help

5 AFE Tuning RA(QE) o
Display register values based on Discornect  © &
Connection| SDADC24| ADC16| OPAMP| DACS| DAC12| ACMPHS | ACMPLP: block diagram settings CCOZEE i A
qe_afe_usb w MNew Duplicate Delete il
ADSSTROZ () -
WREFHD Internal reference voltage
VREFLD ¢—4—| | VREFADC  Enabis AossTRe .UD
—
‘Analog Muliplexer (Pos) e (33 =M ADSSTRO4 oo
Intemal reference voltage tp Disable - ADSSTROS oo
Temperature sensor output ¥ Disable - ADSSTROS [
‘SBIAS/VREFI + Disable Control ciruit w::":; ADSSTRO7 oo
Aoz [+ Disable ADSSTROB )
ANO22 H» Disable . . . '
Aoz M t with the icon at the top right of the screen Callbraon Decoder ADSSTRL 0]
Aoz Lo Disabie (Can be set after connection) — ADSSTRT A0
ANO19 te Disable ADSSTRO A0
ANO1S 1 Disable v ;Tﬁﬁ%ir " ‘Average mode VREFAMPCNT 1E
Ano17 t Disable - ADANIM 0000
ANO1E Ly Enable . ﬁle:ls‘f\ff':olzz 040625 s ANCOO ANDL6  Diszble B | L |
ANODB | imbla . ANDOL ANDLT Pin Settings
ANOOS
ANODE — Signle-ended = He Disable - L PO0ZPFS [] 00018000
- il . - [ Anoo7 s f : ; ; * P02 has b d to ANODY.
—t [¥] Dlsstie Display the pins shared with other functions Please 8o not snabie he following pins:
- = - A . .
ANOO2 — Signie-ended {4t oisae 008 "‘ Check the check-box, if ADC16 use the pin DAGE cherinel 1 upve on the [DACH] 12b
ANODO — Signie-ended = ——-#1- Disable - ANODS s " T
Analog Multiplexer (Neg) Anon4 L ANDD7 AND23 * P13 has been assigned to ANODS,
ANOO3 040625 | s o SBIAS/ Please do not enable the following pins:
Anooz T 2= - - " VREFI - DACE channel 0 output on the [DACE) tab.
- —
ANODS # Disable oot - Internal reference voltage pso0eFs [ 00018000
- Te erature sensor output
AnoD3 Enatle e e * PS00 has been assigned 1o ANDDO.
Anion Disable - Anaoo = Count Please do not enable the following pins:
- - DAC12 output on the [DAC1Z] tab.
Inversion >
< >
AFE Connection Monitor Filter
B Console & % B MEBv~=0

\QE for AFE

Figure 5-15 AFE Connection: ADC16 register settings
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5.1.5 OPAMP tab

By selecting the “OPAMP” tab, the block diagram and register value of the operational amplifier (OPAMP) is
displayed.

" QE for AFE(RA)
File Window Help
[ AFE Tuning RA(QE) £

Connection| SDADC24 | ADC16§ OPAMP |DACS | DACT2 | ACMPHS | ACMPLP

Figure 5-16 AFE Connection: OPAMP tag

Each function of OPAMP can be set on the block diagram. Figure 5-17 and Figure 5-18 show the related
register names for each function.

{ QF for AFE(RA)

File Window Help

[ AFE Tuning RA(QE) = = a8
® COM Port COM4 Disconnect @& &
Connection SDADC24 ADC16 OPAMP DACE DAC12 ACMPHS ACMPLP Voltage 27V = AVCCO=55V [EE ]
qe_afe_usb X @
Sl AP T Select operation mode P g
AIRelPSy, (AMPMC) AMPMC ) ]
DAC12_0 cannot be selected for the input of AMPO+
when the output pin of DAC12 is enabled ::ipc :Z
Enable OPAMPO -
a1 0 OPAMPO | Ensbie 4| (AM PC) AMPOOS [
Charge Pump  Disable = AMPOMS 20
™~ Enable charge pump AMPOPS m
o (AM PCPC) AMPOOTP [] 00
a0 J AMPOOTN [] 00
OPAMP1
AMPIMS 80
AMPIPS 80
AP AMPIOTP [] L
AMPIOTN [] 00
OPAMP2
Distie - Select AMPO- input AMP2NS Lo
=T - 3 (AMPOMS) AMP2PS 80
T ——— s AMP2OTP [] 00
AMP2OTN [] 00
DAS_O } — - HF:I? EM;::‘:::’ ::: Pin Settings
- =l pOnzpFs 4 00018000
AMPL+ . > Dissble - Same for OPAMP1 and OPAMP2 12 has been assigned to AMP2+.
| [ Please do not enable the following pins: ~
AFE Connection Monitor Filter
B Console % bl ™ *rH-=0
‘QE for AFE
Figure 5-17 AFE Connection: OPAMP settings
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File Window Help
£ AFE Tuning RA(QE) X )
Display register values based on [

block diagram settings

Connection SDADC24 ADC16 OPAMP DACE DAC12 ACMPHS ACMPLP bh<55v iy ed

qe_afe_ush v New Duplicate Delete (=35
OPAMPO
AMPOOS [0
AMPOMS _EU
AMPOPS 80
A T |
Check the check-box to enable user 1 ampoote [ o0
offset trimming to the channel | Sp— ot [oo
DA12_0 Lo -
—_— » Disible - OPAMP1
e Dtk AMPIMS |0
[ Disable - AMP1PS .Bﬂ
PO Btk . ampiore [ [0
== - AMPIOTN ] 00
Dissble -4 OPAMP2
L] T~ AMPZMS 80
. :: ] AMPZPS |0
AmP2OTP [ |oo
“‘9: - Display the pins shared with other functions AMP2OTN ] L
Digal Ml . .
R =l Check the check-box, if OPAMP use the pin Fin Sextings
1
1 -, — | 1} poozpes 00018000
11} * Po0Z has been assigned to AMP2+.
1[I Please do not enable the following pins:
: : - DACE channel 1 output on the [DACE] tab.
oo | OPAMPL | Enble = ! 1 pouzers [ 00018000
Dissbie a1 Charge Pume | Dbl __- 1+ 013 has been assigned to AP+
Disable - — i{l  Pleass do not enable the following pins:
AMPL+ ! > Disable 1} - DACB channel 0 output on the [DACH] tab
| —
=
AFE Connection Monitor Filter
B Console % B MO-rm~y=0

\QE for AFE

Figure 5-18 AFE Connection: OPAMP register settings
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5.1.6 DACS8tab
By selecting the “DACS8” tab, the block diagram and register value of the 8-bit D/A converter (DACS) is
displayed.

“{ QE for AFE(RA)

File Window Help
[ AFE Tuning RA(QE) &

DAC8 |DACT2| ACMPHS | ACMPLP

Connection | SDADC24 ADC16 OPAM

Figure 5-19 AFE connection: DACS8 tab

Each function of DAC8 can be set on the block diagram. Figure 5-20 and Figure 5-21 show the related
register names for each function.

{ QF for AFE(RA)
File Window Help

[ AFE Tuning RA(QE) = =]
® COMPort: |COM4 Disconnect @ &
Connection SDADC24 ADC16 | OPAMP DACB DAC12 ACMPHS| ACMPLP Voltage 27V = AVCCO =55V i oed
qe_afe_ush v New Duplicate Delete tatm
DACB
DAM 30
DACPC 00
Set D/A conversion value Enable charge pump Channel 0
(DACS0) (DACPC.PUMPEN) DACSO 3
Channel 1
DACS1 LE]
Enable DAC8 Ch0 Enable output to the pin fin Sertings
(DAM.DACED) Charge Pump (PO13PFS.PSEL) poozeFs (] [oo018000
Dissble * PO0Z has been assigned to DAS 1.
Please do not enable the following pins:
(Channel 0 Enable - - ANOQ7 on the [ADC16] tab.
Disable = Output to pin DAS_O - AMP2+ on the [OPAMP] tab.
Conversion Value{Hex) 26 PO13PES E _G[X]|BDDO
— *P013 has been assigned to DAS_0.
‘Channel 1 Enabla - . Please do not enable the following pins:
Disstle - —QUPULIOPIN_ypg - ANDOS on the [ADC16] tab.
Conversion Value{Hex) 73 - IVCMP1 on the [ACMPHS)] tab.
- AMP1+ an the [OPAMP] tab.
Same for DAC8 Ch1l
AFE Connection Monitor Filter
B Console * b3 PE-M-=0
‘QE for AFE
Figure 5-20 AFE Connection: DACS8 Input / Output settings
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{ QF for AFE(RA)
File Window Help

[ AFE Tuning RA(QE) 32 8
Display register values based on PR
Connection SDADC24 ADC16 OPAMP| DACB DAC12| ACMPHS | ACMPLP block diagram settings P
qe_afe_usb v | New Duplicate | Delete = 1)
DACB
DAM 30
DACPC 00
Channel 0
Display the pins shared with other functions DACS0 £
Check the check-box, if DAC8 use the pin Channel 1
DACS1 7
¢ \
? Pin Settings. H
Charge Pump i pooaers O] 00018000 !
Dt el | *P00Z has been assigned to DAB_1. |
| Piease do not ensble the following pins: 1
Channel 0 Ensble = I - ANDD7 on the [ADC16] tab. |
Db Output to pin Lo : - AMP2+ on the [OPAMP] tab, !
Conversion Value(Hex) | 26 | oers ] T :
1+ P013 has been assigned 1o DAS 0. i
Channel 1 Enable - | Please do not enable the following pins: |
Dbl - —OUPUIOPIn L pg | - ANDDS on the [ADC16] tab. 1
Conversion Value(Hex) | 73 | - IVCMP1 on the [ACMPHS] tab. |
| - AMP1+ on the [OPAMP) tab. )
» 4
AFE Connection Monitor Filter
& Console x B ®E~-f~-=0
|QE for AFE

Figure 5-21 AFE Connection:

DACS register settings
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5.1.7 DAC12 tab

By selecting the “DAC12” tab, the block diagram and register value of the 12-bit D/A converter (DAC12) is

displayed.

"I QE for AFE(RA)

File Window Help
[ AFE Tuning RA(QE) 2

Connection SDADC24 | ADC16 |OPAMP | DACS

DAC12

CMPHS | ACMPLP

Figure 5-22 AFE connection: DAC12 tab

Each function of DAC12 can be set on the block diagram. Figure 5-23 ~ Figure 5-25 show the related

register names for each function.

£ QE for AFE(RA)
File Window Help
[ AFE Tuning RA(QE) 12

Connection SDADC24 ADC16 OPAMP DACE DAC12 ACMPHS ACMPLP

Delete

ge_afe_usb vl New Duplicate

Set the input voltage when VREFH / VREFL is
selected as the reference voltage

Select a reference voltage

(DAVREFCR.REF)

DACI12

AVCCD/AVSSD
VREFH/VREFL

Conversion Value Format | Right-justified

Conversion Value(Hex)

Enable -
04D9

2

AFE Connection Monitor Filter

B Console
| for AFE

Charge Pump
Disable G

Dbl - Qutputto pin

+DA12_0

® COMPort: COM4 Disconnect

Voltage 27V = AVCCO =55V

DAC12
DADRO
DACR SF
DADPR 00
DAVREFCR o1

DARC 00

Pin Settings

PS0OPFS [ 00018000

*P500 has been assigned to DA12_0
Please do not enable the following pins:
- ANDOO on the [ADC16] tab.
- IVCMPO on the [ACMPHS] tab.
- AMPO+ an the [OPAMP] tab.

Figure 5-23 AFE Connection:

DAC12 voltage

reference settings
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File Window Help

[ AFE Tuning RA(QE) =a
(® COM Port: |COM4 Disconnect @ &
Connection SDADC24 ADC16 OPAMP DACE DAC12 ACMPHS ACMPLP Voltage 27V < AVCCO =55V i ed
qe_afe_ush ™ New Duplicate Delete @t
DAC12
DADRO 04D9
DACR 5F
DADPR 00
DAVREFCR 01
Enable charge pump
Al
(DACPC.PUMPEN) DArC L
Pin Settings
PS00PFS [] |o0at8000

Select format
Enable DAC12 (DDPR.DPSEL)

*P500 has been assigned to DA12_0
Please do not enable the following pins:

Enable output to the pin - ANDOO on the [ADC1E] tab.
(DACR.DAOEO) P g - IVCMPO on the [ACMPHS] tab.
(P500PFS.PSEL) - AMPO+ on the [OPAMP] tab.
A\)::Ec;:l:vv:i ::D ‘Conversion Value Format | Rightustied l— Disable £ —2UPULIOPN 5y o
Conversion Value(Hex) 0403
A
Set D/A conversion value
(DACS0)
AFE Connection Monitor Filter
B Console % B MO-rm~y=0

\QE for AFE

Figure 5-24 AFE Connection: DAC12 Input / Output settings

£ QF for AFE(RA)

File Window Help

[ AFE Tuning RA(QE)
Display register values based on

Connection|SDADC24| ADC16 OPAMP DACB DAC12| ACMPHS| ACMPLP block diagram settings

qe_afe_ush ~ New Duplicate Delete
DAC12
DADRO 04D9
DACR [s¢
DADPR [0
Display the pins shared with other functions DAVREFCR 1o
Check the check-box, if DAC12 use the pin DARC 20
:’ Pin Settings H
] psoores ] 00018000 ]
1 * P500 has been assigned to DA12_0. ]
| Please o nat enable the following pins: !
Charge Pump 1 - ANDOO on the [ADC16] tab. 1
Disable = : - IVCMPQ on the [ACMPHS] tab. 1
1 - AMPO+ on the [OPAMP] tab. ,'
4

0408

DAC12 Enable - ‘
AVOCD/AVSS0 Conversion Value Format | Rightchstfied  + Diable  + —MPULIOPE 12_0
VREFH/VREFL

Conversion Value{Hex)

AFE Connection  Monitor Filter

© Console i 2 bf —_—
\QE for AFE

Figure 5-25 AFE Connection: DAC12 register settings

RO1AN5973EJ0100 Rev.1.00 Page 44 of 58
Aug.20.21 RENESAS




RA2A1 Group QE for AFE[RA] Analog Front End Tuning Guide

5.1.8 ACMPHS tab
By selecting the “ACMPHS” tab, the block diagram and register value of the high-speed analog comparator

(ACMPHS) is displayed.

" QE for AFE(RA)
File Window Help
O] AFE Tuning RA(QE)

Connection | SDADC24 |ADC16 OPAMP | DAC8 DAC12J ACMPHS JACMPLP

Figure 5-26 AFE connection: ACMPHS tab

Each function of ACMPHS can be set on the block diagram. Figure 5-27 and Figure 5-28 show the related
register names for each function.

£ QE for AFE(RA)

File Window Help

[ AFE Tuning RA(QE) & =B
(® COM Port: COM4 Disconnect @ &

Connection SDADC24 ADC16|OPAMP DACE DAC12| ACMPHS | ACMPLP Voltage 27V = AVCCO =55V [

ge_afe_sample_acmph  ~|  New Duplicate Delete 1=
ACMPHS
eMPCTL [0
CMPSELD 0
Select reference voltage CMPSELT 10
(CMPSEL1.CRVS, CPIOC.VREFEN) cIPoC 00
Pin Settings
po13pFs [] 00018000
Enable ACMPHS Setting of noise filter * PO13 has been assigned to IVCMP1
IVREF) ——#| Please do not enable the following pins:
roREF1 — ) (CMPCTL.HCMPON) (CMPCTL.CDFS) - DACB channel 0 output on the [DACH] tab
IVREF2 "l P500PFS [ 00018000
IVREF3 » CMPMON.CMPMON(M
RERS & [ *ontorfiag) * PS00 has been assigned to IVCMPO,
M Plesse do not enable the following pins:
TVREFS ——* - DAC12 output on the [DAC12] tab.

p401PFs [ 09010004
Output to pin
Disable = ———$VOOUT

L p|acwpHs
v
Encble  + Notinverted =

Noise Filter
Bypass. z

- Select comparator output polarity
(CMPCTL.CINV)

IVCMPO —# @
VCMPL — ]
VEMP2 >

Enable output to the pin

(CPIOC.CPOE, P401PFS)

Select comparator input

(CMPSELO.CMPSEL)

AFE Connection Monitor Filter

Figure 5-27 AFE Connection: ACMPHS settings
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{ QF for AFE(RA)
File Window Help
[T AFE Tuning RA(QE) =

Display register values based on  [Eeire=Su-ay-]

Connection SDADC24 ADC16|OPAMP DACE DAC12| ACMPHS| ACMPLP block diagram settings =
qe.afe sample acmph || New Duplicate || Delete 535
[o
ACMPHS
ampeTL 80
Display the pins shared with other functions CMPELD L
Check the check-box, if ACMPHS use the pin CMPSELT 0
cpoc 00
;Pm Settings
1 Po13p£5 [ 00018000

* P013 has been assigned to VCMP1.

A
1
1
1
1 1
1 1
TVREFD —— : Please do not enable the following pins: 1
IVREF1 —— ] | - DACS channel 0 output an the [DACE] tab. ]
VREFZ —¥| | Psooers 00018000 ]
VREF3 —» 4. CHPHMON.CHPMON(M | ;
onitor Flag) 1 * P500 has been assigned to IVCMPO 1
TVREF4 —#] & !
! Please do not enable the follawing pins: !
TVREFS —¥ 1| - DACI2 output on the [DAC12] tab. 1
1
| Paorers (1 09010004 ]
Output to pin 7,
M Filt
wonrs —3 — e —
veMPT —] D=
ez —]
AFE Connection Monitor Filter
@ Console % & PRI

\GE for AFE

Figure 5-28 AFE Connection: ACMPHS voltage reference and register settings
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5.1.9 ACMPLPtab
By selecting the “ACMPLP” tab, the block diagram and register value of the low-power analog comparator
(ACMPLP) is displayed.

"{ QE for AFE(RA)
File Window Help
[ AFE Tuning RA(QE)

Connection SDADC24 | ADC16 |OPAMP | DACS | DAC12 ACMPH

ACMPLP

Figure 5-29 AFE connection: ACMPLP tab

Each function of ACMPLP can be set on the block diagram. Figure 5-30 ~ Figure 5-32 show the related
register names for each function.

“{ QE for AFE(RA}
File Window Help
[ AFE Tuning RAQE)

® coMPort: |COM4 Disconnect © &
Connection |SDADC24 |ADC16 OPAMP|DACS DAC12 ACMPHS ACMPLP Voltage 27V = AVCCO =55V g
qe_ate_sample_acmplp  ~ New Duplicate Delete ma
ACMPLP
COMPMDR Ell
. COMPFIR 88
Enable internal reference voltage of ACMPLPO COMPOCR m
Select ACMPLPO J— (COMPMDR.COVRF) CowpsELD =
reference voltage P00 fomp— ™
(COMPSEL1.CRVS)
ACMPLPO  Enable = Pin Settings
CMPREFD IVREFD POO2PFS (4 00018000
DACE channel 0 output Window Function | Dissble L0 ) S — Dissble ——»CPLOUTD J—— e
‘ Noise Filter Bypass > —
Pao1prs ] 09010004
ACMP_LPO
Select ACMPLP1 vref (Moitor Flag)
Hagh-speed -3
reference voltage
(COMPSEL1.CRVS)
(CIVREFZ) ACMPLPL Enable &
CMPREFL Window Function Ensble * | Mot inverted - Disable - - CPLOUT1
DACS channel 1 output it Noise: Filter e
[ - ACMP_LPL
CMPINL (Monitor Flag)
AMP1O
Enable internal reference voltage of ACMPLP1
(COMPMDR.C1VRF)
AFE Connection Monitor Filter
O Console & % &f ™ = A a

QE for AFE

Figure 5-30 AFE Connection: ACMPLP voltage reference settings
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£ QE for AFE(RA)
File Window Help

[ AFE Tuning RA(GE) % =0
® COM Port: |COM4 Discomnect @ &

Connection SDADC24 ADC16|OPAMP DACE DAC12 | ACMPHS | ACMPLP Voltage [ZFVZAVECO=5SV Y| i o3
qge_afe_sample_acmplp  ~  New Duplicate  Delete 1=

Enable window function mode Setting of noise filter ACMPLP _
(COMPMDR.COWDE) (COMPFIR.COFCK) COMPMOR a

COMPFIR 88

Select ACMPLPO input

(COMPSELO0.CMPSEL)

Enable ACMPLPO Select comparator output polarity i &
a0 oo COMPMDR.COENB) (COMPOCR.COOP) prPsEL i
AMPOO IOMPSELT A2
ACMPLPO Enble | - j Pin Settings
CHPREFD IVREFD PO02PFS [4] 00018000
DACS channel 0 output ::D* Window Function | Disable / M= . e i —

Noise Filter Bypess -
p401pFs [ 09010004

ACMP_LPO
(Monitor Flag)

Vref " Select speed mode
(COMPOCR.SPDM

Enable output to the pin
o (COMPOCR.COOE, P401PFS)

unctio - b— notmveted - Disatle = ——»CPLOUTI
CMPREFL . Window Function | Enable. n e
DACS channel 1 output TREFT N Noise Filter Bpess -

# ACMP_LPL

P vaeL “—— Same for ACMPLP1 (oo Hag)
Select ACMPLP1 input
(COMPSELO.CMPSEL)
AFE Connection Monitor Filter
B Console % B MEB-Nv=0

\QE for AFE

Figure 5-31 AFE Connection: ACMPLP Input / Output settings

{ QF for AFE(RA)

File Window Help

= AFE Tuning RA(QE) = ) .

Display register values based on  [ESSEuErr,
block diagram settings

Connection SDADC24 ADC16 OPAMP| DACA DAC12 |ACMPHS ACMPLP ESST i
ge_afe sample acmplp  ~ New Duplicate Delete =R
ACMPLP
COMPMDR Ell
COMPFIR 88
D e ared othe 0
COMPOCR 20

CHPIND VCMPO COMPSELO 11
AMPIO COMPSEL1 A2
ACMPLPO | Enable = 1 Pin Settings
CHERERD IVEero | Poozers (A 00018000
DACS channel © output Window Function | Dbl ~ » E— Dbl ~ > I E
ot crouto 1 PO13PFS [ 00018000
Moise Filter Bypass = 1

Nemmmmm ==

! paviprs [ 09010004
'y ACMP_LPD |
ref (Monitor Fliag)
High-speed -
h J

ACMPLPL | Enable

Window Function Enable = % Notinverted x Disable * ——p-CPLOUTL
CMPREF1
DACE channel 1 output TREFT : Noise Filter [e—

ACMP_LP1
CMPING IVCMPL (Manitor Flsg)
AMPIO

AFE Connection Monitor Filter

B Console & % bf g8~-fg~-=0

\QE for AFE

Figure 5-32 AFE Connection: ACMPLP register settings
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5.2 Monitor

By selecting the “Monitor” tab at the bottom of the QE for AFE, it is possible to obtain the A/D conversion
value from the target board, and displays the waveform and histogram. Output signal from the comparator
can also be displayed as waveform in here.

AFE Connectio Filter

Figure 5-33 Selecting of “Monitor” tab

5.2.1 Common functions

Display histogram

Display waveform

Select a monitoring mode

Select the function to monitor (valid only for ADC16)

Stop AFE Tuning

AFE Tuning RA(QE)

Start AFE Tuning

Monitor target ADC16

Channel selection | AN00S

Channel setting

Read AFE Tuning data from file

[#] ANDOB

Histogram
Save AFE Tuning data to file

Show raw data

4865.20
3648.90
243280

121630
3127400 3128400 3129400 3130400 3131400 3132400 3133400 3134400 3135400 31364.031374.00
0.00
=] 2]
o > 300 840 1380 1920 24560 3000 3540 4080 4620 5160  57.00

Display the execution status on the console i} > Parameters

» Parameters

» Legend

AFE Connection Manitor Filter

(2 console
0E for AFE
H

Figure 5-34 Monitor: Common functions
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e Selecting of function to be monitored
Select the analog function to be monitored from the pull-down menu as follows.

"I QE for AFE(RA)

File Window Help
[ AFE Tuning RA(QE) &

Monitor target SDADC24 ~ ||One-shot
SDADC24

ADC16-Temperature sensor output
ADC16-Internal reference voltage
ACMPHS

ACMPLP

Figure 5-35 Monitor: selecting of function to be monitored

e Selecting of the monitoring mode
When selecting ADC16 as monitoring function, the monitoring mode can be selected from pull-down

menu as follows.

“{ QE for AFE(RA)

File Window Help
1 AFE Tuning RA(QE) 22

Monitor target ADC16 ~ || One-shot v
One-shot

Figure 5-36 Monitor: selecting of the monitoring mode

— One-shot . AFE tuning will stop when the buffer on the target board is full.
This mode can be selected only for ADC16.
— Auto : AFE tuning will continuously perform up to 1 hour.

Except for ADCL16, it always operates in this mode.
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Table 5-3 Monitor: Common functions

Icons Description Condition
Before After connection
connection | STOP | Running
Start AFE tuning. The maximum tuning time is 1 hour. v
Stop AFE tuning. v
Obtains the AFE tuning result from the target board and displays the v v v

waveform. To stop the waveform display, click this icon again.
For the waveform, refer to “5.2.2 Display of the waveform”.

Obtains the AFE tuning result from the target board and displays the v v v
histogram with the A/D conversion value as the population. To stop the
histogram display, click this icon again.

For the histogram, refer to “5.2.3 Display of the histogram”.

Read the saved AFE tuning data file. The AFE tuning data before v v
reading the saved data will be discarded by this operation.

The extension of the AFE tuning data file is “.dat”, and the file can be
saved to any location.

Save the retained AFE tuning data to the file as binary data. v v
The extension of the AFE tuning data file is “.dat”, and the file can be
saved to any location.

List the raw data. The channel to be displayed in the list can be v v
switched. To exit the list to display, click the “x” at the top right of the
window. For the display of the list, refer to “5.2.4 Display of raw data”

El| RI|& @

T
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5.2.2 Display of the waveform
By clicking the icon below, the A/D conversion value can be displayed as a waveform.

- X

= 8
® COM Port:  COM4 Disconnect | &% &

= @m

Figure 5-37 Monitor: Waveform display icon

The X-axis shows the time, and Y-axis shows the conversion value. The display range can be set with
parameters for both the X-axis and Y-axis.

A/D conversion values can be listed as raw data. For the display of the list, refer to “5.2.4 Display of raw
data”.

[ QE for AFE(RA)

File Window Help
AFE Tuning RA(QE)

® COM Port: |COMM Disconnect
Monitorarge. [T Select the channel to display the waveform =
ranne setng N Automatically adjusts the Y-axis scale
If you do not select auto scaling, set the Y-axis

value in the parameter

] Auto Sealing

b 7 Maximum sample value on the Y axis,
72X G- q

9585848 The minimum sample value is added

8334406

7082964

5831522 . .
400 Maximum sample value on the Y axis,
- I The minimum sample value is subtracted

1654.00 1674.00 1684.00 1694.00 ) X 1724.00
B Increases X-axis start Reduces X-axis start time -
. time and time width and time width

>
~ Parameters

sps (sample per sugerd The data rate is displayed
X-Axis

Time Top(me) Time Width(ms) 100
Y-Axis, . . .

{Sample wax Py Sample Min 2077196 4 Cannot be set if auto scaling is selected

= Legend

ANSD3 (119.3 mv/div) MAX: 13548748, MIN: 3120064; MEAN: 8359184.6; ENOB: 1.19 bit. Counter: 6731

Setup Colors.

Click [Setup Colors...] to select the color

AFE Connection Manitor  Fil of each channel
B Console % b MR-
QE for AFE

Figure 5-38 Monitor: Display of waveform
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5.2.3 Display of the histogram

By clicking the icon below, a histogram with the A/D conversion value of the selected channel as the
population.

- X

= 8

® COM Port:  COM4 Disconnect | &% &

f.‘BEI

Figure 5-39 Monitor: Histogram display icon

The X-axis shows the A/D conversion value and the Y-axis shows the frequency. The display range of the
X-axis can be set with parameters. The Y-axis is displayed in the range from 0 to maximum frequency.

The values for each class can be listed as raw data. For the list display, refer to "5.2.4 Display of raw data".

By clicking both waveform display icon and histogram display icon, it is possible to display both waveform
and histogram at the same time. See Figure 5-34 for the image of display.

{ QF for AFE(RA) - [=] x
File Window Help
AFE Tuning RA(QE)

Select the channel to display the histogram © compor: Dizsomed
Monitar target G = i

Channel selection  ANDOS
[#] Auto Scaling

x

Automatically adjusts the X-axis scale
If you do not select auto scaling, set the X-axis
value in the parameter

419300
335440
251580
1677.20

83860

2.00 - - 1850 2400 2950 35.00 40.50 - - 57.00
2] Expand the X-axis range Narrow the X-axis range :2

= Parameters
XoAsis . Set the maximum / minimum value of the A/D conversion value for the population in decimal
HI Min AN A/D conversion values that exceed the set value are not included in the histogram

Classes 50

Cannot be set if auto scaling is selected
AFE Connection Monitor Filter 3
e Sets the number of layers on the X-axis = =
onsole ol - M

QE for AFE

0.00

Figure 5-40 Monitor: Display of histogram
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5.2.4 Display of raw data
By clicking the icon below, the values of the graph can be listed.

= 0

® COM Port: COM4 Disconnect 8 &

B EM@@

Figure 5-41 Monitor: Raw data listing icon

The list can be selected in a range and copied in CSV format. The copy can be done with “CTRL+C”.

Select the channel to display raw data

[ AFE Raw Data RA(QE) & = 4
ADC16.Channel ANO08 ~

No. Time[ms] Data OVF Al

0 0.00000 30

1 0.00117 33

2 0.00233 31

3 0.00350 28

4 0.00467 24

5 0.00583 27

6 0.00700 28

7 0.00817 38

8 0.00933 26

9 0.01050 27

10 0.01167 21

1 0.01283 29

12 0.01400 38

13 0.01517 27

14 0.01633 23

15 0.01750 27

16 0.01867 38

17 0.01983 28

18 0.02100 26

19 0.02217 27

20 0.02333 26

21 0.02450 34

22 0.02567 30

23 0.02683 27

24 0.02800 20

25 0.02917 29

26 0.03033 37

27 0.03150 27

28 0.03267 21

29

30 Select the graph to display raw data

31 0.036 & v

< >

H 4
I WaveForm Histogram SINC3 %
L 1

Figure 5-42 Monitor: Display of raw data
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5.3 Filter

By selecting the “Filter” tab, the auxiliary settings for AFE connections can be configured.

QE for AFE[RA] Analog Front End Tuning Guide

AFE Connection Monitor

Figure 5-43 Selecting of “Filter” tab

" QE for AFE(RA)
File Window Help
AFE Tuning RA(QE

A vor 1 scomee @
mEm
SINC3 Frequency Characteristic SDADC24,
200 Estima Show raw data
Fos
20.00 Output Sample Rate | 1000 SPs
Over Sampling Ratio |1000
40.00 Over Sampling Ratio
PGACO.PGAOSR 256
050 Averaging
Mode Disable ~

Data Nums

Gain/Offset Correction

C{VLFB‘ (.‘ :
12000 Output Sample Rate 3906.25 sPs
SINC3 Characteristic Setting
140,00 H tal Axi
160.00 Frequency Physical v
MIN 0 Hz
18000 MAX 250000 Hz
Vertical Axis
-20000 MIN -200 dB
0.00 25000.00 50000.00 75000.00 100000.00 - |2’.T!fl.‘\ 00 150000.00 175000.00 200000.00 22500000 250000.00 Max a8
AFE Connection  Monitor  Filter
B Console - -
QE for AFE
Figure 5-44 Filter: Screen of display
Table 5-4 Filter functions
Icons Description Condition
Before After connection
connection | STOP | Running
3 Apply each parameter of the filter to the register value on the AFE v v
= Connection tab.
b Reset each parameter of the filter to the setting based on the v v
register value on the AFE Connection tab.
=g Gain for each frequency can be listed as raw data. v v v
For the display of the list, refer to “5.2.4 Display of raw data”.
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5.3.1 Frequency characteristics of SINC3
It is possible to set the SINC3 filter related register, and to display the frequency-gain characteristic graph

based on the settings.
Select the channel to set the filter Discoanect @ &
DADC24 Charne o The sampling frequency set on the

SINC3 Frequency Characteristic
000 o “AFE connection” tab is reflected
pie Rate | 1000 £y Displays oversampling calculated
ng A 0 from the output data rate

Displays the oversampling rate set in

Set the averaging function = PGAC0.PGAOSR

GCVLRO: Gain error correction factor
OCVLRO: Offset error correction factor
When you execute the apply, it will be reflected in the

10000 i
“AFE connection” s
12000 A Sample Rate | 380625 S -
Displays the output data rate according to
Select scaling SINC3 Characteristic Setting

Harizantal Axis

(Linear, Log) ; Unear

Physical

“teaan Select frequency display mode T n - "
(Physical, Normalized) = Set the range of the horizontal axis
|

[
G Set the range of the vertical axis
i

requencyiHz)

AFE Connection Monitor Filter

© Console
IGE for AFE

Figure 5-45 Filter: Frequency characteristics of SINC3
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5.4 Calibration

After connecting the QE for AFE to the target board, by clicking the icon below, the calibration of analog
characteristic can be done.

= 0

Disconnect | &
DEREe s m N

® CoM Port: |COMA4

Figure 5-46 Calibration icon

The calibration can be done for each channel. After selecting the function and channel to perform
calibration, click “Next” to display the calibration result as shown below.

¢ Calibration u] x

{* Calibration/User Offset Trimming

Substitute the value to [SDADC24] and [Filter] page
The calibration result is
displayed.

o

Select target, mode and channel

Target Selection SDADC24 | SDADC24. ANSDO

| sovro 4488 17547
Mode Selection Intemal

| OCVLRD 00000797 1943
Channel Selection ANSDO

: Cancel

Figure 5-47 Display of calibration result

Click “Finish” to reflect the register values in SINC3 and AFE Connections.

To reflect the calibration result to related registers, check the checkbox of the register to be calibrated in
“AFE connection”, and make sure to write to RA2A1 on the target board.

SDADC24
ST 0007 \
sTC2 03
ADC 00000000 |
- Input Multiplexer 0
Check the check-box to enable
PGACO 00010040 The calibration result is reflected
QcvLRo [] ! (00000797 |
Input Multiplexer 1
PGACI |ooo12040 |
Govir1 [ 4492
OcvIR1 [] |oooooo0o

Figure 5-48 Calibration: Reflection to the AFE connection register value
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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 I/O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/O
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

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

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

become possible.
5. Clock signals

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

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

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

input level is fixed, and also in the transition period when the input level passes through the area between V. (Max.) and 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.

10.

11.

12.

13.
14.

(Notel)

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

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

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

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

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

(Note2)

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

Trademarks

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

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

(Rev.5.0-1 October 2020)

Contact information

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