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1. Overview

This is the Renesas EU045 Air Quality Sensor solution Kit.

It demonstrates Air Quality and further environmental sensors to allow quick evaluation of Renesas ZMOD
gas sensors, relative humidity / temperature and ambient light sensors. Its Bluetooth® 5.0 communication
allows nice and easy visualization of data on a contemporary GUI running on a Smartphone or Tablet, and it
comes along with Li-lon battery, charger and Qi standard wireless power transfer.

The EU045 evaluation kit is available in three variants, basically differing in the assembled air quality sensor:

Kit Name / Order Code Description Gas Sensor Color
Y-EU045-BLUEPUCK / Indoor Air Quality ZMOD4410 Blue
EU045-1AQEV1Z

Y-EUO045-GREENPUCK / Outdoor Air Quality Sensor ZMODA4510 Green
EU045-0OAQEV1Z

Y-EU045-YELLOWPUCK / Refrigerator Air Quality Sensor ZMODA4450 Yellow
EUO45-RAQEV1Z

When closed, the case is somewhat waterproof and contains a membrane to let gas in and out, similar to

IP54 (not tested).

All three versions use a common Smartphone App, which is available for Android and Apple iOS and
autodetects the type of EU045, see <https://www.renesas.com/win/eu045>

The solution kits contain the following Renesas Parts

e HS3001 - relative humidity and ambient temperature sensor

e ISL29020 - ambient light sensor (fitted in lots with S/N: A20* and A21* only, component is
not recommended for new designs anymore)

one of the following Renesas Air quality sensor:

e ZMODA4410 - indoor air quality sensor
(gas sensor module for TVOC, eCO2 and IAQ according to German Umweltbundesamt)

e ZMODA4510 - outdoor air quality sensor
(gas sensor module for OAQ incl. NO2 and O3 according to standard classification from US)

e ZMODA4450 - refrigeration air quality
(gas sensor module for typical odor in fridge)

plus

e ISL9301 Li-lon Battery Charger
e ISL9122A Ultra-Low 1Q Buck/Boost Regulator

¢ RA4W1 MCU for Bluetooth® 5.0 LE communication

e RL78/G13 MCU for sensor data evaluation / provision

R30AN0367ED0200 Rev.2.00
2021-12-22
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https://www.idt.com/us/en/products/sensor-products/humidity-sensors/hs3001-high-performance-relative-humidity-and-temperature-sensor
https://www.renesas.com/us/en/products/sensors/ambient-light-sensors/light-to-digital-sensors/device/ISL29020.html
https://www.idt.com/us/en/products/sensor-products/gas-sensors/zmod4410-indoor-air-quality-sensor-platform
https://www.idt.com/us/en/products/sensor-products/gas-sensors/zmod4510-outdoor-air-quality-sensor-platform
https://www.idt.com/us/en/products/sensor-products/gas-sensors/zmod4450-refrigeration-air-quality-sensor-platform
https://www.renesas.com/us/en/products/power-power-management/battery-management/single-cell-battery-charging/isl9301-high-input-voltage-charger-power-path-management
https://www.renesas.com/in/en/products/power-power-management/dc-dc-converters/step-upstep-down-buck-boost/buck-boost-regulators-integrated-fets/isl9122a-ultra-low-iq-buck-boost-regulator-bypass
https://www.renesas.com/us/en/products/microcontrollers-microprocessors/ra/ra4/ra4w1.html
https://www.renesas.com/us/en/products/microcontrollers-microprocessors/rl78.html
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2. Purpose of this document

This Software User manual provides you in-depth details on the Software of this solution kit.

2.1 Logic View
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Figure 1. EU0O45 Logic View

The PCB board is logically divided in two Modules (Figure 1): the Sensor Module and the RF Module. In the
Sensor Module an RL78 microcontroller and the sensors are present. These devices communicate via 12C
serial bus, where the RL78 has the master role while the Sensors are 12C slaves. At power-up the RL78
initializes the sensors and starts to collect their output data. Sensor configuration parameters and output data
are placed in a virtual register bank (present on the RL78). These data can be read and write through the
I12C external bus. On this bus the RL78 has the slave role and an external device (i.e. the 12C master, on this
board, this is the RF module) accesses the RL78 virtual register bank and loads the sensor configuration
and/or reads the sensor output data. Furthermore, the RL78 contains Renesas Al-based algorithms to
evaluate air quality data from the raw sensor values.

In the RF Module a RA4W1 microcontroller is used. The role of this device is to collect the sensor data (i.e.
retrieving them from the RL78) and make their values available through a Bluetooth® LE connection by
using an advertising message (unconnected mode) and/or GATT Server/Client (connected mode).

2.2 Prerequisites

This guide assumes you have some experience with the Renesas e? studio IDE together with the Flexible
Software Package (FSP), the QE for BLE plug-in (both used on the RA4W1 microcontroller), the CC-RL
compiler (recommended for the RL78), GCC ARM compiler (for RA MCU) and the Code Generator plugin
(used to configure the RL78 peripherals). If not, please familiarize yourself by referring to our website using
the smart search function on these keywords and/or details in the next section.

R30AN0367ED0200 Rev.2.00 Page 4 of 51
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2.3 Firmware versions — IMPORTANT NOTE

After a first EU045 production lot, a major firmware upgrade has been released. Users must pay attention
which firmware version is running on their boards. By default, users receive only working combinations.

In the upgrade, the ZMOD libraries have been updated, introducing the support for Ultra Low Power (ULP)
mode. Moreover, an autodetection of the presence of light sensor (ISL29020) has been implemented to
allow running the hardware with or without light sensor.

In this document, firmware version “A” and version “B” are used to distinguish the original from the upgraded
releases, as indicated in Table 1.

Firmware Versions Boards Compatibility
ISL29020
: ISL29020 :
Version RL78 RAAW1 light sensor light sensor Notes
. NOT
fitted
assembled
A <0.2.0 <0.4.0 OK Pre-upgrade versions
Upgraded versions
S S ¢ Updated ZMOD4410 libraries
B 2020 2040 OIS Cl e Updated ZMODA4510 libraries
o Autodetect ISL29020

Table 1: Firmware versions differences.

2.4 Tools and software versions required

2.4.1 RA4W1 Microcontroller
e Firmware version A

o Renesas e? studio Integrated Solution Development Environment (IDE) v 2020-10 or greater
(required to use FSP 2.2.1)

o Renesas Flexible Software Package (FSP) v.2.2.1 or greater using the GCC ARM
Embedded Toolchain 9.2.1.20191025

o QE for BLE: Development Assistance Tool for Bluetooth® Low Energy
e Firmware version B

o Renesas e2 studio Integrated Solution Development Environment (IDE) v 2021-10 or greater
(required to use FSP 3.4.0)

o Renesas Flexible Software Package (FSP) v.3.4.0 or greater using the GCC ARM
Embedded Toolchain 9.2.1.20191025

o QE for BLE: Development Assistance Tool for Bluetooth® Low Energy

2.4.2 RL78 Microcontroller
e Firmware version A

o Renesas e? studio Integrated Solution Development Environment (IDE) v 2020-10 or greater
o Code Generator Plug-in for RL78

o Renesas CC-RL v1.09.00 or greater

o ZMOD4410 Indoor Air Quality eCO2 Firmware ver. 2.1.1 — 202010011

! Software License Agreement applies, see also https://www.renesas.com/eu/en/document/oth/disclaimer002?language=en

R30ANO367ED0200 Rev.2.00 Page 5 of 51
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o ZMODA4410 Odors, Firmware for Fan Control ver. 2.1.1 — 20201001 *

o ZMOD4410 Sulfur Odors, Firmware ver. 2.1.1 — 20201001 ?*

o ZMOD4510 Outdoor Air Quality Firmware ver. 20191014 *

o ZMOD4450 Refrigeration Air Quality Firmware ver. 1.2.0 — 20200310
Firmware version B

o Renesas e2 studio Integrated Solution Development Environment (IDE) v 2021-10 or greater

o Code Generator Plug-in for RL78

o Renesas CC-RL v1.09.00 or greater

o ZMOD4410 Indoor Air Quality 2" Gen Firmware ver. 2.2.0 - 202108271

o ZMOD4410 Indoor Air Quality 2" Gen ULP Firmware ver. 1.0.0 - 202112091

o ZMOD4510 Outdoor Air Quality 1t Gen Firmware ver. 3.0.0 - 202105271

o ZMOD4510 Outdoor Air Quality 2" Gen ULP Firmware ver. 3.0.0 - 202105261

o ZMOD4450 Refrigeration Air Quality 1t Gen Firmware ver. 1.2.0 - 20200310

3. RL78 Firmware

3.1 Firmware Layout
Figure 2 shows the RL78 Project Layout. In detail

<project name>\src\ contains all the files created by the Code Generator, based on the RL78
pinout configuration on the EU045 solution kit and all the project folders that contains the application
code.

<project name>\src\drivers contains the sensor drivers and the location where the Air
Quality sensor’s libraries have to be placed. These libraries require to sign a needs click-thru
license agreement with Renesas, so they are not included into the projects. Appendix Section 6
describes these libraries and the method to include them into the project.

<project name>\src\I2C contains a Hardware Abstraction Layer between 12C API created
using the Code Generator and the sensor drivers developed for this application.

<project name>\src\UART contains the Hardware Abstraction Layer between the UART API
created using the Code Generator and the task that transmits the Debug Information of the UART
interface [1].

<project name>\src\tasks collects all the file related to the tasks present in the application.
These tasks manage the sensor communication and update the RL78 Virtual Registers available on
the external 12C BUS (see section 1 “Overview”).

<project name>\src\common contains the utilities functions used in the firmware.

R30ANO367ED0200 Rev.2.00 Page 6 of 51
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Figure 2: RL78 firmware Layout

3.2 Firmware Configuration
In the following file

<project name>\src\common\project conf.h,

all compile switches that enable/disable the firmware features are collected.
In detail:

e “HS300X SENSOR” (values: “SENSOR ABSENT"/’SENSOR_PRESENT”, default value: “SENSOR
_ PRESENT”) enables/disables the HS3001 initialization and communication procedures

e “ISL29020 SENSOR” (values: “SENSOR ABSENT"/’SENSOR PRESENT”, default value: “SENSOR
_ PRESENT”) enables/disables the ISL29020 initialization and communication procedures.

e “UART COMMUNICATION” (values: “ABSENT"/"PRESENT/"TEST”, default value : “PRESENT”),
enable/disables the UART communication, to transmit the Sensor Data Output on the Debug UART
interface [1]. The value “TEST”: increase the number of information transmitted on the UART.

e “BATTERY CHARGE” (values: “ABSENT”/"PRESENT”, default value : “PRESENT”) enables/disables the
task that evaluates the battery charge.

The following settings are to be used alternatively depending on Blue, Green or Yellow version. Only
one sensor is present: either ZMOD4410 or ZMOD4510 or ZMOD4450

e “ZMOD4410 SENSOR™ (values: “SENSOR_ABSENT”/’SENSOR_PRESENT” default value: “SENSOR
_ABSENT”) enables/disables the ZMOD4410 initialization and communication procedures; must be
set to SENSOR_PRESENT for Blue Puck version only.

e “ZMOD4410 END DET”

(values: “ZMOD4XXX INTERRUPT PIN ABSENT”/“ZMOD4XXX INTERRUPT PIN PRESENT”,
default value: “2MOD4XXX INTERRUPT PIN PRESENT”), that defines the detection method used
by the sensor driver on the availability of new output data (see section 6.1.2 “ZMOD4410 Library”
for a complete description of this compile switch).

e “ZMOD4510 SENSOR™ (values: “SENSOR_ABSENT”/’SENSOR_PRESENT” default value: “SENSOR
_ABSENT”) enables/disables the ZMODA4510 initialization and communication procedures; must be
set to SENSOR_PRESENT for Green Puck version only

2 The value of this compile switch has to be set according to the EU045 solution kit / Puck version, i.e. Blue,
Green or Yellow. The default value of this compile switch is SENSOR_ABSENT because the firmware is
provided without the Air Quality Sensor Library since it requires to sign a click-thru license agreement with

Renesas.

R30AN0367ED0200 Rev.2.00 Page 7 of 51
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e “ZMOD4510 END DET”

(values: “ZMOD4XXX INTERRUPT PIN ABSENT’/“ZMOD4XXX INTERRUPT PIN PRESENT’,
default value: “ZMOD4XXX INTERRUPT PIN PRESENT”), that defines the detection method used
by sensor driver on the availability new output data (see section 6.1.4 “ZMOD4510 Library” for a
complete description of this compile switch)

e “ZMOD4450 SENSOR™ (values: “SENSOR ABSENT"/’SENSOR PRESENT” default value: “SENSOR
_ABSENT”), which enables/disables the ZMOD4450 initialization and communication procedures;
must be setto SENSOR_PRESENT for Yellow Puck version only

e “ZMOD4450 END DET”

(values: “ZMOD4XXX INTERRUPT PIN ABSENT’/“ZMOD4XXX INTERRUPT PIN PRESENT’,
default value: “ZMOD4XXX INTERRUPT PIN PRESENT”), that defines the detection method used
by the sensor driver on the availability new output data (see section 6.1.5 “ZM0OD4450 Library” for a
complete description of this compile switch)

3.3 HS3001 and ISL29020 Drivers

HS3001 and ISL29020 drivers are created based on the 12C protocol explained in their respective datasheet
[3] and [4]. No external libraries are required for these sensors.

3.4 Integration of the external ZMODA4XXX libraries

The ZMOD4410, ZMOD4510 and ZMOD4450 air quality sensors are distributed together with a closed
firmware library providing the API interface for getting the measurements from the sensors.

Although being part of this package, please note that for these libraries the click-thru license agreement with
Renesas you have signed, still applies (!).

For further details on the libraries, please refer to the Appendix Section 6.

3.5 12C Communication on the External Bus

3.5.1 Repeat Start Signal Support

As explained in section 1 “Overview”, sensors and RL78 Microcontroller compose the sensor module, which
can also be used stand-alone; it can be electrically or even mechanically separated from the rest of the
solution kit. The access to the sensor data output and configuration parameters is possible through a virtual
register bank, which data can be accessed via the 12C bus.

Register reading requires transmiting a message into the 12C buffer, divided into two parts (Figure 3): the first
part the 12C master transmits the register address to the slave, while in the second part, the I12C master
receives the register value. At the beginning of the second part, the 12C master transmits a restart bit.

I2C READ REGISTER (8bit)

: SLAVE ADDRESS(W) | REGISTER ADDRESS SLAVEADDRESS(R) | | REGISTER VALUE (8 bit)
1 |sT|n6 |5 |pa|A3|A2|At1 |0 W | A R7|R6|R5|R4|R3|R2|R1|R0| A [E5 A6 |A5|A4|A3|A2|A1]A0| R | A D7 D6D5D4/D3/D2/D1 DO| N [SP]

I
I
SN e e e e e e e e e e e e e e e e e e e e e e e ee e e e’ s s s s e e e st e e e e e, ., ,E .. -—-———-———-- 14

RESTART ST: START AACK
SP: STOP N: NACK

Figure 3: Read Register Message Format (8-bit data) on the I12C BUS

As it is explained in [8] (which refers for RL78/G14 family group, but it is also valid for the RL78/G13), the
code generator does not support the repeat start condition for the RL78 SERIAL INTERFACE IICA
peripherals, no matter whether they are configured as master or slave. To solve the problem, the document
provides the firmware code snippet to be added to the I12C ISR generated by code generator.

Figure 4 shows the firmware snippet that manages the restart condition on the EU045 firmware application.
This part should be included in ar_cg_serial_user.c zone that is erased each time that the code is re-
generated by the Code Generator.

R30ANO367ED0200 Rev.2.00 Page 8 of 51
2021-12-22 RENESAS



EU045 Software User's Guide

To avoid this problem, the r_cg_serial_user.c file is removed by the compile toolchain (even if it is present in
the software) and its data is placed in the file serial_user.c, that is not affected by re-generation of the code?.

#ifdef RESTART_SLV_SUPPORT
if(1U == STD®)/* start or restart condition*/
{
/*If the i2c address has been already detected by the ISR
* this is a Restart. The restart is used when the master
* need to read a register value */
if(g_iica@_slave_status_flag & _80_IICA_ADDRESS_COMPLETE)

{
}

REGMAP_I2C_Restart_Stop(I2C_SLV_CHA@, &buff_rx, &i2c_stop_out);
g_iica®@_slave_status_flag = @U;

#endif
Figure 4. Firmware snippet used to manage the Restart bit Reception

3.5.2 Sensor Module Register Map

At power-up, the RF Module (RA4W1 MCU) starts to send messages on the 12C external bus to detect the
presence of the sensor module (RL78 MCU).

When the sensor module is detected, the RF module sends the sensors’ configuration data and then starts
requesting the sensor data output.

Table 2 shows the RL78 virtual register bank. The columns “A” and “B” refer to the firmware versions (see
Table 1): the green color indicates the validity of the register while the red color means that the address is
not used.

Address Name Type Range Access Notes A|B

0x00 ZMOD4XXX Status Register | uint8 R

0x01 HS3001 Status Register uint8 R

0x02 ISL29020 Status Register uint8 R

0x03 Input Status Register uint8 R

0x04 - 7\ 10D4XXX Product ID uint16 R

0x05

0x06 Control Register uint8 R/W

0x07 - : .o

OXOC ZMOD4XXX Tracking Number | 6 * uint8 R

0x0D - ; "Write del

OXOE HS3001 Measure Delay uint16 R/W* SReeZisteT..e ey

OXOF see "Write delay

XUF - . Register”

0x10 ZMOD4XXX Measure Delay | uintl6 R/W* (this register is Used only
for ZMOD4410)

Ox11 - . "Write del

Oxl> | 1SL29020 Measure Delay uint16 RIW* | Picter

0x20 IAQ uint8 20,0.1 R ZMOD4410 IAQ Mode

8@; TVOC uint16 0-50, 0.01 R | ZMODA4410 IAQ Mode

3 Since the file serial_user.c is not affected by code re-generation, in case the User changes Serial
peripheral configuration (UART and 12C) and re-generates the code, the software changes on the
r_cg_serial_user.c has to be copied in serial_user.c

R30ANO367ED0200 Rev.2.00 Page 9 of 51
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0x23- .

0x24 EtOH uintl6 0-25, 0.01 R ZMODA4410 IAQ Mode

0x25- .

0x26 eCO2 uintl6 400-5000 R ZMODA4410 IAQ Mode

0x27 Odor Control Signal State uint8 0{?5,\'1:))/ R | ZMOD4410 ODOR Mode

8@3 Odor Concentration Ratio uint1l6 0-5,0.01 R ZMOD4410 ODOR Mode
T . O(ACCEPTABLE)/ ZMOD4410 SULFUR

Ox2A Sulfur Odor Classification uint8 1(SULFUR) R ODOR Mode
. . ZMOD4410 SULFUR

0x2B Sulfur Odor Intensity uint8 0.0-5.0 R | ODOR Mode

Refrigerator Control Signal . O(OFF)/

0x2C State uint8 1(ON) R ZMOD4450

0x2D- Refrigerator Concentration :

OX2E Ratio uintl6 0-5,0.01 R ZMOD4450

Ox2F- .

0X30 OAQ uintl6 0-500, 0.1 R ZMOD4510

0x31- .

0X32 ALS uintl6 R 1SL290xxx

0x33- - . 0

0x34 Humidity uint1l6 0-100%, 0.01 R HS3001

Ox35- Temperature int16 -20 to 85, 0.01 HS3001

0x36

0x37 Battery Charge uint8 0-100 %

0x38- . .

0x39 FW Revision uintl6

0x3A- .

0X3B OAQ Fast uintl6 0-500, 0.1 R ZMODA4510 ULP Mode

Ox3C- 03 uint16 20-500, 0.1 R | ZMOD4510 ULP Mode

0x3D

O0x3E Control Register 2 uint8 R/W

O0x3F-

OXAF Not Used Not Used

0x50 ISL29020 Command Register | uint8 Debug Data

8@% ISL29020 DATA Raw Data uintl6 Debug Data

0x53- .

OxX54 HS3001 Temp. Raw Data uintl6 R Debug Data

0x55- - .

OX56 HS3001 Humidity Raw Data | uint16 R | Debug Data

0x57- . Debug Data

OXBA Log Rcda uint32 R (ZMOD4410)

Ox5B- 16 * Debug Data

oxoA | Rmox uint32 R | zmopaxxx)

0x9B- . . . 0Oms-6538.5ms, Debug Data

0X9C Zmod Routine max exec time | uint16 0.1 R (ZMODAXXX)

0x9D- HS300x Routine max exec . 0ms-6538.5ms,

OX9E time uintl6 0.1 R Debug Data

Ox9F- IsI29020 Routine max exec . Oms-6538.5ms,

OXAO time uintl6 0.1 R Debug Data

OxA1l- .

OXA2 Internal error code uint16t R Debug Data

OxA3- . Debug Data

OXAE Log Non Log Rcda 3* uint32 R (ZMOD4410 ULP Mode)

Table 2: 12C Register Map
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ZMOD4XXX Status Register (0x00)

7 6 5 4 3 2 1 | 0

0 - 0 0

Ready Result - Error Code Status

Status 0: DISABLED, 1: INIT, 2: READY, 3: ERROR, 4: WARMUP

Error Code 0: No Error, 1: 12C COMM ERROR 2: CONFIG ERROR, 3: WRONG SENSOR; 4: RUNNING ERROR

Ready Result 1- Sensor Value is ready. Value is reset to 0 after the value is read via 12C

HS3001 Status Register (0x01)

7 6 5 4 3 2 1 0
0 - 0 0
Ready Result - Error Code Status
Status 0: DISABLED, 1: INIT, 2: READY, 3: ERROR
Error Code 0: No Error, 1: 12C COMM ERROR;2: CONFIG ERROR
Ready Result 1: Sensor Value is ready. Value is reset to 0 after the value is read via 12C
ISL29020 Status Register (0x02)
7 6 5 4 3 2 1 0
- 0 0
Ready Result - Error Code Status
Status 0: DISABLED, 1: INIT, 2: READY, 3: ERROR
Error Code 0: No Error, 1: 12C COMM ERROR;2: CONFIG ERROR
Ready Result 1: Sensor Value is ready. Value is reset to 0 after the value is read via 12C
Input Status Register (0x03)
7 6 5 4 \3 2 1 0
) ) ) ) ) ) ) ISL9301
CHG
ISL9301 CHG 0: Battery not charging, 1: Battery is charging
Control Register (0x06)
7 6 5 4 3 2 1 0
0 0 0 0 0
Write
Soft reset Delay ISL29020 Mode HS3001 Mode ZMOD4XXX Mode (LSB)
Registers

ZMOD4XXX Mode (LSB)

0: power-down, 1: (IAQ/OAQ/RAQ), 2: odor, 3: sulfur odor

HS3001 Mode

0: power-down, 1: single shot, 2 continuous mode

ISL29020 Mode

0: power-down, 1: single shot, 2 continuous mode

Soft reset

1: performs reset of the module and sensors

Write Delay Registers

0: the sensor delay registers are not writable, 1: sensor delay registers are writable

Control Register 2 (0x3E)

7

0

0

ZMODA4XXX
Mode (MSB)

ZMODA4XXX Mode (MSB)

0: Mode configured by bits 1-0 in Control Register, 1: ULP (Ultra Low Power)

Table 3: Configuration and status registers.
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3.6 Debug UART Interface

The EU045 solution kit also provides a debug UART interface for the RL78 microcontroller (enabled by the
compile switch UART_COMMUNICATION, as explained in 3.2 “ Firmware Configuration”), available on the
J8 connector [1]. For each sensor present on the kit, the following data are available:

e Sensor Data Output
e Sensor Measure Delay (if available)
e Sensor Status

e Sensor Error Code.

Relating to the battery, by default (i.e. when no USB/Wireless charger is connected to the solution kit) an
estimate of the charge percentage is shown on the UART. However, when the USB or Qi charger inputs
power to the solution kit, a message “Battery charger is connected” is shown.

Table 4 shows the UART Communication Parameters and Figure 5 shows typical debug information
transmitted by the RL78 UART on a EU045 Green-Puck version as an example.

RL78 UART Parameters
Parameter Value
Baud Rate 38400
Data Size 8-bit

Parity Bit None
Stop Bit 1-bit

Table 4. RL78 Debug UART Parameters

R30AN0367ED0200 Rev.2.00 Page 12 of 51
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Firnware Yerzion 0.0.9 Harduare Verzion EK-EL78 E101

: 0.0C
L"ILL

: Hl] EF: olR

D'J

HII:II_] 1237534 224015 100 100 100 100 100 100 100 100 100 100 100

+ 1.990s
: HRARHUP
: WO ERROF

+ [.500¢
3 : READY
.|||:|u : H[l ERROR

BATTERY
Battery Charge : 100

Figure 5: Debug information (Blue-Puck Version) transmitted by the RL78 on the UART

4. RA4W1 Firmware
4.1 Firmware Layout
Figure 6 shows the RA4W1 Project Layout. In detail

e <project name>\ge gen\ contains the files generated by the QE for BLE Tool, which are
related to the Server GATT Services available on the application

e <project name>\ra\ and <project name>\ra gen\ contain the data generated by FSP,
according to the RA4W1 pinout and features, for the EU045 solution kit

e <project name>\src\ contains the firmware task files and the project folders related to the
application code.

e <project name>\src\common contains the utilities functions used in the firmware
e <project name>\src\I2C contains the files to interface with the RL78 Register Bank

e <project name>\src\mdl param contains the functions to store some of the application
parameter in the microcontroller non-volatile memory (NVM)

R30ANO367ED0200 Rev.2.00 Page 13 of 51
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~ = EU045_BLE_FSP211
B

i
[ Includes
2 ge_gen
2 ra
[ ra_gen
v 2 src
= common
= 12C
= mdl_params
|| ble_advertising.c
ble_advertising.h
ble_thread_entry.c
ble_thread_entry.h
config.h

Binaries

hal_entry.c
HAL_pwm.c
HAL_pwm.h
i2c_rnst_thread_entry.c
i2c_mst_thread_entry.h

FEREPREEEE

main_thread_entry.c

Figure 6: RA4AWL1 firmware Layout

4.2 Firmware Configuration

The RA4W1 firmware doesn’t require a configuration procedure and it is the same for all the EU045 variants
i.e. Blue-Puck, Green-Puck, Yellow-Puck). It auto-detects which ZMOD sensor is present on the RL78

firmware (which is different for those three variants). However, the Bluetooth® LE requires a MAC address;
see the next section.

4.3 MAC Address

Each EUO045 solution kit has a different pre-programmed MAC Address, used as default by the RA4W1
firmware. However, it is possible to configure a different MAC Address (custom MAC Address can be
obtained with the procedure described in [9]) following these steps:

1. Open the FSP Configurator, double-clicking the configuration.xml file in the Project Explorer (Figure

7).
In the Stacks Tab, select the “BLE Abstraction Driver” present in the HAL/Common Thread.

3. Inthe “BLE Abstraction Driver” Property (Figure 8), the field “Debug Public Address” defines the
EU045 solution kits MAC Address value. Special value “{OxFF, OXFF, OXFF, OxFF, OxFF, OXFF}’ is
used to select the kits MAC Address pre-programmed value (different for each EU045 solution kit).

If a different MAC Address is required, the “Debug Public Address” array must be filled with the new
value, starting from the MAC Address less significant byte.

4. Click “Generate Project Content” to update the new configuration in the firmware.
Build the firmware.

6. Download / flash the new firmware to the RA4W1 microcontroller.

4 1If the User MAC Address is “01-02-03-04-05-06", the Debug Public Address must be set to {0x06, 0x05,
0x04, 0x03, 0x02, 0x01}

R30AN0367ED0200 Rev.2.00

Page 14 of 51
2021-12-22 RENESAS



EU045 Software User's Guide

v 75 EUD45_BLE_FSP211
;;—P‘ Binaries
[ Includes
2 ge_gen
= ra
2 ra_gen
= src
= Debug
= ra_cfg
(= script
L= trash

5§_> configuration.xml I
EU045_BLE_FSP211.elf jlink
EU045_BLE_F5P211.elf Jaunch
RTFAAWITAD2CNG pincfg
ra_cfg.txt

{7) Developer Assistance

Figure 7: configuration.xml file in the e? studio Project Explorer

£ [EU045_BLE_FSP211] FSP Configuration =t
Stacks Configuration Generate Project Content
Threads 4] New Thread 5/ HAL/Common Stacks 4] New Stack > %] Remove
v & HAL/Common ~ PR p 5 7 2
£qi N R & g_ioport 1/0 Port + BLE Abstraction Driver on rm_ble_abs
g_ioport I/O Port Driver on r_ioport ~ N
) R ) Driver on r_ioport
4 BLE Abstraction Driver on rm_ble_abs
~ & BLE Thread @ (i)
4 Heap 4 : Y :
A 9—“"“ Key Matrix Driver on r_kint # Network Driver on r_ble_all_freertos P g_timer_ble1 Timer
~ @ Main Thread Driver on r_agt
4 g_uart_trace UART Driver on r_sci_uart v
®
Objects ] New Object > : N i
@ g_flash Flash Driver on | | % g_external_irq External | | % g_timer_bleQ Timer
r_flash_Ip IRQ Driver on r_icu Driver on r_gpt v
< >
Summary BSP |Clocks Pins | Interrupts |Event Links | Stacks  Components
[ Properties 22 [2 Problems & Console @ Smart Browser @ Memory Usage % Debug “gR_BLE Custom Profile RA (QE) 4 Search M§=tc

BLE Abstraction Driver on rm_ble_abs

Settings Property Value
~ Common
Debug Public Address
Debug Random Address
Maximum number of connections

APl Info

OxFF,0xFF,0xFF,0xFF,0xFF,0xFF}
OxFF,0xFF,0xFF,0xFF,OxFF,0xFF}

|~ =]

Maximum connection data length 51

Figure 8: Debug Public Address field in the BLE Abstraction Driver Properties

4.4 Debug UART Interface

The EU045 solution kit provides another debug UART interface, this time for the RA4W1, available on the J4
connector [1].

The RA4W1 transmits additional debug information referred to:

e 12C communication with the RL78, indicating when the RL78 is detected on the external bus, when
the sensor configuration is going to be transmitted and when the configuration is completed

e Bluetooth® LE Communication and Advertising transmission, indicating when the Bluetooth® LE
Framework starts and when an advertising message is transmitted

Table 5 shows the UART communication parameters and Figure 9 shows the typical debug information
transmitted by the RAAW1 as an example.

R30ANO367ED0200 Rev.2.00 Page 15 of 51
2021-12-22 RENESAS



EU045 Software User's Guide

RA4W1 UART Parameters
Parameter Value
Baud Rate 115200
Data Size 8-bit

Parity Bit None

Stop Bit 1-bit

Table 5: RA4W1 Debug UART Parameters

Start EL78 I2C Connunicat ion
letected

zing
zing
zing
zing

zing
g Hode = 1
s1ing
zing
2 ing
ing
zing
ot iz ing
llpdat ing BLES adwertizing

Figure 9: Debug information transmitted by the RA4W1 on the UART

45 RGB LED coding

As explained in [1], the EU045 solution kit has an RGB LED. The green LED is connected to the ISL9301
Battery charger, indicating when the battery is charging, while the blue and red LEDs are connected on the
RA4W1 as GPIO (General Purpose Output). Blue and red LED are used as default, to provide information
about the EU045 solution kits status, see Table 6.

RGB LED Coding®

Priority Information Color Coding Notes

RA4WL1 is connecting to RL78 (power-on)

Identify (find-me) See Section 5.1.1

1
2
3 RL78 Error
4 Low Battery Charge (<=10%)

5 Advertising Bluetooth® Mode® See Section 5.1.2

Table 6: Red and Blue Led Coding

5 Color coding indicated in the table doesn’t consider the green LED, that is ON, while the battery is charging

6 Bluetooth 5 and Bluetooth 5 LR modes may not be supported by all smartphones.
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5. Bluetooth® Communication

5.1 Overview

As explained in Section 1, EU045 sensor module collects the sensor data, while the RF Module makes them
available via Bluetooth ® LE connection using Advertising (unconnected mode) or establishing a GATT
Server/Client Connection with an external device, e.g. Smartphone or Tablet.

Note that non-standard UUID are also used in this example application. If Bluetooth® Qualification is
required, check if vendor specific UUID must be obtained from Bluetooth SIG.
For more information refer to Renesas Application Note on Bluetooth Qualification [10].

5.1.1 GATT Server/Client Connection

Bluetooth® GATT Server/Client Connection enables the user to access to the EU045 configuration
parameters and the sensor output data using a Bluetooth® LE communication, so called Connected Mode.
During the communication, the EU045 solution kit takes the role of a GATT Server while an external device
takes the role of GATT Client.

Table 7, shows the GATT Server UUID list present on the application, developed using the QE for BLE Tool
(Figure 11).

This list is composed of standard UUID (i.e. UUID present in the Bluetooth® Assigned Number List [11]) and
non-standard UUID (general purpose UUID not related to a specific data or vendor). The Application UUID
are divided in read-only data, which contains the Device Information (such as Device Name, Hardware
Revision) or the sensor output data and read/write data which contains EU045 solution kit configuration
parameters. For the sensor output data Bluetooth® Notification is supported.

The EU045 solution kit configuration parameters are as follows:

o Device Name (default value: [EU045] xxxx-Puck, where xxxx is the Puck color variant): for this
application, this parameter has the same value of the Advertising Complete Local Name field present
in the advertising/scan response (unconnected mode). When the Advertising Bluetooth® 4.2 Mode is
selected, the Complete Local Name is transmitted via the scan response, reducing the maximum
length of the Device Name to 29 bytes. Device Name can be changed by the user to easily identify a
specific kit. However, intentionally the new value is reset to its default when the EU045 solution kit is
reset or power down and up again.
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Devices — i Devices

[EV045] Blue-Puck . Renesas Board 001 .
MAC: 2E:09:0A:08:80:11 Wl e e MAC: 2E:09:0A:08:80:11 &b e &
RSSI: -50 dB RSSI: -52 dB

BN N

Figure 10: EU045 solution kit’s Device name default value (left) and User Value (right)

o Identify (find-me) (0: OFF, 1: ON, 2: NIGHT-MODE default value: 0: OFF): Identify is an easy way
to physically detect / find the selected kit, when the user works with multiple EU045 solution Kits.
Setting this Service Data to 1 result in RGB LED color becoming Purple (Table 6). When this value is
set to 2 the Night-Mode is enabled: the board will not indicate the Advertising Mode forcing the Blue
LED always off.

e Advertising Mode (0: Bluetooth® 4.2 Mode, 1: Bluetooth® 5 @ 2Mbit/s Mode, 2: Bluetooth® 5 Long
Range @125kb/s Mode, default value 0: Bluetooth® 4.2 Mode). This parameter defines the
Advertising Mode used by the EU045 solution kit. Parameter reading and parameter Notification are
also available since the Advertising Mode can also be changed by pressing SW3 (see Section 5.1.2)

e Advertising Period[ms] (default value: 500ms): this parameter defines the advertising transmission
period. When the Bluetooth® 5 Long Range mode is selected, this parameter cannot be lower than
500ms. If this happens, the firmware automatically sets its value to 500ms.

e HS3001 mode (0: disabled, 1: single shot, 2: continuous, default value 2: continuous): This
parameter defines the HS3001 operation mode. When the single shot mode is selected and the
measurement is complete, before starting a new measurement, this parameter must be set to “0:
disable” and then back to 1: single shot to obtain another shot

e ZMDOD4XXX Mode (default 1): This parameter defines the Air Quality Sensor mode. See Table 10
to see the Mode list for the Specific sensor present on the Puck variant

e ISL29020 Mode’ (0: disabled, 1: single shot, 2: continuous, default value 2: continuous): This
parameter defines the 1ISL29020 operation mode. When the single shot mode is selected and the
measurement is complete, before starting a new measurement, this parameter must be set to “0:
disable” and then back to 1: single shot to obtain another shot

e HS3001 Measure Delay[ms] (default: 500ms). This parameter defines the delay between the end of
the current sensor measurement and the beginning of the next one. Therefore, when the continuous
mode is selected, this parameter defines the sample period.

7 Not mounted anymore in new lots.
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e ZMODA4410 Measure Delay[ms] (default: see Table 11). This parameter sets the ZMOD4410

sampling period, defining the delay between the end of the current transmission and the beginning of
the next one. Default value (Table 11) of these parameters is selected according to the example
code present in the sensors’ library. When the ZMDOD4XXX Mode is changed, the ZMOD4410
measure delay is automatically related to the default value

e |SL29020 Measure Delay[ms] (default: 500ms). This parameter defines the delay between the end

of the current sensor measurement and the beginning of the next one. Therefore, when the

continuous mode is selected, this parameter defines the sample period.

T Properties (2] Problems B Console @ Smart Browser @ Memory Usage #% Debug ‘4 R_BLE Custom Profile RA (QF) 52 4" Search
BLE Custom Profile

LI

Profile

Import % Generate Code

Peripheral Central

~ [P Profile
~ 8 [Server] Generic Access

¢ Device Name
C Appearance

~ 18 [Server] Device Information Service

€ Manufacturer Name String
Model Number String
Serial Number String
Hardware Revision String
Firmware Revision String
System ID

RL78 Firmware Version
MAC Address

c Board_info

0o o0 0 o o0 0 o0

[Server] Environmental Sensing Service
C HS300X Status Register

C ZMOD4XXX Status Register

C I5L29020 Status Register

C RL78 SW ERROR

C Battery Level

c Temperature

V]

Name: | Device Name

UUID: | 0x2A00

Abbreviation: | dev_name

Description: | The Device Name characteristic

Read
Write

[ Notify

1 Indicate

] ReliableWrite
] Broadcast

Properties:

] WriteWithoutResponse

] Const

] Peer Specific
[] Variable Length
1 Authorization
] Disable

Aux Properties:

Figure 11: GATT Server UUID List in the R_BLE Custom Profile RA

GATT Server UUID List
Data FW
UUID | Name Type R/':INI Notes Ver.
[Format]
Generic Access UUID A|B
0x2A00 | Device Name UT.F8 R/W Standard UUID
String
0x2A01 | Appearance UT.F8 R Standard UUID
String
Device Information Service UUID List
0x2A29 | Manufacturer Name String gt-lr- Eg R Standard UUID
0x2A24 | Model Number String UT.F8 R Standard UUID
String
0x2A25 | Serial Number String UT.F8 R Standard UUID
String
- . UTF8
0x2A27 | Hardware Revision String . R Standard UUID
String
R30AN0367ED0200 Rev.2.00 Page 19 of 51
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Firmware Revision String UTF8
0x2A26 (RAAW1) String R Standard UUID
Firmware Revision String UTF8
0x2300 | i 78) String R
0x2A23 | System ID 8 * uint8 R Standard UUID
. Used by Renesas BLE-puck APP to
Ox4FFS5 | MAC Address 6 * uint8 R detect Board MAC Address on I0S
uint88 R See Table 8
0x4FF6 | Solution kit Info Flags
uint168 R See Table 9
Environmental Sensing Service List
uint8 [0-
0x2A19 | Battery Level 100%] R/N Standard UUID
uintl6
Ox2A6E | Temperature 0.01°C] R/N Standard UUID
- uintl6
0x2A6F | Humidity [0.01%] R/N Standard UUID
uintl6
0x4910 | TVOC [0.01] R/N ZMOD4410 1AQ
0x4911 | eCO2 uint16 R/N ZMOD4410 IAQ
[ppm]
uintl6
0x4912 | etOH [0.01 R/N ZMOD4410 I1AQ
ppm]
0x4913 | Odor Control Signal State uint8_t R/N ZMOD4410 (ODOR Mode)
0x4914 | Odor Concentration Ratio 1[J(|)n(t)116]3 R/N ZMOD4410 (ODOR Mode)
0x4915 | Sulfur Odor Classification uint8 R/N ZMOD4410 (SULFUR ODOR Mode)
0x4916 | Sulfur Odor Intensity u['g t11]6 R/N ZMOD4410 (SULFUR ODOR Mode)
0x4920 | IAQ uint8 [0.1] | R/N ZMOD4410
0x4921 | OAQ “['gtll]6 RIN ZMOD4510
uintl6
0x4922 | RAQ [0.01] R/N ZMOD4450
0x4923 gg{égerator Control Signal uintg | RIN ZMOD4450
0x4924 | ALS (ISL29020 Output) “['IT})}]ES RIN
0x4925 | OAQ Fast u[lg t11]6 R/N ZMOD4510 (ULP Mode)
0x4926 | O3 “['gtllf RIN ZMOD4510 (ULP Mode)
0x4FF7 | Log RCDA (debug data) uint32 R/N ZMOD4410 Debug Data (Normal Mode)
O0x4FF8 | Rmox Array Group O 4 *uint32 | R/N ZMOD4XXX Debug data
O0x4FF9 | Rmox Array Group 1 4*uint32 | R/N ZMOD4XXX Debug data
Ox4FFA | Rmox Array Group 2 4*uint32 | R/N ZMOD4XXX Debug data
Ox4FFB | Rmox Array Group 3 4*uint32 | R/N ZMOD4XXX Debug data
Ox4FFC | HS3001 Status uint8 R/N See HS3001 Status Register Table 3
Ox4FFD | ZMOD4XXX Status uint8 R/N See ZMOD4XXX Status Register Table 3

8 The “Solution Kit Info Flags” field has different sizes depending on the firmware version.
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Ox4FFE | ISL29020 Status uint8 R/N See 1SL29020 Status Register Table 3
Ox4FFF | RL78 Error Code uint8 R/N
0x5000 | Identify (i.e. Find-me) uint8 R/W Change User Led color
0x5001 | Advertising Mode uing | RV
0x5002 | Advertising Period uintle | R/W/

[ms] N
0x5003 | HS3001 Mode uint8 R/W (0: disabled 1: single shot 2: continuous)
0x5004 | ZMOD4XXX Mode uint8 R/W See Table 10
0x5005 | 1ISL29020 Mode uint8 R/W (0: disabled 1: single shot 2: continuous)
0x5006 | HS3001 Measure Delay “['rrT‘]tsl]G RIW
0x5007 | ZMOD4410 Measure Delay “['rrT‘]tsl]G RIW
0x5008 | ISL29020 Measure Delay “['2121]6 RIW
0x5009 | Log Non Log RCDA 3 * uint32 R/N ZMOD4410 Debug Data (ULP Mode)

Table 7: GATT Server UUID List

Solution kit Info Flags (Firmware version A)

7 6 5 4 3 2 1 0

0 0 0 0 0 0 0 0

RAQ 0AQ Odor Ocor 1AQ Sens sene Sent
Temp Sens Temperature sensor state. 0: absent, 1: present.
Hum Sens Humidity sensor state. 0: absent, 1: present.
Light Sens Light sensor state. 0: absent, 1: present.
IAQ IAQ sensor in normal mode. 0: not active, 1: active.
Odor IAQ sensor in Odor mode state. 0: not active, 1: active.
Sulfur Odor IAQ sensor in Sulfur mode state. 0: not active, 1: active.
OAQ OAQ sensor in normal mode. 0: not active, 1: active.
RAQ RAQ sensor in normal mode. 0: not active, 1: active.
Table 8: Solution kit Info Flags — Firmware Version “A”.

Solution kit Info Flags (Firmware version B)

15 14 13 12 11 10 9 8

0 0
OAQ ULP IAQ ULP
7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0
RAQ | om0 | Gy | Or AQ sens | sens | sent

Temp Sens Temperature sensor state. 0: absent, 1: present.
Hum Sens Humidity sensor state. 0: absent, 1: present.
Light Sens Light sensor state. 0: absent, 1: present.
IAQ IAQ sensor in normal mode. 0: not active, 1: active.
Odor IAQ sensor in Odor mode state. 0: not active, 1: active.
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Sulfur Odor IAQ sensor in Sulfur mode state. 0: not active, 1: active.

OAQ OAQ sensor in normal mode. 0: not active, 1: active.

RAQ RAQ sensor in normal mode. 0: not active, 1: active.

IAQ ULP IAQ sensor in Ultra Low Power mode: 0: not active, 1: active.
OAQ ULP OAQ sensor in Ultra Low Power mode: 0: not active, 1: active.

Table 9: Solution kit Info Flags — Firmware Version “B”.

ZMOD4XXX Modes List

Sensor Value
0 1 2 3 4
SULFUR

9 9
ZMOD4410 DISABLED IAQ ODOR ODORY? ULP
ZMOD4510 DISABLED OAQ ULP®
ZMOD4450 DISABLED RAQ

Table 10: ZMOD4XXX Modes List
ZMODA4410 Default Measure Delay Values [ms]
IAQ ODOR SULFUR ODOR

1990 0 1990
Table 11: ZMOD4410 Default Measure Delay Values based on the selected Sensor Mode

5.1.2 Aduvertising

EU045 solution kit Advertising (unconnected mode) enables the user to read the output data, without the
need to set up a GATT Server/Client connection, i.e. multiple receivers can simultaneously display the
EU045 output data.

Three alternative advertising modes are used for this application

e Bluetooth® 4.2 Mode
legacy mode with reference range and speed; always 1Mbps; works with most smartphones

e Bluetooth® 5 - 2Mbps mode
showcasing 2x speed; works with all modern smartphones

e Bluetooth® 5 Long Range at 125 kbps mode
showcasing 4x range; works with modern Android Smartphones, but currently not with Apple
devices.

Each mode differs from the others for the maximum number of byte available for the advertising payload (31
bytes for Advertising and Scan Response in the Bluetooth® 4.2 Mode, 255 bytes for Advertising in
Bluetooth® 5 Mode), the communication speed and the communication range.

At power-on the EU045 solution kit starts the communication using the Bluetooth® 4.2 legacy mode. The
user can change the Advertising Mode using the related Service Data (Section 5.1.1) or pressing the SW3
(each time the switch is pressed, the Advertising Mode is changed). RGB LED can be used to check which
Advertising Mode currently used by the EU045 solution kit (Table 6).

9 ODOR and SULFUR ODOR modes available in firmware version “A” only;
ULP mode available in firmware version “B” only.
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Table 12 shows the complete Advertising Data List. When Bluetooth® 4.2 Mode is used, multiple Advertising
Messages are required to send all the data present in the list, due to the limit number of bytes per packet in
this mode.

- . FW
Advertising Data List
9 Ver.
Name Type Notes A | B
(Transmitted on the Scan Response message for the
Device Name (C()(:(gg)lete Local Name Bluetooth® 4.2 Mode and on the Advertising message for
Bluetooth® 5 and Bluetooth® 5 LR Modes)
Temperature Service Data (0x16) See Table 7
Humidity Service Data (0x16) See Table 7
Battery Charge Service Data (0x16) See Table 7
See Table 7.
1AQ Service Data (0x16) Transmitted only for Blue-Puck version, when IAQ Mode is
selected
See Table 7.
TVOC Service Data (0x16) Transmitted only for Blue-Puck version, when IAQ Mode is
selected
See Table 7.
eCO2 Service Data (0x16) Transmitted only for Blue-Puck version, when IAQ Mode is
selected
See Table 7.
etOH Service Data (0x16) Transmitted only for Blue-Puck version, when IAQ Mode is

selected

Odor Control Signal State

Service Data (0x16)

See Table 7.
Transmitted only for Blue-Puck version, when Odor Mode is
selected

Odor Concentration Ratio

Service Data (0x16)

See Table 7.
Transmitted only for Blue-Puck version, when Odor Mode is
selected

Sulfur Odor Classification

Service Data (0x16)

See Table 7.
Transmitted only for Blue-Puck version, when Sulfur Odor
Mode is selected

Sulfur Odor Intensity

Service Data (0x16)

See Table 7.
Transmitted only for Blue-Puck version, when Sulfur Odor
Mode is selected

. See Table 7.
OAQ Service Data (0x16) Transmitted only for Green-Puck version
See Table 7.
OAQ Fast Service Data (0x16) Transmitted only for Green-Puck version when ULP Mode is
selected
See Table 7.
03 Service Data (0x16) Transmitted only for Green-Puck version when ULP Mode is
selected
Refrigerator Control . See Table 7.
Signal State Service Data (0x16) Transmitted only for Yellow-Puck version
. See Table 7.
RAQ Service Data (0x16) Transmitted only for Yellow-Puck version
ALS Service Data (0x16) See Table 7.

EU045 solution kit Info

Service Data (0x16)

Used by Renesas BLE-puck APP to detect the EU045 solution
kit (see Table 8 and Table 9)

MAC Address

Service Data (0x16)

Used by Renesas BLE-puck APP to detect solution kit MAC
Address on 10S

Manufacturer Specific
Data

Manufacturer Specific

Data (OxFF)

Transmitted only for Bluetooth® 5 and Bluetooth® 5 LR
Modes

Table 12:Advertising Data List
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5.2 Renesas BLE-puck APP

5.2.1 Overview

Renesas Bluetooth LE Puck is an APP for Android and 10S, which enables the user to visualize and collect
the sensor output data from one or multiple EU045 solution kits at the same time, and/or to change their
configuration. The APP mainly retrieves the EU045 solution kits output data from their Advertising messages,
while uses the GATT/Server Client Connection in order to retrieve additional information or change the
EUO045 solution kits configuration.

5.2.2 |Install the APP
The Renesas Bluetooth LE Puck is available on the Google Play Store and on the Apple App Store:

Renesas Bluetooth LE Puck

Renesas Electronics Europe  Tools

€ Everyone

127 & ovs

Indoor Air Quality

RENESAS

Figure 12: Renesas Bluetooth LE Puck on the Play Store.

» GETITON Z  Download on the
Google Play & App Store
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5.2.3 Tabs
The APP is mainly composed of the following tabs:

N

Devices

Figure 13: EU045 BLE-puck APP available Tabs.

e Devices Tab: This is the APP main tab showing a list of all EU045 solution kits currently transmitting
the Advertisements. This list is obtained by scanning the Bluetooth® Devices, applying a filter in
order to show the ones that transmits the kits Info Service Data on the Advertising message. Device
filtering can be removed using the button placed at the top of the tab. Figure 14 shows an example
of the Device tab with four EU045 solution kits detected by the APP. For each EU045 solution kit
following information are visualized:

o Complete Local Name (same of Device Name for this application)
o MAC Address

o RSSI

o EU045 kit Puck Color/Type.

o Sensor Status Icons (black when the related sensor is enabled, gray when it is disabled)

Devices

[EU045] Blue-Puck

MAC: 2E:09:0A:08:80:28 ¥ 4 e
RSSI: -56 dB
[EU045] Green-Puck
MAC: 2E:09:0A:08:80:E2 S )
L
RSSI: -54 dB
[EU045] Yellow-Puck
MAC: 2E:09:0A:08:81:31 § &

RSSI: -54 dB

Figure 14: Device tab, with the EU045 solution kit List detected by the APP
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e Sensors Tab: This tab becomes available after the user selects (exactly) one of the EU045 solution
kits shown in the Device tab List. The Tab shows the EU045 solution kit data values, through donut-
style diagrams. Donut diagram colors for Indoor Air Quality and TVOC (Blue-Puck Version), Outdoor
Air Quality (Green-Puck Version), and Refrigerator Air Quality (Yellow-Puck Version) parameters
follow the color coding based on the available sensor datasheets (Figure 15), e.g. indicating
criticality level of the air quality from green to red.

Sensors : Sensors :

[EU045] Blue-Puck [EU045] Blue-Puck

Indoor Air Quality Indoor Air Quality

TvVOC eC02 TVOC eC02
Temperature Humidity Temperature Humidity
tn'c ‘23% ’zza“c ‘14%
Light Battery Light Battery
B 557 lux ﬁ B 526 lux ﬁ
N O M = I% N O Ji = I+
Devices Sensors Graphs ables Settings Devices Sensors Graphs Tables Settings

Figure 15: Sensors Tab (Blue Puck Version), for different values of the Output Parameters

e Graphs Tab: This tab becomes available after the user selects one or multiple EU045 solution kits
shown in the Device tab List, then showing those selected sensor data outputs as Line Graphs?°.
This tab enables the user to see the output data of multiple EU045 solution kits simultaneously
(Figure 16). Thus, it only shows the common elements of the selected sensors.

10 The Air Quality Sensor output graphs are visualized only when EU045 solution kits with the same Air
Quality sensor are selected in the Device Tab.

R30AN0367ED0200 Rev.2.00 Page 26 of 51

2021-12-22 RENESAS



EU045

Software User's Guide

[EU045] Blue-Puck - 2E:09:0A:08:80:16

Temperature (°C)

[EU045] Yellow-Puck - 2E:09:0A:08:80:41
[EU045] Green-Puck - 2E:09:0A:08:80:35

[EU045] Blue-Puck - 2E:09:0A:08:80:11

1 2 3 4 3 6

~

Humidity (%)

N il

Devices Graphs

Figure 16: Output of Multiple EU045 solution kits, visualized in the Graphs Tab

e Tables Tab: This tab becomes available after the user selects one of the EU045 solution kits
present in the Device tab List. Using this tab, the user can visualize and collect the selected EU045
solution Kits output data into a table format (Figure 17) and optionally also allows export of these

data into a .csv file (timestamp will be included in the csv file)
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[EU045] Blue-Puck

T(°C)

215
21.5
21.6
216
21.6
21.6
21.6
216
21.6
21.7
21.7
21.7
21.7

N

Devices

H (%) (lux) 1AQ
46.6 516 09
46.6 522 0.9
46.6 521 0.9
46.5 522 0.9
46.5 517 0.9
46.4 523 0.9
46.4 520 0.9
46.3 517 0.9
46.2 516 09
46.2 521 0.9
46.2 518 0.9
46.2 521 0.9
46.1 522 09

(3] il
Sensors Graphs

TVOC
(mg/m3
)
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Tables

>

eC02
(ppm)

0
0
0
0
0
0
0
0
0
0
0
0
0

Settings

Figure 17: Tables Tab, with the EU045 solution kit’s Output Data (Blue-puck Version)

e Settings Tab: This tab becomes available after the user selects one of the EU045 solution kits
present in the Device tab List. The tab enables the user to change the selected EU045 solution kit’s
configuration parameters (Device Name, Sensor Parameters), identify the kit (see Identify in Section
5.1.1) and visualize additional information about the kit
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Settings M
XX measure aeiay.

BLE DEVICE SETTINGS

HS3001 measure delay (m... 500
Device name [EU045] Blue-Puck ISL29020 measure delay (... 500
siiaka il 0
ZMOD4xxx mode 1AQ ~
ZMOD4xxx measure delay 1990 BLE DEVICE UTILITY ZMOD4xxx mode
HS3001 measure delay (m.. 500 Device identify O Disabled
ISL29020 measure delay (... 500 Night mode O 1aQ

APPLY ® UuLPl1AQ

BLE DEVICE INFO

CANCEL OK
BELEDEVIOE UTILITY Device serial number A2047A055028
Device identify Hardware version R1D1
Night mode Host firmware version 0.2.0
BLE firmware version 0.4.1
BLE DEVICE INFO
— -t — xS
N e d = =2 N e d = =
Devices Sensors Graphs Tables Settings Devices Sensors Graphs Tables Settings

Figure 18: Setting Tab, with the EU045 solution kit’s Configuration Parameters, Serial Number, Board
HW and FW versions.
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6. APPENDIX — Renesas ZMOD Libraries
The ZMOD libraries are already part ot the solution kit.
Hence, the following steps are NOT needed in many cases.

However, to manually update the ZMOD libraries for another project or context, please see the following
subsections as guidance on how to do and refer to the ZMOD product pages for more information *;

e https://www.renesas.com/us/en/products/sensor-products/environmental-sensors/digital-gas-
sensors/zmod4410-indoor-air-quality-sensor-platform

e https://www.renesas.com/us/en/products/sensor-products/environmental-sensors/digital-gas-
sensors/zmod4510-outdoor-air-quality-sensor-platform

e https://www.renesas.com/us/en/products/sensor-products/environmental-sensors/digital-gas-
sensors/zmod4450-refrigeration-air-quality-sensor-platform

6.1.1 ZMOD4410 Library ver. 2.1.1 - 20201001 (used in firmware version “A”)

6.1.1.1 Library Integration Procedure

Figure 25 shows all the files required for the ZMOD4410 drivers and the suggested layout inside the
zmod4410 folder. The zmod4410 folder must be included into the project at:

<project name>\src\drivers\

inserting the required files as second step.

~ = zmod4410
v [=iaq
v = libs
iag_2nd_gen.h
k& lib_iag_2nd_gen.lib
zmod4410_config_iag2.h
v [= odor
v [= libs
odor.h
renesas_math.h
i lib_odor.lib
[} lib_renesas_math.lib
zmod4410_config_odor.h
~ = sulfur_odor
v = libs
sulfur_odorh
iy lib_sulfur_odor.lib
zmod4410_config_sulfur_odor.h
zmodxoo_types.h
le] zmoddieoc
zmodoach

Figure 19: ZMODA4410's driver folder with the Library files

The required files are part of the sensor library and must be copied from the downloaded archives

e “REN ZMOD4410-AirQuality-eCO2-FW-2nd-Gen-2plpl SWR 20201001.zip”.

e “REN ZMOD4410-Odor-Firmware-2plpl SWR 20201001.zip”.
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“REN_ZMOD4410-Sulfur-Odors-Firmware-2plpl SWR 20201001.zip”.

In detail:

1.

10.

11.

12.

13.

“lib_iaq_2nd_gen.lib” from the folder
“Renesas_ZMOD4410 IAQ_2nd_Gen_Example_2.1.1\Renesas_ZMOD4410 IAQ_2nd_Gen_Exam
ple\ZMOD4410_Firmware\gas-algorithm-libraries\iag_2nd_gen\Renesas RL78\S2-core\ccrl”

“‘iaq_2nd_gen.h” from the folder
‘Renesas_ZMOD4410 IAQ_2nd_Gen_Example_2.1.1\Renesas_ZMOD4410 IAQ_2nd_Gen_Exam
ple\ZMOD4410_Firmware\gas-algorithm-libraries\iag_2nd_gen\Renesas RL78\S2-core\ccrl”

“2zmod4410_config_iag2.h” from the folder
“‘Renesas_ZMOD4410 IAQ_2nd_Gen_Example_2.1.1\Renesas_ZMOD4410 _IAQ_2nd_Gen_Exam
ple\ZMOD4410_Firmware\zmod4xxx_example\src”

“lib_odor.lib” from the folder
‘Renesas_ZMOD4410 Odor_Example_2.1.1\Renesas_ZMOD4410_odor_firmware\ZMOD4410_Fir
mwaregas-algorithm-libraries\odor\Renesas RL78\S2-core\ccrl”

“lib_renesas_math.lib” from the folder
‘Renesas_ZMOD4410 Odor_Example_2.1.1\Renesas_ZMOD4410_odor_firmware\ZMOD4410_Fir
mware\gas-algorithm-libraries\odor\Renesas RL78\S2-core\ccrl”

“odor.h” from the folder
“‘Renesas_ZMOD4410_Odor_Example_2.1.1\Renesas_ZMOD4410_odor_firmware\ZMOD4410_Fir
mware\gas-algorithm-libraries\odor\Renesas RL78\S2-core\ccrl”

‘renesas_math.h” from the folder
“‘Renesas_ZMOD4410_Odor_Example_2.1.1\Renesas_ZMOD4410_odor_firmware\ZMOD4410_Fir
mware\gas-algorithm-libraries\odor\Renesas RL78\S2-core\ccrl”

“zmod4410_config_odor.h” from the folder
‘Renesas_ZMOD4410 Odor_Example_2.1.1\Renesas_ZMOD4410_odor_firmware\ZMOD4410_Fir
mware\zmod4xxx_example\src”

“lib_sulfur_odor.lib” from the folder
‘Renesas_ZMOD4410_Sulfur_Odor_Example_2.1.1\Renesas_ZMOD4410_Sulfur_Odor_Example\Z
MOD4410_Firmware\gas-algorithm-libraries\sulfur_odor\Renesas RL78\S2-core\ccrl”

“sulfur_odor.h” from the folder
“‘Renesas_ZMOD4410_Sulfur_Odor_Example_2.1.1\Renesas_ZMOD4410_Sulfur_Odor_Example\Z
MOD4410_Firmware\gas-algorithm-libraries\sulfur_odor\Renesas RL78\S2-core\ccrl”

“2zmod4410_config_sulfur_odor.h” from the folder
“‘Renesas_ZMOD4410_Sulfur_Odor_Example_2.1.1\Renesas_ZMOD4410_Sulfur_Odor_Example\Z
MOD4410_Firmware\zmod4xxx_example\src”

“zmod4xxx.c” from one of the following folders

‘Renesas_ZMOD4410 IAQ_2nd_Gen_Example_2.1.1\Renesas_ZMOD4410_IAQ_2nd_Gen_Exam
ple\ZMOD4410_Firmware\zmod4xxx_example\src”,

‘Renesas_ZMOD4410_Odor_Example_2.1.1\Renesas_ZMOD4410_odor_firmware\ZMOD4410_Fir
mware\zmod4xxx_example\src”

“‘Renesas_ZMOD4410_Sulfur_Odor_Example_2.1.1\Renesas_ZMOD4410_Sulfur_Odor_Example\Z
MOD4410_Firmware\zmod4xxx_example\src”

“zmod4xxx.h” from one of the following folders

“‘Renesas_ZMOD4410_IAQ_2nd_Gen_Example_2.1.1\Renesas_ZMOD4410_IAQ_2nd_Gen_Exam
ple\ZMOD4410_Firmware\zmod4xxx_example\src”,

‘Renesas_ZMOD4410_Odor_Example_2.1.1\Renesas_ZMOD4410_odor_firmware\ZMOD4410_Fir
mware\zmod4xxx_example\src”
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“‘Renesas_ZMOD4410_Sulfur_Odor_Example_2.1.1\Renesas_ZMOD4410_Sulfur_Odor_Example\Z
MOD4410_Firmware\zmod4xxx_example\src”

14. “zmod4xxx_types.h” from one of the following folders

“‘Renesas_ZMOD4410 IAQ_2nd_Gen_Example_2.1.1\Renesas_ZMOD4410 _IAQ_2nd_Gen_Exam
ple\ZMOD4410_Firmware\zmod4xxx_example\src”,

“‘Renesas_ZMOD4410_Odor_Example_2.1.1\Renesas_ZMOD4410_odor_firmware\ZMOD4410_Fir
mware\zmod4xxx_example\src”

“Renesas_ZMOD4410_Sulfur_Odor_Example_2.1.1\Renesas_ZMOD4410_Sulfur_Odor_Example\Z
MOD4410_Firmware\zmod4xxx_example\src”

Once all the files are copied, the libraries must be included in the project as shown in Figure 26 and Figure
27.

Figure 26 also shows the Linker Options Values to link the required Standard Library.

Configuration: |HardwareDebug [ Active ]

% Tool Settings Toolchain Device 4 Build Steps Build Artifact Binary Parsers @ Error Parsers

~ B Common Use standard/mathematical libraries (-library)
&Py Use 99 edition libraries (-library)
& Device [ Check memory smashing on releasing memory (-library)
(& Miscellaneous Use runtime libraries (-library) Linker Options

~ & Compiler

v (# Source n . . a

& Language “${workspace_loc/${ProjName}/src/drivers/zmod4410/iaq/libs/lib_iag_2nd_gen.lib}"
{workspace_loc/${ProjName}/src/drivers/zmo /odor/libs/lib_odor.lib}*
9129 "${workspace_loc/${ProjName}/src/d d4410/odor/libs/lib_odor ib}

Relocatable files, object files and library files (-input/-library/-binary)

& Object

(& Optimization

& OQutput Code

(& Miscellaneous

& MISRA C Rule Check

[ User
~ & Assembler

v (# Source
# Language

& Object

(& Optimization

& Miscellaneous

(& User
~ & Linker
v (2 Input Symbaol definition (-define)
& Advanced |

“${workspace_loc/${ProjName}/src/drivers/zmod4410/odor/libs/lib_renesas_math.lib}"
"${workspace_loc/${ProjName}/src/drivers/zmod4410/sulfur_odor/libs/lib_sulfur_odor lib}"

Figure 20: ZMOD4410 compiled libraries added to the project
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Settings

~ & Common

2 CPU

(# Device

# Miscellaneous
& Compiler
* Source

# Language
£ Object
 Optimization
# Output Code
# Miscellaneous
(£ MISRA C Rule Check
2 User
& Assembler
# Source

(2 Language
(2 Object
# Optimization
(£ Miscellaneous
# User
& Linker

<

<

Include file directories (-I)

/${ProjName}/src/driv 'mod4410}"

oc:/${ProjName}/src/drivers/zmod4410/iag}”
e_loc/${ProjName}/src/drivers/zmod4410/iag/libs}"

fzmod4410/odor}”
nod4410/odor/libs}"
zmod4410/sulfur_odor}”
'mod4410/sulfur_odor/libs}"

${ProjDirPath}/generate

Include files at head of compiling units (-preinclude)

Macro definition (-D)

Figure 21: ZMODA4410 libraries folders added to the project

Lastly, the ZMOD4410 driver must be enabled through the file

<project name>\src\common\proj conf.h

defining the symbol “zMOD4410 SENSOR” as “SENSOR_PRESENT” (Figure 28) .

Figure 28 also shows the symbol “2MOD 4410 END DET” that defines the method used by the sensor
driver to detect when a new Air quality Sensor Output Value is available.

The two method are:

e Polling the Sensor Status Register Value (“zMOD4410 END DET” defined as
“ZMOD4XXX INT ABSENT”), (which fields indicate when the current measure is complete) on the
12C Internal Bus

e Using the ZMOD INT output pin value [5] (“zMOD4410 END DET” defined as
“ZMOD4XXX INT PRESENT”)

The “ZMOD4410 END DET” is set “ZMOD4XXX INT PRESENT” as default in order to use the 12C
peripheral to retrieve only the Sensor Output Data, optimizing the use of the I12C Internal Bus that is shared
between all the sensor present on the EU045 solution kit.

[H project_confh &3

18
19
20
22
25
27
28
29
30
31
32
33
34
35
36
37
38
39

-#ifndef PROJECT_CONF_H_
#define PROJECT_CONF_H_

s Includes

<System Includes> , "Project Includes"[]

¢ Macro definitions[]

#include "common_macro.h”

#define SENSOR_ABSENT ABSENT
#define SENSOR_PRESENT PRESENT

#define ZMODAXXX_INTERRUPT_PIN_ABSENT
#define ZMODAXXX_INTERRUPT_PIN_PRESENT

/*Sensor Absent*/
/*Sensor Present*/

(@) /*ZMOD4AXXX Interrupt pin not connected (polling)*/
(1) /*ZMOD4XXX Interrupt pin connected */

/*ZMOD441@ Configuration*/
#define ZMOD441@_SENSOR
#define ZMOD4410@ END DET

SENSOR_PRESENT /*SENSOR_ABSENT/SENSOR_PRESENT*/
ZMODAXXX_INTERRUPT PIN PRESENT /*ZMODAXXX INTERRUPT PIN ABSENT/

Figure 22: ZMODA4410 enabled through the project_conf.h file
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6.1.1.2 Library Modification Procedure

To include all the ZMOD4410 Mode libraries (i.e. IAQ, Odor and Sulfur Odor), in the same firmware two
modification type are required to avoid conflicts between the libraries file.

The first modification involves the files
e zmod4410 config_iag2.h
e zmod4410 config_odor.h

e zmod4410_config_sulfur_odor.h

Figure 29 shows the code change required to solve the libraries conflicts: the attribute “static” is added to
all variables defined in the file. The same change is to be applied to all the files indicated above.

The second modification involves the files:
e iag_2nd_gen.h
e odor.h

e sulfur_odor.h

where the type “algorithm version”is defined. In these files, this type must be re-named to avoid
conflicts. Figure 24 shows an example of the suggested modification where in “iag_2nd_gen.h” the
‘algorithm version”isrenamed into “algorithm version EU045 iaq t”.

#define 7ZMOD4410_PROD_DATA LEN 7 #define ZMOD4410_PROD_DATA_LEN 7
/*EUB45 Added the attribute static */
uintSit data_set_4410i[] = { uint8_t data_set_4410i[] = {
0x00, 0x50, 0x08, x50,
0x00, @x28, OxC3, OxE3, 0x00, 0x28, OxC3, OxE3,
0x00, ©0x00, 0x80, 0x48}; 0x00, 0x00, 0x80, 0x40};
/*EU0A5 Added the attribute static */
uint8_t data_set_4410_iaq_2nd_gen[] = { uint8_t data_set_4410_iaq_2nd_gen[] = {
0x00, x50, OxFF, 0x38, 0x00, 0x50, OxFF, @x38,
OxFE, OxD4, OxFE, 0x70, OxFE, @xD4, OxFE, 0x70,
OxFE, Ox0C, OxFD, OxAS, OxFE, @x0C, OxFD, OxAS,
OxFD, 0x44, @xFC, OxE0, OxFD, Ox44, @xFC, OxEQ,
0x00, 0x52, 0x02, OX67, 0x00, 0x52, Ox02, Ox67,
0x00, oxCD, 0x83, 0x34, 0x00, 0xCD, 0x083, ox34,
0x23, O0x03, OxA3, Ox43, 0x23, 0x03, OxA3, Ox43,
ax00, 0x00, Ox96, Ox49, 0x00, 0x80, Ox06, Ox49,
0x06, Ox4A, 0x06, Ox4B, 0x06, Ox4A, @x06, Ox4B,
0x06, 0x4C, 0x06, @x4D, 0x06, @x4C, Ox086, @x4D,
0x06, Ox4E, Ox06, 0x97, 0x06, Ox4E, Ox06, 0x97,
0x06, OxD7, Ox06, Ox57, 0x06, @xD7, 0x06, Ox57,
0x06, OxAE, 0x06, 0x4D, 0x06, Ox4E, @x06, Ox4D,
0x06, 0x4C, 0x06, Ox4B, 0x06, @x4C, Ox06, Ox4B,
0x06, Ox4A, 0x86, @x59}; 0x06, Ox4A, 0x86, Ox59};
/*EU0A5 Added the attribute static */
zmoddxxx_conf zmod_sensor_type[] = { zmoddxxx_conf zmod_sensor_type[] = {
TINIT] = { [INIT] = {
.start = 0x80, .start = 0x80@,
.h = { .addr = ZMOD4410_H_ADDR, .len = 2, .data_buf = &data_set_4410i[@]}, .h = { .addr = ZMOD441@_H_ADDR, .len = 2, .data_buf = &data_set_4410i[0]},
d = { .addr = ZMOD441@ D ADDR, .len = 2, .data_buf = &data set 4410i[2]}, .d = { .addr = ZMOD441@ D _ADDR, .len = 2, .data_buf = &data_set 4410i[2]},
m = { .addr = ZMOD441@_M_ADDR, .len = 2, .data_buf = &data_set_4410i[4]}, .m = { .addr = ZMOD4410 M_ADDR, .len = 2, .data_buf = &data_set_4410i[4]},
s = { .addr = ZMOD4410_S_ADDR, .len = 4, .data_buf = &data_set_4410i[6]}, .s = { .addr = ZMOD4410_S_ADDR, .len = 4, .data_buf = &data_set_4410i[6]},
r = { .addr = 8x97, .len = 4}, .r = { .addr = 8x97, .len = 4},

ho %

Figure 23: zmod4410_config_iaq2.h after and before the code modification to solve the libraries
conflicts
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*| * Copyright (c) 2020 Renesas Electronics Corporation[]
® * iag_2nd_gen.h[]

= #ifndef TAQ_2ND_GEN_H_
#define IAQ 2ND_GEN_H_

- #ifdef _ cplusplus
extern "C" {
#endif

#include <stdint.h>
#include <math.h>
#include "zmod4xxx_types.h"

®* Variables that describe the library version[]
“typedef struct {
uint8_t major;

®| # Copyright (c) 2020 Renesas Electronics Corporation[]
® K iaq_2nd_gen.h[]

= #ifndef TAQ_2ND_GEN_H_

#define IAQ 2ND_GEN_H_

- #ifdef _ cplusplus

extern "C" {
#endif

#include <stdint.h>
#include <math.h>
#include "zmoddxxx_types.h"

@* Variables that describe the library version[]
= typedef struct {

uint8_t major;

uint8_t minor; uint8_t minor;

uint8_t patch; uint8_t patch;
} algorithm version_EU@45_iag_t; /*EU@45 Changed the name from algorithm_version to algorithm_ version EU@45 iag t */ } algorithm_version;
® [*K RetCodes Return cedes of the algorithm functiens.[] ® [** RetCodes Return codes of the algorithm functions.[]
#define IAQ_2ND_GEN_OK (@) /**< everything okay */ #define IAQ_2ND_GEN_OK (@) /**< everything okay */
#define TAQ_2ND_GEN_STABILIZATION (1) /**< sensor in stabilization */ #define TAQ_2ND_GEN_STABILIZATION (1) /**< sensor in stabilization */
/e @y /5% @y

Figure 24: iag_2nd_gen.h after and before the code modification to solve the libraries conflicts

6.1.2 ZMODA4410 Library ver. 2.2.0 - 20210827 (used in firmware version “B”)

6.1.2.1 Library Integration Procedure

Figure 25 shows all the files required for the ZMOD4410 drivers and the suggested layout inside the drivers
folder. The zmod4410 folder must be included into the project at:

<project name>\src\drivers\

inserting the required files as second step.

w = drivers
v = zmod_coemmen
[h| zmoddxxx_types.h
[ zmoddxnx.c
[h| zmoddxxx.h
v = zmoddd10
v = libs
[h| iag_2nd_gen_ulp.h
[h| iag_2nd_gen.h
lag_2nd_gen_ulp.lib
lib_iag_2nd_gen.lib
[h| zmod4410_config_iag2_ulp.h
[h| zmod4410_config_iag2.h

Figure 25: ZMODA4410's driver folder with the Library files
A common folder is also present. It contains the API interface of the ZMOD sensors, valid for all versions.

The required files are part of the sensor library and must be copied from the downloaded archives

e “Renesas 7ZMOD4410 IAQ 2nd Gen Example 2.2.0.zip”".
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e “zmoddxxx iag 2nd gen ulp example 2021108.zip”".
In detail:

1. “lib_iag_2nd_gen.lib” from the folder
“Renesas_ZMOD4410 IAQ_2nd_Gen_Example_2.2.0\gas-algorithm-
libraries\iaq_2nd_gen\Renesas RL78\S2-core\ccrl”

2. “iag_2nd_gen.h” from the folder
“‘Renesas_ZMOD4410 IAQ_2nd_Gen_Example_2.2.0\gas-algorithm-
libraries\iaq_2nd_gen\Renesas RL78\S2-core\ccrl”

3. “zmod4410_config_iag2.h” from the folder
“‘Renesas_ZMOD4410_IAQ_2nd_Gen_Example_2.2.0\zmod4xxx_evk_example\src”

4. ‘“iaq_2nd_gen_ulp.lib” from the folder
“zmod4xxx_iaq_2nd_gen_ulp_example _2021108”

5. “iag_2nd_gen_ulp.h” from the folder
“zmod4xxx_iag_2nd_gen_ulp_example_2021108"

6. “zmod4410_config_iaq2_ulp.h” from the folder
“zmod4xxx_iagq_2nd_gen_ulp_example_2021108\src”

7. “zmod4xxx.c” from the folder
‘Renesas_ZMOD4410 IAQ_2nd_Gen_Example_2.2.0\zmod4xxx_evk _example\src”
8. “zmod4xxx.h” from the folder
“‘Renesas_ZMOD4410_IAQ_2nd_Gen_Example_2.2.0\zmod4xxx_evk_example\src”
9. “zmod4xxx_types.h” from the folder

“‘Renesas_ZMOD4410_IAQ_2nd_Gen_Example_2.2.0\zmod4xxx_evk_example\src”

Once all the files are copied, the libraries must be included in the project as shown in Figure 26 and Figure
27.

Figure 26 also shows the Linker Options Values to link the required Standard Library.
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Cenfiguration: |HardwareDebug [ Active ]

& Tool Settings  Toolchain Device # Build Steps

~ B3 Common
= CcPU
(# Device
@ Miscellanecus
~ 33 Compiler
v @ Source
(# Language
2 Object
(# Optimization
# Output Code
@ Miscellanecus
@ MISRA C Rule Check
@ User
~ ) Assembler
v @ Source
2 Language
2 Object
(# Optimization
@ Miscellanecus
@ User
~ 33 Linker
~ (3 Input
@ Advanced

(2 List
At imntine

- Use standard/mathematical libraries (-library)

Use 89 edition libraries (-library)

[J Check memery smashing on releasing memory (-library)
Use runtime libraries (-library)

Relocatable files, ohject files and library files (-input/-library/-binary)

“${workspa

loc:/${ProjNam

"${workspace loc:/${ProjName}/src/drivers/

£

Manage Configurations...

Build Artifact Binary Parsers @ Error Parsers

Linker Options
&8 3 5 &

Symbeol definition (-define)

84 8% &

Figure 26: ZMOD4410 compiled libraries added to the project

Cenfiguration: | HardwareDebug [ Active ]

& Tool Settings Toolchain  Device & Build Steps

~ B Common
= CcPU
@ Device
@ Miscellanecus
~ B Compiler
v @ Source
# Language
2 Object
(# Optimization
# Output Code
@ Miscellanecus

(2 MISRA C Rule Check [

Include file directories (-[)

~ | | Manage Cenfigurations...

Build Artifact Binary Parsers @ Error Parsers

8a8 33l &

"Sworkspace_loc/${ProjMNamel/src}"

"${workspace_loc/${ProjName}/src/drivers/zmod_common}"
1 -_| of M d 30 W L] ! 4

"${workspace_loc:/${ProjName}/src/drivers/zmod4410}"

"${workspace_loc:/${ProjName}/src/drivers/zmodd410/libs}"
"S{workspace_loc:/${ProjMame}/src/drivers/zmod4430}"
"S{workspace_loc:/${ProjMame}/src/drivers/zmod4310}"
"S{workspace_loc:/${ProjMame}/src/drivers/zmodd430/libs}"
"S{workspace_loc:/${ProjMamel/src/drivers/zmod4310/libs}"
"S{workspace_loc:/${ProjMame}/src/commen}”

Ll

v

Include files at head of compiling units (-preinclude)

84 35 &

Figure 27: ZMODA4410 libraries folders added to the project

Lastly, the ZMOD4410 driver must be enabled through the file

<project name>\src\common\proj conf.h

defining the symbol “zZMOD4410 SENSOR” as “SENSOR_PRESENT” (Figure 28) .

Figure 28 also shows the symbol “ZMOD 4410 END DET” that defines the method used by the sensor
driver to detect when a new Air quality Sensor Output Value is available.

The two method are:

Polling the Sensor Status Register Value (“zZMOD4410 END DET” defined as
“ZMOD4XXX INT ABSENT”), (which fields indicate when the current measure is complete) on the

I12C Internal Bus

Using the ZMOD INT output pin value [5] (“ZMOD4410 END DET” defined as
“ZMOD4XXX INT PRESENT”)
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The “ZMOD4410 END DET” is set “ZMOD4XXX INT PRESENT” as default in order to use the 12C
peripheral to retrieve only the Sensor Output Data, optimizing the use of the I12C Internal Bus that is shared
between all the sensor present on the EU045 solution Kit.

[1 project_confh £

18
19
20
22
25
27
28
29
30
31
32
33
34
35
36
37
38
39

-#ifndef PROJECT_CONF_H_

#define PROJECT_CONF_H_

¢ Includes <System Includes> , "Project Includes"[]
» Macro definitions[]

#include "common_macro.h”

#define SENSOR_ABSENT ABSENT /*Sensor Absent*/
#define SENSOR_PRESENT PRESENT /*Sensor Present*/

#define ZMODAXXX_INTERRUPT_PIN_ABSENT (@) /*ZMOD4XXX Interrupt pin not connected (polling)*/

#define ZMOD4XXX_INTERRUPT_PIN_PRESENT (1) /*ZMOD4XXX Interrupt pin connected */

/*ZM0OD4410 Configuration*/
#define ZMOD4410_SENSOR
#define ZMOD441© END DET

SENSOR_PRESENT

/*SENSOR_ABSENT/SENSOR_PRESENT*/
ZMOD4XXX_INTERRUPT_PIN_PRESENT /*ZMOD4XXX_INTERRUPT_PIN_ABSENT/

Figure 28: ZMOD4410 enabled through the project_conf.h file

6.1.2.2 Library Modification Procedure

To include all the ZMOD4410 Mode libraries (i.e. IAQ and IAQ ULP), in the same firmware two modification

type are required to avoid conflicts between the libraries file.

The modifications involve the files

e iag_2nd_gen_ulp.h

e zmod4410_config_iag2_ulp.h

Figure 29 and Figure 30 show the code change required to solve the library conflicts.

iaq_2nd_gen_ulp.hf]

#ifndef TAQ_2ND_GEN_ULP_H_
#define TAQ_2ND_GEN_ULP_H_

#ifdef _cplusplus
extern-"C"- {
sendif

#include <stdint.h>
#include <math.h>
#include- "zmoddxxx_types.h”

Variables that describe- the Library version[]

ypedef - struct- {

uint8_t major;
uint8_t-minor;
uints_t-patch;

algorithm version;
Hendl

RetCodes Return- codes of - the algorithm- functions.[]

#define IAQ_2ND_GEN_ULP_OK

)-/**< everything okay

(@
#deﬁne IA‘LQND GEN_ULP_STABILIZATION- (1) /**< sensor in stabilization */

Variables that describe the sensor or- the algorithm state.[]

typedef struct {

float log_nonlog_rcda[3]; /==

uintd_t

stabilization_sample;
uints_t need filter_init;

float tvoc_smooth;
float tvoc_deltafilter;
float: acchw;

<-various-baselines. %/

f**< Number- of  samples still needed for- stabilizatien. */

iaq_2nd_gen_ulp.hf]

#ifndef TAQ_2ND_GEN_ULP_H_
#define TAQ_2ND_GEN_ULP_H_

#ifdef _cplusplus
extern-"C"- {
gendif

#include <stdint.h>
#include <math.h>
#include- "zmoddxxx_types.h”

Variables- that describe the library versionf]
typEdeF struct {

uintd_t-major;

uint8_t-minor;

uints_t- patch;
I} algorithm version;

= RetCodes Return codes of the algo

HdeFine TAQ_2ND_GEN_ULP_OK (@) /"< ev

#define T4Q_2ND_GEN_ULP_STABILIZATION (1] /< sens
@}

- functions.[]

Variables-that describe the sensor-or-the algorithm state.[]
typadef struct {

float log_nonlog_rcda[3]; /**< various baselines. *
uints_t
stabilization_sample;- /=< Number of samples still needed for stabilization. */

uints_t-need_filter_init;
float tvoc_smooth;

float tvoc_deltafilter;
float acchw;

float accow;

float- etoh;

Figure 29: iaq_2nd_gen_ulp.h after and before the code modification to solve the libraries conflicts
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#define ZMOD441@_TAQ2 ULP_SEQ_RUN_TIME_WITH_MARGIN (15@8U) #define ZMOD4418_IAQZ ULP_SEQ_RUN_TIME_WITH_MARGIN- (1588U)
#define ZMODA418_TAQZ_ULP_SAMPLE_TIME (98eeal) #define ZMOD4418_IAQ2 ULP_SAMPLE_TIME (9ee0aU)
// clang-format- of f //-clang-format- of f
uint8_t dataisat:htl] =
heater heater
axee, - 8x5e, @x88, - 8x58,
delay , measurement delay » measurement
@x@@, - 8x28, 8xC3, - @xE3, @x00, @x28, @xC3, BxE3,
sequencer /i VE sequencer
@x00, - Bx0E, @x30, 8x48]; @x80, - 8x2@, - @x88, - 8x4a8};
uintd_t data_set 441@ iagq_2nd_gen ulp[] = { uintd_t data_set_441@_iaq_znd_gen_ulp[] = {
f/- REMOVE heater /- REMOVE heater
Bx88, - Bx58, - BxFF, - 8x38, 9x88, - 8x58, - OxFF, - Bx38,
BxFE,  BxD4, BxFE, Bx78, BXFE, - BxD4, - BXFE, - 878,
BXFE,  BxBC, - BxFD, BxAB, BXFE, - BxBC, - BxFD, - BXASZ,
BXFD, - @x44, - BxFC, - BXED, BxFD, - Bx4d, BxFC, BxEB,
/ /- REMOVE delay #/ - REMOVE delay
Bx89,  Bx52, Bx82, @XE7, 9x08, - 8x52, - 9x02, - Ox67,
Bx88, - BxCD, - Bx03, - Bx34, 8x@8, - BxCD, - Ax@3, -Bx34,
measurement measurement
8323, Bx@3, BxA3, Bxd3, Bx23, - Bx@3, -BxA3, - Bx43,
sequencer sequencer
Bx00, - Bx08, - BX06, - Bx49, Bx@8, - BxB8, - Bx86, -Bx4T,
Bx06, - Bx4A, - BxB6, - Bx4B, Bx86, - 8x4A, - 9x06, - Bx4B,
Bx86,  Bx4C, - BxB6, - @x4D, 9x@6, - 8x4C, - 9x06, - Ox4D,
Bx@6, - Bx4E, - Bx06, - Bx97, Bx@6, - B4E, BN@6, Bx37,
2x@6, - 8xD7, @x@6, Bx57, Bx86, - Bx07, - Bx86, - BxST,
#3086, - BxAE, - Bx@6, - Bx4D, 886, - BXAE, - 8x86, - Bx4D,
Bx86, - Bx4C, - Bx06, - Bx4B, Bx@6, - Bx4C, BN@S, Bx4E,
9x06, Bx4A, @xB6, Bx59}; BxBE, - BxdA, BxBE, Bx59};
//clang-format:-on //-clang-format-on
zmeddxxx_conf- zmod_sensor_type_ulp[] = { zmoddace_conf: zmod_sensor_type[]-=-{
[THIT] =-{ [INIT] = {
.start = @xs8e, .start = @x8e,
.h-=-{ .addr = IMOD4418_H_ADDR, .len = 2, .data_buf = &data_set_441di ulp[p]}, .h-=-{ .addr-= ZMOD4418_H_ADDR, .len-= 2, .data_buf = &data_set_4418i[8]},
.d-={ .addr = ZMOD4418_D_ADDR, .len = 2, .data_buf = &data_set_441di _ulp[P]}, .d = { .addr = ZMOD4418_D_ADDR, .len = 2, .data_buf = &data _set 441@i[2]},
.mo={ .addr = ZMOD441@ M _ADDR, .len = 2, .data_buf = &data_set 4418i ulp[®1}, .m = { .addr = ZMOD4418_M_ADDR, .len = 2, .data_buf = &data_set_4418i[4]},
.5 ={ .addr = ZMOD4418_5 ADDR, .len =4, .data_buf = &data_set_2418i ulp[B]} .5-="{ .addr-= ZMOD4418_5_ADDR, - .len-= 4, .data_buf = &data_set_4418i[6]},
.ro={ .addr = @x37, .len = 4}, .ro={ .addr- = @x97, .len =4},
I8 ¥

Figure 30: zmod4410_config_iag2_ulp.h after and before the code modification to solve the library
conflicts

6.1.3 ZMOD4510 Library ver. 20191014 (used in firmware version “A”)
6.1.3.1 Library Integration Procedure

Similarly, to the ZMODA4410, in Figure 36 shows all the files required for the ZMOD4510 drivers and the
suggested layout inside the zmod4510 folder. The zmod4510 folder must be included into the project at:

<project name>\src\drivers\

inserting the required files as second step.

v = zmod4510
v = libs
oag.h
r78-52_oaq.lib
zmod45x¢_config.h
zmod45xx_types.h
[£ zmod45xt.c
zmod45xxh

Figure 31: ZMODA4510's driver folder with the Library files

The required files are part of the sensor library and must be copied from the downloaded archive:
IDT ZMOD4510-OAQ-Firmware SWR 20191014.zip

In details:

1. “oaq.h” from the folder
“IDT_ZMODA4510-Outdoor-Air-Quality-Firmware_ SWR_20191014\ZM0OD4510-oag-firmware\oag-
libraries_4.0.0.zip\RL78\oaq_rl78”
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2.

“rI78_s2_oaq.lib” from the folder
“IDT_ZMODA4510-Outdoor-Air-Quality-Firmware_ SWR_20191014\ZM0OD4510-oag-firmware\oag-
libraries_4.0.0.zip\RL78\oaq_rl78\lib”

“zmod45xx_config.h” from the folder
“IDT_ZMODA4510-Outdoor-Air-Quality-Firmware_ SWR_20191014\ZMOD4510-o0ag-
firmware\\ZMODA45xx_example_2.0.0.zip\src”

“zmod45xx_types.h” from the folder
“IDT_ZMODA4510-Outdoor-Air-Quality-Firmware_ SWR_20191014\ZMOD4510-o0ag-
firmware\ZMOD45xx_example_2.0.0.zip\src”

“zmod45xx.h” from the folder
“IDT_ZMODA4510-Outdoor-Air-Quality-Firmware_ SWR_20191014\ZMOD4510-o0ag-
firmware\ZMOD45xx_example_2.0.0.zip\src”

“zmod45xx.c” from the folder
“IDT_ZMODA4510-Outdoor-Air-Quality-Firmware_ SWR_20191014\ZMOD4510-0ag-
firmware\\ZMOD45xx_example_2.0.0.zip\src”

Once copied all the files, the libraries must be included in the project as shown in Figure 37 and Figure 38.

Figure 37 also shows the Linker Options Values to link the required Standard Library.

Settings

v ®

v ®

w

Common
& CPU
# Device
# Miscellaneous
Compiler
& Source

& Language
(& Object
(& Optimization
& Qutput Code
# Miscellaneous
# MISRA C Rule Check
# User
Assembler
# Source

& Language
(& Object
(& Optimization
# Miscellaneous
(& User
Linker
& Input

B A T |

Use standard/mathematical libraries (-library)

Use C99 edition libraries (-library)

] Check memory smashing on releasing memory (-library)
Use runtime libraries (-library)

Linker Options

Relocatable files, object files and library files (-input/-library/-binary)

"${workspace_loc,/${ProjName}/src/drivers/zmod4510/libs/rI78-52_oaq.lib}"

Symbol definition (-define)

Figure 32: ZMOD4510 compiled libraries added to the project.
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Lastly, the ZMOD4510 driver must be enabled setting the symbol “zMOD4510 SENSOR” as
“SENSOR_PRESENT” in the file

<project name>\src\common\proj conf.h
as indicated in Figure 39.

Figure 39 also shows the symbol “zMOD 4510 END DET” that defines the method used by the sensor
driver to detect when a new Air quality Sensor Output Value is available.

e Polling the Sensor Status Register Value (“zMOD4510 END DET” defined as
“ZMOD4XXX INT ABSENT”), (which fields indicate when the current measure is complete) on the
I2C Internal Bus

Settings
~ & Common Include file directories (-I)
& CPU “${workspace loc:/${ProjName}/src/drivers}”
# Device “${workspace_loc;/${ProjName}/src/drivers/zmod4510}"
# Miscellaneous "${workspace loc;/${ProjName}/src/drivers/zmod4510/libs}”
~ B Compiler “${workspace_loc;/${ProjName}/src/UART}"

“${workspace_loc,/${ProjName}/src/12C}"

“${workspace_loc;/${ProjName}/src}”
- & !_anguage “$(w0rkszace_loc:,/${Pro}Name}fsrc/TaslG}"
(= Object “${workspace_loc;/${ProjName}/src/common}
(% Optimization ${PrajDirPath}/generate
## Output Code
(# Miscellaneous
# MISRA C Rule Check
= User

~ B Assembler

~ (& Source

~ (# Source

Include files at head of compiling units (-preinclude)

# Language
(# Object
# Optimization
& Miscellaneous
(5 User Macro definition (-D)
~ B Linker
~ (& Input ‘

Figure 33: ZMOD4510 libraries folders added to the project.

e Using the ZMOD INT output pin value [6] (“ZMOD4510 END DET” defined as
“ZMOD4XXX INT PRESENT”)

The “ZMOD4510 END DET” is set “ZMOD4XXX INT PRESENT” as default in order to use the 12C
peripheral to retrieve only the Sensor Output Data, optimizing the use of the 12C Internal Bus that is shared
between all the sensor present on the EU045 solution Kit.
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xy Erojmconl,n £3

22 # Includes <System Includes> , "Project Includes"”

25 + Macro definitions

27

28 #include "common_macro.h"

29

30 #define SENSOR_ABSENT ABSENT /*Sensor Absent*/

31 #define SENSOR_PRESENT PRESENT /*Sensor Present*/

32

33 #define ZMODAXXX_INTERRUPT_PIN_ABSENT (@) /*ZMOD4XXX Interrupt pin not connected (polling)*/
34 #define ZMODAXXX_INTERRUPT_PIN_PRESENT (1) /*ZMOD4XXX Interrupt pin connected */

35

36

37 /*ZMOD4410 Configuration*/

38 #define ZMOD4410_SENSOR SENSOR_ABSENT /*SENSOR_ABSENT/SENSOR_PRESENT*/
39 #define ZMOD4410_END_DET ZMOD4XXX_INTERRUPT_PIN_PRESENT /*ZMOD4XXX_INTERRUPT_PIN_ABSENT/
40

41 /*ZMOD4510 Configuration*/

42 #define ZMOD4510_SENSOR SENSOR_PRESENT /*SENSOR_ABSENT/SENSOR_PRESENT*/
43 #define ZMOD4510_END_DET ZMOD4XXX_INTERRUPT_PIN_PRESENT /*ZMOD4XXX_INTERRUPT_PIN_ABSENT/
44

Figure 34: ZMODA4510 enabled through the project_conf.h file

6.1.3.2 Library Modification Procedure

Figure 40 shows the modification to apply to the ZMOD4510 Sensor API file at the path:

<project name>\src\drivers\zmod4510\zmod4510.c @line 152

The file contains a “printf’ function that has to be removed.

intd_t zmodd4Sx_init_sensor(zmod4Sxx_dewv t *dev)

1
int8_t ret = @;
uintd_t data[4] = { @ };
uintd_t zmod44wx_status;

if (!dev->init_conf) {[]

ret = dev-rread{dev->i2c_addr, @xB7, data, 1);
if (ret) {]

ret = zmod45xx_calc_facter(dev, 8@, data);

if (ret) {[]

ret = dev->write{dev->i2c_addr, dev->init_conf-»h.addr, dats,
dev->init_conf-»>h.len);

if (ret) {]

ret = dev-r»write(dev-ri2c_addr, dev-rinit_conf-:d.addr,
dev->init conf->d.data, dev->init conf->d.len);
if (ret) {]

ret = dev-»write{dev->i2c_addr, dev->init_conf->m.addr,
dev-»init_conf-sm.data, dev->init_conf-»m.len);

if (ret) {]

ret = dev->write{dev->i2c_addr, dev->init_conf-»s.addr,
dev->init_conf-»s.data, dev->init_conf-»s.len);

if (ret) {[]
ret =

dev->write(dev->i2c_addr, ZMOD45XX_ADDR_CMD, &dev->init_cenf-»start, 1);
if (ret) {

return ERROR_I2C;
¥
do {

ret = zmod4Sxx_read_status({dev, &zmod44xx_status);

if (ret) {

| //printf("Error %d, exiting program!in”, ret);:|

return ret;

{

int3_t zmodd4Soc init_sensor(zmod4Sxx dev t *dev)

int8_t ret = 8;
uintd_t data[4] = { @ };
uintd_t zmod44xx_status;

if (ldev->init_conf) {[]

ret = dev->read(dev->i2c_addr, @xB7, data, 1);
if (ret) {]

ret = rmod4Sxx_calc_factor(dev, 8@, data);

if (ret) {]

ret = dev->write({dev->i2c_addr, dev->init conf->h.addr, data,
dev->init_conf->h.len);

if (ret) {J

ret = dev->write(dev-»i2c_addr, dev-»init_conf->d.addr,
dev->init_conf->d.data, dev->init_conf->d.len);

if (ret) {J

ret = dev->write(dev->i2c_addr, dev->init_conf->m.addr,
dev->init_conf-»m.data, dev->init conf-»m.len);

if (ret) {]

ret = dev->write{dev->i2c_addr, dev->init_conf-»s.addr,
dev-rinit_conf-»s.data, dev-rinit_conf-»s.len);

if (ret) {]

ret =

dev->write(dev->i2c_addr, ZMODASXX_ADDR_CMD, &dev->init_conf-»start, 1);
if (ret) {

return ERROR_I2C;
¥

do {
ret = zmod45xx_read_status{dev, &zmod44xx_status);
if (ret) {
printf("Error ¥d, exiting program!\n", ret);
return ret;

Figure 35: zmod45xx.c (ZMOD4510 API File) after and before the code modification

6.1.4 ZMODA4510 Library ver. 3.0.0 - 20210527 (used in firmware version “B”)

6.1.4.1 Library Integration Procedure

Similarly, to the ZMODA4410, in Figure 36 shows all the files required for the ZMOD4510 drivers and the
suggested layout inside the zmod4510 folder. The zmod4510 folder must be included into the project in:

<project name>\src\drivers\
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placing then the required files as second step.

w = drivers
w [= zmed_common
zmoddxxx_types.h
[ zrmoddwe.c
zmoddax.h
w = zmodd310
w 2= libs
oaqg_lst_gen.h
oag_2nd_gen.h
lib_cag_1st_gen.lib
lib_cag_2nd_gen.lib
zmod4310_cenfig_cagl.h
zmod4310_cenfig_cagd.h

Figure 36: ZMOD4510's driver folder with the Library files

A common folder is also present. It contains the API interface of the ZMOD sensors, valid for all the versions.

The required files are part of the sensor library and must be copied from the downloaded archive:
Renesas ZMOD4510 OAQ 1st Gen Example 3.0.0.zip
Renesas ZMOD4510 OAQ 2nd Gen Example 3.0.0.zip

In details:

1. “oaqg_1st_gen.h” from the folder
‘Renesas_ZMOD4510 OAQ_1st Gen_Example_3.0.0\gas-algorithm-
libraries\oaq_1st_gen\Renesas RL78\S2-core\ccrl”

2. ‘“lib_oaq_1st_gen.lib” from the folder
‘Renesas_ZMOD4510 OAQ_1st Gen_Example_3.0.0\gas-algorithm-
libraries\oaq_1st_gen\Renesas RL78\S2-core\ccrl”

3. “zmod4510_config_oaqgl.h” from the folder
“‘Renesas_ZMOD4510 OAQ_1st Gen_Example_3.0.0\zmod4xxx_evk_example\src”

4. “oaqg_2st_gen.h” from the folder
“‘Renesas_ZMOD4510_ OAQ_2nd_Gen_Example_3.0.0\gas-algorithm-
libraries\oaq_2nd_gen\Renesas RL78\S2-core\ccrl”

5. “lib_oaq_2st_gen.lib” from the folder
‘Renesas_ZMOD4510 OAQ_2nd_Gen_Example_3.0.0\gas-algorithm-
libraries\oaq_2nd_gen\Renesas RL78\S2-core\ccrl”

6. “zmod4510_config_oag2.h” from the folder
‘Renesas_ZMOD4510 OAQ_2st_Gen_Example_3.0.0\zmod4xxx_evk_example\src”

7. “zmod4xxx.c” from the folder

“‘Renesas_ZMOD4510 OAQ_2nd_Gen_Example_3.0.0\zmod4xxx_evk example\src”
8. “zmod4xxx.h” from the folder

“‘Renesas_ZMOD4510 OAQ_2nd_Gen_Example_3.0.0\zmod4xxx_evk example\src”
9. “zmod4xxx_types.h” from the folder

“‘Renesas_ZMOD4510 OAQ_2nd_Gen_Example_3.0.0\zmod4xxx_evk example\src”
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Once copied all the files, the libraries must be included in the project as shown in Figure 37 and Figure 38.
Figure 37 also shows the Linker Options Values to link the required Standard Library.

Settings

Cenfiguration: | HardwareDebug [ Active ]

v

Manage Cenfigurations...

i Tool Settings  Toolchain Device .ﬁ' Build Steps Build Artifact Binary Parsers € Error Parsers

~ B Common Use standard/mathematical libraries (-library)

@ CPU [ Use €99 edition libraries (~library)

%: Device [[]Check memary smashing on releasing memery (-library)

(2 Miscellaneous [ Use runtime libraries (-library) Linker Options
~ B3 Compiler

v @ Source
@ Language
(2 Object
(2 Optimization
@ Qutput Code
@ Miscellaneous
(3 MISRA C Rule Check
@ User
v By Assembler
~ (B Source
22 Language
@ Object
(8 Optimization
22 Miscellzneous
@ User
~ B3 Linker
oy
v bépr;van(ed Symbel definition (-defing) L= AR=] ‘ﬁ| |G|
3 List I

Relocatable files, object files and library files (-input/-library/-binary)

848 38§

"S{workspace_loc:/5{ProjMame}/src/drivers/zmod4410/libs/|

‘SfProjMName [drivers/zmodd410/libs;
ProjName] { rs/zmodd510/libs,
'§{ProjName}/src/drivers/zmod4510/libs)

"§{workspace_loc:/${ProjName}/src/drivers/zmod4450/libs/1 ibg1 3raq. lib ¥

Figure 37: ZMOD4510 compiled libraries added to the project.

Cenfiguration: |HardwareDebug [ Active ]

~ | | Manage Cenfigurations...
B Tool Settings  Toolchain Device # Build Steps Build Artifact Binary Parsers @ Error Parsers
% C - - - = = =

v & Common Include file directories (-1) 8 353
B CPU
g Device "S{workspace_loc:/${ProjMame}/src}” ~
g R "S{workspace_loc:/${ProjMame}/src/drivers/zmod_cormmon}”
(£ Miscellaneous "S{workspace_loc:/S{ProjMNamel/src/drivers/zmod4410}"

~ B3 Compiler

"Slworkspace_loc/S{ProjMame}/src/drivers/zmod4450}"
"${workspace_loc:/$ProjName}/src/drivers/zmod4510}"

v @ Source
(# Language "S{worksp ace_loc:_aS{ProName}_asrc_adr\rers_azmodd-‘l‘l [)_albs}"
@ Object "${workspace loc;/${ProjNamel/src/drivers/zmodd450/libs}"
- L "S{workspace_loc:/${ProjMame}/src/drivers/zmod4510/libs}"
%;; Optimization "S{workspace_loc:/${ProjMame}/src/commen}”
(22 Output Code

@ Miscellanecus Include files at head of compiling units (-preinclude) 20 3 '§| ,§|
(& MISRA C Rule Check
@ User
w ) Assembler
v @ Source
# Language

v

Figure 38: ZMODA4510 libraries folders added to the project.
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Lastly, the ZMOD4510 driver must be enabled setting the symbol “ZMOD4510 SENSOR” as
“SENSOR_PRESENT” in the file

<project name>\src\common\proj conf.h

as indicated in Figure 39.

Figure 39 also shows the symbol “zMOD 4510 END DET” that defines the method used by the sensor
driver to detect when a new Air quality Sensor Output Value is available.

e Polling the Sensor Status Register Value (“zMOD4510 END DET” defined as
“ZMOD4XXX INT ABSENT”), (which fields indicate when the current measure is complete) on the
I2C Internal Bus

e Using the ZMOD INT output pin value [6] (“zZMOD4510 END DET” defined as
“ZMOD4XXX INT PRESENT”)

The “ZMOD4510 END DET” is set “ZMOD4XXX INT PRESENT” as default in order to use the 12C
peripheral to retrieve only the Sensor Output Data, optimizing the use of the I2C Internal Bus that is shared
between all the sensor present on the EU045 solution Kit.

» project.confh i

22
25
27
28
29
30

wWwwww
NV H WN

W w w w

pbh D W
= ® WO

» »
S wN

+ Includes <System Includes> , "Project Includes"
* Macro definitions|

#include "common_macro.h"

#define SENSOR_ABSENT ABSENT /*Sensor Absent*/
#define SENSOR_PRESENT PRESENT /*Sensor Present*/

#define ZMOD4XXX_INTERRUPT_PIN_ABSENT (@) /*ZMOD4XXX Interrupt pin not connected (polling)*/
#define ZMODAXXX_INTERRUPT_PIN_PRESENT (1) /*ZMOD4XXX Interrupt pin connected */

/*ZM0OD4410 Configuration*/
#define ZMOD4410_SENSOR SENSOR_ABSENT /*SENSOR_ABSENT/SENSOR_PRESENT*/
#define ZMOD4410_END_DET ZMOD4XXX_INTERRUPT_PIN_PRESENT /*ZMOD4XXX_INTERRUPT_PIN_ABSENT/

/*ZMOD4510 Configuration*/
#define ZMOD4510_SENSOR SENSOR_PRESENT /*SENSOR_ABSENT/SENSOR_PRESENT*/
#define ZMOD4510_END_DET ZMOD4XXX_INTERRUPT_PIN_PRESENT /*ZMOD4XXX_INTERRUPT_PIN_ABSENT/

Figure 39: ZMOD4510 enabled through the project_conf.h file

6.1.4.2 Library Modification Procedure

To include all the ZMOD4510 Mode libraries (i.e. OAQ and OAQ ULP), in the same firmware two
modification type are required to avoid conflicts between the libraries file.

The modifications involve the files

e o0ag_2nd_gen.h

Figure 40 show the code change required to solve the libraries conflicts.
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oaq_2nd_gen.h{]

#ifndef OAQ_2ND_GEN_H

#define 0AQ_2ND_GEN_H_

#ifdef _ cplusplus
extern-"C"-{
sendif

#include <stdint.h>
#include <math.h>
#include "zmodéxxx_types.h”

Variables-that-describe-the- library- version[]

Ypeder  struct - {

uints_t-major;
uint8_t-minor;
uints_t-patch;

alzgsithm version;

RetCodes Return: codes of the algorithm functions.[]
sdefine 0AQ_2ND_GEN_OK (@) /**< everything okay */

#define OAQ_2ND_GEN_STABILIZATION: (1)-/**< sensor in stabilization */
/- @r /]
Variables that describe the sensoror the algorithm state.[]
typedef struct - {
uintls t
stabilization_sample;- /**< Number of samples still needed for

float geda[8]; - /*
float log_ra;
float-log_b;
float beta2;
float - 03_conc_ppb;
float o3_1h_ppb;
float03_8h_ppb;

}-caq_2nd_gen_handle_t;

< baseline  gconductances. */

stabilizatis

2ag,

#ifndef OAQ_2ND_
#define OAQ_2ND_

#ifdef _ cpluspl
extern "C" {
#endif

#include <stdint
#include <math.h
#include "zmoddx

+ variabl
typedef struct {
uints_t majo
uints_t mino
uints_t patc
l;- algorithm_vers

#define OAQ_2ND_
#define OAQ_2ND_

- Variabl
typedef struct {
uintl6_t

stabiliz

float gcda[d
float log_ra
float log_b;
float betal;
float 03_con
float o3_th_
float o3_sh_
}-0aq_2nd_gen_ha

_2nd_gen.h[J

GEN H_
GEN_H_

us

.h3
>
xx_types.h"

es that describe the library version[]

h;

son;

RetCodes Return: codes-of - the- algorithm: functions.[]
GEN_OK /%< everything okay- =/
GEN_STABILIZATION: (1) /**<-sensor- in-stabilization */

es-that-describe the sensor-or-the-algorithm: state.[]

ation_sample; /**< Number of -samples-still needed for- stabilization. */
1;- /**< baseline conductances. */

c_ppb;
ppbs;
ppb;
ndle_t;

Figure 40: oaq_2nd_gen.h (ZMOD4510 API File) after and before the code modification

6.1.5 ZMODA4450 Library ver. 1.2.0 - 20200310 (used in firmware version “A” and “B”)
6.1.5.1 Library Integration Procedure

Similarly, to the ZMOD4410 and ZMOD4510, Figure 41 shows all the files required for the ZMOD4450
drivers and the suggested layout inside the zmod4450 folder. The zmod4450 folder must be included into the

project at:

<project name>\src\drivers\

inserting the required files as second step.

v (= zmod4450
v (= libs

idt_math.h
[ ragh
lib_g13_idt_math.lib
lib_g13_raqlib

[n] zmod44xx_config.h

[0 zmod44xx_types.h

[£] zmod4din.c

[A zmad4xch

Figure 41: ZMOD4450's driver folder with the Library files

The required files are part of the sensor library and must be copied from the downloaded archive

“IDT ZMOD4450-Firmware SWR 20200310.zip”

In detail:

“IDT_ZMOD4450-Firmware_SWR_20200306\ZMOD4450-raq-firmware\rag-libraries\ccri\g13”

“IDT_ZMOD4450-Firmware_SWR_20200306\ZM0OD4450-raqg-firmware\rag-libraries\ccri\g13”

1. “lib_g13_idt_math.lib” from the folder
2. “lib_g13 ragq.lib” from the folder
3. “idt_math.h” from the folder

“IDT_ZMOD4450-Firmware_SWR_20200306\ZMOD4450-raq-firmware\rag-libraries\ccrl\g13”

R30AN0367ED0200 Rev.2.00
2021-12-22

RENESAS

Page 46 of 51



EU045 Software User's Guide

4. ‘“rag.h” from the folder
“IDT_ZMODA4450-Firmware_SWR_20200306\ZMOD4450-raqg-firmware\rag-libraries\ccri\g13”

5. “zmod44xx.h” from the folder
“IDT_ZMOD4450-Firmware_SWR_20200306\ZM0OD4450-raq-firmware\ZMOD4450-api-
example_1.2.0\src”

6. “zmod44xx.c” from the folder
“IDT_ZMOD4450-Firmware_SWR_20200306\ZMOD4450-raq-firmware\ZMOD4450-api-
example_1.2.0\src”

7. “zmod44xx_types.h” from the folder
“IDT_ZMOD4450-Firmware_SWR_20200306\ZMOD4450-rag-firmware\ZMOD4450-api-
example_1.2.0\src”

8. “zmod44xx_config.h” from the folder
“IDT_ZMOD4450-Firmware_SWR_20200306\ZM0OD4450-raq-firmware\ZMOD4450-api-
example_1.2.0\src”

Once all the files are copied, the libraries must be included in the project as shown in Figure 42 and Figure
43.

Figure 42 also shows the Linker Options Values to link the required Standard Library.

Settings
~ 5 Common Use standard/mathematical libraries (-library)
2 CPU Use C99 edition libraries (-library)
(% Device [] Check memory smashing on releasing memory (-library)
(% Miscellaneous Use runtime libraries (-library) Linker Options

~ & Compiler
~ (2 Source
# Language
# Object
(& Optimization
£ Output Code
& Miscellaneous
# MISRA C Rule Check
(2 User
~ B Assembler
~ (& Source
# Language
& Object
( Optimization
& Miscellaneous
(# User

~ B Linker
« (2 Input Symbol definition (-define)

Relocatable files, object files and library files (-input/-library/-binary)

Figure 42: ZMOD4450 compiled libraries added to the project
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Settings

~ i Common

@& CPU

# Device

# Miscellaneous
~ 1% Compiler

Include file directories (-I)

"S{workspace Ioc,’${Pr0JName}!src,’UART}

~ (# Source
2 Language
# Object
(# Optimization
# Qutput Code
(# Miscellaneous

"${workspace_loc/${ProjName}/src/12C}"
“${workspace_loc/${ProjName}/src/tasks}”
"${workspace_loc/${ProjName}/src/drivers/zmod4410/sulfur_odor/libs}"
“${workspace_loc/${ProjName}/src}”
"$iworkspace_loc/${ProjName}/src/drivers/zmod4410/odor}”

Include files at head of compiling units (-preinclude)

(% MISRA C Rule Check
(# User
~ & Assembler
~ (& Source
= Language
= Object
(& Optimization
& Miscellaneous

& User Macro definition (-D)
~ 18 Linker

bt

v (& Input

Figure 43: ZMODA4450 libraries folders added to the project

Lastly, the ZMOD4450 driver must be enabled setting the symbol “ZMOD4450 SENSOR” as
“SENSOR_PRESENT” in the file

<project name>\src\common\proj conf.h
as indicated in Figure 44.

Figure 44 also shows the symbol “zMOD 4450 END DET” that defines the method used by the sensor
driver to detect when a new Air quality Sensor Output Value is available.

The two method are:

e Polling the Sensor Status Register Value (“zMOD4450 END DET” defined as
“ZMOD4XXX INT ABSENT”), (which fields indicate when the current measure is complete) on the
I2C Internal Bus

e Using the ZMOD INT output pin value [7] (“ZMOD4450 END DET” defined as
“ZMOD4XXX INT PRESENT”)

The “ZMOD4450 END DET” is set “ZMOD4XXX INT PRESENT” as default in order to use the 12C

peripheral to retrieve only the Sensor Output Data, optimizing the use of the I12C Internal Bus that is shared
between all the sensor present on the EU045 solution Kit.
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[ project_confh &% =
29

30 #define SENSOR_ABSENT ABSENT /*Sensor Absent*/

31 #define SENSOR_PRESENT PRESENT /*Sensor Present*/

32

33 #define ZMOD4AXXX_INTERRUPT_PIN_ABSENT (@) /*ZMOD4XXX Interrupt pin not connected
34 #define ZMOD4AXXX_INTERRUPT_PIN_PRESENT (1) /*ZMOD4XXX Interrupt pin connected */
35

36

37 /*ZMOD4410 Configuration*/

38 #define ZMOD4410_SENSOR SENSOR_PRESENT /*SENSOR_ABSENT/|SE
39 #define ZMOD4410_ END_DET ZMODAXXX_INTERRUPT_PIN_PRESENT /*ZMOD4XXX_INTERRU
40

41 /*ZMOD4518 Configuration*/

42 #define ZMOD4510_SENSOR SENSOR_ABSENT /*SENSOR_ABSENT/ISE
43 #define ZMOD451@ END_DET ZMODAXXX_INTERRUPT_PIN_PRESENT /*ZMOD4XXX_INTERRU
a4

45 /*ZMOD4450 Configuration*/

46 #define ZMOD445@_SENSOR SENSOR_ABSENT /*SENSOR_ABSENT//SE
47 #define ZMOD4450_END_DET ZMOD4XXX_INTERRUPT_PIN_PRESENT /*ZMOD4XXX_INTERRU

Figure 44: ZMODA4450 enabled through the project_conf.h file

6.1.5.2 Library Modification Procedure
Figure 45 shows the modification to apply to the ZMOD4450 Sensor API file at the path:
<project name>\src\drivers\zmod4450\zmod44xx.c

The symbol “CONTINUOS MODE” must be defined at the beginning of this file, to start the communication with
the ZMOD4450 sensor.

* Copyright (c) 2018 Integrated Device Technology, Inc.[]
* @file zmod44xx. c[]

#include "zmod44xx.h"
#include "zmod44xx_config.h"

f#idefine CONTINUQUS_MODE
Int8_t zmodddxx_read_sensor_info(zmod44xx_dev_t* dev)

{

int8_t ret = 0;

uint8_t data[ZMOD44XX_LEN_PID];
uint8_t status = @;

uint8_t cmd = 9;

uintlée_t i = @;

/* wait for sensor ready */
do {

ret = dev->write(dev->i2c_addr, ZMOD44XX_ADDR_CMD, &cmd, 1 ret = dev->urite(dev->i2c_addr, ZMOD44XX_ADDR_CMD, &cmd, 1);

if(ret) {
return ERROR_I2C;
}

* Copyright (c) 2018 Integrated Device Technology, Inc.[]
* @file zmod44xx . c[]

#include "zmod44xx.h"
#include "zmod44xx_config.h"

int8_t zmod44xx_read_sensor_info(zmodddxx_dev_t* dev)

int8_t ret = ©@;

uint8_t data[ZMOD44XX_LEN_PID];
uint8_t status = ©;

uint8_t cmd = @;

uintl6_t i = @;

/* wait for sensor ready */

do {

if(ret) {
return ERROR_I2C;
}

Figure 45: zmod44xx.c (ZMOD4450 API File) after and before the code modification
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

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

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

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

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

Do not input signals or an 1/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 V.
(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 Vix (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 LS| 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.

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 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.
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.

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

subsidiaries.

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