1LENESAS Application Note

RA2L2 Group

Monitoring of Environment Sensors with the EK-RA2L2
(Example of Porting from the USB Type-C Reference Design for RA2L2 MCUs)

Introduction

This application note describes the monitoring of environment sensors by using the EK-RA2L2 based on the
sample code of the USB Type-C reference design for RA2L2 MCUs.

Assuming an application for monitoring environment sensors, this system supports USB communications
with a PC, USB Type-C configuration channel (CC) detection used for judging USB-C connection, the
monitoring of environment sensors (light sensor and temperature and humidity sensor), and the display of
data on a Pmod OLED.

Main Features of the RA2L2 Used in This System

e Determination of the state of connection by using USB Type-C CC detection

¢ Intermittent operation for obtaining measurements by environment sensors (light sensor and temperature
and humidity sensor) by using the RTC

e Control of saving sensing data in data flash memory

e Transmitting the data saved in data flash memory to the PC by CDC communications with the use of USB
2.0 Full-Speed communications

e Communications between the sensors and OLED device by using the I3C or SPI
e Display of the USB status, display of the date and time, and realtime display of sensing data on an OLED
e Date and time setting by using the RTC and switches (connected as GPIO keys)

Devices and Hardware Used in Confirming Operation

Item Product

Evaluation kit Renesas EK-RA2L2

Mounted MCU: Renesas RA2L.2 (R7FA2L2094CFM)
Temperature and humidity sensor Renesas QCIOT-HS4001POCZ

Pmod board Mounted sensor: Renesas HS4001*

Light sensor Pmod board Renesas QCIOT-ISL76682POCZ
Mounted sensor: Renesas ISL76682

Pmod OLED Digilent Pmod OLED (410-222)

Mounted controller: SSD1306

Software Used

e Integrated development environment: e? studio 2025-12
e C compiler: GCC Arm Embedded 13.2.1.arm-13-7
e FSP (Flexible Software Package): v6.3.0
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Related Documents

RA2L2 MCUs USB Type-C Reference Design User's Manual: R12UZ0203

USB Type-C Reference Design for RA2L2 MCUs Application Note: RO1AN7984

RA2L2 Group User's Manual: Hardware: RO1UH1080

Evaluation Kit for RA2L2 Microcontroller Group EK-RA2L2 v1 User’'s Manual: R20UT5472
QE for USB Usage Guide: R20AN0143

Related Links

Web page for EK-RA2L2 Products

Web page for RA2L2 Products

Web page for USB Type-C Reference Design for RA2L2 MCUs
e Web page introducing QE for USB

Note: Renesas has announced the discontinuation of the HS4001. “MEMS Vision #MVH4001D” is the
replacement.
PLC250010: End-of-Life (EOL) process for selected part numbers
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1. Outline of This System and Functional Comparison with the USB Type-C
Reference Design for RA2L2 MCUs

Based on the sample code of the USB Type-C reference design for RA2L2 MCUs, the RA2L.2 MCU USB
Type-C for the EK-RA2L2 (hereafter referred to as this system) provides the monitoring of results from
environment sensors on a Pmod OLED. The environment sensors are a temperature and humidity sensor
and a light sensor, which are also on Pmod boards connectable to the EK-RA2L2.

This chapter gives an outline of this system and the USB Type-C reference design for RA2L2 MCUs, which
is the basis of this system. This chapter also provides a functional comparison with the USB Type-C
reference design for RA2L2 MCUs.

1.1 Overview

This system uses the 48-MHz Arm Cortex-M23 entry-level USB-equipped RA2L2 general-purpose
microcontroller that is mounted on the EK-RA2L2 evaluation kit.

In this system, the USB Type-C interface, which is an on-chip peripheral of the RA2L2, detects the
orientation of an inserted USB-C plug and proceeds with USB Type-C CC detection. The USB 2.0 Full-
Speed (hereafter referred to as FS) function transmits data from the light sensor and temperature and
humidity sensor through USB communications with the PC. The EK-RA2L2 is equipped with Pmod
connectors, and data are transmitted to and received from Pmod modules, specifically the light sensor and
digital temperature and humidity sensor, and the OLED. The OLED screen displays the data from the
sensors, the state of the USB-C connection, and the state of USB communications.

1.2 Features

e Utilizes the sample code of the USB Type-C reference design for RA2L2 MCUs to achieve demonstration
operations matching the specifications of that system on the EK-RA2L2.
e Supports two types of demo use cases utilizing the main features of the RA2L2.
— Two demo use cases: Connection to a charger and connection to a PC
— USB Type-C CC detection and USB FS
e Supports the sensing demo for two types of environment sensors
— Sensing by environment sensors (light sensor and temperature and humidity sensor)
— Monitoring functions: Monitoring in a PC demo application and real-time display of the results of
monitoring on a Pmod OLED
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1.3 System Configuration

The EK-RA2L2, light sensor, temperature and humidity sensor, and Pmod OLED are used in this system.
Figure 1-1 shows the system configuration.

For communications with the MCU (RA2L2), an I3C interface is used for the light sensor and temperature
and humidity sensor and an SPI is used for the Pmod OLED.

Note that pins 5-6 on J40 and J41 of the EK-RA2L2 should be closed because the USB 2.0 Type-C function
is to be used. For details, refer to section 2.4, USB Type-C CC Detection.

e2 studio, QE for USB PC demo app

USB FS
(USB Type-C)

Debug USB

Light sensor Pmod board
Temperature and humidity \
sensor Pmod board

User Switch(S1)
User Switch(S2)

Reset Switch

Pmod OLED

Figure 1-1 System Configuration
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1.4 Outline of System Operations

1. When power*! is supplied, initialization of the system is started.
2. After initialization has finished, the demo title is displayed on the OLED screen for three seconds.
3. The system is placed in date and time setting mode, in which operations are as follows:
— The date and time for setting appears on the OLED screen.
— Press the S1 and S2 user switches to set the date and time.
4. After the date and time have been set, the system is placed in sensing demo mode, in which operations
are as follows:
— The temperature and humidity data are acquired from the temperature and humidity sensor and the
illuminance data are acquired from the light sensor at 1-second intervals.
— The acquired date and time, temperature and humidity, and illuminance data are displayed on the
OLED screen.
— The acquired date and time, temperature and humidity, and illuminance*2 data are stored in data flash
memory at 5-second intervals.
— The display on the OLED screen (display of sensing data or USB connection state) can be switched
by pressing the S1 user switch.
— Making or breaking of the USB FS (USB Type-C) connection is detected, and notification of the state
of the connection is displayed on the OLED screen for three seconds.

<Additional functions>

e When a PC is connected to the USB FS and the PC demo application is started
The date and time, temperature and humidity, and illuminance*?2 data that were stored in data flash
memory can be sent to the PC demo application and then graphically displayed on the PC screen.

e When the e? studio and QE for USB are started
By using the USB VBUS monitor of QE for USB, the voltage and current values of the VBUS monitor can
be graphically displayed in the e? studio.

Note 1. Power is supplied through the debug USB connector.
Note 2.  For the illuminance data, the maximum, minimum, and average values within each five-second
interval are stored in data flash memory.
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1.5 System Block Diagram

Figure 1-2 shows a system block diagram of the board used in this system. Figure 1-3 shows the
configuration of connection between the EK-RA2L2 and Pmod boards.

VBUS

RA2L2
VSENSE o ADCx?2
ISENSE
OLED
USE 38D1306
Type-C SPl | ——»
Light-to Digital Sensor Humidity & Temperature Sensor
BC |—* ISL76682 * > HS4001
» | DP, DM
CicH, G632
FET for external
Reset switch
Rd control GRIO %2 RES, GPIOx2 |« User switches(51,52)
External Rd
Figure 1-2 System Block Diagram
EK-RAZ2L2
OLED
SSD1306
Pmod1
P103 (S5LA0) » 1(CS)
P101 (MOSIA) > 2 (MOSI)
(P100 (MISOA)) |- oo cooooooo- 3 (NC)
P102 (RSPCKA) »| 4 (SCLK)
P411(GPIO) » 7(DC)
P205(GPIO) »| 8 (RES)
P105(GPIO) *| 9 (VBATC (Low))
P106(GPIO) » 10(VDCC (Low))
Light-to Digital Sensor Relative Humidity & Temperature
I5L76682 H54001
Pmod2
P400 (13C0_SCLO) ——-————»| scL _
P401 (13C0_SDAO) [le————»| SDA | 5pn

Figure 1-3 Configuration of Connection between the EK-RA2L2 and Each Pmod Board
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1.6 Outline of Hardware Specifications
Table 1-1 lists the hardware specifications of this system in outline.

Table 1-1 Outline of Hardware Specifications

Item Specifications

Board part RTK7EKA2L2S00001BJ

number

MCU RA2L2: R7FA2L2094CFM
(Code flash memory: 128 Kbytes, RAM: 16 Kbytes, Data flash memory: 4 Kbytes, PKG:
64-pin LQFP)

Clocks High-speed on-chip oscillator (48-MHz operation): System clock and peripheral module
clocks
32.768-kHz crystal resonator: RTC clock

Switches User switches (S1 and S2) and reset switch

Sensors Temperature and humidity sensor Pmod board (Renesas: QCIOT-HS4001POCZ) x 1*
Light sensor Pmod board (Renesas: QCIOT-ISL76682POCZ) x 1

Display 128 x 32-pixel graphic OLED display (Digilent: Pmod OLED (410-222))

Note: Renesas has announced the discontinuation of the HS4001. “MEMS Vision #MVH4001D” is the
replacement.
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1.7 List of MCU Pin Assignments and Pin Settings

Table 1-2 lists the MCU pin assignments and pin settings of this system.

Table 1-2 MCU Pin Assignments and Pin Settings

Internal Pull-
Pin Up/Pull-Down
No. Pin Name | Signal Pin Setting Mode Setting Active Level |Function
1 P400 1I3C0_SCLO Peripheral mode None — PMOD2_SCL
2 P401 I3C0_SDAO Peripheral mode None — PMOD2_SDA
3 P402 — Disabled — — —
4 P403 GPIO Input mode None — PMOD2_RESET
5 VCL — — — — 4.7-uF capacitor
6 P215 — Disabled — — —
7 P214 — Disabled — — —
8 VSS — — — — VSS
9 P213 — Disabled — — —
10 P212 — Disabled — — —
11 VCC — — — — VCC
12 P411 GPIO Output mode None — OLED_DC
(initial low output)
13 P410 — Disabled — — —
14 P409 — Disabled — — —
15 P408 — Disabled — — —
16 USB_DM |USB_DM — — — USB communications
17 USB_DP |USB_DP — — — USB communications
18 P913 USB_CC1 Analog mode None — USB Type-C CC detection
(CC1)
19 P912 USB_CC2 Analog mode None — USB Type-C CC detection
(CC2)
20 P407 USB_VBUS Peripheral mode None — VBUS detection
21 P207 — Disabled — — —
22 P206 GPIO Input mode None — PMOD2_INT
23 P205 GPIO Output mode None — OLED_RES
(initial low output)
24 P204 — Disabled — — —
25 RES — — — — Reset switch
26 P201 — Disabled — — —
27 P200 — Disabled — — —
28 P304 — Disabled — — —
29 P303 — Disabled — — —
30 P302 — Disabled — — —
31 P301 — Disabled — — —
32 P300 — Disabled — — —
33 P108 — Disabled — — —
34 P109 GPIO Output mode None Low External Rd control for CC1
(initial low output)
35 P110 GPIO Output mode None Low External Rd control for CC2
(initial low output)
36 P111 — Disabled — — —
37 P112 — Disabled — — —
38 P113 — Disabled — — —
39 VCC — — — — VCC
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40 VSS — — — — VSS

41 P107 — Disabled — — —

42 P106 GPIO Output mode None — OLED_VDCC
(initial low output)

43 P105 GPIO Output mode None — OLED_VBATC
(initial low output)

44 P104 — Disabled — — —

45 P103 GPIO Output mode None — OLED_CS
(initial low output)

46 P102 SCIO_SCKO Peripheral mode None — OLED_SCLK

47 P101 SCI0_TXDO Peripheral mode None — OLED_MOSI

48 P100 SCI0O_RXDO0 Peripheral mode None — OLED_NC

49 P500 — Disabled — — —

50 P501 — Disabled — — —

51 P502 — Disabled — — —

52 P015 GPIO Input mode None Low S2 user switch

53 P014 — Disabled — — —

54 P013 ADCO_ANO008 Analog mode None — VBUS monitoring - ISENSE

55 P012 ADCO_ANO007 Analog mode None — VBUS monitoring - VSENSE

56 AVCCO — — — — VCC

57 AVSS0 — — — — VSS

58 PO11 — Disabled — — —

59 PO10 — Disabled — — —

60 P004 GPIO Input mode None Low S1 user switch

61 P003 — Disabled — — —

62 P002 — Disabled — — —

63 P001 — Disabled — — —

64 PO00 — Disabled — — —
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1.8 For Reference: Outline of and Comparison with the USB Type-C Reference
Design for RA2L2 MCUs

1.8.1 USB Type-C Reference Design for RA2L2 MCUs

The USB Type-C reference design for RA2L2 MCUs is a solution intended for small-size battery-powered
applications with the USB Type-C interface, such as USB data loggers, True Wireless Stereo (wireless
earphone) charging cases, and PC peripheral devices. In this reference design, the RA2L2 32-bit MCU with
the USB Type-C CC detection function is used to implement USB Type-C detection operations presupposing
use of the functionality in real applications.

Running each of the demonstrations allows users to easily experience the main features of the RA2L2, such
as the USB FS, various types of serial communications, and low-power modes, together with the USB Type-
C CC detection operation.

For details, refer to the following Web page for the USB Type-C reference design for RA2L2 MCUs.
RTK7A21.2UCDO00000BJ - RA2L.2 MCUs USB Type-C Reference Design | Renesas

1.8.2 Functional Comparison

The results of comparing the functions of this system with those of the USB Type-C reference design for
RA2L2 MCUs are listed in Table 1-3.

Table 1-3 Functional Comparison

Function USB Type-C Reference Design for RA2L2 This System
MCUs
USB Type-C CC Possible Possible
detection
Demo use cases Stand-alone (running from a battery) Connected to a charger
Connected to a charger Connected to a PC
Connected to a PC
Demo mode Sensing demo mode (temperature and humidity | Sensing demo mode (temperature and
values and motions) humidity values and illuminance values)
Mouse demo mode
Low-power Sleep mode Sleep mode
operation Software standby mode
Date and time Operation of the joystick Operation of the user switches
setting operation
Sensors Temperature and humidity sensor Temperature and humidity sensor
Motion sensor Light sensor
Switches Joystick (4-way + center press) User switches (S1 and S2)
Power switch Reset switch
Mode switch
LCD switch
Reset switch
Interfaces USB Type-C™ x 1 USB Type-C™ x 1
Pmod™ interface x 1 Pmod™ interface x 2
Debugging interface (E2 emulator Lite (E2 Lite) *
connector) x 1
Expansion interface x 1

Note: For the interfaces of the EK-RA2L2, refer to the user’'s manual of the EK-RA2L2.
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1.8.3 Comparison of the System Configuration
Figure 1-4 shows the demonstration board of the USB Type-C reference design for RA2L2 MCUs. Figure 1-5
shows a system configuration using the EK-RA2L2.

0.96-inch LCD Power MCU current consumption
LDO color LCD switch switch measuring pins

Programming

mode setting pins
RESET switch
Pmod connector
Temperature and

humidity sensor JovEteK
USB Type-C
connector Debugging interface
(E2 Lite connector)
Status LED
Charger IC Mode MCU Motion Expansion interface

DA9163 switch RAZLZ sensor

Figure 1-4 Demonstration Board of the USB Type-C Reference Design for RA2L2 MCUs

USB FS

Debug USB
(USB Type-C)

Light sensor Pmod board
User Switch(S1)

User Switch(S2)

Temperature and humidity

sensor Pmod board Reset Switch

Pmod OLED

Figure 1-5 System Configuration Using the EK-RA2L2
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2. Specifications of USB Type-C Detection Operations

This system uses the on-chip USB Type-C interface of the RA2L2 for USB Type-C CC detection. This
chapter describes the specifications of the RA2L2's on-chip USB Type-C interface and the specifications of
the operations of the USB Type-C hardware and software implemented in this system.

2.1 Specifications of the Standard of USB Type-C CC Detection

When devices are connected through a USB Type-C cable, the source device applies voltage to the Rp
resistor in the source device and Rd resistor in the sink device and the voltage on the Rd resistor is
measured to detect the default USB (0.5 A), 1.5-A source, or 3.0-A source current.

Table 2-1 Differences in the Threshold Voltage (V) on the Sink CC Pins

Source Current Power Supply USB Type-C Cable and Connector RA2L2 CC Detection

Detection Specifications Circuit
— Threshold Voltage (V) on Sink CC Pins | — Voltage Detection
Old Standard New Standard Threshold (V)
Release 2.3 Release 2.4

Default USB 05A@5V 0.25 0.277 0.15

1.5-A source 15A@5V 0.66 0.613 0.613

3.0-A source 30A@5V 1.23 1.165 1.165

For example, if the sink device has detected the 3.0-A source current, a 15-W (3 A at 5 V) source device
(such as a charger or a Type-C port of a PC) is connected to it. An example of the system operation after this
detection is to send modified settings from the MCU to the charger IC or power-supply IC in the sink device
through serial communications so that the charging current or receiving current is to be increased and fast
charging or 15-W USB bus power operation is enabled.

2.2 Specifications of USB Type-C CC Detection Using the RA2L.2

The USB Type-C interface module in the RA2L2 incorporates dedicated hardware circuits for detection that
complies with the Universal Serial Bus Type-C Cable and Connector Specification Release 2.4 and supports
the following functions.

¢ Detecting connection or disconnection of a USB port that complies with the USB Type-C Specification
Release 2.4

e Providing an Rd resistor for each of the CC1 and CC2 lines and detecting the current supply capability of
the source (default USB, 1.5-A source, or 3.0-A source current) by measuring the voltage on the Rd
resistor

Figure 2-1 gives an overview of USB Type-C connections with the RA2L2.
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Source Sink
Type-C Cable
Power delivery Controller J |_ USB Type-C IF
CC detection
PD Rx Pull up CC detection
PD Tx %tthe T Rp CCA1 cC1 Pull down -
Controller A Rd D;?
Rp || CC2 cc2 =
A Rd
CC Controller
| T
USB 2.0 D+ D+ USB 2.0
usB
Host D- D- US'E
Controller U U C:ﬁrrlgleleer

Figure 2-1 Overview of USB Type-C Connections Using the RA2L2

Figure 2-2 is a block diagram of the USB Type-C interface in the RA2L2.

{2 use_vBus
/\ I, CC-PHY
- State getection
] and transition
] ret
o o -
- — )/IJ {7 use_cct
8 N———] controi registers Re L Riopan L
" - -
2 = =
2
£ (D\ ) 3
—* l_. —* ﬁ’
O__0O
USBCC_CCI intermupt
USBCC_CCS generator —
| JI {) usB_cca2
Low-spesd clock Debounce contol ] e H7 | e L Repan |
| = =
PCLKB — = l —hxz
Fi control i i
P913PFS ASEL.
= | Repan COMTDH
P312PFS ASEL |

Figure 2-2 Block Diagram of the USB Type-C Interface in the RA2L2

The USB Type-C interface in the RA2L2 has a Type-CC connection state and status register (TCS register).
The results of a USB Type-C detection operation can be read from the bits of this register. Table 2-2 lists the
specifications of the TCS register. For details, refer to section 26.2.5, TCS: Type-CC Connection State and
Status Register, in the RA2L2 Group User’'s Manual: Hardware (R0O1UH1080).
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Table 2-2 Specifications of the TCS Register

Bit

Symbol

Function

SRCD

Detection of Source Connection

0: Source is not connected (connection status not in Attached. SNK)
1: Source is connected (connection status in Attached. SNK)

0

VRD15D

Detection of Power1.5 Source Connection

0: Power1.5 source is not connected
1: Powerl.5 source is connected

VRD30D

Detection of Power3.0 Source Connection

0: Power3.0 source is not connected
1: Power3.0 Source is connected

PLUG

Connection of Plug Orientation

0: CC1is connected
1: CC2is connected

R

T4

CNS[3:01

Status of Connection State

0000: Disabled

0001: Unattached SMNK

0010: Attachwait. SNK

0100: Afttached SNEK (PowerDefault SNK)
0101: Afttached SNEK (Poweri 5 5NK)
0110 Attached SNEK (Power3. 0 SNK)
Others: Undefined

98

CC15[1:0]

Status of CC1

00: Open (below maximum vRa)

01: Default USB (above minimum vRd-Connect)

10: Power1.5 (voltage above minimum vRd-Connect, and within the range of vRd-1.5)
11: Power3 0 (voltage above minimum vRd-Connect, and within the range of vRd-3.0)

11:10

CC25[1:0]

Status of CC2

00: Open (below maximum vRa)

01: Default USE (above minimum vRd-Connect)

10: Power1.5 (voltage above minimum vRd-Connect, and within the range of vRd-1.5)
11: Power3.0 (voltage above minimum vRd-Connect, and within the range of vRd-3.0)

VBUSS

Status of VBUS

0: VBUS is off
1 VBUS ison

3013

These bits are read as 0.

Motz 1. This is valid only when the connection state is Aftached.SNK in Sink-only mode (MEC MODE=0).
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2.3 Specifications of the USB Type-C in the EK-RA2L2
Figure 2-3 shows the configuration of the circuits in the USB block, which includes the USB Type-C interface,

in the EK-RA2L2.

RA2L2

P109

P110

USB 2.0 Type-C™ Connector (J11)

™ E48
N-ch FET 9-1K
; m—l E49
NG FET 51K ]

CC1

cc2

RA2L2

P913/USB_CCH1

P912/USB_CC2

Figure 2-3 Configuration of the Circuits in the USB Block
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2.4 USB Type-C CC Detection

The USB Type-C standard prescribes that a USB Type-C source device such as a PC or a charger shall
always detect the pull-down resistor, Rd, on each of the CC lines in a sink device (EK-RA2L2) when the sink
device is connected to the source device through a USB Type-C port. After the source device has detected
the Rd pull-down resistor, the device starts VBUS output to the sink device.

The RA2L2 has the Rd1 pull-down resistor in the USB Type-C Interface but the EK-RA2L2 incorporates the
external Rd2 pull-down resistor on the demo board so that the source device can detect the Rd pull-down
resistor regardless of whether the RA2L2 has been activated.

To use the USB Type-C function in this system (EK-RA2L2), the external Rd2 pull-down resistor should be
disabled in the way stated below and the on-chip Rd1 pull-down resistor should be enabled.

¢ Procedure for using the USB 2.0 Type-C function in the EK-RA2L2
— Close pins 5 and 6 of J40 and J41.
— Output the low level from P109 and P110 to disable the external Rd2 pull-down resistor.

J40, J41

Figure 2-4 Jumpers for Setting: J40 and J41

Upon detection of the enabled on-chip Rd1 pull-down resistor, the source turns VBUS on and the RA2L2
begins the USB sequence. Note that the EK-RA2L2 should be used in a self-powered configuration (power is
supplied from a source other than USB Type-C) so that the CC detection function in the EK-RA2L2 is usable.

In this system, power is supplied through the debug USB connector.
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3. Hardware

3.1 EK-RA2L2 Evaluation Kit
The EK-RA2L2 evaluation kit incorporating the RA2L2 MCU is used as the evaluation board.

For details of the EK-RA2L2, refer to the following Web page for the product.
EK-RA2L2 - Evaluation Kit for RA2L2 MCU Group | Renesas

Grove and Qwiic $ mikroBus
Connectors Connector
Arduino Uno Connectors Arduino Uno Connectors
(Analog and Power) (Digital)

+5V Test Points 3.3 V Test Points

Pmod 1
Connector el
Connector
Reset Switch
User Switches Debug (JTAG/SWD)
Connectors
User LEDs
USB 2.0 Type-C™
Sink Screw L
. Regulation
Terminal
USB 2.0 Type-C™ Debug LED and
Connector SB micro B
Connector
MCU Current

Measurement Points CAN Pin Header

USB 2.0 Type-C™
Support Circuit

Breakout Pin
Header J1

MCU Clock Crystals/
Select
RA2L2 MCU

Breakout Pin
Header J2

Breakout Pin
Header J3

Figure 3-1 Top View of the EK-RA2L2 Evaluation Kit
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3.2 Temperature and Humidity Sensor Pmod Board

The QCIOT-HS4001POCZ made by Renesas is used as the temperature and humidity sensor Pmod board.
The QCIOT-HS4001POCZ incorporates the HS4001 temperature and humidity sensor.

This Pmod board has 0x54 as its slave address.

For details of the QCIOT-HS4001POCZ temperature and humidity sensor Pmod board, refer to the following
Web page for the product.

QCIOT-HS4001POCZ - Relative Humidity Sensor Pmod™ Board | Renesas

Jumpers for I2C pull-ups

Connector for
additional sensor
Pmod boards

| Connector to MCU board

’ Jumper for IRQ# pull-up I ‘ Relative Humidity sensor I

Figure 3-2 QCIOT-HS4001POCZ Temperature and Humidity Sensor Pmod Board

3.3 Light Sensor Pmod Board

The QCIOT-ISL76682POCZ made by Renesas is used as the light sensor Pmod board. The QCIOT-
ISL76682POCZ Pmod board incorporates the ISL76682 light-to-digital sensor.

The slave address for this Pmod board is selectable. In this system, the slave address 0x44 is selected for
use through the default pin settings (pins 2 and 3 of J5 are closed).

For details of the QCIOT-ISL76682POCZ light sensor module, refer to the following Web page for the
product.

QCIOT-ISL76682P0OCZ - Light-to-Digital Sensor Pmod Board | Renesas

0
B=S¥|2 Light Sensor

2

L"Jpz‘. nl,Jl.
J4 C3ww EDE

[ " sag4v0
Le ) REww' =ns
13 [ il

Figure 3-3 QCIOT-ISL76682POCZ Light Sensor Pmod Board

3.4 Pmod OLED

The 410-222 display made by Digilent is used as the Pmod OLED. This Pmod OLED incorporates the
SSD1306 made by Solomon Systech (International) Limited and supports the SPI interface.

For details of the 410-222 Pmod OLED, refer to the following Web page for the product.
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Pmod OLED: 128 x 32 Pixel Monochromatic OLED Display - Digilent

Figure 3-4 410-222 Pmod OLED

The Pmod OLED has an OLED panel with 128 pixels horizontally x 32 pixels vertically. Figure 3-5 shows the
structure of the dots on the OLED panel.

VRAM is used for drawing on the panel and it has a total of 512 bytes for 128 dots horizontally x 8 dots
vertically x 4 pages. Figure 3-6 shows the structure of the VRAM.

Enlargement of GDDRAM (No row re-mapping and column-remapping)
i A

e e
E e LUl ssssssssssssssssssas

L | 'LSBDO COMI16
| COM17

.....

....................

MSB D7 1| cons

Figure 3-5 Structure of the Dots on the OLED Panel

128 dots
< -
PAGEDO (128 x 8 dots) T
PAGE1 (128 x 8 dots)
32 dots
PAGE2 (128 x 8 dots)
PAGE3 (128 x 8 dots) i

Figure 3-6 Structure of the VRAM for the OLED
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4. Specifications of Software Operations (Demonstration Operations)

The sample code for this system demonstrates not only USB Type-C detection but also the operations of the
overall system intended for an application that handles monitoring through environment sensors. This
chapter describes the specifications of the software operations. Sections 4.1 to 4.4 give an overview of
software operations and section 4.5 and subsequent sections describe the specifications of the individual
functions.

41 Flowchart of the Main Processing

Figure 4-1 is a flowchart of the main processing of the sample code. The OLED drawing process is
separated from the main cycle to improve the speed of drawing. The VBUS monitoring processing is also
separated from the main cycle because the monitoring processing runs in a different cycle from the main
cycle. Note that the main cycle is generated by using the RTC periodic interrupt at 1/128-second intervals.

< demo_main )
v

Initialization of
the individual functions

y

Main cycle

Demonstration
software processing

OLED drawing
processing

!

VBUS monitoring Activated by an AGT trigger

\ 4

MCU sleep

Figure 4-1 Flowchart of the Main Processing
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4.2 Overview of Demonstration Operations and State Transitions
Table 4-1 shows an overview of the demonstration operations of the sample code.

Table 4-1 Overview of the Demonstration Operations

Demonstration Overview
Operation
Date and time setting Mode for setting the date and time by using the user switches.
mode
Sensing demo mode Mode for displaying the results of detection by the temperature and humidity
sensor and light sensor on the OLED panel. In addition, the data from the
sensors can be sent to a PC by connecting the board as a USB CDC device to
the PC.

USB notification Mode for displaying the results of USB Type-C CC detection and the state of
USB connection on the OLED panel as USB notification when a USB connection
is made or cut off. The notification automatically ends in three seconds and
execution returns to the previous demo mode.

Figure 4-2 shows the state transitions of the entire sample code.

Date and time setting mode

MCU power is off or
MCU isin reset state,
3 seconds Date and time
™ elapsed — setting display _I
User SW?tCh. Date and time confirmed
51 Confirming values

52 Increasing values (User switch S1 pressed)

Initial screen
display

Sensing demo mode

Temperature, humidity, |
and illuminance display |

User switch User switch
S1 pressed 51 pressed

Y

USB connection
state display

Detect or disconnect USB Type-C
3 seconds or connect or disconnect USB
elapsed

USB notification

USB Type-C USB Type-C
disconnection detection
3 seconds -+
elapsed
A 4
Contems for USB USB
display on the . . .
OLED disconnection connection

J

Figure 4-2 State Transitions of the Entire Sample Code
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Table 4-2 lists the states of the major functions in the individual demo modes.

Table 4-2 States of the Major Functions in the Individual Demo Modes

Operation Mode Sensing OLED USB USB Type- | USBFS
Display Notification C Interface*
(OLED Display)
Date and time setting Stopped On Off Operating Operating
mode
Sensing demo mode Operating On On Operating Operating
Note: On-chip USB Type-C interface in the RA2L2.
4.3 Software Structure
Figure 4-3 shows the overall structure of the sample code software.
Demonstration software
demo_main.c
Main processing of
demonstration
system_control.c (— usb controlc ) [ usb_pcdc descriptor.c) clock_control.c vbus_monitor.c oled_control.c
System state transition QJSB connection control CDC descriptors Main cycle Wtcl |ng|o |s«:reen
Low-power operation SenSCilr’l:g:'((:ycle Displa;%nnet;:esOLED
Date and time
setting oled_text.c ssd1306.c w
Character string OLED drawing sening API for
data SSD1306 J

isl76682_controlc ) (sensor control.cw data_control.c

W key_control.c )
Key input

r_agt
VBUS monitoring

r_iic_b_master
Measuring temperature,
humidity and illuminance

llluminance measurement Measuring Storing measured
and control API temperature data
and humidity
rm_isl76682.c
ISL76682 driver
FSP
- s -
( r_ioport W ( r_rtc 7 ( r_lpm w r_flash_Ip 7 ( rm_hs400x w (rm comms IZCW r_usb pcdc w r_usb_typec
Key input Clock Low-power Storing measured | [ Measuring temperature Measuring CcDC USB connection
ey ew Mai i data and humidity illuminance icati trol
’ ain cycle operation a communications contro|
Various IC controls . N
S e ) m_omme e
L adc_ - r_sci_spi Measuring temperature
VBUS monitoring Display on the and humidity CDC connection
OLED }7 control

Figure 4-3 Overall Structure of the Sample Code Software
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4.4 Structure of Folders and Files

Table 4-3 shows the overall structure of the sample code folders and files and gives descriptions of the files.

Table 4-3 Structure of Folders and Files

Folder or File Name

Description

ek_ra2l2_usb_demo_sample

|—src  |— hal_entry.c

|— demo

|— demo_main.c

Main processing of demonstration

|— demo_main.h

Header file for demo_main.c

|— clock

|— clock_control.c

Main cycle, sensing cycle, clock, and date
and time setting

|— clock_control.h

Header file for clock_control.c

|— data

|— data_control.c

Storing measured data

|— data_control.h

Header file for data_control.c

|— key
| |— key_control.c Key input
| |— key_control.h Header file for key_control.c
|— light
|— isl76682
| | |— ra_isl76682_profile.h Definitions of the ISL76682 profile
| | |— rm_isl76682.c ISL76682 driver
| | |— rm_isl76682.h Header file for rm_is|76682.c
| | |— rm_isl76682_api.h Definitions of the ISL76682 API
| |— isl76682_control.c llluminance measurement and control API
| |— isl76682_control.h Header file for islI76682_control.c
|— oled
| I— oled_control.c ?_witchipg of screen contents and
isplaying on OLED
| |— oled_control.h Header file for oled_control.c
| |—oled_text.c Character string data
| |— oled_text.h Header file for oled_text.c
| I— ssd1306.c gls_g?s%rgwing setting API for the
| | — ssd1306.h Header file for ssd1306.c
|— sensor

|— sensor_control.c

Measurement of temperature and
humidity

|— sensor_control.h

Header file for sensor_control.c
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|— sys
| I— system_control.c System state transition and low-power
operation

| |— system_control.h Header file for system_control.c

|— usb

| |— pc_communicate.c CDC communications

| |— pc_communicate.h Header file for pc_communicate.c

| |— r_usb_pcdc_descriptor.c CDC descriptors

| |— usb_control.c USB connection control

| |— usb_control.h Header file for usb_control.c

|— vbus

| |— vbus_monitor.c VBUS monitoring

| |— vbus_monitor.h Header file for vbus_monitor.c
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4.5 System Control

This section describes the specifications of the system control for the entire sample code. The RTC periodic
interrupt at 1/128-second intervals is used to generate the main cycle of the system. The duration of long-
pressing of the user switches, the OLED drawing time, 1-second sensing cycle, and 5-second data storage
cycle are also counted in units of this main cycle.

4.5.1 Processing Structure
Figure 4-4 shows the structure of the system control processes.

Demonstration software

demo_main.c

demo_main
Main processing of demonstration

|

system_control.i;

[ I\
I
system_control_open ’ ‘ system_control ‘ ‘ |
Initialization System control ’ get_reset_source
Determining the source of reset
system_control_process system_control_state_control sysler:_o(;‘r_nro\_: nexpecl(tedarese(
Demo mode operation processing State transition a"relsnesio unexpecte
’ system_control_sensing_sequence ‘ system_control_set_low_power
Sensing demo sequence operation Low power consumption settings
Individual functional blocks
{ ‘ R_LPM_Open ‘ ‘ ’ ‘RﬁLPMﬁLowPowerReoonﬁgure }
’ ‘ R_LPM_LowPowerModeEnter }
Figure 4-4 Structure of the System Control Processes
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4.5.2 State Transitions

Figure 4-5 shows the state transitions for system control. After the demonstration starts to operate, the
source of the preceding reset is determined. If it was a reset through the RES pin, power-on reset, or
software reset, the system is placed in date and time setting mode. After the date and time have been set,

the system is placed in sensing demo mode.
If the source of the reset was none of the above, the system is stopped. Apply a reset again in such cases.

Reset cause determination

The reset cause determination result is one of the following ~ The reset cause determination result is
- RES pin reset other than those listed above
- Power-on reset
- Software reset

\4
System stop

Date and time
setting mode

Date and time confirmed
(User switch S1 pressed)

Sensing demo
mode

Figure 4-5 State Transitions for System Control
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4.5.3 Low-Power Operation

Figure 4-6 shows the state transitions for low-power operation and Table 4-4 lists the states of operation of
the peripheral modules in the individual operating modes of the MCU.

In sensing demo or date and time setting mode, the MCU is placed in sleep mode while no execution is in
progress after the processing of each peripheral module at main cycle intervals has ended. The MCU is
released from sleep mode by an RTC interrupt for main cycle generation or a timer interrupt for VBUS
monitoring.

Sensing demo mode
Date and time setting mode

No hardware operations

MCU
(Normal operation MCU

mode) (Sleep mode)

Periodic RTC interrupt
AGT interrupt

Figure 4-6 State Transitions for Low-Power Operation

Table 4-4 States of Operation of the Peripheral Modules in the Individual Operating Modes of the

RA2L2
Item Normal Operation Sleep Mode
Mode
Sub-clock oscillator Operating Operating
High-speed on-chip oscillator Operating Operating
CPU Operating Stopped
SRAM Operating Operating
Flash memory Operating Operating
Realtime clock Operating Operating
Low power asynchronous general purpose timer Operating Operating
12-bit A/D converter Operating Operating
Serial communications interface Operating Operating
I3C bus interface Operating Operating
USBZ2.0 full-speed module Operating Operating
USB Type-C interface Operating Operating
I/O ports Operating Operating
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4.5.4 Determining the Source of the Reset

The RSTSRO and RSTSR1 registers of the RA2L2 are read to determine the source of the reset. In this
system, operation only begins if the source was a reset through the RES pin, a power-on reset, or a software
reset. The system is stopped if the reset was due to any other source.

Note that this system (EK-RA2L2) cannot satisfy the conditions required for separate detection by the RA2L2
of a power-on reset, so the source of the reset when the power to the board is turned on is judged to be a
reset through the RES pin.

Figure 4-7 shows a sample flow for determining the source of a reset in the RA2L2. For details of the reset
conditions and the flow for determining the source of a reset, refer to the RA2L2 Group User's Manual:
Hardware.

Reset exception
handling

RSTSR1 + Ox0OB
or
RSTSROLVD1RF =1
or
RSTSROLVDZRF = 1

L\

Reset associated with Voltage Power-on  RES pin reset
each bit of RSTSR1, monitor 0 reset

RSTSRO.LVD1RF, or reset

RSTSRO.LVD2RF"

Note 1. When resets are generated simultaneously by two or more sources, the two or more corresponding reset flags will be set
to 1.

Figure 4-7 Sample Flow for Determining the Source of a Reset
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4.6 Key Input

The inputs from the user switches (S1 and S2) are monitored at intervals of the main cycle in date and time
setting mode and in sensing demo mode. When the level input from a switch matches twice in succession,
the input value is considered to be confirmed. Long-pressing is also supported in date and time setting
mode. Note that the reset switch is used for a hardware reset and the key input control processing does not
handle the input from the switch. Table 4-5 lists the specifications of the key input.

Table 4-5 Specifications of the Key Input

Switch Block Using the Function in Date and | Function in Active Level

Input Time Setting Mode Sensing Demo

Mode

Reset switch Hardware — — Low
User switch System control, Confirming values Switching the Low
S1 date and time contents of the

control, and OLED OLED display

control*
User switch System control, Increasing values — Low
S2 date and time

control, and OLED

control*

Note: The date and time control and OLED control blocks receive key input through the system control block.

4.6.1 Processing Structure
Figure 4-8 shows the structure of the key input processes.

Demonstration software

demo_main.c

demo_main
Main processing of demonstration

system_control.c

system_control_open
System control initialization

system_control
System control

system_control_state_control
State transition

|

key_control.c

key_control_open
Key input initialization

key_control_get_key_event
Reading key event

key_control
Key input

key_control_input
Key pin input

ey_control_matching
Judgement of two successive
inputs matchin

key_control_key_check
Creating key input event

key_control_push_time
Counting key long-press time

|

key_control_set_standby
Key input standby settings

FSP
[ |
Figure 4-8 Structure of the Key Input Processes
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4.6.2 Processing to Determine Long-Pressing

In date and time setting mode, long-pressing as well as single-pressing is supported to reduce the burden of
repeated key input.

Long-pressing is checked in two steps. Pressing a user switch for two seconds is judged to be a long press.
After that, the state of pressing is checked every 500 ms to see if long-pressing is continued.
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4.7 Date and Time Control

The RTC is used to control the date and time. The time is handled in the 24-hour system. The periodic RTC
interrupt at 1/128-second intervals is used to generate the main cycles.

4.7.1 Processing Structure
Figure 4-9 shows the structure of the date and time control processes.

Demonstration software

demo_main.c

system_control.c clock_control

‘ ‘ system_control ‘ ‘ clock_control_open ‘ get_main_cycle ‘

System control Date and time control initialization Acquiring main cycle timing
‘ clock_control
Date and time setting

" clock_control_clock_setting
get_units_tens_hundreds_and Key input operation
— thousands

Digit value o (4 digits)

demo_main
Main processing of demonstration

system_control_process
Demo mode operation processing

system_control_state_control
Demo mode state transition

clock_control_start_clock_setting
Starting date and time setting

get_units_and_tens
Digit value acquisition (2 digits)

clock_control_stop_clock_setting
Completing date and time setting

clock_control_update_clock_setting
Date and time update

clock_data_up_down
combine_units_and_tens Date and time setting up or down
Digit value combination (2 digits)
combine_units_tens_hundreds cb_sys_cycle
and thousands Periodic timer
| | Digit value combination (4 digits)

clock_control_store_clock_data
Date and time setting confirmed

I R_RTC_Open

R_RTC |

!
I

R_RTC_CalendarTimeSet

R_RTC_CalendarTimeGet

r_rtc_call_callback

Figure 4-9 Structure of the Date and Time Control Processes
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4.7.2 Date and Time Setting

When the supply of power begins, the initial screen is displayed on the OLED for three seconds, after which
the system is automatically placed in date and time setting mode.

In this mode, user switches S1 and S2 are used to modify the date and time from the default values. The
default date and time are January 1, 2026, and 00:00. Single-pressing and long-pressing of the user
switches are supported.

Modify digit by digit for the year (through the single-year digit), month, day, hour, and minute. Pressing S1
confirms the value and pressing S2 increases the value. After the value for the single-minute digit of the
minutes value has been confirmed, date and time setting is completed. Note that the seconds value is not a
target of setting here but counting begins from 0 seconds upon completion of the date and time setting.

After date and time setting is completed, the specified date and time are reflected in the RTC and the
process of setting is complete. After that, the system is placed in sensing demo mode.

Figure 4-10 is an overview of the date and time setting operations.

°

Year |_st_,| Month | s1_ | Month | s1_]J Day st Day st Hour | s1_ ) Hour | 's1_ | Minute | s1_ | Minute s1
(ones digit) | input (tens digit) input "\ (ones digit) input (tens digit) input | (ones digit) input (tens digit) input | (ones digit) | input (tens digit) input | (ones digit) input

S2input S2input S2input S2input S2input S2input S2input S2input S2input

+1 +1 +1 +1 +1 +1 +1 +1 +1

S1: User switch 51
52: User switch 52

Figure 4-10 Overview of Date and Time Setting Operations
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4.8 OLED Display
The sample code uses the OLED display control functions and OLED module driver to draw image data for
various icons and text data, which have been converted to C source code, on the OLED panel.

4.8.1 Processing Structure
Figure 4-11 shows the structure of the OLED display processes.

Demonstration software

system_control

system_control_get_demo_mode
System control

Reading demo mode

oled_control_get_oled_data

Reading data for OLED display Sadcontrol
is17682_control.c

|

‘ Font data

‘‘‘‘‘‘‘‘‘‘‘‘ Drawing data settings

55d1306_printingx16

Set string to the SSD1306 VRAM buffer

FSP

Figure 4-11 Structure of the OLED Display Processes
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4.8.2 State Transitions
Figure 4-12 shows the state transitions for the display on the OLED. The screen contents displayed are
switched by reception of a switch input notification from the system control process and of changes in the

connection state from the USB control process.

Initial screen
display

3 seconds elapsed

Date and time
setting display

Date and time confirmed
(User switch 51 pressed)

I
Sensing demo mode l

Temperature, humidity, and
lluminance display

—>

User switch
51 pressed User switch
51 pressed

USB connection
state display y

Connect or
. disconnect USB

SlEr ot el Display for USB
Type-C )

3 seconds disconnection L pso s leg

elapsed
3 seconds
elapsed <

Display for USB Display for USB

disconnection connection

Figure 4-12 State Transitions for OLED Display
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4.8.3 OLED Drawing Areas and Character Strings to be Displayed

In general, one character is composed of 8 x 16 dots. A screen can display 16 characters horizontally and
two lines vertically.

The screen is divided into 32 areas horizontally and 4 areas vertically. The cursor location values x and vy,
which indicate one of the areas, are used to specify the display location.

As x is specified in 4-dot units and y is specified in 8-dot units, the ranges of the cursor location values are x
=0to31andy=0to 3.

Only four characters [ 1, ['], [], and [.] are composed of 4 x 16 dots to implement “kerning” processing.
x=0~31 4dot

ABCDEFGHTJKLNNOPX [ | ..
0123456789,

JT Pmed OLED PB 200-222

Figure 4-13 Configuration of the OLED Screen
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@ Initial screen display € Date and time setting display

EK-RA2L2 2026/01/01 B
SolutionDemo 00:00

€ Temperature, humidity, and illuminance display

01/0100:00E
£26¢4550%%123:

€ USB connection state displays
Display for detection of USB Type-C Display for detection of USB Type-C
(connected state) (no USB communications)

CDC Device No USB
CC2 5V/1.5A Pwr1.5 CC2 5V/1.5A Pwr1.5

Display for detection of USB Type-C (connected state)

CDC Device
CC1 5Y/0.5 DF.USB

€ USB notification displays

Display for insertion (attachment) Display for insertion (connection)

of USB Type-C of USB Type-C

Type—-C Attach USB Connect
Success! Success!

Display for disconnection of USB Type-C Display for disconnection of USB Type-C
(while in the connected state) (while in the attached but not connected state)
Type-G / USB Type—C

Disconnect Disconnect

Figure 4-14 Examples of Character Strings Displayed on the OLED
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Figure 4-15 shows examples of displays on the OLED and Figure 4-16 shows examples of the flows of USB
notifications (for the connection of a charger and of a PC).

@ Initial screen display ®Example of date and time setting display

FCopgriqt _Z_Gﬁ g Diiiqilérn Inc. | 8 Copyright 1 —‘—_ Inc.
EK-RAZL2 C - 2026/01-91 8

Solution Demo ' OO
B

Pmod OLED PB 200-222 “J1 Pmod OLED PB 208-222

Digilent Inc.

). N C '{3 s e S T ——————
=i 12/881B:370 ‘ ) 010100048
o) | B266038%317 Sy B276043%463.

L Y0) EE——

T Pmod. OLED 71 Pmod OLED PB 200-222 f

~ Digilent Inc.
COC Device 4 e — 1 | NoUSB ]
3 | €1 50150 Pur1S = = | CC250-8.50 DEUSB

1 Pmod OLED PB 200-222 1 Pmod OLED PB 200-222

Copyright 2011 Diailem Inc.

Discomnect

‘1 Pmod OLED PB 200-222

T Pmod OLED PB 20@-222

Figure 4-15 Examples of Displays on the OLED
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4 USB notification flow (charger connection) @ USB notification flow (PC connection)

‘ Charger Connected ‘ PC connected

Copyright 2@11 Digalent Inc.
Tupe-C Attach
Success!

Tupe-C Attach
Success

12-0818:37 8
B26€038% 317

Tfne-l:
Discommect

Pmod OLED PB 208-222

PC disconnected
PB 200-222

T Pmod OLED

Digilent Inc.

pe-L -~ USB

it
Discormect
| &

d OLED

Figure 4-16 Examples of the Flows of USB Notification (for the Connection of a Charger and of a
PC)
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4.8.4 FontData

Font data for ASCII codes 0x20 to 0x86 are created as 8 x 16 dots. 0x20 is a space and 0x80 to 0x86 are

assigned to icons.

0123456789ABCDEF—

A A O L T

o P123456769: i <=>7
o  @ABCOEFGHIJKLHNO
o0 PORSTUUMKYZL V1A_
oo ‘ghcdefghi.iklmno
oo POYSTUVWRYZL | 2~E
0x80 I!]ELEEQ-E*ELI

1234156}‘8

Figure 4-17 Font Data Defined in this System

The font data are defined in ssd1306.c. Each character (glyph) is represented by a total of 16 bytes, which

consists of 8 bytes for the upper half and 8 bytes for the lower half.

static const uint8_t g _fdata8x16[] =
{
// ascii_code_8x16_1_4dot. bmp

0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0X00,| 0x00, 0x3C, OxFE, OxFE, 0x7C,

0x3C,

0x00,

0xOE, OxOE, Ox7E, 0x00, OxOE,
0x70, OxFO, 0x98, 0x98, OxFE,
0x00, 0x00, 0x60, 0x98, 0x98,
0x00, OxFO, OxF8, OxFC, OxOE,
0x80, O0xAO, OxEO, 0xCO, OxEO,
0x00, 0x00, 0x00, 0x00, 0x00,
0x00, 0x00, 0x00, 0x00, 0x00,

0xOE,
0x98,
0x60,
0x02,
0xAO,
0x00,
0x00,

Ox7E,
0x98,
0x00,
0x00,
0x80,
0x00,
0x00,

0x00, 0x30,
0x38, OxF8,
0x00, 0x00,
0x00, 0x00,
0x00, 0x00,
0x00, 0x00,
0x00, 0x00,

OxFC,
0x88,
0xOE,
0x02,
0x80,
0x80,
0x00,

OxFC,
OxF8,
0x3E,
0xOE,
0x80,
0x80,
0x00,

0x30,
0x00,
0x00,
0xFC,
0xEO,
0x80,
0x80,

OxFC,
0xCO0,
0x00,
OxF8,
O0xEO,
0x80,
0xC0,

OxFC,
0x30,
0x00,
0xFO,
0x80,
0x80,
0x60,

0x30,
0x08,
0x00,
0x00,
0x80,
0x80,
0x30,

0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00,[ 0x00, 0x00, 0x3B, 0x3B, 0x00,

0x00,

0x00,

0x00, 0x00, 0x00, 0x00, 0x00,
0x0C, 0x18, 0x19, 0x19, Ox7F,
0x00, 0x06, 0x09, 0x08, 0x09,
0x00, 0x07, OxOF, Ox1F, 0x38,
0x01, 0x05, 0x07, 0x03, 0x07,
0x00, 0x1C, 0x7G, 0x00, 0x00,
0x00, 0x18, 0x18, 0x00, 0x00,

0x00,
0x19,
0x06,
0x20,
0x05,
0x00,
0x00,

0x00,
0x19,
0x0A,
0x00,
0x01,
0x00,
0x00,

0x00, 0x06,
0xOF, 0x00,
0x00, 0x00,
0x00, 0x00,
0x00, 0x00,
0x00, 0x00,
0x00, 0x0C,

0x3F,
0x10,
0x00,
0x20,
0x01,
0x01,
0x06,

0x3F,
0x0C,
0x00,
0x38,
0x01,
0x01,
0x03,

0x06,
0x03,
0x00,
Ox1F,
0x07,
0x01,
0x01,

0x3F,
0x00,
0x00,
0xOF,
0x07,
0x01,
0x00,

0x3F,
Ox1F,
0x00,
0x07,
0x01,
0x01,
0x00,

0x06,
0x11,
0x00,
0x00,
0x01,
0x01,
0x00,

Figure 4-18

Arrangement of Font Data
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4.8.5 Icons to be Displayed
This system uses seven 8- x 16-pixel icons.

Item Icon Width |[Height |Remark
1 m 8 16 USB Type-C is connected.
2 m 8 16 USB Type-C is not connected.
3 8 16 This is displayed in date and time setting
mode.
4 IE 8 16 Temperature icon
5 g 8 16 Humidity icon
6 -:' = 8 16 llluminance icon
- l -
7 I. 8 16 Unit of illuminance, lux

Figure 4-19 Types and Meanings of Icons to be Displayed

The following shows an example of the date, time, temperature, humidity, and illuminance being displayed.
This includes display of the icons for USB being disconnected, temperature, humidity, illuminance, and lux.

01/0100:00 %
£26¢450% %123

Figure 4-20 Example of a Display Including Icons
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4.8.6 Flowchart of OLED Drawing

A screen is composed of PAGEOQ to PAGES, for a total of 512 bytes of VRAM. The image buffer for that size
is defined as uint8_t rambuffer[512] in the program.

Transferring data from rambuffer to the OLED VRAM leads to display of the data on the OLED.

The OLED display sequence specifies the display data for a screen in rambuffer according to the mode,
each of which is indicated by a case statement. The rambuffer data specified by the display sequence are
actually displayed on the OLED panel by using the OLED data transfer sequence, which is described on the
next page.

[

Main cycle generated by RTC
OLED display sequence

display and USB icon data are specified in rambuffer.

oled_control()
The character strings to be displayed are specified in
rambuffer. Data are always specified forthe whole screen.

o

case OledStatus PowerOn:

The initial screen display data are specified in
rambuffer. ol

case OledStatus _Sensor.

The temperature, humidity, and illuminance data

case OledStatus DateSetting:

The date and time setting display data are
specified in rambuffer.

/

case OledStatus UsbStatus:

The USB connection state display data are specified in

rambuffer. The character strings to be displayed are____p

selected fromamong the following.

« CDC Device | No USB

« CC1| CC2 | Not Detected

* 5V/3A Pwr3.0 | 5V/1.5A Pwr1.5 | 5V/0.5A Df.USB *
* This is not displayed with “Not Detected”.

case OledStatus Information:

The USB notification display data are specified in
rambuffer. The character strings to be displayed

Initial screen display

EK-RA2L2
Solution Demo

Example of sensing display (temperature,
humidity, and illuminance)

01/0100:00%
526c450%%123!

Example of date and time setting display

2026/01/01 B
00:00

Example of USB connection state display

GCDC Device
CC2 5V/1.5A Pwri1.5

Examples of USB notification displays

Type-C Attach

are selected fromamong the following. succe SS |
« Type-C Attach Success! L
« USB Connect Success!
* Type-C Disconnect USB CO ﬂ n eCt
« Type-C / USB Disconnect
4 Success!
Type-C / USB
Disconnect
Figure 4-21 Examples of Displayed Character Strings
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The OLED data transfer sequence is used to actually display on the OLED panel the rambuffer data for a

screen that were specified by the OLED display sequence.

As shown in Figure 3-6, Structure of the VRAM for the OLED, in section 3.4, one OLED screen is composed
of four pages. The OLED data transfer sequence (ssd1306_update _process()) function sends the rambuffer
data for only one page (1/4 screen) to the OLED panel. This function is called four times to complete the

display of one OLED screen.

n1/01.00:00m

The display is complete
after the function has
been called four times.

01/0100:00m
$26¢43950%123:.

Figure 4-22 Calling the OLED Data Transfer Sequence Four Times

Figure 4-23 illustrates the data transfer for one page (1/4 of the screen).

OLED data transfer sequence

ssd1306_update process();

r
Main cycle generated by RTC ]

\,

Call the ssd1306_update_cycle() function.

The OLED page to be updated is obtained from
counting ofthe main cycles.

The OLED D/C signal is driven low (switching to
command mode).

A command to specify the page to be updated is sent.
The OLED D/C signal is driven high (terminating
command mode).

The OLED CS signal is driven low (selecting the
OLED).

The send_data function is executed to send one byte
from rambuffer to the OLED.

The OLED CS signal is driven high (releasing
selection ofthe OLED).

When the last page is reached, the display cursor
location is initialized.

send_data( uint8_t dat)

One byte is sent to the OLED through SPI

communications.

The OLED CS signal is driven
(selecting the OLED).

dat (1 byte) is sent through SP

low

The OLED CS signal is driven high
(releasing selection of the OLED).
The system waits for completion of SPI

transfer.

This is repeated 128 times to draw one page. 1" ni/n1nn-nnm

Figure 4-23 OLED Data Transfer Sequence (Example of Displaying PAGEO Only)
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4.9 Temperature and Humidity Sensor Control

This system uses the HS4001 temperature and humidity sensor made by Renesas. The HS400X driver in
the FSP is used without change in the sample code to control the sensor.

The results of measurement are acquired from the temperature and humidity sensor at 1-second intervals in
sensing demo mode. Other process blocks can read each of the integer and fractional parts of the results in
the int8_t type. Only the latest results from the sensor can be read.

4.9.1 Processing Structure
Figure 4-24 shows the structure of the processes of temperature and humidity sensor control.

Demonstration software

demo_main.c

demo_main
Main processing of demonstration

system_control.c

system_control_open
System control initialization

system_control
System control

system_control_process
Demo mode operation processing

|

oled_control.c pc_communicate.c

system_control_sensing_sequence
Sensing demo sequence operation

read_sensor_data
Reading temperature and
hum\d\lty data

pc_communicate_set_cdc_sensor_data
Temperature and humidity data settings

sensor_control.c

sensor_control_set_request

sensor_control_open
Initialization

|

|

sensor_control_set_enable
Enabling or disabling temperature
and humidity sensor operation

‘ ’ ‘ Sensor_control ‘ ‘

by and humidity sensor and humidity sensor

sensor_control_get_sensing_status
Acquiting tem perature and humidity
sensor state

_J

sensor_control_get_tempture_data
Reading temperature data

sensor_control_get_humidity_data
Reading humidity data

hs400x_comms_i2c_callback
Measurement end callback

|

FSP |

rm_hs400x

I RM_HS400X_Open

RM_HS400X_| t

‘ rm_hs400x_comms_i2c_callback

RM_HS400X_Read

| [
| [
[ o oo omacasme ||
| ]

RM_HS400X_MeasurementStop

‘ rm_comms_i2c_callback H ‘ rm_comms_i2c_process_in_callback

|

r_sci_i2c

[ e ]

Figure 4-24 Structure of the Temperature and Humidity Sensor Processes
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4.10 Light Sensor Control
This system uses the ISL76682 light-to-digital sensor made by Renesas.

The results of measuring illuminance are acquired from the light sensor at 1-second intervals in sensing
demo mode. The latest measured value from the sensor and the maximum, minimum, and average values of
the results measured over five seconds can be read.

The registers of the ISL76682 are specified as shown in Table 4-6.

Table 4-6 Register Settings in the ISL76682

Address | Register Bit Parameter Operation
Name
00h COMMAND RANGEO 1 Range 4
(Range 4 = 0.96 lux to 64,000 lux)

RANGE1 1
RESO 0 Internal timing, 16-bit ADC data output
RES1 0
RES2 0
LIGHT 0 Ambient light sensing
MODE 1 Continuous measurement
EN 1 Enable the device

01h DATALss DO to D7 00h Default

02h DATAwmss D8 to D15 00h Default
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4.10.1 Processing Structure
Demonstration software

demo_main.c

demo_main
Main processing of demonstration

I

1|

system_control.c

system_control ‘ ‘

system_control_open
System control

System control initialization

pc_communicate.c

pc_communicate_set_cdc_light_data
Set illuminance data

system_control_process
Demo mode operation processing

T

oled_control.c

system_control_sensing_sequence

i - read_light_data
Sensing demo sequence operation

Read illuminance data

|

is|76682_control.c

- light_sensor_control_set_request -
light_sensor_control_open Requesting measurement light_sensor_control
Initialization by light sensor Measurement by light sensor
light_sensor_control_set_enable - -
Enabling or disabling light sensor light_sensor_control_get_light_data light_sensor_control_get_light_
operation ] Read illuminance data for storage DOWTdata
Read illuminance data
for OLED display

g_comms_i2c_device1_quick_setup
Initialization

g_comms_i2c_bus0_quick_setup
Initialization
g_isl76682_quick_setup
Initialization
isl76682_setup
Initialization

—

‘ ‘ rm_is|76682_open

is|76682_callback
Measurement end callback

is|76682_init_user_setting
Initialization by user configuration

rm_isl76682.c

rm_isl76682_callback

rm_is|76682_readlightlux
Measurement end callback

Read illuminance data

Initialization

—

rm_is|76682_setcmdreg
Set command

FSP

rm_comms_api

rm_comms_i2c_process_in_callback ‘ ‘

rm_comms_i2c_callback ‘ H

Figure 4-25 Structure of the Light Sensor Control Processes

RO1AN8262EJ0100 Rev.1.00 Page 48 of 74

Apr.08.26
P RENESAS



RA2L2 Group Monitoring of Environment Sensors with the EK-RA2L2 (Example of Porting
from the USB Type-C Reference Design for RA2L2 MCUs)

4.11 Data Control

The sample code stores the data measured by the temperature and humidity sensor and light sensor in data
flash memory at 5-second intervals.

For the temperature and humidity data, the values measured within one second after the time of the latest
storage are stored. For the illuminance data, the maximum, minimum, and average values of the results
measured over five seconds are stored. The date and time of storage are appended to the stored data.

The stored data can be read in order from oldest to latest. Once a value is read, the value cannot be read
again. If the date and time setting is changed, all stored data are erased.

4.11.1 Processing Structure
Figure 4-26 shows the structure of the data control processes.

Demonstration software

demo_main.c

demo_main
Main processing of demonstration

I

system_control.c

|

system_control_Open
System control initialization

system_control
System control

| |

system_control_state_control system_control_process
Demo mode state transition Demo mode operation processing

I

system_control_sensing_sequence
Sensing demo sequence operation

|

data_control.c pc_communicate.c

| |

data_control_open
Data control initialization

data_control_reset_data_record
Clearing stored data

pc_communicate_set_memory_cdc_data
All data transmission settings for CDC

| || ammnea, ] |
|

H data_control_get_record ‘

|

data_control_set_new_record
Storing data

Reading stored data

oL
2]
iUI

R_FLASH_LP_Open

R_FLASH_LP_StatusGet

R_FLASH_LP_Erase

I
I
I
I

|
\
|
|
|
|
|
|
|

R_FLASH_LP_Write

Figure 4-26 Structure of the Data Control Processes
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4.11.2 Format of Data Records to be Stored

Table 4-7 shows the format of the data records to be stored.

Table 4-7 Format of the Data Records to be Stored

Stored Data Item Data Type Data Length | Data Range Remark
Date (year) uint8_t 1 0x00 to 0x99 BCD
Date (month) uint8_t 1 0x01 to 0x12 BCD
Date (day) uint8_t 1 0x01 to 0x31 BCD
Date (hour) uint8_t 1 0x00 to 0x23 BCD
Date (minute) uint8_t 1 0x00 to 0x59 BCD
Date (second) uint8_t 1 0x00 to 0x59 BCD
Temperature (integer part) int8_t 1 -40 to 125

Temperature (fractional part) int8_t 1 -99 to 99

Humidity (integer part) int8_t 1 0to 100

Humidity (fractional part) int8_t 1 0to 99

Maximum illuminance value (integer part) | uint16_t 2 0 to 64000

Minimum illuminance value (integer part) | uint16_t 2 0 to 64000

Average illuminance value (integer part) uint16_t 2 0 to 64000

Dummy data int16_t 2 0 Dummy
Dummy data int16_t 2 0 Dummy
Dummy data int16_t 2 0 Dummy

4.11.3 Allocation of Records in Data Flash Memory

Records are stored in data flash memory such that they do not overlap block boundaries. Table 4-8 shows
the allocation of records in data flash memory.

Table 4-8 Record Allocation in Data Flash Memory

Address Block Record ID Remark
0x000 0 0

0x016 1

0x3DE 45

0x3F4 Unused space
0x400 1 46

0x416 47

0x7DE 91

Ox7F4 Unused space
0x800 2 92

0x816 93

0xBDE 137

OxBF4 Unused space
0xCO00 3 138

0xC16 139

OxFDE 183

0xFF4 Unused space
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4.11.4 Record Control

Before a record is stored, if the record is the first record of the block, the block is checked to see whether it is
empty. If the block is not empty, the block is erased. Figure 4-27 is an overview of the record control

operation.

% Block O > Block 1 > Block 2 > Block 3

Record 0 to
record 45

Record 46 to

record 91

Record 92 to
record 137

Record 138 to
record 183

First record
of the block?

Is the
hlock empty?2

n

\ 4
Erase the block.
y
I—

h 4

Write the record.

|

Figure 4-27 Overview of Record Control Operation
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4.11.5 Control of Read Operations

Stored data are read in order from oldest to latest every time a read operation is requested. The state of
whether each stored record has been read is controlled and a record that has been read is not read again.

If the latest record has already been read, a response indicating that there are no data to be read is returned.
If the block that includes the oldest record is to be erased before a new record is stored, the oldest record in
the next block that is not to be erased is handled as the oldest data.

Figure 4-28 is an overview of the control of read operations.

The write position is moved when a
record is written and the records

between the read position and write The read position is moved when a

position are handled as the targets
for reading.

record is read and if the read
position becomes the same as the
write position, there are no data to
be read.

Read position
Write position

Read position

Record 0 to Write position Record 0 to Read position Record 0 to
record 45 P record 45 Write position record 45
Record 46 to Record 46 to Record 46 to
record 91 Write a record 91 Read a record 91
record. record.

Record 92 to Record 92 to Record 92 to
record 137 record 137 record 137
Record 138 to Record 138 to Record 138 to
record 183 record 183 record 183
Record 0 to Record 0 to
record 45 record 45

Write position

Write position
Record 46 to

Read position Record 46 to

I

record 91 -L record 91
Write a Read position
record.
Record 92 to Record 92 to
record 137 record 137

Record 138 to If the read position is in a block

to be erased before a record is Record 138 to
record 183 written, the read position is record 183

moved to the beginning of the

next block.

Figure 4-28 Overview of Control of Read Operations
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4.12 USB Control

The following describes the specifications of the operations of the USB Type-C and USB FS software in this
system.

4.12.1 Processing Structure
Figure 4-29 shows the structure of the processes for controlling USB Type-C and USB FS connections.

Demonstration software

demo_main.c

demo_main
Main processing of demonstration

system_control.i;

system_control
System control
z =

usb_control.c

usb_control_open usb_control

[Type-C and USBFS control

get_usb_sink_status | | |
Acquiring Type-C power
get_usb_mode
Acquiring CDC or HID state

Usb_control_stal

>_¢ |_state_r
usb_control_check_vbus_status e aro oo ‘ ‘
control

usb_control_usb_mode_switching
Checking VBUS state

‘Switching to CDC or HID

get_typec_cc_status
Acquiring CC1 or CC2 state

pc_communicate.c oled_control.c

pc_communicate_cdc
CDC communications

read_clock_setting_data
read_now_clock_data
read_demo_mode
read_sensor_data
read_light_sensor_data
read_usb_status
make_information_event

pe_communicate_cdc_open
Starting CDC communications

Reading data for display

r_usb_basic

-—H R_USB_EventGet H —H R_USB_Open H
_H R_USB_Close H

-—4 ‘ R_USB_PeriControlDataGet

- I R_USB_PeriControlDataSet I
-—1 R_USB_PeriControlStatusSet

r_usb_typec

I R_USB_TYPEC_Open I
|

[P

R_USB_TYPEC_InfoGet

Figure 4-29 Structure of the Processes for Controlling USB Type-C and USB FS Connections
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4.12.2 Connection State Control
Figure 4-30 is a state transition diagram of the control of the USB Type-C and USB FS connections.

The USB Type-C state is controlled by using the USB Type-C connection state and CDC connection events.
The result of switching executed before the USB Type-C connection is made is reflected after the USB Type-
C connection.

The USB-TYPEC (r_usb_typec) module of the FSP is used to detect a USB Type-C CC connection. For
details of the USB-TYPEC (r_usb_typec) module, refer to the description of USB TYPEC (r_usb_typec) in
the FSP Documentation V6.3.0.

In addition, the USB (r_usb_basic) module of the FSP is used to handle the USB FS connection operation
(enumeration). For details of the USB (r_usb_basic) module, refer to the description of USB (r_usb_basic) in
the FSP Documentation V6.3.0.

e FSP Documentation V6.3.0

Extract the data from the downloaded zip file and open the following files.

— Top page
¥fsp_documentation_v6.3.0¥fsp_documentation¥v6.3.0¥fsp_user_manual_v6.3.0¥
index.html

— USB-TYPEC (r_usb_typec) module
¥fsp_documentation_v6.3.0¥fsp_documentation¥v6.3.0¥fsp_user_manual_v6.3.0¥

— USB(r_usb_basic) module

¥fsp_documentation_v6.3.0¥fsp_documentation¥v6.3.0¥fsp_user_manual_v6.3.0¥
group___u_s_b.html

USB control

System control

> Not connected | USB Type-C disconnection /I |
CDC connection .
Sensing demo
| \ (CDC connection)
USB Type-C ysB Type-C

disconnection  onnection

CDC configuration

is set.
U;ir'ggg;jc b— 3! USB connected

Figure 4-30 State Transitions for Controlling USB Type-C and USB FS Connections
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4.13 Communications with the PC Application

The demonstration software uses CDC in communicating with the demonstration PC application in sensing
demo mode. Communications with the PC do not proceed during date and time setting.

4.13.1 Processing Structure
Figure 4-31 shows the processing structure for communications with the PC application.

Demonstration software

([ v o
[ e

Figure 4-31 Structure of the Processes for Communications with the PC Application
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4.13.2 CDC Communications

After reception of a communications start command, data are transmitted at 5-second intervals until
reception of a communications stop command. If an all data read command is received, data are sent in the
order of reading until there are no data to be read according to the data control process. Figure 4-32 shows

the state transitions for CDC communications.

Connect USB USB not
connected
A
CDC connected
Disconnect
rCommunication stop command—l USB.
Waiting for a Communication start Periodic
—> 9 — N star_y, ¢
command comman transmission

All data have

been transmitted.  All data read command

All data
transmission

Figure 4-32 State Transitions for CDC Communications
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4.13.3 Periodic Transmission

After reception of a communications start command, data are transmitted to the PC at 5-second intervals
until a communications stop command is received. (a) The date and time acquired from the RTC, (b) the
results of measurement acquired from the temperature and humidity sensor control process, and (c) the
results of measurement acquired from the light sensor control process are transmitted to the PC. Figure 4-33
shows the state transitions for periodic transmission.

E PC application i Temperature and humidity
( Systemcontrol )  ( mmunicaions ) ( Light sensor control ) ( ensor control ) ( Data control ) ( RTC )
I I
I I
1

T
I I
| | | |
I—Communication start command | | | |
p2 ACK: | | | |
N | | | | |
Loop J
| ! l( : 5 seconds : : :
I >
I | | | |
' | : : : o
| <
| | > ' (a) ' ,
| | L > ' |
| < PR | | | |
| | hd | ( 7 I |
| | — (c, | | :
Ik—Data for transmission: | : | I
] | |
BREAK_J I I | | :
| |
f——Communication Istop command—) : | : |
¢ ACK , | | | :
: , |
l } | |
: : | : L | :
1 1 L I L X
C ) ( ) ( ) ( ) C ) ( ) ( D)

Figure 4-33 State Transitions for Periodic Transmission
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4.13.4 All Data Transmission

After reception of an all data read command, data are transmitted to the PC at intervals of the main cycle.
Records are read from the data control process and transmitted to the PC. Data transmission ends when
there are no data to be read from the data control process. To indicate the end of data, data containing bytes
filled with OxFF except for the STX, ETX, and command bytes are sent. Figure 4-34 shows the state
transitions for all data transmission.

AL TSN (systemcontrol)  (__ po@nen ) ( Light sensor control ) ( T°PEweammmAy )y (" Datacontrol ) (( RTC )
I I I
: | | | | | |
] All data read command L | | | |
¢ ACK | | | |
N | | | | |
Loor J
| ¢ : Main cycl : : :
| LT >
T » | | | |
: | } Read record } :l 1 | |
| I < } Record data—+ | I
—— Data for transmission : : | :
. I I
BREAK _J I I X I
| ¢ T Main cycl T ! 1
| L[ . |
I I .l | | | |
| | } Read record } :l | |
| Data f tl . < : Record non : | :
ata for transmission
¢ (end of transmission) | | : |
! | T | | , |
. | | | | | |
| I | 1 1 l 1
C ) ( D) ( ) C ) ( ) ( ) C )

Figure 4-34 State Transitions for All Data Transmission

4.13.5 Format of Receive Commands
Table 4-9 shows the format of receive commands.

Table 4-9 Format of Receive Commands

Data Offset Contents Command Remark

(Bytes)

0 STX 0x02

1 Command 0x30 to 0x32 0x30: Communications start command

0x31: Communications stop command
0x32: Read command

2 ETX 0x03
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4.13.6 Format of Transmission Data
Table 4-10 shows the format of transmission data.

Table 4-10 Format of Transmission Data

Data Offset Contents Transmission Data Remark
(Bytes)
0 STX 0x02
1 Command Ox5A
2 Year 0x00 to 0x99
3 Month 0x01 to 0x12 BCD
4 Day 0x01 to 0x31 BCD
5 Hour 0x00 to 0x24 BCD
6 Minute 0x00 to 0x59 BCD
7 Second 0x00 to 0x59 BCD
8 Temperature -40 to 125 Integer part
9 -99 to 99 Fractional part
10 Humidity 0to 100 Integer part
11 01to 99 Fractional part
12 and 13 Maximum 0 to 64000

illuminance
14 and 15 Minimum 0 to 64000

illuminance
16 and 17 Average 0 to 64000

illuminance
18 and 19 Dummy data 0 Dummy data
20 and 21 0 Dummy data
22 and 23 0 Dummy data
24 ETX 0x03
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4.14 VBUS Monitoring

This section describes the operation of the VBUS monitoring function. This function uses QE for USB, a USB
development assistance tool, to enable monitoring of the VBUS voltage and current. For details on how to
use the VBUS monitoring function through QE for USB, refer to Chapter 7, Procedure for Using QE for USB
to Confirm the USB VBUS Voltage and Current.

4.14.1 Processing Structure
Figure 4-35 shows the structure of the VBUS monitoring processes.

Demonstration software

demo_main.c

demo_main
Main processing of demonstration

|

vbus_monitor.c
VBUS monitoring

vbus_monitor_open vbus_monitor cb_vbus_cycle
VBUS monitoring initialization VBUS monitoring operation VBUS monitoring cycle

vbus_monitor_set_request
Requesting VBUS monitoring

vbus_monitor_calculate
Calculating voltage and
current

vbus_monitor_status_control
VBUS monitoring enabling or
disabling control

vbus_monitor_set_enable
VBUS monitoring function
enabling or disabling settings

F S P r_usb_typec

I R_USB_TYPEC_InfoGet

R_ADC_StatusGet I R_AGT_Start

R_ADC_Read R_AGT_Stop

agt int_isr

R_ADC_ScanCfg

R_ADC_ScanStart R_AGT_Close

R_ADC_Close

Figure 4-35 Structure of the VBUS Monitoring Processes
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4.14.2 VBUS Monitoring Operation
The VBUS monitoring function operates while VBUS ON is detected by the USB control process. The results
of A/D conversion of the values from the ADC pins that are assigned to VSENSE and ISENSE are measured
at 40-ms intervals set up by using the AGT module. The results of A/D conversion for VSENSE and ISENSE
are only read once at this time and the obtained VSENSE and ISENSE values are converted to voltage and
current values and stored as global data. Note that the voltage and current values are set to 0 while VBUS
monitoring is stopped. Figure 4-36 shows the state transitions for VBUS monitoring.

®

— VBUS monitoring stopped

VBUS OFF

VBUS ON

Ve

VBUS monitoring in progress )

Reading the A/D
converted VSENSE
and ISENSE

A 4

and a current

Calculating a voltage J

AN

Figure 4-36 State Transitions for VBUS Monitoring

4.14.3 Calculation of VBUS Voltage and Current
The following equations are used to calculate the VBUS voltage and current values. Table 4-12 shows the
specifications of the data (variables) for storing the voltage and current values.

Voltage =

A/D — converted VSENSE X reference voltage X 2

Maximum A/D count

A/D — converted ISENSE X reference voltage

Current =

Table 4-11 Values Used in the Equations

Maximum A/D count X 20 x 0.05

Item Value Remark
Reference voltage 3.3V AVCCO
Maximum A/D count 4095 12-bit ADC

Table 4-12 Specifications of Data

Data Data Name Data Type Remark

Voltage g_VbusMonitor_VsenseData uint16_t Unit: mV

Current g_VbusMonitor_IsenseData uint16_t Unit: mA
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4.15 USB Vendor ID and Product ID Setting

The sample code prepares the definitions of the USB vendor ID and product ID in r_usb_pcdc_description.c
(see the orange rectangle in Figure 4-37). The values in the figure are the default settings of the vendor ID
and product ID, so change them to the correct IDs when using the sample code on an actual product.

* File Name : r_usb_pcdc_descriptor. ¢
* Description : Contains function definitions

/

* Copyright (c) 2025 Renesas Electronics Corporation and/or its affiliates
*

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

Includes  <System Includes> , “Project Includes”

#include “r_usb_basic. h”
#include “r_usb_basic_api.h”
#include “r_usb_basic_cfg. h”

Macro definitions

/* bedUSB */

tidefine USB_BCDNUM (0x0200U)
/* Release Number */

tidefine USB_RELEASE (0x0200U)
/* DCP max packet size */

tidefine USB_DCPMAXP (64U)

/* Configuration number */

#define [ISB_CONF IGNLM (1n

/* Vendor ID */

tidefine USB_VENDORID (0x0000U)
/* Product ID */

#idefine USB_PRODUCTID (0x0002U)

Figure 4-37 Definitions of the USB Vendor ID and Product ID in the Sample Code

4.16 Amounts of ROM and RAM Usage
Table 4-13 shows the amounts of ROM and RAM used by the sample code.

e Compiler used: GCC Arm Embedded 13.2.1.arm-13-7

¢ Optimization level of the compiler: Optimize more (-02)

Table 4-13 Amounts of Memory Usage

Function ROM Usage (Bytes) | RAM Usage (Bytes)

Main processing, system control, key input, etc. 11330 2008
USB control and CDC communications 23347 2573
Sensor control 5034 80

(temperature and humidity sensor control and light
sensor control)

Data control (storing and reading) 3593 34

OLED display 7914 594

Total 57785 5719
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5. Procedure for Starting to Use the Sample Code

This chapter describes the steps from importing the project files for the sample code to building a project in
the e? studio. The series of steps is as follows:

1. Download and install the latest versions of the e studio and FSP
2. Download the sample code

3. Start the e? studio and import the project files for the sample code
4. Build the project

5.1 Downloading and Installing the Latest Versions of the e? studio and FSP

First, download the latest version of the FSP platform installer from the following Web page for the RA
Flexible Software Package (FSP).

Flexible Software Package (FSP) | Renesas

Execute the downloaded file and proceed to install each item by following the procedure described by the
installer. The installation procedure will install the latest versions of the e2 studio and FSP.

The following versions of the e? studio and FSP were used in developing this application note.

e e?studio: e? studio 2025-12
e FSP:v6.3.0

5.2 Downloading the Sample Code
Next, download the sample code from the following Web page for the EK-RA2L2.
EK-RA2L2 - Evaluation Kit for RA2L2 MCU Group | Renesas
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5.3 Starting the e? studio and Importing the Project Files for the Sample Code
Start the e? studio and select [Import projects] (see Figure 5-1).

& workspace - € studio

File Edit Navigate Search Project Renesas Views Run Renesas Al Window Help
R T Riivite v Qv

Project Explorer = 32 =0

There are no projects in your workspace.
To add a project:

Figure 5-1 Selecting the Importing of Projects

Select the folder containing the downloaded set of sample code and import the project files for the sample
code.

If the project files have been imported normally, the folders of the sample code are displayed as shown in
Figure 5-2, and each of the source files can be confirmed.

File Edit Source Refactor Mavigate Search Projg

| ® -/ QO e i fs v @
Project Explorer X K-S =
v|iz5 ek_ra2l2_usb_demo_sample [Debugj

> [ Includes

v 8 src
v > demo
> (= dock
> (= data
> & key
> (= light
> (= oled
> (= sensor
> = sys
> (= usb
> (= vbus
> p| demo_main.c
> [h demo_main.h
> |g| hal_entry.c
» [= script
{Z% configuration.xml
=| ek_ra2l2_usb_demo_sample Debug_Flat.jlink
|%] ek_ra2l2_usb_demo_sample Debug_Flat.launch
> (?) Developer Assistance

Figure 5-2 e? studio Window after the Completion of Importing
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5.4 Generating Code in FSP Pin Configuration
Open FSP Configuration from [configuration.xml] and click on [Generate Project Content] to generate code,

as shown in Figure 5-3, Generating Code in FSP Pin Configuration.

v 5 ek ra2l2_usb_demo_sample
> @) Includes

{2} configurationaml
ek_ra2l2_usb_demo_sample Debug_Flatlink
[¥) ek_ra2l2_usb_demo_sample Debug_Flat.launch
> (?) Developer Assistance

Project Explorer X 2% 7T 3 g

[€) demo_main.c 4B} [ek_ra212_usb_demo_sample] FSP Configuration X

Stacks Configuration

a

Generate Project Content

@ g_flashO Flash (r_flash_lp)

@ g_lpm_sleep Low Power Modes (r_lpm)
@ g_usbecO USB Type C (r_usb_typec)

@ g_vbus_adc ADC (r_adc)

@ g_pedcd USB PCDC (r_usb_pcdc)

@ g_comms_i2c_devicel 12C Communication Device (rm |
@ g_spi0 SPI (r_sci_spi)

@ g_comms_i2c_device0 12C Communication Device
(rm_comms_i2c)

@

a

49 g_comms_i2c_bus012C Shared Bus (rm_comms_i2c)

>Br
> @ ra_gen Threads 5 5] HAL/Common Stacks & NewStack> &
v 8 e
BF demo v s HAL/Common :
= hal 42 g_ioport I Port (r_ioport) & g_ioport 1/O Port @ g_rtcO Realtime Clock @ g_hsd00x_sensord HS400X Temperature/Humidity @ g
> [8 hal_entry.c (r_ioport) (r_te) Sensor (rm_hs400x) [Deprecated] Lo
> & Debug @ g_rtc0 Realtime Clock (r_rtc)
> = rachg @ g_hs400x_sensord HS400X Temperature/Humidity Sens: ® ® ® ®
> B saript @ g_timer_vbus Timer, Low-Power (r_agt) _
> I

®
7y
Obji I
jects @ g_i2c_mosterd 12C Master (r_iic_b_master)
(6]
7y
I I
% Add DTC Driver for I | % Add DTC Driver for

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

Figure 5-3 Generating Code in FSP Pin Configuration

5.5 Building a Project
Right-click on the imported project file then click on [Build Project] to execute the building process, as shown
in Figure 5-4.
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File Edit Source Refactor Navigate Search Project RenesasViews Run Renesas 365 Ren

: B Q v SR < 3 2 R
Project Explorer X = }_\ New >
N [k;_—f- ek_ra2l2_usb_demo_sample [Debuc Go Into

> Y Includes

> (3 ra Open in New Window
> (2 ra_gen Show In Alt+Shift+W >
v @8 src _
v @ demo 5 Copy
» = clock 3 Paste
> (= data K Delete
> & key Move...
> (= light
) Rename...
> = oled
> (= sensor by Import..
> = s5ys -
2’y Export..
> = usb — P
> (= vbus Renesas FSP >
> B demo_ma.rn.c Build Project
» |h] demo_main.h -
> 9 hal_entry.c Clean Project |E
> = Debug 3 Refresh =
> (= ra_cf
i = Close Project
» (= script

{9 configuration.xml
=| ek_ra2l2_usb_demo_sample Debu
X| ek_ra2l2_usb_demo_sample Debu
> (?) Developer Assistance Index >

Build Targets >

Figure 5-4 Building a Project

If the result of building is displayed as shown in Figure 5-5 (divided into two parts here because there are so
many lines), building was successful. Note that the figure below shows the displayed results of building the
sample code for the first time. The building time and number of results displayed will be reduced from the
second time on.
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] u} -] o X

Console X x| & (5 5B EE & #B-5-=1 Conscle X X oG EE-&E D=
COT Build Console [ek_ra2l2_usb_demo_sample] CDT Build Console [ek_ra2I2_usb_demo_sample]

Extracting support files... a Building file: ../ra/fsp/src/r_usb_basic/src/driver/r_usb_hmanager.c

13:48:44 **** Build of configuration Debug for project ek ra2l2 usb_demo_sample **** Building file: ../ra/fsp/src/r_usb_basic/src/driver/r_usb_hscheduler.c

make -r all Building file: ../ra/fsp/src/r_usb_basic/src/driver/r_usb_hsignal.c

Building file: ../src/demo/vbus/vbus menitor.c Building file: ../ra/fsp/src/r_usb_basic/src/driver/r_usb_hstdfunction.c
Building /sre/demo/usb/pc_communicate. c Building file: ../ra/fsp/src/r_usb_basic/src/driver/r_usb pbe.c

Building ../sre/deno/usb/r_usb_pcde_descriptor.c Building file: ../ra/fsp/src/r_usb_basic/src/driver/r_usb_pcontrolrw.c
Building ../sre/demo/usb/usb_control.c Building file: ../ra/fsp/src/r_usb_basic/src/driver/r_usb_pdriver.c

Building ../src/deno/sys/system_control.c Building file: ../ra/fsp/src/r_usb_basic/src/driver/r_usb_pintfifo.c

Building ../sre/demo/sensor/sensor_control.c Building file: ../ra/fsp/src/r_usb_basic/src/driver/r_usb_pinthandler usbip.c
Building ../sre/deno/oled/oled_control.c Building file: ../ra/fsp/src/r_usb_basic/src/driver/r_usb_plibusbip.c
Building -+/src/dena/oled/oled_text.c Building file: ../ra/fsp/src/r_usb_basic/src/driver/r_usb_psignal.c

Building /sre/demo/oled/ssd1386. ¢ Building file: ../ra/fsp/src/r_usb_basic/src/driver/r_usb_pstdfunction.c
Building -«/src/deno/light/is176682/rm_is176682.c Building file: ../ra/fsp/src/r_usb_basic/src/driver/r_usb pstdrequest.c
Building /src/demo/1ight/15176682_control.c Building file: ../ra/fsp/src/r_usb_basic/r_usb_basic.c

Building -+ /src/demo/key/key_control.c Building file: ../ra/fsp/src/r_sci_spi/r_sci_spi.c

Building -+/src/dema/data/data_cantrol.c Building file: ../ra/fsp/src/r_rte/r_rtc.c

Building ../sre/deno/clock/clock_control.c Building file: ../ra/fsp/src/r Lpm/r lpm.c

Building ../sre/demo/demo_main.c

Building file: ../ra/fsp/src/r_ioport/r_ioport.c
Building -./sre/hal_entry.c Building file: .‘Iraffsifsr(frilig b mestensr iic b master.c
Building »+/ra_gen/common_data. c Building file: ../ra/fsp/src/r_flash lp/r_flash lp.c
Building /ra_gen/hal_data.c Building file: ../ra/fsp/src/r_dtc/r dtc.c
Building --4ra_gen/main.c Building file: ../ra/fsp/src/r_agt/r_agt.c
Building /ra_gen/pin_data.c Building file: ../ra/fsp/src/r_adc/r_adc.c
Building --/ra_gen/vector_data.c Building file: ../ra/fsp/src/bsp/mcufra2l2/bsp_linker.c
Building ../rajfsp/src/ru_hsadex/rm_hsddex.c : —

o . Building file: ../ra/fsp/src/bsp/mcu/all/bsp_clocks.c
Building ../ra/fsp/sre/ra_hsaeex/rm_hsaeex_ra_driver.c :

o - 1 - Building file: ../ra/fsp/src/bsp/mcu/all/bsp_common.c
Building ../ra/fsp/src/rm_comms_i2c/rm_comms_i2c.c 1ding 1

o : : : Building file: ../ra/fsp/src/bsp/mcu/all/bsp_delay.c
Building ../ra/fsp/sre/ra_comms_i2c/rm_comms_izc_driver_ra.c e T ‘

: ' comns_ Building file: ../ra/fsp/src/bsp/mcu/all/bsp_group_irq.c
g

Building ../ra/fsp/src/r_usb_typec/r_ush_typec.c ene T

o - ; Building file: ../ra/fsp/src/bsp/mcu/all/bsp_guard.c
Building /ra/Fsp/sre/r_usb_pede/sre/r_usb_pede_driver.c ilding f1 :

: e s b_petc Building file: ../ra/fsp/src/bsp/mecu/all/bsp_io.c

Building ../ra/fsp/src/r_usb_basic/src/hw/r_usb_creg_abs.c e e i ; i
Building /ra/fsp/src/r_usb_basic/src/hw/r_usb_creg_access.c Building file: ../ra/ SP/SP(/bSp/mcu/all,/bsp_}pc.(
Building ../ra/fsp/src/r_usb_basic/src/hw/r_usb_dma.c Building file: ../ra/fsp/src/bsp/mcu/all/bsp irg.c
Building ../ra/fsp/src/r_usb_basic/src/hw/r_ush_hostelectrical.c Building file: ../ra/fsp/src/bsp/mcu/all/bsp macl.c
Building ..drajfsp/sre/r_usb_basic/src/hw/r_usb_hreg_sbs.c Building file: ../ra/fsp/src/bsp/mcu/all/bsp ospib.c .
Building ../ra/fsp/sre/r_usb_basic/sre/hw/r_usb_hreg_access.c Building file: ../ra/fsp/src/bsp/mcu/all/bsp register protection.c
Building ../ra/fsp/sre/r_usb_basic/srcfhw/r_usb_mcu.c Building file: ../ra/fsp/src/bsp/meu/all/bsp sbrk.c
Building ../ra/fspfsrc/r_ush_basic/sre/hw/r_usb_preg_abs.c Building file: ../ra/fsp/src/bsp/meu/all/bsp_sdram.c
Building /ra/fsp/sre/r_usb_basic/sre/hw/r_usb_preg_access.c Building file: ../ra/fsp/src/bsp/meu/all/bsp_security.c
Building iraffsp/srcir_usb basic/src/driver/r usb cdataio.c Building file: ../ra/fsp/src/bsp/cmsis/Device/RENESAS/Source/startup.c
Building Jratfsp/sre/r_usb basic/src/driver/r ush clibusbip.c Building file: ../ra/fsp/src/bsp/cnsis/Device/RENESAS/Source/system.c
Building ../ra/fsp/src/r_usb_basic/src/driver/r_usb_cstd_rtos.c Building file: ../ra/board/ra212 ck/board_init.c
Building ../ra/fsp/src/r_usb_basic/src/driver/r_ush_hbe.c Building file: ../ra/board/ra2l2_ek/board leds.c
Building ../ra/fsp/sre/r_ush_basic/sre/driver/r_usb_hcontrolrw.c Building target: ek ra2l2 usb_demo_sample.elf
Building ../ra/fsp/src/r_usb_basic/src/driver/r_ush_hdriver.c arm-none-eabi-objcopy -0 srec "ek ra2l2 usb_demo_sample.elf” “ek ra2l2 usb_demo_sample.srec”
Building ../ra/fsp/sre/r_usb_basic/src/driver/r_ush_hhubsys.c arm-none-eabi-size --format=berkeley "ek_razl2_usb_demo_sample.elf"
Building ../ra/fsp/src/r_usb_basic/src/driver/r_ush hintfifo.c text  data  bss  dec  hex filename
Building JrafFsp/sre/r_usb_basic/src/driver/r_ush_hinthandler_usbipe.c 57176 712 5184 62992  f618 ek_ra2l2_usb_demo_sample.elf
Building ../ra/fsp/src/r_usb_basic/src/driver/r_usb_hinthandler_usbipl.c
Building /ra/fsp/src/r_usb_basic/src/driver/r_usb_hlibusbip.c v 13:40:59 Build Finished. 8 errors, @ warnings. (tock 155.799ms)

Figure 5-5 Results of Building

This ends the explanation of the procedure for starting the sample code for this system.
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6. Sensor Data Monitoring Using the PC Demo Application

This chapter describes the sensor data monitoring operation using the PC demonstration application.

After power-on, when the board is connected to a PC, USB communication is enabled as a CDC device. By
using the PC demonstration application after the board is connected to the PC, sensor data can be
transmitted from the board to the PC, and the acquired data can be visualized in graphs and tables.

6.1 Launching the PC Demo Application

After connecting the board to a PC, you can use the PC demo application to send sensor data from the
board to the PC and visualize the received data in graphs and tables. When you unzip the PC demo app (zip
file), you will see the file structure shown in Figure 6-1.

Mame ype

PCAppDemo.exe WebViewz o falder
runtimes e folder
Axlnterop WPLL.dI Application extension
Interop WHPLIL.dI Applicalion exlension
MicrosolLWeb WebView2 Coredll Applicalion exlension
MicrosofLWeb. WebViewZ WinForms.dll Application extension
Microsolt Web WebWiew2 Wpidll Application extension
N ) PCAppDemo.application Application Manifest
W PCAppDemo.exe Application
A PCAppDemo.exe.config COMHG Fle
_ PCAppDemo.exe manifest MAMNIFES] File
| MCappDemo.pdb 'LE File
& RAZLZ DEMO VIDED Rev1.0.mpd WP Video

- System.CodeDom.dll Application extension

Figure 6-1 PC Demo App file structure

When you run the PC demo application executable file (PCAppDemo.exe) from within the folder, the PC
demo application will start. After starting, the initial screen shown in Figure 6-2 will be displayed. The PC
demo application can be started even before connecting to the board.
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§ RAZL2 USB-C Demonstration (Lux Version) X
Sensing Mouse
USB CDC class GConnect Real-time display Download sensing data
— Temperature — Humidity — LuxMAX = LuxMIN — LuxAVE
Time Temperature Humidity Lux MAX Lux MIN Lux AVE

Figure 6-2 PC Demo App initial screen
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6.2 Real-time display of sensor data

With the board USB connected, PC Demo App checks whether the board corresponding to Connect
described in Config file. ID of the board is connected to the device ID. After confirming the relevant board,
PC Demo App and board are connected by CDC and the "Connect" button is switched to the "Disconnect”
button. In this state, the display of sensor data in graphs and tables has not started yet. If the "Connect"
button is pressed when the board is not connected, the message "Check the board connection." is displayed
as shown in Figure 6-3.

Error *
9 Check the board connection,
i
! )

Figure 6-3 Error message of board connection

Next, when the "Real-time display" checkbox is selected, the temperature and humidity data and
illuminance data acquired on the demonstration board are read in 5-second intervals and displayed in real
time in a table and graph. As long as the check box is selected, reading continues and the table and graph
are updated every 5 seconds. Clearing the check box stops the acquisition of temperature and humidity data
and illuminance data, and also stops updating tables and graphs. If you select the "Real-time display”
checkbox again while the table and graph are displayed, the table and graph are cleared and the newly
acquired data is displayed.

[
Sensing Mouse
USB CDC class Disconnect Real-time display. Download sensing data
40 80 35000
P — 30000 {
20 \ 60 25000 [||
0 S 40 20000 |
15000 [
20 20 10000{ N}
5000 i L
-40 : . . - 0 ol L~y
=2 =2 : =3 =8 =3 =2 =3 =3 =2
ha  B# SER 33 =§ 5§ IF  3g
T e gs ar o Fp T ar £ T
& & = & = & & 8 &
Temperature — Humidity = Lux MIN
Time Temperature Humidity Lue hAf3 Lue MIN Lux AVE
202512417 11:1212 271 LER| 7370 7120 7250
202512417 111217 278 LEn) 210 7120 7160
2025/12/17 11:1222 211 441 105270 7270 40400
2025512417 1111227 277 45 5,805.0 2,695.0 42510
202512417 11:1232 278 440 5,395.0 2,036.0 31360
202512417 11:1237 278 438 3,286.0 1,752.0 26830
2025/12/17 11:1242 278 437 44480 21380 29870
202512017 11247 278 437 46970 110 2,766.0
2025/12/17 11:1252 2718 438 60300 7870 23830
202512417 11:1257 277 438 7470 7080 72710

Figure 6-4 Screen during Real-time display
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6.3 Display of sensor data download

When "Download sensing data" is pressed, temperature/humidity data and illuminance data stored on board
are read and displayed in tables and graphs. When the reading is completed, the temperature/humidity data
and illuminance data stored on the board are cleared, and the same data cannot be read. In addition, if
"Download sensing data" is pressed while the table and graph are displayed, the table and graph are

cleared.
ol
Sensing Mouse
Discannect Real-time display Download sensing data
40 a0 35000 -
7 30000 f
20 60 250001 1]|
0 40 200001 [
15000 4 ' |
-20 20 10000 X
5000 | r ’
-40 " v T 0 0 i L1 S S— —
P Lt =4 r0 o ~~g 0 [ ] [ =] [ =] [
== == . == == =< == == == =
o == == == o8 o 2= o= o= =
el B B &= &= He 5= S e i3
ST =4 =ha A 8- a8 g =i = A =
o~ o~ o~ o~ o™ o~ o~ o o~ o~
Time Temperature Humidity Luse MaX Luee MIN Lux AVE
2025712417 11:18:17 275 444 6950 695.0 G96.0
2095/12/17 11:10:22 275 444 6930 623.0 6920
2095712417 11:18:27 275 444 64310 6330 6930
2025712417 11:19:27 276 444 6380 £49.0 6750
2025712417 11:18:32 275 444 69310 683.0 G380
2025712417 11:19:87 275 444 6830 678.0 G330
2025/12/17 11:19:42 274 445 6830 672.0 6300
2025712417 11:19:47 275 445 6830 678.0 6320
2025412417 11:1952 274 (1Y 6330 6780 6350
2025712417 11:19:57 274 445 6430 693.0 6960

11:20:00

Figure 6-5 Screen Durgin download sensing data

Even when PC Demo App is in use, the demonstration board continues to operate in the sensing demo

mode, so OLED screen changes as usual.

6.4 Exiting PC demo app

To close PC Demo App, press Close in the upper-right corner of the App window. When Real-time display is
running, clear the checkbox and close the application window.
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7. Procedure for Using QE for USB to Confirm the USB VBUS Voltage and Current

This chapter describes the procedure for checking the results of measuring the USB VBUS voltage and
current of the EK-RA2L2 by installing QE for USB, a USB development assistance tool, and using the USB
VBUS monitor.

QE for USB provides the following debugging functions to facilitate debugging of a USB system. For the
details and methods of usage of each of the functions, refer to the QE for USB Usage Guide (R20AN0413)
and release notes for QE for USB.

e [USB State Chart]
Displays the state transitions of USB connection (enumeration) processing in real time.
e [USB Setting Registers]
Displays the values and descriptions of registers related to the settings for USB connection.
e [USB Descriptors]
Displays a list of descriptors, which are settings to be made during USB connection (enumeration).
e [USB Type-C Check]
Displays information related to the USB Type-C connection, based on information from the MCU
registers.
e [USB VBUS Monitor]
Displays the results of measuring the USB VBUS voltage and current.

7.1 Installation of the Latest QE for USB

QE for USB can be installed by either of the following methods. For details, refer to the release notes for QE
for USB.

¢ Install QE for USB by using the Renesas Software Installer of the e? studio.
e Download QE for USB from the following Web page for QE for USB and install it.
https://www.renesas.com/en/software-tool/ge-usb-dedicated-tool-usb

7.2 Procedure for Checking the USB VBUS Voltage and Current in the USB VBUS
Monitor View

In the e? studio, click on the following items in sequence to open the [USB VBUS Monitor (QE)] view.

[Renesas Views] menu — [Renesas QE] — [USB VBUS Monitor (QE)]

After starting the system, connect the USB Type-C cable and stop the program. The results of measuring the
USB VBUS voltage and current at the time of stopping the program will be graphically displayed. Note that
on the USB VBUS monitor of QE for USB, values of the following variables are shown on a graph.

Voltage: g_VbusMonitor_VsenseData

Current: g_VbusMonitor_IsenseData
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Figure 7-1 shows an example of the results of measuring the USB VBUS voltage and current in this system,
by using the USB VBUS monitor of QE for USB.

Console Registers Problems Debugger Console Smart Browser Memory Executables USE VBUS Monitor (QE)

Volt: 5091 mV Current: 2 mA

Figure 7-1 Example of Results of Measuring the USB VBUS Voltage and Current
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

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

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

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

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

Do not input signals or an 1/0 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 Vi1 (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

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

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

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

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



Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of
your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the
use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infingement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.

3. Nolicense, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.

4. You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.

5. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.

6. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

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

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High 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.

7. No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.

8. When using Renesas Electronics products, refer to the latest product information (data sheets, user’'s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc.
Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products
outside of such specified ranges.

9. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you
are responsible for evaluating the safety of the final products or systems manufactured by you.

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.

11. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.

12. ltis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.

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

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

(Note1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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