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

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

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

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

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

subsidiaries.

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

(Rev.5.0-1 October 2020)

Corporate Headquarters Contact information
TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most up-to-date
Koto-ku, Tokyo 135-0061, Japan version of a document, or your nearest sales office, please visit:

WWW.renesas.com

WWw.renesas.com/contact/.

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property of
their respective owners.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller Unit
Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the products

covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.

1. Precaution against Electrostatic Discharge (ESD)

A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps must be
taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be adequate. When it
is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity. Semiconductor devices must be

stored and transported in an anti-static container, static shielding bag or conductive material. All test and measurement tools including work benches and floors
must be grounded. The operator must also be grounded using a wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions

must be taken for printed circuit boards with mounted semiconductor devices.
2. Processing at power-on

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

by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the level at which resetting is specified.
3. Input of signal during power-off state

Do not input signals or an 1/O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or 1/O pull-up
power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal elements. Follow the

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

Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are generally in the
high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of the LSI, an associated

shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal become possible.
5. Clock signals

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

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

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

also in the transition period when the input level passes through the area between Vi. (Max.) and Vi (Min.).
7. Prohibition of access to reserved addresses

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

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

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems. The

characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms of internal
memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values, operating margins,
immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-evaluation test for the given

product.

© 2023 Renesas Electronics Corporation. All rights reserved.



For Your Safety

Do not fail to read this manual before using the RAJ306101 Renesas Solution Starter Kit
(RTKOEMXAHOS00020BJ) (this product).

Follow the indications in this manual when using the product.

Keep this manual near the product so you can refer to it whenever necessary.

Transfer or sale of the product to third parties is prohibited without written approval.

The purchaser or importer of the product is responsible for ensuring compliance with local regulations. In
addition, the customer is responsible for ensuring that the product is handled correctly and safely, in
accordance with the laws of the customer’s country (region).

All information contained in this manual represents information on products at the time of publication of this
manual. Please note that the product data, specification, sales offices, contents of website, address, etc., are
subject to change by Renesas Electronics Corporation without notice due to product improvements or other
reasons. Please confirm the latest information on Renesas Electronics website.

The manual for the product, and specification (the documents) are the tool that was developed for the function
and performance evaluation of Renesas Electronics semiconductor device (Renesas Electronics device)
mounted on the product, and not guarantee the same quality, function and performance.

By purchasing the product or downloading the documents from Renesas Electronics website, the support
services provided from Renesas Electronics is not guaranteed.

© 2023 Renesas Electronics Corporation. All rights reserved.



Meaning of Notations

In this manual items related to the safe use of the product are indicated as described below.
The degree of injury to persons or damage to property that could result if the designated content in this
manual is not followed is indicated as follows.

A Indicates content that, if not followed, could result in death or serious injury
Dan g er Note-1 tg the user, and which is highly urgent.

A . Indicates content that, if not followed, could result in death or serious injury to
War nin g the user.

A . Indicates content that, if not followed, could result in injury N°*®2 to persons or
Cau t| on physical damage. Note3

Note.1: Serious injury refers to conditions resulting in persistent after-effects and for which treatment would
necessitate hospitalization or regular hospital visits, such as loss or impairment of eyesight, burns (high- or

low-temperature), electric shock, bone fracture, or poisoning.
Note.2: Injury refers to conditions for which treatment would necessitate hospitalization or regular hospital visits.

Note.3: Physical damage refers to damage affecting the wider surroundings, such as the user’'s home or property.

Requirements related to the handling of the product are classified into the following categories.

e Marks indicating that an action is prohibited.

. Example: Do Not Touch!
General Prohibition Touching th ified locati Id Iti
The indicated action is prohibited. ouching the speciied focation could resultin

injury.

e Marks indicating that an action is prohibited.

General Caution Example: Caution — Hot!
A Indicates a general need for caution that & Indicates the possibility of injury due to high

is not specified. temperature.

e Marks directing that the specified action is required.

i Example: Turn Off (Disconnect) Power Supply!
General |_n_structpn ) ) Instructs the user to turn off (disconnect) the
The specified action is required. power supply to the product.

© 2023 Renesas Electronics Corporation. All rights reserved.



Warnings Regarding Use of the Product

B Danger Items

A Danger

e The product should be used only by persons (users) having a thorough knowledge of electrical and
mechanical components and systems, a full knowledge of the risks associated with handling them,
and training in inverter motor control and handling motors, or equivalent skills. Users should be
limited to persons who have carefully read the Caution Items contained in this manual.

e Unlike typical equipment, the product has no protective case to ensure safety, and it contains
moving parts and high-temperature components that could be dangerous. Do not touch the
evaluation board or cables while power is being supplied.

e Carefully check to make sure that there are no pieces of conductive materials or dust adhering to
the board, connectors, and cables.

e There are moving parts, driven by a motor. Do not touch the motor while power is being supplied.
e Ensure that the motor is insulated and placed in a stable location before supplying power.

O Pp@®

Do Not Connect Load to Motor!
e This could cause fire, burns, or injury.

EWarning Items

A\

A Warning
Caution — Rotating Parts!

e The system includes a motor. Touching the rotating shaft could cause high-temperature burns or
injury.

Always insert plugs, connectors, and cables securely, and confirm that they are fully inserted.
e Incomplete connections could cause fire, burns, electric shock, or injury.

Use the power supply apparatus specified in the manual.
e Failure to do so could cause fire, burns, electric shock, injury, or malfunction.

Disconnect the power supply and unplug all cables when the system will not be used for a period of
time or when moving the system.

e Failure to do so could cause fire, burns, electric shock, or malfunction.
e This will protect the system against damage due to lightning.

Use a mechanism (switch, outlet, etc.) located within reach to turn off (disconnect) the power supply.
¢ In case of emergency, it may be necessary to cut off the power supply quickly.

Turn off the power supply immediately if you notice abnormal odor, smoke, abnormal sound, or
overheating.

e Continuing to use the system in an abnormal condition could cause fire, burns, or electric shock.

Do Not Disassemble, Modify, or Repair!
e Doing so could cause fire, burns, electric shock, injury, or malfunction.

e Disassembly, remodeling, repair, or modification should be done at the customer's own risk, and
should be done safely after carefully checking the circuitry.

© &N

Do not use the product for any purpose other than initial evaluation of motor control in a testing room or
lab. Do not integrate the product or any part of it into other equipment. Do not insert or remove cables
or connectors when the product is powered on.

e The product has no safety case.
o Failure to observe the above could cause fire, electric shock, burns, or malfunction.
e The product may not perform as expected if used for other than its intended purpose.

© 2023 Renesas Electronics Corporation. All rights reserved.




W Caution Iltems

A Caution

Caution — Hot!
e The motor gets hot. Touching it could cause high-temperature burns.

e Failure to do so could cause overheating or malfunction.

Caution — Static Electricity
e Use the antistatic band. Failure to do so could cause malfunction or unstable motion.

o Follow the procedure specified in the manual when powering the system on or off.
A
A\
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Renesas Solution Starter Kit R12UZ0129EJ0100
. Rev.1.00
Motor Control Evaluation System Nov 1, 2023

- Motor Control IC: RAJ306101 -

Chapter 1. Overview

The Renesas Solution Starter Kit Motor Control Evaluation System - Motor Control IC: RAJ306101 -
[RTKOEMXAHO0S00020BJ] (now referred to as RAJ306101 RSSK) is an evaluation kit for RAJ306101. The
RAJ306101 is a motor control IC consisting of the RX13T (R5F513T5ADFL) and the smart gate driver
(RAA306012). The RAJ306101 evaluation board included in the evaluation kit enables motor control by
inverter operation.

This Evaluation Board is initially equipped with a sample program for sensorless vector control. The basic
motor control evaluation is available by connecting the attached motor, changing the Evaluation Board to a
configuration suitable for control use, and supplying DC 24[V]. In addition, it is possible to connect and
evaluate a motor other than the attached motor and external MOSFET board prepared by a user.

Related Documents:

The related documentation and sample program for the Renesas Solution Starter Kit BLDC Motor Evaluation
System for RAJ306101 (Motor Control IC) [RTKOEMXAH0S00020BJ] can be downloaded from our motor
solution website.

Motor Solution Website:
https://www.renesas.com/us/en/key-technologies/motor-control-robotics/motor-control-solutions

RAJ306101 Evaluation Board (Evaluation Board)
-Schematic : R12TU0224EJ
‘BOM LIST : R12TU0230EJ
-PWB Pattern Drawing : R12TU0250EJ

RAJ306101 Product Information Website:
https://www.renesas.com/RAJ306101

RAJ306101 RSSK Product Information Website:
https://www.renesas.com/RTKOEMXAH0S00020BJ

R12UZ0129EJ0100 Rev.1.00 :{ENESAS Page 1 of 55
Nov 1, 2023
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RAJ306101 RSSK User’s Manual

1. Overview

Package Contents

Item Renesas Solution Starter Kit Quantity
Motor Control Evaluation System
- Motor Control IC: RAJ306101 -
Board RAJ306101 Evaluation Board (RTKOEMXAHOD01021BJ) 1
Motor TG-55L-KA 24V 1
Motor Cable | Motor Cable for TG-55L-KA, 24V 1
Ferrite Core | E04SR200932 1
Paper Motor Control Evaluation System - Motor Control IC: RAJ306101 - 1
Caution regarding the Renesas Solution Starter Kit 1
Motor Control Evaluation System - Motor Control IC: RAJ306101 -

Equipment to Prepare for

Item of the Necessary Unit

Model Name (Specification)

Power supply

Use for the bundled motor: 24[V]/2[A]

USB cable

USB micro-B cable x2 Note!

Motor (optional)

Available connecting a motor other than the attached motor

Shunt resistors (optional)

When connecting a motor other than the attached motor, change the shunt
resistance according to the characteristics of the motor

0[Q] registers (optional)

The 0[Q] resisters are used to change the connection,
1005[mm] or 1608[mm] size registers are available
(solder shorts are available too)

Note.1 USB cable for connecting with PC is necessary to use Renesas Motor Workbench or IDE.

Abbreviations

Abbreviations

Full Name

Remarks

RAJ306101 RSSK Renesas Solution Starter Kit

Motor Control Evaluation System
- Motor Control IC: RAJ306101 -

Product No.: RTKOEMXAH0S00020BJ

Evaluation Board RAJ306101 Evaluation Board

Product No.: RTKOEMXAHODO01021BJ

R12UZ0129EJ0100 Rev.1.00

Nov 1, 2023
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RAJ306101 RSSK User’s Manual 1. Overview

1.1

1.

Feature

Easy to start the motor control evaluation with RAJ306101.

Since the reference sample program has already been written on Evaluation Board, the user can start the
evaluation immediately by changing the Evaluation Board configuration suitable for control and supplying
DC 24[V]. (Factory Default Setting of the Evaluation Board is sensorless vector control.)

Board with high expandability and operability (180 mm x 140 mm).
Since the switches, potentiometers, LEDs, and thermistors are mounted, the Evaluation Board is small
and easy to operate. Their functions can be used by using the user program.

Connectable to the external MOSFET board.
By changing the MOSFET connection selection resistors, it is possible to select mounted MOSFETSs or
external MOSFET board.

Various sample software for the basic motor control.
Sample programs for the basic control required for BLDC Motor control can be downloaded from the
website.

- Sensorless vector control

+ Sensorless 120-degree conducting control

RAJ306101 Sample programs download website:
https://www.renesas.com/RTKOEMXAHO0S00020BJ

Support Renesas Motor Workbench tool.
Renesas Motor Workbench is a tool for monitoring and changing global variables in operation from a PC.
For details of the features and instructions on using the tool, refer to Renesas website.

R12UZ0129EJ0100 Rev.1.00 RENESAS Page 3 of 55
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RAJ306101 RSSK User’'s Manual Chapter 2. Product Specifications

Chapter 2. Product Specifications

2.1 Outline

Table 2-1 Specification List for RAJ306101 RSSK

Item Specification

Kit name Renesas Solution Starter Kit
Motor Control Evaluation System
- Motor Control IC: RAJ306101 -
(RAJ306101 RSSK)

Kit product No. RTKOEMXAH0S00020BJ

VM power supply range: DC 24[V]

Use a stable power supply such as a stabilized power supply equipment
Power supply or a battery.

The power supply to the VM provides 3.3[V] or 5.0[V] to the Control
Board from the built-in LDO of the smart gate driver.

Operation temperature Room temperature
Operation humidity No condensation

MOSFET TPH12008NH (80[V], 24[A])
Sensor Hall sensor or sensorless

- USB for E2 Lite (E20B)

+ USB for Renesas Motor WorkBench (Now referred to as RMWB)
- External MOSFET connector (CN_EXT_MQOS) Note-1

- Hall sensor signal input connector (CN_HALL) Note-2

- Analog general-purpose input/output connector (CN_ANA) Note.

Connector . )
- Digital general-purpose input/output connector (CN_DIGI1) Note1
- I2C communication connector (CN_[2C) Note-1
-+ SPI communication connector (CN_SPI) Note-1
- UART communication connector (CN_UART) Note-1
- External volume connector (CN_VOL) Note.1
Toggle SW x2
Switch/Potentiometer Potentiometer x1
Tact switch for RESET x1
LED LED x5

Renesas Motor Workbench tool is supported

The latest tool is available from Renesas website

Note.1: The Evaluation Board has through holes for mounting the connector. When using this function, please mount the connector.
For details on this function, refer to- Chapter 4.
Note.2: The connector is mounted on the Evaluation Board.

Wave viewer tool

R12UZ0129EJ0100 Rev.1.00 :{ENESAS Page 4 of 55
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RAJ306101 RSSK User’'s Manual Chapter 2. Product Specifications

2.2 Evaluation Board

Table 2-2 Specification List for Evaluation Board

Item Specification

Board name RAJ306101 Evaluation Board (Evaluation Board)

Product No. RTKOEMXAHOD01021BJ
VM power supply range: DC 6[V] to 48[V] Note1

Power supply Use a stable power supply such as a stabilized power supply equipment
or a battery. (Use bundled motor: DC24[V]/2[A] power supply)

Operation temperature Room temperature

Operation humidity No condensation

MOSFET TPH12008NH (80[V], 24[A])

Sensor Hall sensor or sensorless

- USB for E2 Lite (E20B)
- USB for Renesas Motor WorkBench (RMWB)
+ External MOSFET connector (CN_EXT_MOS) Note:2
- Hall sensor signal input connector (CN_HALL) Note:3
- Analog general-purpose input/output connector (CN_ANA) Note-2
- Digital general-purpose input/output connector(CN_DIGI1) Note-2
+ 12C communication connector (CN_I2C) Note2
- SPI communication connector (CN_SPI) Note:2
- UART communication connector (CN_UART) Note:2
- External volume connector (CN_VOL) Note:2
Toggle switch x2
Potentiometer x1
LED LED x5
Renesas Motor Workbench tool is supported

The latest tool can be received from Renesas website

Note.1: The maximum VM rating of the RAJ306101 is 65[V], but due to the Low Voltage Directive (LVD), this kit supports a maximum VM
of 48[V].

Note.2: The Evaluation Board has through holes for mounting the connector. When using this function, please mount the connector.
For details on this function, refer to Chapter 4.

Note.3: The connector is mounted on the Evaluation Board.

Connector

Switch/Potentiometer

Wave viewer tool
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221 Appearance
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2.2.2

Block Diagram
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223 Pin Assignment and Connection on Evaluation Board

Table 2-3 Pin Assignments and Connection on Evaluation Board

Pin No. | RAJ306101 Connection on Evaluation Board Note
1 AVDD_MCU MVDD
(AVCCDO0)
5 AGND_MCU AGND
(AVSS0)
3 P11 LED2/CN _LED 4
4 P10 LED1/CN _LED 3
5 VCL —
6 MD E20B
7 RES# Reset Switch (S401)/E20B
8 GND_MCU1(VSS) AGND
9 P36/(EXTAL) LED4/CN _LED 6
10 VDD_MCU1(VCCQC) MVDD
11 PE2 OC#
12 PD6 CS/CN_SPI 2/IRQ5
13 PD5/RxD1/(SSCL1) ICS/ICN_UART 3/(CN_I2C 2)
14 PD4 LED3/CN _LED 5
15 PD3/TxD1/(SSDA1) ICS/ICN_UART 2/(CN_I2C _3)
16 PB7/(SMISQO5) MISO/CN_SPI 4
17 PB6/(SMOSI5) MOSI/CN_SPI_5
18 PB5 SW101/(CN_VOL 4)
19 PB4 SW102/(CN_VOL 5)
20 PB3/(SCK5) CN SPI 3
21 PB0/nSMPL CN DIGI1 8
22 PC —
23 FB —
24 VM VM
25 SW1 —
26 VDRV —
27 CPL —
28 CPH —
29 VCP —
30 VBRIDGE VBRIDGE
31 HOA UH/CN _EXT MOS 19
32 HSA U/CN EXT MOS 20
33 LOA UL/CN _EXT MOS 17
34 HOB VH/CN _EXT MOS 15
35 HSB V/CN EXT MOS 16
36 LOB VL/CN EXT MOS 13
37 HOC WH/CN EXT MOS 11
38 HSC W/CN EXT MOS 12
39 LOC WL/CN _EXT MOS 9
40 PGND PGND
41 DA1P SR1 P/(SR4 P)/ICN _EXT MOS 6/(Vu DA1P)
42 DA1TN SR1 _N/(SR4 N)/(ANGD)/CN EXT MOS 5
43 DA2P SR2 P/(CN_HALL 4)CN _EXT MOS 4/(Vv_DA2P)
44 DA2N SR2 N/(ANGD)/CN_EXT MOS 3
45 DA3P SR3 P/(CN_HALL 3)/CN_EXT _MOS_2/(Vw_DA3P)/(DA30)
46 DA3N SR3 N/(CN HALL 5)/(ANGD)/CN _EXT MOS 1
47 VDD MVDD
48 AGND AGND
49 FBLDO —
50 VCC5V MVDD
51 VDD MCU2 (VCC) —
R12UZ0129EJ0100 Rev.1.00 RENESAS Page 8 of 55
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Pin No. | RAJ306101 Connection on Evaluation Board Note
52 P44/AN004/ DA3P/CN_ANA 7
DA30O/MUX1

53 P43/AN003 VR101/CN_ANA 6/(CN_VOL 2)
54 P42/AN002 CN_ANA 5/IW COM
55 P41/ANOO1 CN_ANA 4/VBRIDGE VOL
56 P40/AN0O0O CN_ANA 3/IU COM
— EPAD PGND
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224 Main Parts, Terminals, and Connectors

The Main Parts, Terminals, and Connectors on the Evaluation Board are Layout as Following.

USB (E20B) USB (ICS)

=5 RMWB (ICS)
0 gﬁﬁ!ﬂ!.: f

ICS_SEL

Current
=TP_DIGIL
Sense . [orolololoroTookE

(External) < T ggeee2e

2
.8

0i0 06006060
oIt .

CNZANA

Figure 2-3 Main Parts, Terminals, and Connectors

Table 2-4 Main Parts, Terminals, and Connectors List

Parts Name Item
U1 RAJ306101GNP (Motor Control IC)
Reset Switch (S401) Reset for RAJ306101.
J1, J4 Power source terminal (J1: + side, J4: - side)
J2, J3 Power supply terminal for MOSFETSs (J2: + side, J3: - side)
Fuse Fuse (Fuse holder)
MOSFET On-board MOSFET
U,V W Motor connection terminal
SR1to SR3 Shunt resistors for phase current detection
SR4 Shunt resistor for power current detection
L1 Coil for VDRV
USB (E20B) USB terminal for E20B (E2 Lite function)
E20B E20B (E2 Lite function) circuit. This circuit is non-public
USB (ICS) USB terminal for RMWB (ICS)
RMWB (ICS) RMWAB (ICS) circuit. This circuit is non-public
ICS_SEL RMWB (ICS) selector. Short when using RMWB (ICS)
EX LDO_SEL External LDO selector
Current Sense (External) | External current sense circuit
Potentiometer (VR101) Potentiometer for motor control
Switch (SW101, SW102) | Switch for motor control
LED LEDs to indicate control status
CN HALL Connector for Hall sensor input
R12UZ0129EJ0100 Rev.1.00 RENESAS Page 10 of 55
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Figure 2-4 Unmounted Connectors and Other Circuits

Table 2-5 Unmounted Connectors and Other Circuits List

Parts Name Item

CN_EXT _MOS Connector for external MOSFET board

CN_ANA Connector for external analog functions

CN_DIGI Connector for external digital functions

CN VOL Connector for external controller

CN_LED Connector for external digital functions

CN_SPI Connector for external SPI communication

CN_UART Connector for external UART communication

CN_I2C Connector for external I°C communication

Spare circuit Spare circuit that can be used for snubbers, etc.

Universal area Universal area that can be used freely
R12UZ0129EJ0100 Rev.1.00 RENESAS Page 11 of 55
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2.3 Motor [TG-55L-KA 24V (TSUKASA ELECTRIC CO., LTD)]

Table 2-6 shows the specification of the attached motor. For the details of the motor specifications, refer to
TSUKASA ELECTRIC website.

Table 2-6 TG-55L-KA 24V Motor Specification

Rated Voltage 24[V]
Rated Speed 2650[rpm]
No-Load Speed 3900[rpm]
Rated Current 420[mA]
No-Load Current 85[mA]
Torque 19.6[mN-m]

2.4 Cable for Motor Connection

The attached cable is used to connect the Evaluation Board and the attached motor. When using a motor
other than the attached motor, connect to the motor referring to the parts list and the connection of the
attached motor.

2.U connecter (Orange)

3. V connecter (White)

4. W connecter (Blue)

1. Motor connecter

5. Hall connector

Figure 2-5 Motor Cable Connection
Table 2-7 Motor Cable Terminal Parts List

Parts Number Product Name Manufacturer
1 PHDR-12VS J.S.T. MFG.
2,3,4 TMEDN 630809-FA NICHIFU
5 XHP-6 J.S.T. MFG.
R12UZ0129EJ0100 Rev.1.00 RENESAS Page 12 of 55
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2.5  Ferrite Core [E04SR200932 (SEIWA ELECTRIC MFG.)]

The RAJ306101 RSSK includes a ferrite core to comply with the EMC Directive. Please use the ferrite core
with 2 turns as necessary.

Figure 2-6 Ferrite Core

R12UZ0129EJ0100 Rev.1.00 RENESAS
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Chapter 3. Usage

The RAJ306101 RSSK is available for evaluation with some kinds of motor control methods by using the
Evaluation Board, and Motor attached in this evaluation kit. This evaluation kit includes the following can be
evaluated for two different control methods with sample programs. This chapter describes the control
specifications, board settings, and operation guide when using the sample programs.

For details of the sample programs, please refer to the application notes and source files of each sample
program.

- Sensorless vector control (Application Note: R18AN0O060EJ (Factory default FW))

- Sensorless 120-degree conducting control (Application Note: R18AN0O0S58EJ)

For changing the sample program, refer to Chapter 5 Emulator Function and the manual for each
development environment.

The appropriate board settings are required for each control method. Refer to the corresponding section for
the board settings.

Using 0[Q] resistors or short-circuiting with solder is required to change the board settings. Note-1

Note.1: This product does not include replacement 0[Q] resistors. 0[Q] resistors should be prepared by the user or short-circuited by
soldering.

R12UZ0129EJ0100 Rev.1.00 :{ENESAS Page 14 of 55
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3.1 Factory Default Setting
In the factory default setting, the RAJ306101 RSSK is configured as a sensorless vector control.

Sensorless vector control evaluation is quickly available by combining the Evaluation Board, and motors that
make up the Kit.

Refer to Figure 3-2 Setting of RAJ306101 RSSK for Motor Evaluation for details on the evaluation method.

To evaluate other motor control methods, it is necessary to change the wiring of the Evaluation Board and the
FW.

R150
4
R126
R148
R124
hal o 11 ILHANE R351 R360 R354 R361 R357 R362 [1 ]
T 0 0 00D ooon * EZel e
R338 (K] [N R34 c12 c13 c14 1 I 1
R330 [N (K] R35 salul aln G535 rsos
R340 BN [N R36 2 R24 R25 ]
N~
R341 <IN M R37 e [1 []
oo ©or g‘o_u S E=3°] JP301
(] : Short (0[Q] resistor or solder) Y o []
(MM : Mount register
00 : Not mount (open)
: Short (jumper pin)
Figure 3-1 Factory Default Settings (Sensorless Vector Control)
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[A] Control method: ( Start )

(1) Sensor-less vector control
(2) Sensor-less 120-degree conducting control
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Need dif t f ( h
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Settlng of Evaluation Board Neeg\:glgc;iglzy;g;t:gg of
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(" No need chan )
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Figure 3-2 Setting of RAJ306101 RSSK for Motor Evaluation
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3.2 Sensorless Vector Control

3.21 Control Specifications

The sensorless vector control is a control method that estimates the motor position from the motor current in
each phase and drives the motor sinusoidally in the appropriate phase.

Table 3-1 shows the control specifications.

For details of the specifics of the program, please refer to the "RAJ306101 Application Note: Sensorless
vector control for permanent magnetic synchronous motor (Implementation) (R18ANO0O60EJ)".

Table 3-1 Basic Specifications of Sensorless Vector Control Software

Item Content

Control method Vector control

Position detection method | Sensorless

Motor rotation start/stop Determined depending on the level of SW101
(“High”: rotation start, “Low”: stop) or input from Analyzer

Input voltage DC 24[V]

Carrier frequency (PWM) 20[kHz]

Dead time 2[us]

Control period Current control / Position and speed estimation: 100[us]
Speed control:1[ms]

Rotation speed control CW: O[rpm] to 2650[rpm]

range CCW: O[rpm] to 2650[rpm]

Natural frequency Current control system: 300[Hz]

of each control system Speed control system: 5[Hz]

BEMF estimation system: 1000[Hz]
Position estimation system: 50[Hz]

Optimization setting Optimization level 2(-optimize=2) (default setting)
of compiler Optimization method | Size priority(-size) (default setting)
ROM/RAM size ROM: 17.1[KB]
RAM: 4.5[KB]
Processing stop for - Disables the motor control signal output (six outputs), under any of the
protection following conditions.

1. Current of each phase exceeds 0.89[A] (monitored every 100[us])
2. Inverter bus voltage exceeds 28[V] (monitored every 100[us])
3. Inverter bus voltage is less than 14[V] (monitored every 100[us])
4. Rotation speed exceeds 3000[rpm] (monitored every 100[us])
5. Fault detection of the smart gate driver.
- When an external overcurrent signal is detected (when a falling edge of the
POE10# port is detected), the PWM output ports are set to “Low™ state.

R12UZ0129EJ0100 Rev.1.00 :{ENESAS Page 17 of 55
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3.2.2 Board Settings
In sensorless vector control, the motor position is inferred from the current flowing in each phase.

The phase currents can be sensed by connecting both ends of the shunt resistors (SR1, SR2, and SR3) of
each phase to the built-in differential amplifiers of the smart gate driver or the external current sense circuit. In
the sample program, the built-in differential amplifiers are disabled, and the external current sense circuit is
used for the phase current sensing.

Align the board connection settings on the Evaluation Board with Figure 3-3. Note-1

For details on the circuit diagram of the Evaluation Board, refer to the Schematic (R12TU0224EJ).

Note.1: This setting is factory default setting. The sensorless vector control can be evaluated without changing the board connection
setting from factory default setting.

R150

R126

R148
R124

R21 R26
R337 R22 R27

A
w
a
—
p)
w
o))
o
A
w
o
SN

o e

R361 R357 R362 ]
Ei - 1l IER]E] oo Oojoc ooioo Ee] JP302
R33s ] [N R34 ci2 — dpcs c14 5 i 5
Raso [N (] R35 -0 00 ] E=o] wP303
R340 {ICN] W] R36 2 R24 R25 ]
N~ o
R341 <[] LWl R37 2 Ee 2 [1 []
oo v gg S E=3°] JP301
(Me] : Short (0[Q] resistor or solder) Yo o ]
(MM : Mount register
[0 : Not mount (open)
: Short (jumper pin)
Figure 3-3 Board Connection Settings (Sensorless Vector Control)
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3.2.3 Operation Guide

3.2.3.1 Connections

Follow the procedures below to build the evaluation environment.
a. Write sensorless vector control FW to the Evaluation Board.

b. Connect the Evaluation Board and the motor U, V, and W by the attached cable. (Sensorless vector control
does not require the connections of Hall signals.)

c. Connect the power source and the Evaluation Board. (Do not supply power at this time.)

The RAJ306101 RSSK includes a ferrite core to comply with the EMC Directive. Please use the ferrite core
with 2 turns as necessary.

Power Source (Output: Off)
DC 24[V]/2[A] limit.

|

Ferrite Core (2 turns)

OO
T

Evaluation Board

Motor Cable
(U: Orange line, V: White line, W: Blue line)

| Motor (TG-55L-KA 24V) |

Figure 3-4 Connections for Evaluation Environment
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3.2.3.2 Initial Setting

Set the toggle switches (SW101, SW102) to Low and set the potentiometer (VR101) to center.
(The state in which the knob mark is directly above the knob is called center. The potentiometer used on this
board has a pivot point in the center position.)

OO

Power Source (Output: Off)
DC 24[V]/2[A] limit

0Py

|
T

VRI01

Evaluation Board

@ @ -
Low

SW101SW102

cooon

LEDO
LED1
LED2
LED3
LED4

Figure 3-5 Initial Settings for Evaluation Board
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3.2.3.3 Power Supply

Supply DC 24[V] to Evaluation Board.

The LEDO lights up when power is supplied.

e

Power Source (Output: On)
DC 24[V]/2[A] limit

Evaluation Board

oo O SW101SW102
VR101

LEDO
LED1
LED2
LED3
LED4

ogooad

High

Low

Figure 3-6 Power Supply for Evaluation Board
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3.2.3.4 Motor Operation
Set SW101 to High and turn the potentiometer (VR101).

The motor rotates according to the direction and amount of turning the potentiometer (VR101).
The LEDs light up according to the control state.

Power Source (Output: On)
DC 24[V]/2[A] limit

Evaluation Board

3 LEDO
3 LED1
& LED2
3 LED3
3 LED4
High
u Low
o SW101SW102
VRI101
Figure 3-7 Motor Operation
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3.2.3.5 Stop Motor Operation

To stop the motor, return the potentiometer (VR101) to the center and set SW101 to Low.

Power Source (Output: On)
DC 24[V]/2[A] limit

Evaluation Board

3 LEDO
3 LED1
3 LED2
3 LED3
3 LED4
High
Low
oo o SW101SW102
VR101
Figure 3-8 Stop Motor Operation
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3.2.3.6 Stop Power Supply.

Stop the power supply.

Power Source (Output: Off)
DC 24[V]/2[A] limit

Evaluation Board

3 LEDO
3 LED1
3 LED2
3 LED3
3 LED4
@ High
Low
oo o SW101SW102
VR101
Figure 3-9 Stop Power Supply.
R12UZ0129EJ0100 Rev.1.00 RENESAS Page 24 of 55

Nov 1, 2023



RAJ306101 RSSK User’s Manual

Chapter 3. Usage

3.3

3.31

Sensorless 120-degree Conducting Control

Control Specifications

The sensorless 120-degree conducting control is a method that controls the motor by switching the energized
phase based on the inductive voltage (BEMF) generated by the motor rotation.

Table 3-2 show the control specifications.

For details of the specifics of the program, please refer to the “RAJ306101 Application Note: Sensorless
120-degree conducting control for permanent magnetic synchronous motor (Implementation)

(R18ANO058EJ)".

Table 3-2 Basic Specifications of Sensorless 120-degree Conducting Control Software

Item

Content

Control method

120-degree conducting method (chopping at the first 60 degrees)

Motor rotation
start/stop

Determined by the level of SW101
“Low”: rotation stop “High”: rotation start or input from GUI

Position detection of
rotor magnetic pole

Position detection by inductive voltage (by 60 degrees)

Input voltage

DC24[V]

Carrier frequency
(PWM)

20[kHz]

Control cycle

Zero-crossing determination is performed from inductive voltage, for each carrier
cycle

PWM duty settings and conduction pattern are determined when switching
patterns

Speed PI control: every 2[ms]

Rotation speed control

Both CW and CCW: 1000[rpm] to 2650[rpm]

range
SW routine for Disables the motor control signal output (six outputs), under any of the following
protection conditions.

1. Current of each phase exceeds 0.89[A] (monitored every 50[us])

2. Inverter bus voltage exceeds 28[V] (monitored per 50[ps])

3. Inverter bus voltage is less than 14[V] (monitored per 50[us])

4. Rotation speed exceeds 3000[rpm] (monitored per 50[us])

5. At the time of sensorless drive, zero-crossing is not detected for 50[ms].

6. Fault detection of virtual Hall sensor pattern (position information)

7. Fault detection of the smart gate driver.
The ports executing PWM output are set to low when an overcurrent is detected
(when a falling edge of the POE10# port is detected).

R12UZ0129EJ0100 Rev.1.00
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3.3.2 Board Settings

In the sensorless 120-degree conducting control, the motor position is detected by zero-crossing of the
inductive voltage (BEMF).

The inductive voltage (BEMF) can be sensed by input the phase voltages to the differential amplifiers or
BEMF sense amplifier of the smart gate driver. In the sample program, the BEMF sense amplifier is disabled
and the differential amplifiers are used for BEMF sensing.

Align the board connection settings on the Evaluation Board with Figure 3-10.

For details on the circuit diagram of the Evaluation Board, refer to the Schematic (R12TU0224EJ).

R150
4
R126
R148
R124
kal o INARLEING R351 R360 R354 R361 R357 R362 [ [1
- 0000 E=1°] Jr302
R338 Bl [][] R34 - i :
al:l
R339 <0 ][] R35 {| |;| E351 ps0s
R0 B [) (] R3s TN gD R Res ]
~
R341 <{IE] [][] R37 2 e e = [1 ]
@ o v ggﬂﬁg -] Jr301
(Ml : Short (O[Q] resistor or solder) yroe ]

(MM : Mount register
OO : Not mount (open)
: Short (jumper pin)

Figure 3-10 Board Connection Settings (Sensorless 120-degree Conducting Control)
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3.3.3  Operation Guide

3.3.3.1 Connections

Follow the procedures below to build the evaluation environment.

a. Write sensorless 120-degree conducting control FW to the Evaluation Board.

b. Connect the Evaluation Board and the motor U, V, and W by the attached cable. (Sensorless 120-degree
conducting control does not require the connections of Hall signals.)

c. Connect the power source and the Evaluation Board. (Do not supply power at this time.)

The RAJ306101 RSSK includes a ferrite core to comply with the EMC Directive. Please use the ferrite core
with 2 turns as necessary.

Power Source (Output: Off)
DC 24[V]/2[A]limit

|

e

Ferrite Core (2 turns)

QO
lole)

Evaluation Board

Motor Cable
(U: Orange line, V: White line, W: Blue line)

| Motor (TG-55L-KA,24V) |

Figure 3-11 Connections for Evaluation Environment
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3.3.3.2 Initial Setting

Set the toggle switches (SW101, SW102) to Low and set the potentiometer (VR101) to center.
(The state in which the knob mark is directly above the knob is called center. The potentiometer used on this
board has a pivot point in the center position.)

Power Source (Output: Off)
DC 24[V] / 2[A] limit

e

|
-

OO
lole)

Evaluation Board

3 LEDO
K LED1
3 LED2
3 LED3
3 LeED4
High
Low
== SW101SW102
VR101
Figure 3-12 Initial Settings for Evaluation Board
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3.3.3.3 Power Supply
Supply DC 24[V] to Evaluation Board by connecting the power source.

The LEDO lights up when power is supplied.

Power Source (Output: On)
DC 24[V]/2[A] limit

e

OO
I

Evaluation Board

3 LEDO
3 LED1
3 LED2
K LED3
3 LED4
High
u Low
o SW101SW102
VR101
Figure 3-13 Power Supply for Evaluation Board
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3.3.3.4 Motor Operation
Set SW101 to High and turn the potentiometer (VR101).

The motor rotates in the direction in which the potentiometer (VR101) is turned, according to the amount of
turning. The LEDs light up according to the control.

Power Source (Output: On)
DC 24[V]/2[A]limit

e

Evaluation Board

3 LEDO
3 LED1
3 LED2
3 LED3
3 LED4
High
Low
- pn- SW101SW102
VR101
Figure 3-14 Motor Operation
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3.3.3.5 Stop Motor Operation

To stop the motor, return the potentiometer (VR101) to the center and set SW101 to Low.

Power Source (Output: On)
DC 24[V]/2[A] limit

Evaluation Board

3 LEDO
3 LED1
3 LED2
3 LED3
3 LED4
High
== SW101SW102
VR101
Figure 3-15 Stop Motor Operation
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3.3.3.6 Stop Power Supply

Stop the power supply.

Power Source (Output: Off)
DC 24[V]/2[A] limit

Evaluation Board

3 LEDO
3 LED1
3 LED2
3 LED3
3 LED4
High
Low
oy SW101SW102
VR101
Figure 3-16 Stop Power Supply
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Chapter 4. Peripheral Circuits

4.1 Power Supply Circuit

411 Main Power Supply (VM, VBRIDGE)

The Evaluation Board operates by supplying a single power supply of 6 to 48[V] between the J1 (VM,
VBRIDGE connection terminal) and J4 (GND connection terminal). Note-! \WWhen using a motor other than the
attached motor, refer to 4.3.4 Motor and supply the voltage according to the motor within the operating range
of RAJ306101. In addition, a fuse is mounted between TB1 and TB2 of Evaluation Board. Replace the fuse
capacity according to the motor drive current. When using external MOSFET board and shunt resistor
mounted on the Evaluation Board, refer to 4.3.1.1 MOSFET and connect the external MOSFET board power
and GND to J2 and J3 respectively.

Note.1: When using the attached motor, 24[V] + 10[%] should be supplied.

4.1.2 Gate Drive Power Supply (VDRV, VCP)

The gate drive power supply (VDRV, VCP) of Evaluation Board is generated by the buck switching regulator
and charge pump of the smart gate driver.

The output voltage of the low-side gate drive power supply (VDRV) can be adjusted from 5[V] to 15[V] by the
bleeder ratio (R2 / R3) of the external feedback resistors shown in Figure 4-1. These resistances on the
Evaluation Board are R2 = 48.7[kQ] and R3 = 3.48[kQ], so the VDRV output voltage is 12[V]. For details of the
components for buck switching regulator, refer to 5.1.3 in the "RAJ306101 User’s Manual: Hardware
(R18UZ0081EJ)".

The output voltage of the high-side gate drive power supply (VCP) is main power supply (VBRIDGE) + VDRV
[V]. For details on the components for charge pump output capacitor (C9), pumping capacitor (C4), refer to
5.1.4in the "RAJ306101 User’s Manual: Hardware (R18UZ0081EJ)". Figure 4-1 Gate Drive Power Supply

B : Mounted resistor
[ : Mounted capacitor

Components
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41.3 Peripheral Circuit Power Supply (VDD(3.3[V]) or VCC5V(5.0[V]))

The power supply for the peripheral circuits on the Evaluation Board can be selected from VDD pin (3.3[V]) or
VCC5V pin (5.0[V]) of the smart gate driver by the 0[Q] resistors connection. The power supply for some
peripheral circuits (Current Sense (External), Halls, LEDs, RMWB(ICS)) can be also selected from U301
(5.0[V]) or U302 (3.3[V]) by JP304 and 0[Q] resistors (R335, R363, R364, R365, R366, R367, R368, R369). In
the default settings of the Evaluation Board, R97 and R98 are not mounted, so the VDD pin (3.3[V]) is
selected, and 2-3 of JP304 are shorted to select U302 (3.3[V]). When selecting the VCCSV pin (5.0[V]) as the
power supply for the peripheral circuits, mount 0[Q] resistors to R97 and R98 shown in Figure 4-2. Also,
connect 1-2 of JP304 to select U301 (5.0[V]).

The output voltage (Vbp) can be fine-tuned within the recommended operating conditions by adjusting the
bleeder ratio (R4 / R5) of the external feedback resistors shown in Figure 4-2. These resistances on the
Evaluation Board are R4 = 160[kQ] and R5 = 91[kQ)], so the output voltage of the VDD pin is 3.310[V]. For
details of VDD pin and VCC5V pin, refer to 5.1.2 in the "RAJ306101 User’s Manual: Hardware
(R18UZ0081EJ)".

When changing the Peripheral Circuit Power Supply on the Evaluation Board, it is necessary to change the
operating voltage of the E20B circuit on the Evaluation Board as well. The voltage settings of the E20B
circuit on the Evaluation Board can be changed by changing the JP502 settings. To use 5.0[V], connect 1-2
of JP502 and to use 3.3[V], connect 2-3 of JP502. The power supply settings for the E20B circuit on the
Evaluation Board with JP502 are shown in Figure 4-2.

E20B Power 5.0[V]
usor 12 3 y302 (UVCO) 2 2
(5.0v)FJ H 3.3[V])
w502 [OOJO]  [OO O] speos
Jp304 OO g g1 g B!
@ @  ©9
U301 u302 gEX_LDO (3.3[V] select) 33[v] 5.0[v] From FROM
USBBUS Ex | po
POWER -
C19 °C18 P50t 1 1
Ro7 RO8 E20B Power 06 MVDD
R4 oR5 (vee) 2
: cla
R99 MvDD
(VDD 3.3[V] select) RMBK(ICS) (EX_LDO select)
HALL R366 & —R367
(EX_LDO select) %l
R369 EX_LDO MVDD
of ] [(JoMVDD B
oI} EX_LDO MVDD
R36s " 35 MVDD R365c{] [fo
363 EX_LDO R34l
Kl : Short (0[Q] resistor or solder) [’Fo EX_LDO LED (EX_LDO select)
m : Mounted resistor
[ : Mounted capacitor Current Sense (MVDD select)

Figure 4-2 Peripheral Circuit Power Supply Components for Evaluation Board
(VDD(3.3[V]) or VCC5V(5.0[V]))

4.2 Reset Circuit

The Evaluation Board has a reset circuit for power-on reset and external reset of the MCU. To apply an
external reset to the MCU, press the reset switch (S401).
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4.3 Motor Drive Circuit

The Evaluation Board has MOSFETSs, shunt resistors, and a thermistor for the MOSFET as a motor drive
circuit. Also, it is possible to connect the external MOSFET board to CN_EXT_MOS (external MOSFET
connector). In order to switch the motor drive circuit, it is necessary to change the mount setting of 0[Q]
resistors. Table 4-1 shows the mount setting of 0[Q] resistors to switch the motor drive circuit and the

information of CN_EXT_MOS connector.

Table 4-1 The Motor Drive Function According to The Mount Setting of 0[Q] Resistors

Function Selection

Mount Setting

Function

R161~R166 mount (default setting)

Shunt resistors (SR1, SR2, SR3)
on the Evaluation Board are selected.

Phase current
sense

R161~R166 unmount

CN_EXT_MOS Shunt resistors
(UIP, UIN, VIP, VIN, WIP, WIN) are
selected.

Thermistor for (default setting)

R150 mount, R152 unmount, R175 mount

Thermistor on the Evaluation Board is
unselected.
(IW current sense is selected.)

R79~R87 unmount, R88~R96 mount

MOSFET R150 unmount, R152 mount, R175 mount ~ | I hermistor on the Evaluation Board is
R150 unmount, R152 mount, R175 CN_EXT_MOS terminal (TH) is
unmount selected.

R79~R87 mount, R88~R96 unmount MOSFETSs on the Evaluation Board
(default setting) are selected. Note-2
MOSFET External MOSFETSs are selected

(MOSFETSs on the Evaluation Board
are unselected.)

Note.1: The MOSFET temperature measurement function by the thermistor is not supported by the sample program. When using the

thermistor, please change the program by user.

Note.2: Even if the MOSFETSs on the Evaluation Board are selected, the connection of the MOSFET pin of CN_EXT_MOS is valid.
DO NOT connect external MOSFETSs to the CN_EXT_MOS connector on this mount setting.

R88 R79
R96 R87
%I[ﬂ]:

T

R162 {0
R161 o Il}o
R164 oo
R163 oo
R166 oIl o
R165 oo

M : Mounted resistor

[ : Mounted capacitor

KX : Short (0[Q] resistor or solder)

R175 %

C106
R150

R152
R126

Figure 4-3 Motor Drive Circuit Function Selection Resistors (Factory Default)
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Table 4-2 External MOSFET Connector (CN_EXT_MOS) Pin Assignment

Connector Terminal No. Terminal Function RAJ306101 Port
CN_EXT_MOS P42/AN002 (IW),
1 WIN (DA3N) P44/AN004 (DA30)
P42/AN002 (IW),
2 WIP (DA3P) P44/AN004 (DA30)
3 VIN (DA2N) P45/AN005 (IV)
4 VIP (DA2P) P45/AN005 (IV)
P40/AN00O (1U),
5 UIN (DA1N) P46/AN006 (DA10)
P40/AN00O (IU),
6 UIP (DA1P) P46/AN006 (DA10)
. T™H P42/AN002
VDD_MCU1(VCC)
8 AGND VDD_MCU2(VCC)
AVDD_MCU(AVCCO)
P76/MTIOCA4D
9 WL (LOC) (Selectable by GDSELC register)
10 NC NC
P73/MTIOC4B
11 WH (HOC) (Selectable by GDSELC register)
12 W (HSC) NC
P75/MTIOC4C
13 VL (LOB) (Selectable by GDSELB register)
14 NC NC
P72/MTIOC4A
15 VH (HOB) (Selectable by GDSELB register)
16 V (HSB) NC
P74/MTIOC3D
17 UL (LOA) (Selectable by GDSELA register)
18 NC NC
P71/MTIOC3B
19 UH (HOA) (Selectable by GDSELA register)
20 U (HSA) NC
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4.3.1 Half-Bridges

The Evaluation Board has inverter control circuit consisting of six MOSFETs for motor control. The MCU
controls the MOSFETSs through the smart gate driver by using six timer output functions. In addition, the bus
voltage signals, U, V, W phase voltage signals, and shunt current signals can be input from the inverter
control circuit to the A/D converter input port of the MCU on the Evaluation Board to measure these signals.
For details of the current sense and voltage detection, refer to 4.3.2.2 Current Sense (External), 4.3.2.4 Bus
Voltage Detection, and 4.3.2.5 Phase Voltage Detection.

The Evaluation Board also has a protection circuit for the shunt overcurrent. For details, refer to 4.3.1.2
Protection Circuits. Figure 4-4 shows the inverter control circuit. In the actual circuit, the signals to the A/D
converter input ports are input through voltage dividers, or amplifiers, etc. For details, refer to the circuit

diagram of the Evaluation Board.
/-{ Bus voltage

Motor control > Veus
PWM input }_\
{
1\

5 5 IS
R
F F F
L VL _@ WL_@ Phase
— Vy_DA1P voltage
*— ~— Vy_DA2P
Vw_DA3P
Shunt current
(bypassing amplifier)

POWER
MOSFET

u

3_

—»ly_R_AO —»|ly R_AO —»ly_R_AO
Shunt current

(via amplifier)

ly_OPA lv_OPA lw_OPA
OP-Amp OP-Amp OP-Amp

Over Current
detection

Over Current
Detection Circuit

—» Over Current

Figure 4-4 Inverter Control Circuit
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4311 MOSFET

The Evaluation Board has MOSFETSs for the motor drive. It is also possible to connect external MOSFET
board to CN_EXT_MOS (external MOSFET connector). The default setting of Evaluation Board has a 0[Q]
resistors mounted on the MOSFET connection selection resistors (R79-R87), so the MOSFET mounted on the
Evaluation Board is enabled. In this configuration, the connection of external MOSFET board to
CN_EXT_MOS is prohibited. When connecting external MOSFET board, remove the MOSFET connection
selection resistors (R79-R87) and mount 0[Q] resistors to the MOSFET connection selection resistors (R88-
R96). By mounting 0[Q] resistors in the MOSFET connection selection resistors (R88-R96), the gate and
source of the MOSFET mounted on the Evaluation Board are connected to the PGND to prevent the
penetration breakdown.

Note: Depending on the motor, control method and main power supply voltage, the MOSFETs mounted on the Evaluation Board may be

damaged by exceeding the absolute maximum rating. In this case, consider replacing the MOSFETSs or using an external MOSFET
board.

R88 R79
R96 R87

i3

i3

R162 oo
R161 (o
R164 oo
R163 oo
R166 <Ko
R165 (o

KX : Short (0[Q] resistor or solder)
M : Mounted resistor

R150

R126

R175 50106
IﬁlR152
[ : Mounted capacitor

Figure 4-5 Motor Drive Circuit Function Selection Resistors (Factory Default)
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4.3.1.2 Protection Circuits

The Evaluation Board has a protection circuit that detects overcurrent from the U, V, and W phase shunt
currents. The overcurrent detection circuit judges that an overcurrent state has occurred when any among the
U, V, and W phase currents exceeds the threshold. The threshold can be adjusted by variable resistor VR301.
The overcurrent detection signal OC# is High when the shunt current value is within the threshold range and
Low when an overcurrent is detected. Therefore, as long as the MOSFETs and RAJ306101 are not broken,
the Evaluation Board and the motor are protectable by monitoring the overcurrent detection signal OC# and
forcing the timer output port into Low to make the MOSFET turn off. The overcurrent detection circuit does not
provide direct protection of the Evaluation Board and the motor. It is necessary to perform appropriate
processing on the MCU and/or use the protection function of the smart gate driver to provide protection.

Shunt Current ’ VW—
(via amplifier) J_
lu_OPA ;l;
OC#
h_OPA ‘ Over Current
Signal
lw_OPA 1 I
w1 >
Volume —\
(VR301)
Figure 4-6 Overcurrent Detection Circuit
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4.3.2 Sense Circuits
4.3.21  Current Sense (Internal)

This Evaluation Board is also available to detect U, V, and W phase currents by connecting U, V, and W
phase shunt resistors to the built-in differential amplifier of the smart gate driver. The differential amplifiers are
disabled in the sample program. When using the built-in differential amplifier for the motor current sense, refer
to Figure 4-7 to mount and remove 0[Q] resistors, and change the smart gate driver register settings. The
relation between the phase current (lin) flow to the shunt resistor (Rs) and the voltage input to the MCU (Vout)
is expressed by EQ 4-1.

EQ 4-1

Vout[V] = lin[A] X Rs[£2] X Gain[V/V] + <VD2[V]>

VDD

Smart
Gate
Driver

Iinl

lin : Current flow to shunt resistor

Rs : Shunt resistor (0.05[Q])

Gain: Differential amplifier gain

VDD : Smart Gate Driver VDD pin voltage

Vout : Voltage applied to A/D converter input port of the MCU

Figure 4-7 Current Sense Circuits (Internal)

R12UZ0129EJ0100 Rev.1.00 :{ENESAS Page 40 of 55
Nov 1, 2023



RAJ306101 RSSK User’'s Manual Chapter 4. Peripheral Circuits

4.3.2.2 Current Sense (External)

The Evaluation Board has current sense circuits including shunt resistors to detect the U, V, and W phase
currents. The current sense circuits the voltage drop resulting from the current flow to the shunt resistor, and
the result is input to the MCU. The relation between the phase current (lin) flow to the shunt resistor (Rs) and
the voltage input to the MCU (Vout) is expressed by EQ 4-2. For details of the shunt resistors and differential
amplifier gain, refer to 5.1.6 in the "RAJ306101 User’s Manual: Hardware (R18UZ0081EJ)".

EQ4-2 , AMP_VCC[V]
Vout[V] = lin[A] X Rs[2] X 5 + —
AMP_VCC
20[kQ]
2[kQ] Iy OPA
Iinl Rs . lv_OPA
20[kQ]=
lin : Current flow to shunt resistor
Rs : Shunt resistor (0.05[Q])
AMP_VCC : Amplifier VCC pin voltage
Vout : Voltage applied to A/D converter input port of the MCU
Figure 4-8 Current Sense Circuits (External)
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The Evaluation Board has jumpers to input from the shunt resistors to the MCU directly by bypassing
amplifiers. When using these inputs, change the jumper JP301, JP302, and JP303 on the Evaluation Board to
the appropriate connections.

Phase U shunt current Phase U shunt current
(via amplifier) (bypassing amplifier)
lu_OPA lu R_AO
1 2 3
JP301
Ilu\COM
P40/AN00O
Phase V shunt current Phase V shunt current
(via amplifier) (bypassing amplifier)
Iy_OPA lv_R_AO
1 2 3
JP302
lyCOM
(TP_IV)
Phase W shunt current Phase W shunt current
(via amplifier) (bypassing amplifier)
lw_OPA lw_R_AO
1 2 3
JP303
IwCOM
P42/AN002

Eigure 4-9 Current Sense Circuits (External) Function Selection Jumper
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4.3.2.3 Hall Input

The Evaluation Board has a Hall sensor signal input connector (CN_HALL) with 3.3[V] or 5[V] pull-up
resistors. The Hall sensor of the attached motor can be connected to the Hall sensor signal input connector
(CN_HALL). Hall sensor signals are input to the MCU through RC filters and the smart gate driver.

Table 4-3 Hall Sensor Connector (CN_HALL) Pin Assignment

Connector Terminal No. Terminal Function RAJ306101 Port
CN_HALL 1 NC NC
GND_MCU1(VSS)
2 GND AGND_ MCU(AVSS0)
3 HW (DA3P) P22/IRQ2
4 HV (DA2P) P23/IRQ4
5 HU (DA3N) P24/IRQ3
VDD_MCU1(VCC)
6 VDD VDD_MCU2(VCC)
AVDD MCU(AVCCO0)

4.3.2.4 Bus Voltage Detection

The Evaluation Board has a voltage divider circuit to input the bus voltage to the A/D converter input port of
the MCU. The relation between the bus voltage and detection voltage is expressed by EQ 4-3.

EQ 4'3 20 X 103
Vout[V] =
outlVl = 270 % 107 + 20 x 109)

X Vin[V]

470[kQ]

l > Vaus

20[kQ] -|— 0.1[uF]\vout

Vin

Vin : Bus voltage
Vout : Voltage applied to A/D converter input port of the MCU

I-=igure 4-10 Bus Voltage Detection Circuit
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4.3.2.5 Phase Voltage Detection

The Evaluation Board has a voltage divider circuit to input the phase voltages (U, V, and W phase) to the A/D
converter input port of the MCU through the built-in differential amplifier of the smart gate driver. The relation
between the phase voltages and detection voltage is expressed by EQ 4-4.

EQ 4-4
Vout[V] = (0.5803 * VDD[V]) + 0.0205 X Vin[V]

VDD
Smart
_ Gate
i Vy_DA1P Driver VDD/2
470[kQ] Vy_DA2P
Vi DA3P

Vin

1
2[kQ] ==0.022[uF]
1 |

77

Vin : Phase voltage
VDD : Smart Gate Driver VDD pin voltage
Vout : Voltage applied to A/D converter input port of the MCU

Figure 4-11 Phase Voltage Detection Circuit

4.3.2.6 Thermistor for MOSFET

The Evaluation Board has a thermistor (Z101) for MOSFET temperature measurement. However, R150 and
R175 are mounted and R152 is not mounted in the Evaluation Board default settings, so a MOSFET
thermistor (Z101) or an external thermistor cannot be used. When using a thermistor for MOSFET, remove
R150 and mount a 0[Q] resistor to R152 to connect the thermistor (Z101) on the board to P42/ANI002. Note-1
When using an external thermistor, remove R150 and R175 and mount a 0[Q] resistor to R152 to allow the
external thermistor connected to TH (Pin 7) of CN_EXT_MOS to be connected to P42/ANI002.

Note.1: The MOSFET temperature measurement function by the thermistor is not supported by the sample program. When using a
thermistor, please change the program by user.

4.3.3  Spare Circuit

The Evaluation Board has a PAD on which parts can be mounted as a spare circuit. If strong ringing occurs in
the BEMF waveform, it is recommended to implement a snubber circuit if necessary.

Vu

Vv

Vw

Figure 4-12 Spare Circuit
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4.3.4 Motor

The Evaluation Board and sample program are set according to the attached motor. When using a motor
other than the attached motor, it may be necessary to change the setting parameters such as drive current
settings and change the hardware.

The followings are the components that may need to be changed.

. Shunt resistors (SR1, SR2, SR3, SR4) -- Modified to fit the amount of motor phase current.
Factory default: CRA2512-FZ-R0O50ELF (50[mQ], 3[W])

. MOSFETs (Q1, Q2, Q3, Q4, Q5, Q6) -- Modified to fit the amount of motor phase current.
Factory default: TPH12008NH (VDSS = 80[V], ID = 24[A], RDS(ON) = 10.1[mQ])

. FUSE (FU1) -- change according to the amount of power supply current.
Factory default: 486-7270-ND (30[A])

[I] : Mount register

E : Mount FET

Figure 4-13 Components Change Location (Using Other Motor)
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4.4 User Interface

441 Potentiometer (VR101) & Toggle Switches (SW101, SW102)

The Evaluation Board has a potentiometer (VR101) and toggle switches (SW101 and SW102). The
potentiometer (VR101) is connected to P43/ANOO3 and uses it to indicate the amount of rotation and direction
of rotation. The toggle switch (SW101) is connected to the PB5 and uses it to indicate the start/stop of
rotation. Toggle switch (SW102) is connected to PB4 and used it to reset errors.

The evaluation board also has a through-hole for external controller connector (CN_VOL) and the test points
for verification (TP_VOL), allowing connection of trigger switches and other devices.

The jumper pins (JP103, JP101, JP102) allow you to select whether to use the potentiometer (VR101) and
toggle switches (SW101, SW102) on the board or CN_VOL.

If 1-2 of JP103 are shorted, the potentiometer (VR101) side is valid, and if 2-3 are shorted, the CN_VOL side
is valid.

If 2-3 of JP101 and JP102 are shorted, the toggle switch (SW101 and SW102) side is valid, and if 1-2 are
shorted, the CN_VOL side is valid.

Table 4-4 Connector for CN_VOL Connection (CN_VOL) Pin Assignment

Connector Terminal No. Terminal Function RAJ306101 Port
CN_VOL VDD_MCU1(VCC)
1 VDD VDD_MCU2(VCC)
AVDD MCU(AVCCO0)
2 Vol P43/AN003
GND_MCU1(VSS)
3 GND AGND_ MCU(AVSS0)
4 SW1 PB5
5 SW2 PB4
4.4.2 LED

The Evaluation Board has 5 LEDs, 4 of which can be used as the program debugging and system display.
Each LED turns on when the output on the corresponding port is low-level and turns off when the output is
high-level. The Evaluation Board also has through-holes for the CN_LED connector and test points (TP_LED)
to confirm the MCU output.

Table 4-5 LED Connector (CN_LED) Pin Assignment

Connector Terminal No. Terminal Function RAJ306101 Port
CN_LED VDD_MCU1(VCC)
1 VDD VDD_MCU2(VCC)

AVDD_MCU(AVCCO)
GND_MCU1(VSS)

2 GND AGND_MCU(AVSS0)
3 LED1 P10

4 LED2 P11

5 LED3 PD4

6 LED4 P36

7 LED5 NC

8 LED6 PE2
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4.4.3 SPI Connector

The Evaluation Board has through holes for CN_SPI connector and test points (TP_SPI) to confirm the SPI

signals. The CN_SPI connector is not used in the sample program.

Table 4-6 SPI Connector (CN_SPI) Pin Assignment

Connector Terminal No. Terminal Function RAJ306101 Port
CN_SPI VDD_MCU1(VCC)
1 VDD VDD_MCU2(VCC)
AVDD MCU(AVCCO0)
2 CS PD6/(IRQ5)
3 SCLK PB3/(SCK5)
4 MISO PB7/(SMISO5)
5 MOSI PB6/(SMOSI5)
GND_MCU1(VSS)
6 GND AGND_ MCU(AVSS0)

4.4.4 12C Connector

The Evaluation Board has through holes for CN_I2C connector and test points (TP_I2C) to confirm the I12C

signals. The CN_I2C connector is not used in the sample program.

Table 4-7 I2C Connector (CN_I2C) Pin Assignment

Connector Terminal No. Terminal Function RAJ306101 Port
CN_I2C VDD_MCU1(VCC)
1 VDD VDD_MCU2(VCC)
AVDD MCU(AVCCO0)
2 SCL PD5/RXD1/SMISO1/SSCL1
3 SDA PD3/TXD1/SMOSI1/SSDA1
GND_MCU1(VSS)
4 GND AGND_ MCU(AVSS0)

4.4.5 UART Connector

The Evaluation Board has through holes for CN_UART connector and test points (TP_UART) to confirm the
UART signals. The UART is also used for the connection circuit with the motor control development support
tool Renesas Motor Workbench through ICS_SEL jumpers, so when using the CN_UART connector, change

all ICS_SEL jumpers to open. The CN_UART connector is not used in the sample program.

Table 4-8 UART Connector (CN_UART) Pin Assignment

Connector Terminal No. Terminal Function RAJ306101 Port
CN_UART VDD_MCU1(VCC)
1 VDD VDD_MCU2(VCC)
AVDD MCU(AVCCO)
2 TXD PD3/TXD1/SMOSI1/SSDA1
3 RXD PD5/RXD1/SMISO1/SSCL1
GND_MCU1(VSS)
4 GND AGND_ MCU(AVSS0)
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446 General-purpose Digital Input/Output Connectors

The Evaluation Board has through holes for CN_DIGI1 connectors and test points (TP_DIGI1) to confirm the
input/output signals of the MCU. The CN_DIGI1 connectors are not used in the sample program.

Table 4-9 General-purpose Digital Input/Output Connector (CN_DIGI1) Pin Assignment

Connector Terminal No. Terminal Function RAJ306101 Port
CN_DIGI1 VDD_MCU1(VCC)
1 VDD VDD_MCU2(VCC)
AVDD MCU(AVCCO0)
GND_MCU1(VSS)
2 GND AGND MCU(AVSS0)
3 NC NC
4 NC NC
5 NC NC
6 NC NC
7 NC NC
8 GPIO (nSMPL) PBO

4.4.7 General-purpose Analog Input/Output Connector

The Evaluation Board has through holes for CN_ANA connector and test points (TP_ANA) to confirm the
analog input/output signals of the MCU. The CN_ANA connector is not used in the sample program.

Table 4-10 General-purpose Analog Input/Output Connector (CN_ANA) Pin Assignment

Connector Terminal No. Terminal Function RAJ306101 Port
CN_ANA VDD_MCU1(VCC)
1 VDD VDD_MCU2(VCC)
AVDD MCU(AVCCO0)
GND_MCU1(VSS)
2 GND AGND_ MCU(AVSS0)
3 IU P40/AN00O
4 VM detection P41/AN00O1
5 IW/Thermistor P42/AN002
6 Potentiometer P43/AN003
7 (DA30) P44/AN00O4
8 NC NC
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Chapter 5. Emulator Function

5.1 Program Write

The Evaluation Board is equipped with an on-board emulator for flash write. Connect your PC to USB501
connector on the Evaluation Board with USB micro-B cable for the firmware write. Use applications such as
e? studio, CS+, or Renesas Flash Programmer to write firmware. On-board emulator circuit connected to the
PC is recognized as E2 Lite, please set the connection accordingly. Refer to the document of e2 studio, CS+,
Renesas Flash Programmer in detail.

Reference

+  e?studio User's Manual: Quick Start Guide (R20UT5293EJ)
*  CS+ User's Manual: Project Operation (R20UT5299EJ)
. Renesas Flash Programmer User's Manual (R20UT5312EJ)

\

Figure 5-1 Connect with PC (E2 Lite Function)

By using the on-board emulator function, it is possible to debug while executing the firmware. However, when
driving a motor, debugging using this function is not recommended for the following reasons.

When driving a motor, it is recommended to use the RMWB function. For details about RMWB, refer to
Chapter 6.

. If the MCU is STOPPED from the emulator while the motor is driving, the output of the timer stops at a fixed output, and the current
continues to flow to a fixed phase, possibly causing burnout.

i When using the on-board emulator function, the PC and the Evaluation Board share the same GND. If the GND is shaken by motor
drive, the PC may be damaged. (The circuit (ICS) used in the RMWB contains an isolator, so the GND of the PC and the Evaluation
Board is not shared, allowing safe evaluation.)
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51.1  e?studio
1. Supply power to the Evaluation Board, then connect to PC by USB cable.
2. Execute e? studio, click “Build All” from “Project” tab of e? studio. Nete-1

3. Click “Debug” from “Run” tab of e? studio to write firmware.

@@ workspace - RAJ306101_RSSK_LESS_FOC_E25_RV100/application/main/main.c - * studio =] o x

File Edit Source Refactor Navigate Search Project RenesasViews Run Window Help

| 15 @ || 1F Debug s~ LB B B &S~ -G B- Q- - WE v o
v ve-im Open FSP Configuration I Q | BgC/C+ 15 Debug
[r=—— = rm | =
Ko Project Explorer = 5 e Build All craieg | O | |8 Outiine | ® Build Targets Ole
RAJ306101_RSSK_LESS_FOC_E25 RV100 Build Configurations , [tion DTCTBL ~ ¥ G > 8 (O
# Binaries Build Project B E:ble[lié]; &5 RAJI06101_RSSK_LESS_FOC_E2S RV1(
»))l Includes Build Working Set > prxmansnknnnnnns
s application Clean..
= main Build Automatically [Name : main
user_interface Build Targets s i‘"“)
config
DefaultBuild e 4| itHard: 9]
&> Def I i inltHardware();
i @ Update All Dependencies Alt+D | tBoardUi();
Change Device 0;
= middle I ;
Change Toolchain Version initControl(MTR_ID_A);
7 workspace )
RAJ306101_RSSK_LESS_FOC_E25_RV100, S C/C++ Project Settings CUlLAIP L lize Tcs =
¥ RAJ306101_RSSK_LESS_FOC_E2S_RV100.: "’”i{er"e‘ Jit((void®)dtc_table, ICS_SCI1_PD3_PD5, ICS_INT_LEVEL, ICS_BRR, ICS_

) Execute reset event

R_MTR_ExecEvent(MTR_EVENT_RESET, MTR_ID_A);

< > < >

[ Properti.. | [l Memory .| [B] Stack A.. | @ Smart B.. | @ Debugg... | [ Memory S Peripher.. S Device L. | S Device T..| [ Codepr., | = O
Xk A PAEE 2D~

<terminated> RAJ306101_RSSK_LESS_FOC_E25 RV100.x [Renesas GDB Hardware Debugging] Renesas GDB server (Host) (Terminated Jul 19, 2023, 11:32:44 AM) [pid: 20)
larget connection status - UK

Starting download
Security ID, writing to address @xffffffa@ with data FFfffffffffffiffffffrfffifififf
Security ID code for Connection Settings is “FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF".

] Tasks | & Console

Finished download
Hardware breakpoint set at address exffffee76
Disconnected from the Target Debugger.

< >
Writable Smart Insert 89:2:5167
Figure 5-2 Firmware Build
8 workspace - RAJ306101_RSSK_LESS_FOC_E25_RV100/application/main/main.c - & studio - [u} %
File Edit Source Refactor Navigate Search Project RenesasViews Run Window Help
& || ¥ | ® |1 Debug [©7 RAJ306101 RsSK L Renesas Debug Tools Ph@ i i E# B8~ E-@-H- Q- ™y - E TS
3 . Q
@~ &l - R R | b _Run Cul=F11 Q |[E@c/c++ 45 Debug
e —— - (o Debug F11 —
[ Project Explorer =k= § = 0| [& mainc x = O ||E= outline | @ Build Targets =@
< . Run History > 2 | =
v I RAJ306101_RSSK LESS FOC E25 RV100 [DefaultB o 0 Run A 3 @ s @ ‘ X §
4 Binaries 78 un A 15 RAJ306101_RSSK_LESS_FOC_E25_RV(
79 Run Configurations...
il Includes 20
¥ (= application 31 Debug History >
G main 45 Debug As >
& user interface Debug Configurations..
(= config Breakpoint Types > /% Interrupt disable */
(= DefaultBuild ® Toggle Breakpoint Ctrl+Shift+B I* In?t@al?ze per@pheral fun
driver /* Initialize peripheral fun
@ Toggle Line Breakpoint itiald 5
. middle 99 P /* Initialize private global
h Toggle Watchpoint 'H /* Initialize motor FOC cont
(e workspace

@ Toggle Method Breakpoint
@ Skip All Breakpoints

Remove All Breakpoints

= RAJ306101_RSSK_LESS FOC E2S RV100.rcpc

| RAJ306701_RSSK_LESS_FOC_E2S_RV100.xJaunch , ICS_SCI1 PD3_PD5, ICS_INT_LEVEL, ICS BRR, ICS

G >
4% xtemalicol _RESET, MTR_ID_A);

< > < >
&) Tasks | B Console| [ Properti...| [§ Memory ...| [le] Stack A.. | @ SmartB... | G Debugg.. | [} Memory| £l Peripher...| £ Device L. | £ Device T..| &f Codepr.. | = O
IR -EE -0

CDT Build Console [RAJ306101_RSSK_LESS_FOC_E2S_RV100]
~
copy C:\Users\afe\Desktop\File\RAJ306101_RSSK_LESS_FOC\r18an0060xx8166-raj366161-motor\workspace \RAT306101_RSSK_LESS_FOC_E2S_RV160\D:
1 file(s) copied.

‘Build complete.’

11:33:22 Build Finished. @ errors, @ warnings. (took 1s.153ms)

>
Writable Smart Insert 89:2:5167

Figure 5-3 Firmware Write

Note.1: This document is confirmed using e2 studio 2023-01.
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5.1.2 CS+

1. Supply power to Evaluation Board, then connect to PC by USB cable.

2. Execute CS+, click “Build & Download” from “Debug” tab of CS+ to write firmware. Note-1

@l -
A ¢ mir_ctrl_messk :
“l p_mitr_ctel mrssk | Save debug tool state

, \{tHardware();
v—wree—ewd tBOALdUL () ¢
software_i

Control (MTR_ID A):

id*)d

@3 RAI306101_RSSK_LESS_FOC_CSP_RV100 - €S+ for CC - [mainc] B o %
File Edit View Project Build Debug|Tool Window Help o m
Bsar JEHS X o Debug Solutions v | E B DefauliBuild g B DB E
& S Jr..,? J # @ | Download
; Project Tree 133 Build & Download D) | BT
it 03 @ & Rebuild & Download
= | RAI306101 RSSK LESS FOC |98 Connect to Debug Tool
& "
2 B RSFS13TSARFL (Microcont xf 'on DTETEL
£ |4, CC-RX (Build Tool) table[256]
= RX E2 Lite (Debug Tool) |* ';n H
-« Program Analyzer (Analyz Using Debug Tool L3 LT e T
Frile of o1 |
1 T4 Build tool generated fi :
= LU application Bl lgnore Break and G
£ mamn
4 mainh-
“ | main.c
user_interface * kR k ok E kR E + e krkkE AR AR A AR AR
- middle
= L& driver =
L inverter

# Ll mew
+ predriver 93
94
45
96
97
98
9s
100
Ecc;;; ¥
Al Mewages:
< > ||E Output &

F1 Opan Help for . F2 Rename

Downloads the program to the debug tool after build.

user operation.,|

e nnilin

5 Go F& Build & Downlo | F7 Build Project

¥t Ignare Break an

& Break | Fll Stop Over FliStap Ir A Jump to Functio
Il i
Line 0/322 Column 28 Insert | Western European (Windows) s -0 VG

Figure 5-4 Firmware Write

Note.1: This document is confirmed using CS+ for CC V8.09.0.
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5.1.3 Renesas Flash Programmer

1. Supply power to Evaluation Board, then connect to PC by USB cable.

2. Execute Renesas Flash Programmer, then connect from menu “File” > “New Project...” in reference to

Figure 5-5. Not-1

3. Select HEX file, then click “Start” in reference to Figure 5-6 to write firmware.

Es Create New Project - X

Projct Information

Microcontrolier: RX100 &
Progct Name: RX13T
Profct Folder: C¥RFP J Browse...

Communication

Tool: E2 emulator Lite v Interface: FINE b

Tool Details... Num: AutoSelect Power: Mone

Connect Cancel

Figure 5-5 Create New Project (RAJ306101)

[~
File Target Device Help

Operation  QOperation Settings Block Settings Flash Options  Connect Settings  Unigue Code

Project Information

Current Project: R¥13T.rpj
Microcontroller: RX100 Series Endian:  Little i
Program File
[{ProjectDir>¥RAJI061 01 RSSK_LESS_FOC_CSP_RV1 00.mot Browse...
CRC-32 : 9A5D3441
Flash Operation

Erase >»> Program >> Verify

[Code Flash 1] OxFFFEOOO0 — OxFFFFFFFF  size 1 128 K

‘Wiriting data to the target device
[Code Flash 1] 0xFFFFO000 — OxFFFFA3FF  size 17 K
[Code Flash 1] OxFFFFFFO0 — OxFFFFFFFF  size : 256

Werifying data
[Code Flash 1] OxFFFFOO00 = OxFFFF43FF  size 117 K
[Code Flash 1] 0xFFFFFFO0 - OxFFFFFFFF  size : 256

Disconnecting the tool
Operation completed.

Clear status and message

Figure 5-6 Firmware Write (RAJ306101)

Note.1: This document is confirmed using Renesas Flash Programmer V3.11.02.
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Chapter 6. Renesas Motor Workbench

The board is equipped with an evaluation version of the Renesas Motor Workbench (RMWB) and ICS host
function. The sample program for this IC uses RMBK. Install RMWB on Windows PC, and connect PC and
Evaluation Board with USB micro- b cable, monitor and change global variables from PC, and display graphs
When using RMWB (ICS), it is necessary to set a jumper pin in ICS_SEL.

ICS uses the UART function. Therefore, UART cannot be used as a general-purpose function at the same
time.

This tool and library are sample and Renesas does not provide technical support. In addition, Renesas cannot
be held responsible for any problems such as damage caused by incorporating or using this tool.

For instructions on using the tool, refer to the user’'s manual of the Motor Control Development Support Tool
Renesas Motor Workbench.

Reference:

Renesas Motor Workbench URL: https://www.renesas.com/us/en/software-tool/renesas-motor-workbench.

If you wish to use RMWB in your user system, please consider purchasing the ICS / ICS ++ product version.
The product version of ICS/ICS++ is sold by Desktop Lab Co., Ltd.

Reference:
Desktop Lab Co., Ltd. URL: http://www.desktoplab.co.jp/download.html

ICS_SEL 7 1

Figure 6-1 Connect with PC (RMWB (ICS) Function)
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Chapter 7. Information

71 European Union Regulatory Notices

This product complies with the following EU Directives. (These directives are only valid in the European
Union.)

CE Certifications:
+ Electromagnetic Compatibility (EMC) Directive 2014/30/EU

EN61326-1: 2013 Class A

WARNING: This is a Class A product. This equipment can cause radio frequency noise when used in the
residential area. In such cases, the user/operator of the equipment may be required to take appropriate
countermeasures under his responsibility.

+ Information for traceability
+ Authorized representative
Name: Renesas Electronics Corporation
Address: Toyosu Foresia, 3-2-24, Toyosu, Koto-ku, Tokyo 135-0061, Japan
+ Manufacturer
Name: Renesas Electronics Corporation
Address: Toyosu Foresia, 3-2-24, Toyosu, Koto-ku, Tokyo 135-0061, Japan
+ Person responsible for placing on the market
Name: Renesas Electronics Corporation
Address: Toyosu Foresia, 3-2-24, Toyosu, Koto-ku, Tokyo 135-0061, Japan
+ Trademark and Type name
Trademark: Renesas
Product name:  Renesas Solution Starter Kit
Motor Control Evaluation System
- Motor Control IC: RAJ306101 -
Type name: RTKOEMXAHO0S00020BJ

Environmental Compliance and Certifications:

- Waste Electrical and Electronic Equipment (WEEE) Directive 2012/19/EU
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