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Overview

Many of today's motor control systems are implemented by programming motor control algorithms on the
MCU. However, due to the diversification of needs, control algorithms are becoming more and more
complicated, and it is required to realize not only motor control but also communication and control of the
entire system with one MCU. In this way, developers have to consider the coexistence of complicated real-
time processing such as motor control and non-real-time processing such as system control more than
ever. In addition, in order to be price competitive in the market, developers are facing major challenges
such as early market launch and cost reduction.

This document describes various solutions based on the RA6T2 MCU to solve these problems.

Motor Control

Motor control is a technology that has existed for a long time with a history of about 200 years. There are
various types of motors depending on the application and they have developed as an important technology
that supports human life. Especially for motors that are highly versatile and easy to maintain, it is common
to program the MCU to adjust the rotation speed and torque because the control is complicated.
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What is an Inverter?

An inverter basically refers to a device / circuit that converts direct current to alternating current. In the
home appliances and industrial fields, it is generally used for the purpose of changing the alternating
current to any frequency or voltage. This has the advantage of higher power utilization efficiency than
driving with a commercial power supply that has a constant frequency because it can operate at a wide
range of rotation speeds.
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Inverter circuits create the AC voltage by repeating the ON / OFF of the transistor with the DC power
supply at a specific cycle. This ON / OFF is utilized in the built-in timer output of the MCU. This is called
PWM (Pulse Width Modulation). The operation, quietness, and power efficiency of the motor are
determined by how high-speed and highly accurate this PWM is generated and ON / OFF switching is
realized.

How speed control works

The figure below shows the signal flow when the MCU controls the motor rotation speed using the above-
mentioned inverter device. It contains a software block and peripheral circuits for the MCU that control the
BLDC motor.
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Schematic diagram of motor speed control by built-in MCU
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The MCU converts the speed / torque command into parameters, determines the PWM duty ratio in the PI
control unit and outputs the pulse. Although it depends on the control algorithm, the speed and rotor
position information are communicated to the MCU using the motor current, shunt current, Hall element,
encoder, etc., and loop operation is performed. This operation is repeated to detect and correct the
difference in the actual motor operation with respect to the command value. In a motor control system, it is
necessary to complete these series of processes within the control cycle. Therefore, motor control is called
a real-time application. In addition, by shortening this control cycle, fine control of the motor becomes
possible and high response and high efficiency motor applications are realized.

Challenges in the Development of Next-generation Motor Control
Systems

Now, let's take a look at the technical challenges faced by developers as they work on the next generation

of motor control equipment. Broadly speaking, the key points are to respond to the performance required in
the first place to realize an advanced control system, as well as building a development environment for its
timely market launch.

1. Response to higher performance and complexity of processing: As mentioned above, the motor
control itself detects the difference between the command value and the actual motor operation and
repeats the control. In order to achieve high response and high efficiency, the control cycle must be
further shortened and the motor control calculation must be completed within that control cycle.
However, in order to succeed in the motor market, the MCU needs to have higher processing power
because of the coexistence of additional processing to realize additional functions and non-real-time
processing such as communication and control of the entire system.

2. Construction of evaluation environment for motor control: In order to control various motors, it is
necessary to understand the characteristics of each motor and develop hardware to evaluate them.
This requires a lot of engineering hours. Also, with a new MCU, it takes an enormous development
period to port or create software for peripheral functions such as control algorithms and PWM timers
built into the MCU.

These common motor control issues can be solved with the RA6T2, an RA family ASSP product for motor

control and motor development solutions such as its development kits, application notes, and development
tools. First, let's look at an approach to the first challenge.

RA6T2 — Designed for Motor Control

The RA6T2 is an MCU that realizes the real-time control performance required by next generation motor
applications. Renesas has developed a large number of MCUs for motor control in the past, and PWM
timers and analog functions have evolved to realize more advanced control. The RA family, which uses the
Arm Cortex-M core, inherits this excellent DNA and is developing ASSP products for motor control. The
first released was RA6T1 equipped with Arm Cortex-M4. RAG6T2 was recently introduced and is the second
product equipped with Cortex-M33 core and operating at 240 MHz. These MCUs are real-time engine that
combines a 32-bit motor timer and enhanced analog functions with Renesas' original flash memory.

The RA6T2 has two major hardware improvements to achieve high real-time performance for next-
generation motor control — built-in high-speed flash memory and hardware accelerators.
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High-speed flash memory

Generally, when the CPU accesses slow memory, cache memory is used to reduce this overhead because
it waits for the access to complete. However, in the motor control program, cache misses occur and
performance deteriorates due to frequent branch processing and interrupts. Therefore, the RA6T2 has a
built-in high-speed flash memory that operates at 120MHz with no wait state, which is unique to Renesas,
helping to reduce the penalty even in the case of a cache miss and realizes real-time performance with less
fluctuation.

Accelerators for motor control

The RA6T2 is equipped with two hardware accelerators, TFU (Trigonometric Function Unit) and IIRFA (IR
Filter Accelerator), for high-speed motor control operations. TFU handles fast computations of sinf, cosf,
atan2f, and hypotf functions, and is very useful in vector-controlled dq conversion. Similarly, IIRFA can be
applied to notch filters for suppressing mechanical resonance. Since the coefficient and delay data can be
saved in the local memory, the calculation result can be obtained simply by setting the input value. These
accelerators support only the basic elements of motor control which makes them easy to apply to a variety
of existing algorithms.

Due to these two features specialized in real-time performance, it is possible to reduce performance
variation and significantly reduce the CPU load. As a result, it is possible to add high-response and high-
efficiency control and non-real-time processing by shortening the control cycle.

D Peripheral access, AD conv I:I CPU calculation

< Motor 1 control cycle >
]

Conventional | !

RABT2 [ |< Reduction |l

240MHz CPU, 120MHz Flash, Accelerator fusion effect

In addition to improving real-time performance, RA6T2 has a lineup of 48-pin, 64-pin, and 100-pin LQFP
packages. Functionality is compatible between these packages and the pinouts are scalable, making it
easy to share development assets with each other, even in different packages. It will be possible to develop
a platform to realize multi-model development of white goods and industrial equipment and get to market
faster. In addition, 48- and 64-pin QFN packages meet small size requirements such as power tools,
robotics, and drones.

Pin Count 48pin 64pin 100pin
Package type QFN LQFP QFN LQFP LQFP

14 mm

7 mm

= QFN

Package view ~ L]

7 mm
14 mm

10 mm

0.5 mm pitch 0.5 mm pitch

0.4 mm pitch

0.5 mm pitch
0.5 mm pitch
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RA6T2 240MHz 32-Bit Arm® Cortex®-M33 Core

@ Memory

Code Flash 512KB
SRAM 64KB ECC
DataFlash 16KB
Standby RAM 1KB

@Communication

CAN-FDx 1
12Cx2
SPIx2
SCI x6

N Analogue

16-bit A/D (up to 21ch)
3ch SH

16-bit A/D (up to 17¢h)
3ch S/H

12-bit DAC (4ch)
PGA (4ch)
Comparator (4ch)
Temperature Sensor

{§} System

DMA (8ch), DTC, ELC

6 Timers

‘GPT 32-bit (10ch)
Low-power GPT (2ch)
WDT

@ Safety

Memory Protection Unit

Interrupt Controller
Clock Generation
On-Chip Oscillator
HOCO (16/18/20MHz)
MOCO (8MHz)
LOCO (32KHz)
Low-power Modes
TrustZone

ECC SRAM

Clock Frequency
Accuracy Measurement

CRC Calculation
IWDT

Data Operation Circuit

Flash Area Protection
ADC Self Test

RA6T2 Motor Development Solution

The next major issue is the construction of an evaluation environment for motor control

solutions to solve the needs of developers.

Motor Control Kit MCK-RA6T2

NVIC | JTAG | SWD | ETM

vy
’ c,/’Accelerator

Trigonometric Function Unit
IIR Filter

ﬁ Security

Unique ID
TRNG
AES 128/256
Key Management
GHASH

Eﬁi Package

LQFP 48, 64, 100
QFN 48, 64

. RA6T2 has various

Hardware reference kit for evaluation of and development with RA6T2

= One package with all components for turning the motor

The inverter board is directly connected to the CPU board equipped with RA6T2 via a connector. A
BLDC motor is also included, so you can start turning the motor as soon as you open the box.

RENESHS
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= A wide choice of sample code and development tools are available

Not only is the motor control program pre-programmed to the MCU to allow you a good experience, but
various application notes are available online, as well. All sample programs provided were developed

specifically to run on this kit.

Name

MCK-RA6T2

(Renesas Flexible Motor Control Kit for RA6T2 MCU Group)

Product model name

RTKOEMA270S00020BJ

On-board CPU

RA6T2 (R7TFA6T2BD3CFP)

Included items

+ Motor control CPU board

-+ 48V / 10A inverter board

+ COM board for Renesas MCU
- BLDC motor

+ Accessories (USB cable, COM cable, standoffs, screws)

IIF

- Hall, Encoder, Inductive sensor
- CAN, SPI

+ User I/Fs (SWs, LEDs and variable resistors)

Overview of MCK-RAG6T2

Application notes and sample code for motor control

RABT2 is supported by application notes and sample code for controlling various motors. All can be

downloaded from the website according to the motor type and control algorithm used.

= Application note

There are several different application notes published. Some detail the control software of 120-degree
energization method that operates various motors based on sensor-less vector control. Others explain

how to use the Renesas Motor Workbench motor control development support tool with detailed
descriptions of functions and control flows, which are very useful for development and evaluation.

= Sample code

Each application note comes with sample code that can be downloaded to the MCU. Various software
and drivers are used with MCK-RAG6T2, the Motor Control evaluation kit for RA6T2, including control
algorithms, system control, PWM control and AD converters.

Currently, we have released 10 application notes for motor control, and we will continue to release more

that contribute to user development.
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Title Release date

RAG6T2 120-degree conducting control of permanent magnetic Dec 9, 2021
synchronous motor using hall sensors

RAG6T2 Sensorless 120-degree conducting control of permanent magnetic |Dec 9, 2021
synchronous motor

RAG6T2 Sensorless vector control for permanent magnet synchronous Dec 9, 2021
motor
RABT2 Sensorless vector control with one shunt for permanent magnet Dec 9, 2021

synchronous motor

RABT2 Vector control for permanent magnet synchronous motor with Dec 9, 2021
encoder
RA6T2 Sensorless vector control for dual permanent magnetic May 16, 2022

synchronous motor

Digital Filtering using the IIR Filter Accelerator - Application Project Jun 7, 2022
RAGBT2 Accelerators (IIRFA/TFU) performance in motor application Jun 17, 2022
RABT2 Vector control for permanent magnetic synchronous motor with Jun 29, 2022
hall sensors

RAGBT2 Vector control for permanent magnetic synchronous motor with Jun 29, 2022

inductive sensor

Initial application notes combine basic motor types and control methods, later releases are more specific to
actual applications.
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https://www.renesas.com/document/apn/ra6t2-sensorless-120-degree-conducting-control-permanent-magnetic-synchronous-motor-implementation
https://www.renesas.com/document/apn/ra6t2-sensorless-120-degree-conducting-control-permanent-magnetic-synchronous-motor-implementation
https://www.renesas.com/document/apn/ra6t2-sensorless-vector-control-permanent-magnet-synchronous-motor-implementation
https://www.renesas.com/document/apn/ra6t2-sensorless-vector-control-permanent-magnet-synchronous-motor-implementation
https://www.renesas.com/document/apn/ra6t2-sensorless-vector-control-one-shunt-permanent-magnet-synchronous-motor-implementation
https://www.renesas.com/document/apn/ra6t2-sensorless-vector-control-one-shunt-permanent-magnet-synchronous-motor-implementation
https://www.renesas.com/document/apn/ra6t2-vector-control-permanent-magnet-synchronous-motor-encoder-implementation
https://www.renesas.com/document/apn/ra6t2-vector-control-permanent-magnet-synchronous-motor-encoder-implementation
https://www.renesas.com/document/apn/ra6t2-sensorless-vector-control-dual-permanent-magnetic-synchronous-motor
https://www.renesas.com/document/apn/ra6t2-sensorless-vector-control-dual-permanent-magnetic-synchronous-motor
https://www.renesas.com/document/apn/digital-filtering-using-iir-filter-accelerator-application-project
https://www.renesas.com/document/apn/ra6t2-accelerators-iirfatfu-performance-motor-application
https://www.renesas.com/jp/en/document/apn/ra6t2-vector-control-permanent-magnetic-synchronous-motor-hall-sensors
https://www.renesas.com/jp/en/document/apn/ra6t2-vector-control-permanent-magnetic-synchronous-motor-hall-sensors
https://www.renesas.com/document/apn/ra6t2-vector-control-permanent-magnetic-synchronous-motor-inductive-sensor
https://www.renesas.com/document/apn/ra6t2-vector-control-permanent-magnetic-synchronous-motor-inductive-sensor
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Dual Motor Control Solution

Explains how to implement sensor-less vector control
software that drives dual permanent magnet synchronous
motors (PMSMs) using RA6T2. Since the MCK-RAGT2
CPU board has two connector I/Fs to add inverter boards,
users can start evaluation immediately by preparing an
additional inverter board.

In the field of home appliances, there is a need for multiple
motors for washing machine main motors, fans, blower
control, and industrial motors, and the ability for users to
evaluate dual motors without having to prepare an
evaluation board by themselves contributes to shortening the development period.

In addition, RA6T2 is equipped with peripheral functions specialized for dual motor control, and also
realizes dual motor control with low system load using the high 240 MHz CPU performance. Get this kit and
application notes to experience the high performance of the RA6T2 for yourself.

Accelerators (IIRFA / TFU) performance in motor application

This is an application note for evaluating the processing time reduction effect of IRFA and TFU installed in
RAGT2. It is possible to measure and compare the processing time in the sample code using IIRFA and
TFU and the sample code written in C source without using them. The structure of the program is as
follows:

Software
B T
5-stage 1-stage Second- i i dqg transform
notch filter notch filter order l,OW— i in vector
pass filter ' control
Switching between using/not using IIRFA/TFU to run
Hardware(RAGT2)

- -
N ’

 Target of measurement measurement

! IIRFA GPT
|

\s -

—
M
c

It is very difficult to estimate the performance of the hardware accelerator installed in the MCU even by
referring to the user manual. However, this application note includes guidance and sample projects that
take advantage of accelerators, allowing you to measure performance by actual measurement. Since IIRFA
and TFU have different processing blocks that they are good at, | will explain the target processing.

RENESAS
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Filter processing for IRFA measurement (notch filter, low-pass filter)

A notch filter removes a specific resonance frequency component. It is used for damping control of servo
motors and robot arms. In addition, when using an operational amplifier, a second-order low-pass filter is
often used because it is easy to adjust the cutoff frequency. In this application, these operations were
compared when (1) IIRFA was not used, (2) FSP API was used and (3) the input data register was set
directly. IIRFA is effective in multi-stage processing and the operation is completed in 1/5 when using the
API with a 5-stage notch filter and 1/21 when using the register directly.

IIRFA

[e)]

time [us]
N

N

o

5-stage notch filter 1-stage notch filter 2nd order low-pass filter

C source APl Used mAPI not used

TFU measurement processing (dq conversion)

In vector control, the calculation to obtain the active current (g-axis current) and reactive current (d-axis
current) from the actual phase current is called dgq conversion. The sin and cos operations at the time of
this conversion are measured using TFU. The results of measurements and comparisons with and without
TFU are also shown below. It can be seen that the Renesas software can be executed in less than half the
processing time.

TFU (dqg conversion)

1.5

time [us]
=

0.5

TFU disable TFU enable

In general, hardware accelerators combine many operation blocks with vendor-specific algorithms, so
porting existing software for users is extremely difficult and expected performance may not be achieved.
Because RABT2 targets motor control for both IIRFA and TFU, one of the features is that it can be
implemented flexibly because it is hardware acceleration for basic processing that any user can use.
Please refer to this Accelerators application note and experience the ease of use and high performance of
IIRFA and TFU.
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Motor control development support tool 3.0 (Renesas Motor Workbench 3.0)

Renesas Motor Workbench is a debugging tool for motor control. With the Analyzer function, you can read
and write variables inside the microcomputer and display the waveform of variables. The Tuner function
can identify motor parameters and automatically acquire the control parameters used in vector control. With
Renesas Motor Workbench, even beginners can operate a motor using the intuitive GUI.

ander | (@Status Indicator | ff+Oneshot

Select Data Control
Up Down Color

Stop Run Reset

Execution No. 0 Execution No. 0

Board Ul

Execution No. 0

RMW UI

Execution No. 0

Execution No. 0

QE for Motor

QE for Motor is a software development support tool that allows you to develop motor control software
simply by operating according to the provided workflow. It can be downloaded free of charge as an
extension of the Renesas integrated development environment e? studio. By linking with the Flexible
Software Package (FSP), you can efficiently set the middleware and driver for motor control while checking
the configuration diagram within a hierarchical structure.

&l Motor Main (QF) 52 § =0

Workflow Diagram

Evaluating Renesas
Motor Solutions

Obtain More Information
Renesas has a diverse portfolio of
motor solutions to support a wide
range of motor application. Find out
more by clicking the button below.

Explaore

1. Preparation (7]

Prepare software for motor
control and make tool setting.

Select Target Project
Select a target project from the
e?studio workspace.

RAST2_MCILV1_SPM_LESS_FOC_E2S.V W
2 @

Device : R7FAST2BDICFP

2. Tuning (7}
Run the tuning program to obtain the
motor control parameters.

Prepare Tuning Program

Select Tuning Program
Generate Tuning Program

Download Tuning Program
Tuning Program:

3. Analyze (7]
Analyze and monitor the motor system
operation.

Build Application Program
Build Project

Download Application Program
Application Program:

[ DebugerasT2_MCLY

Downiload

| DebugfRAST2_MCILV1_SP ) elf |
Configure Motor Software Start Analyzer
- Dawnioad Select a configuration file for Analyzer.
Start Configuration — —————
Start Tuner RABT2_MCILV1_SPM_LESS_FOC_E25_VOTOLmt W
Select a configuration file for Tuner.
Lonfigure Tool
Configure Tool P ——— T T T Launch Renesas Motor Waorkbench for Analyzer.
. AE C o Use Default Configuration{RAST2_MCILV1_SPM_LES w )
Open QE Setting D-Cﬂllns meode
Launch Renesas Motor Workbench for Tuner. oo At
unch <Analyzers
Launch «Tuner= -
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QE for Motor also works with Renesas Motor Workbench, which tunes and analyzes motors. Since the
settings required for Renesas Motor Workbench are automated, you can use these functions with a simple
push of a button.

Summary

Next-generation motor control systems are becoming more complex and multi-functional, while severe cost
reductions are demanded. RA6T2 responds to customer needs by realizing control, multi-tasking
processing, and platform development with an eye on the next-generation with excellent performance and
various package deployments. In addition, we provide various evaluation and development solutions to
provide a shortcut to realize a high-performance motor control equipment system and shorten the
development period.

Resources

» RABT2 product page
= RABT2 Motor Evaluation and Development Kit MCK-R A6T2 Tool Page
= Motor Control Development Support Tool Renesas Motor Workbench 3.0

= QE for Motor: Development Assistance Tool for Motor Applications
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RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL SPECIFICATIONS AND
RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE DESIGNS), APPLICATION OR
OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND
DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED, INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

These resources are intended for developers skilled in the art designing with Renesas products. You are solely responsible for (1) selecting
the appropriate products for your application, (2) designing, validating, and testing your application, and (3) ensuring your application meets
applicable standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Renesas
grants you permission to use these resources only for development of an application that uses Renesas products. Other reproduction or use
of these resources is strictly prohibited. No license is granted to any other Renesas intellectual property or to any third party intellectual
property. Renesas disclaims responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages,
costs, losses, or liabilities arising out of your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise alters any

applicable warranties or warranty disclaimers for these products.

(Rev.1.0 Mar 2020)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, Koto-ku, Tokyo 135-0061, For further information on a product, technology, the most up-to-date
Japan version of a document, or your nearest sales office, please visit:
https://www.renesas.com https://www.renesas.com/contact-us
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are the property of their respective owners.
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