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Speeding Up Development of Applications Using Advanced Motor
Control Algorithms and Simplified Development Hardware

Introduction

Electrical motors and their control have changed almost beyond recognition in the past decades. Advancements in
magnetics and design, coupled with continued miniaturisation and integration in electronics, have delivered improved
efficiency, higher speeds, lower audible noise, and higher dynamic response. Furthermore, the higher torque to weight
ratio has made way for some impressive new applications, like drones. At the same time, the reduced mechanical wear,
thanks to a lack of carbon brushes, delivers as much as six times longer lifespan over brushed DC motors.

What remains challenging is the control of such motors. The semiconductor industry has developed a range of solutions,
from simple with limited configuration to advanced using a microcontroller with highly competent motor control
peripherals. Therefore, it makes sense to regularly review the silicon landscape when starting or updating a design. To
support developers, there are also a wealth of development boards and evaluation tools to ease the prototyping process
and quickly discover the available capabilities.

Fast Motor Start-Up

The options for application prototyping have exploded in recent years, with a plethora of boards to simplify the
integration of sensors, memories, and input controls. At the forefront of this development is MikroElektronika, the Serbian
manufacturer of tools and software for embedded systems. Their Clicker 4 for TMPM4K targets brushless motor control,
delivering a low-cost but versatile entry point board for prototyping based upon their well-established mikroBUS
interface.

At the core of the Clicker 4 is the TMPM4KNFYAFG microcontroller from Toshiba featuring a 32-bit Arm® Cortex®-M4 core.
The device targets brushless motor control applications with four dedicated peripherals (Figure 1). The first is the
Advanced Vector Engine Plus (A-VE+), a vector control accelerator that can handle axis and coordinate transformation,
perform space vector modulation, and provides hardware proportional-integral (PI) controllers. Once configured, this
peripheral can execute vector motor control almost autonomously. This is made possible due to the high level of
integration with the three other key peripherals. An Advanced Programmable Motor Control (A-PMD) provides an array of
clever pulse modulation options that simplifies control and eases the deadtime configuration. It also offers a collection
of abnormal function detection capabilities and an over-voltage detection input for system safety.

The Advanced Encoder Input Circuit (A-ENC32) supports both Hall and incremental encoders for six modes of operation
in sensor-controlled applications. Finally, the 12-bit Analog to Digital Converter (ADC) supports current and voltage
monitoring, autonomously triggering from the range of A-PMD module signals. Together, the four peripherals provide
almost “set and forget” support for sensor-based and sensorless vector motor control.
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Figure 1. TMPMAKNFYAFG's dedicated peripherals for field-oriented BLDC motor control support high-precision
encoders as well as sensorless systems when coupled with the firmware’s accurate position control algorithms

Additionally, the TMPM4KNFYAFG has a complete collection of common microcontroller peripherals, from
communication to analogue, along with 256 kB code flash, 32 kB data flash, and 24 kB of SRAM operating at up to 160
MHz. Self-diagnostics are also supported to meet functional-safety standards such as IEC 60730 class B.

The Clicker 4 evaluation board (Figure 2) features two different options for debugging. An onboard debug system provides
a standard CMSIS-DAP interface that is supported by most of the popular integrated development environment (IDE)
platforms. Alternatively, a JTAG/SWD interface is provided for use with an external debugger. A USB interface configured
as a serial port is also provided, giving developers a method for outputting text messages from their application or an
input for downloading control or configuration data.

Figure 2: The Clicker 4 evaluation board for TMPM4K
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To speed up prototyping, the board also provides four mikroBUS sockets. This standard, defined and maintained by
MikroElektronika, offers default pinning for analogue, SPI, UART, I°C, a reset signal, interrupt, PWM, and power. Currently,
well over 400 boards support the standard, and more than 1300 Click boards comes with functionality ranging from
sensor inputs and wireless connectivity to rotary encoders and external memory.

The board features six LEDs and push buttons, a reset button, and external power inputs for a power supply or battery.
Many of the microcontroller’s pins are routed to two 20-pin headers on either side of the board (Figure 3), making it easy
to expand functionality, connect external circuitry, or monitor signals with test equipment.

1 1 21. G3 :I &G
INTERRUPT 12 2 . 2
13 3. RO a 23, D1
= 14 4, e on time @-24SVEN D
— Pl 5, 8 25, D3
P2 6. 5 . 26. — D4
PWM P3 7. TP3 @ +5V E?'r'é\'r" i ™ TP4 © +3.3V p 27. n
- P4 8. mikro: H mlkl‘ﬂ W { 28. )
—  RX2 9. BUS BUS ( 29. D7
UART ™2 10. ; ! 30.
RX3 11 5 31.
L TX3 12. $/PGO PUY H] PFI/R) K 32
13. SCK/PGE PUO/TX 2CK/PGE PFB/TX ::I s 33.
14. MISO/PG4 PD4/SGL WIS0/PG4 PD4/SCL ? \ 34.
GPIO [ Gl 15 MOSI/PGS PDI/SDA M0SI/PGS PD3/SDA ? 35. GND
G 16. +3.3V +5Y 3.3V n ¢ 36. EXT
17. GND 1 3 7. 33V
18. 38, 5V PWR
19. 39. VREF
20. 40. RESET

ml

SW1

e = | comumm

Werwv  BINTERRUPT [12c MMUART [ ANALOG ISPl [ DIGITAL

Figure 3: Microcontroller features are routed to both edges of the Clicker 4, simplitying attachment of prototyping
clrcuits or monjtoring of signals.

Speedy firmware development

The board is supported by Toshiba’s MCU Motor Studio™, a software package containing two components. The first is the
motor control firmware for the TMPM4K family of microcontrollers. With solutions for sinewave commutation and vector-
oriented control, it’s suited to brushless DC (BLDC), permanent magnet synchronous (PMSM), switched reluctance and
asynchronous AC motors. The firmware can support up to three motors from a single M4K microcontroller, but the Clicker
4 is designed to support a single motor. The second software component is the Motor Control PC Tool, providing
parameter configuration, drive control, and real-time logging and diagnostics via the Clicker 4’s high-speed UART/USB
interface.
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The firmware (Figure 4) offers three control schemes: speed, torque, and precise position. Each scheme defines the
primary control point for the algorithm. In speed mode, the algorithm attempts to maintain the desired speed of the
motor. In torque mode, the algorithm concentrates on maintaining the motor at the set torque, adjusting the speed as
required. Finally, for precision position mode, the focus is on the rotor position, although torque and speed are adapted
as needed. All three control schemes are available in conjunction with sensorless and sensor-based motor control.

Both one-shunt and three-shunt current detection schemes are supported. When coupled with the precision position
control mode, high accuracy is possible. Compared to a Hall sensor (offering 60° detection points) measurements have
confirmed that the Toshiba motor control algorithm shows better accuracy. The results are also close to those attained
using a high-precision encoder. PWM frequencies are generally in the 16 to 20kHz range, although the combination of
software and hardware supports up to 50kHz.

In the motor control services layer (Figure 4), various advanced and convenient functions are available, all abstracted
from the board and hardware used. This simplifies porting to other hardware or microcontrollers within the M4K family.
A Zero Current Point detector calibrates the ADC with no current applied to the motor, an essential part of the control
algorithm. Stop Control supports gentle braking, short-braking through shorting the MOSFETSs in the inverter, and self-
inertia braking by leaving the inverter MOSFETSs open circuit. Recovery from a magnetic field stall condition is available,
along with load-dependent speed reduction. Sensor-based and sensorless precise control are also integrated into this
software layer.

Fault protection mechanisms include over current and voltage, and under voltage, along with motor disconnection
detection and over temperature monitoring. A digital storage oscilloscope (DSO) and high-speed DSO, along with
statistics collection, are available to observe the internal operation of the control algorithm and sensor data. This is of
significant benefit to software developers as the firmware cannot be halted using the debugger to examine the state of
registers and memory. The available data, including target and actual speed, torque and current, are monitored with the
Motor Control PC Tool (Figure 7).

Motor Control Firmware
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Figure 4: The layered structure of the motor control firmware.
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Driving the motor

The Clicker 4 can be combined with the MikroElektronika Clicker 4 Inverter Shield (Figure 5) that provides the interface to
the chosen motor and any sensor. The three-phase inverter is constructed from an SPI-based 60V gate driver coupled
with Toshiba’s low Rpsony SSMEK819R MOSFETs available in ultra-small 1 x Imm packages. An analogue output
temperature sensor provides feedback to the Clicker 4 MCU board on the operating temperature, while an incremental

encoder interface supporting four differential receivers or two single-ended receivers handles RS-422, HTL, and TTL
Sensors.

Figure 5: The Clicker 4 for TMPM4K combined with the 3-phase Clicker 4 Inverter Shield featuring Toshiba’s low Rosiow)
SSM6K819R MOSFETS driving a BLDC motor

A CAN transceiver rounds off the design complete with a selectable 120Q termination resistor. Many of the Inverter Shield
features can be configured using a selection of jumpers delivered with the board. All key signals, interrupts, and the CAN
interface are provided along two headers at the side of the board (Figure 6).

Motor configuration, control, monitoring, and diagnostics

Matching the firmware to the chosen motor is achieved with ease using the Motor Control PC Tool. With the chosen
elements compiled into the firmware and downloaded to the microcontroller, the PC tool allows the developer to define
the motor characteristics using its graphical user interface (GUI). Initial configuration options cover the number of pole
pairs, direction, and resistance and inductance of the windings. In the event that the required details are not included in
the datasheet for the motor, a range of calculators are included to help determine missing values.
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Figure 6: For a quick start the motor parameters can be easily contigured and uploaded to the target by the Motor

Studio PC Tool

The motor control firmware’s Pl controller is also configured using the GUI along with the PWM frequency. Some settings,
such as the shunt, deadtime, and bootstrap delay, are configured in the firmware and only read out from the
microcontroller for display. To check which features are compiled into the firmware, developers can access an

information panel with a complete list.
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Figure 7: The GUI provides a means to configure the firmware to match the selected motor (left), monitor any errors
that occur (top centre), and display real-time data using the integrated Digital Oscilloscope (bottom centre).
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Settings within the GUI can be uploaded live to the Clicker 4 board. When the optimal settings are found, they can be
exported as a new header file using the PC tool. Source code for the M4K microcontroller is provided that can be built
with the leading development toolchains, e.g., IAR Embedded Workbench.

Summary

BLDC and PMSM motor control developers continually look for more efficient, compact, and higher-density solutions to
build motor inverters. The Clicker 4 and the Inverter Shield provide them with a rapid, low-cost means of evaluating
Toshiba’s M4K family of microcontrollers, thanks to the integrated onboard debugger and power devices. Combined with
the firmware as source code and a PC tool that delivers real-time statistics and DSO output, designers can rapidly
prototype sensor-based and sensorless motor control using off-the-shelf development toolchains before moving to the
design stage.

References

1. Software and firmware: https://toshiba.semicon-

storage.com/eu/semiconductor/product/microcontrollers/motor-studio.html

Contact us to discuss incorporating
our products and seolutions into your
design:

https://toshiba.semicon-storage.com/eu/contact.htmil
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Restrictions On Product Use

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”.
Hardware, software and systems described in this document are collectively referred to as “Product”.
e TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

e This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with
TOSHIBA’s written permission, reproduction is permissible only if reproduction is without alteration/omission.

e Though TOSHIBA works continually to improve Product’s quality and reliability, Product can malfunction or fail. Customers are
responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software
and systems which minimise risk and avoid situations in which a malfunction or failure of Product could cause loss of human life,
bodily injury or damage to property, including data loss or corruption. Before customers use the Product, create designs
including the Product, or incorporate the Product into their own applications, customers must also refer to and comply with (a)
the latest versions of all relevant TOSHIBA information, including without limitation, this document, the specifications, the data
sheets and application notes for Product and the precautions and conditions set forth in the “TOSHIBA Semiconductor Reliability
Handbook” and (b) the instructions for the application with which the Product will be used with or for. Customers are solely
responsible for all aspects of their own product design or applications, including but not limited to (a) determining the
appropriateness of the use of this Product in such design or applications; (b) evaluating and determining the applicability of any
information contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any other
referenced documents; and (c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO
LIABILITY FOR CUSTOMERS’ PRODUCT DESIGN OR APPLICATIONS.

e PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY
CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT
("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without
limitation, equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or life supporting
medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signalling equipment,
equipment used to control combustions or explosions, safety devices, elevators and escalators, and devices related to power
plant. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please
contact your TOSHIBA sales representative or contact as via our website.

e Do notdisassemble, analyse, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

e Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under
any applicable laws or regulations.

e Theinformation contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for
any infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No
license to any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

o ABSENT AWRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR
PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER,
INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING
WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND
(2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT,
OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR
PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

e Do not use or otherwise make available Product or related software or technology for any military purposes, including without
limitation, for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile
technology products (mass destruction weapons). Product and related software and technology may be controlled under the
applicable export laws and regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and
the US Export Administration Regulations. Export and re-export of Product or related software or technology are strictly
prohibited except in compliance with all applicable export laws and regulations.

e Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of
Product. Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES
OR LOSSES OCCURRING AS A RESULT OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.
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