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Warranty and Disclaimer

Warranty and Disclaimer

To the maximum extent permitted by applicable law, Fujitsu Microelectronics Europe GmbH restricts
its warranties and its liability for all products delivered free of charge (e.g. software include or
header files, application examples, target boards, evaluation boards, engineering samples of IC’s
etc.), its performance and any consequential damages, on the use of the Product in accordance with
(i) the terms of the License Agreement and the Sale and Purchase Agreement under which
agreements the Product has been delivered, (ii) the technical descriptions and (iii) all accompanying
written materials. In addition, to the maximum extent permitted by applicable law, Fujitsu
Microelectronics Europe GmbH disclaims all warranties and liabilities for the performance of the
Product and any consequential damages in cases of unauthorised decompiling and/or reverse
engineering and/or disassembling. Note, all these products are intended and must only be used
in an evaluation laboratory environment.

1. Fujitsu Microelectronics Europe GmbH warrants that the Product will perform substantially in
accordance with the accompanying written materials for a period of 90 days form the date of
receipt by the customer. Concerning the hardware components of the Product, Fujitsu
Microelectronics Europe GmbH warrants that the Product will be free from defects in material
and workmanship under use and service as specified in the accompanying written materials
for a duration of 1 year from the date of receipt by the customer.

2. Should a Product turn out to be defect, Fujitsu Microelectronics Europe GmbH’s entire liability
and the customer’s exclusive remedy shall be, at Fujitsu Microelectronics Europe GmbH’s
sole discretion, either return of the purchase price and the license fee, or replacement of the
Product or parts thereof, if the Product is returned to Fujitsu Microelectronics Europe GmbH in
original packing and without further defects resulting from the customer’s use or the transport.
However, this warranty is excluded if the defect has resulted from an accident not attributable
to Fujitsu Microelectronics Europe GmbH, or abuse or misapplication attributable to the
customer or any other third party not relating to Fujitsu Microelectronics Europe GmbH.

3. To the maximum extent permitted by applicable law Fujitsu Microelectronics Europe GmbH
disclaims all other warranties, whether expressed or implied, in particular, but not limited to,
warranties of merchantability and fithess for a particular purpose for which the Product is not
designated.

4. To the maximum extent permitted by applicable law, Fujitsu Microelectronics Europe GmbH’s
and its suppliers” liability is restricted to intention and gross negligence.

NO LIABILITY FOR CONSEQUENTIAL DAMAGES

To the maximum extent permitted by applicable law, in no event shall Fujitsu
Microelectronics Europe GmbH and its suppliers be liable for any damages whatsoever
(including but without limitation, consequential and/or indirect damages for personal
injury, assets of substantial value, loss of profits, interruption of business operation,
loss of information, or any other monetary or pecuniary loss) arising from the use of
the Product.

Should one of the above stipulations be or become invalid and/or unenforceable, the remaining
stipulations shall stay in full effect
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Chapter 1 Introduction

1 Introduction

Brushless motors are meanwhile used in a wide variety of applications. Their durability,
dynamic and silent run as well as their high torque and power per weight/volume make them
a favourable motor for many fields formerly dominated by brushed DC or universal motors.
Brushless permanent magnet motors are used in high-end servo drives as well as in low-
cost fans. Also the demands for the used microcontroller and its software vary with the
application, from high-performance control loops in servo drives to simple open-loop control
in fans or simple electro-mechanical systems.

In many applications, the dynamic requirements for the motor are not too high, and a
brushless motor is chosen because of its silent run, durability and robustness. In some of
these cases, the used microcontroller does not necessarily need special hardware resources
to control such a motor.

This application note will give a short introduction to the principles of the BLDC (Brushless
DC) motor using Hall sensors and how it can be controlled using virtually any microcontroller
with at least three or four external interrupt (or input capture) pins and one PPG channel.
Also, in some applications a single MCU can control multiple motors, with different demands
on dynamics. As an example, the drum of a modern direct-drive washing machine will work
best with a sophisticated vector drive for efficiency and noise reduction, while the water
pump might be equipped with a small BLDC running open-loop with block commutation. By
using some hints shown in this application note, both can be controlled by a single
microcontroller, which can also handle other control tasks.
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Chapter 2 BLDC basics

2 BLDC basics

2.1 BLDC basics

The basic construction of a brushless DC motor bears some analogy to a usual brushed DC
motor turned inside out. Now that the moving rotor contains the permanent magnets and the
stator carries the phase windings, the mechanical commutator is replaced by an electronic
one. This saves space in the motor and eliminates the problems caused by the
commutator’s brushes, like brush wear, abrasion and arcs. The lifetime of a BLDC motor is
basically only limited by the bearings. The BLDC offers a better torque-to-volume ratio than
its brushed ancestor, because of the saved room usually needed for the commutator.
Additionally, the BLDC can dissipate heat much better because of the lower thermal
resistance of the windings to the housing. Also, the complete motor can be sealed (e.g. for
pumps) or even run directly in liquids. The absence of arc sources makes it ideal for
explosive environments. With modern microcontrollers and power electronics, the electronic
commutation of BLDC motors is easily possible. Most BLDC motors are equipped with three
Hall sensors for rotor position feedback, displaced 120 el. degrees to each other, so that the
combination of the Hall sensor signals yields the rotor position within 60° el. For more
precise position measurement, e.g. optical encoders can be used.

Stator

Figure 1: Three-phase BLDC motor

As the motor rotates, the permanent magnets induce a voltage in the motor phase windings,
the so called back-EMF (Electro-Magnetic Force). In many BLDC motors, the back-EMF has
a nearly trapezoidal shape as a result of their optimization for six-step commutation, while a
‘pure’ synchronous motor has a nearly sine-wave back-EMF shape. These motors preferably
are driven by a sine wave inverter, e.g. using space vector modulation.

Most BLDC motors are three-phase motors, but also two-phase versions exist. These mainly
are used for small pumps or blowers, e.g. in personal computers. Because of its close
relationship to other permanent magnet motors, the BLDC is also known by other names,
such as Electronically Commutated (EC) motor, PMSM (Permanent Magnet Synchronous
Motor) or Brushless AC motor. Often, ‘EC’ or ‘BLDC motor’ means the block-commutated
variant with trapezoidal back-EMF voltages, because its behaviour is very similar to a
brushed DC motor. PMSM or PMAC mostly refer to a motor with sinusoidal back-EMF which
is driven by sine-modulated currents. This results in nearly no torque ripple and a very high
performance capability.
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2.2 BLDC with block commutation

The easiest way to drive a BLDC motor is called block commutation (also known as six-step
or trapezoidal drive). It is easy to implement on many microcontrollers, especially when the
motor has Hall sensors. In this case, every slope on a Hall sensor signal triggers the next

commutation. A part of this sequence is shown below:

SD&HHE

Stator Stator Stator Stator

Figure 2 : Rotating BLDC motor

Block commutation is often used in simple applications with moderate demands on dynamic
behavior and acceptable torque ripple / noise. However, it is possible to optimize the motor
construction for trapezoidal drive, reducing the noise and torque ripple.

Setting up a three-phase PWM for block commutation is quite simple and does not
necessarily need special waveform generator functions. All active channels can use the
same duty cycle, or the PWM is applied to the active high- or low-side transistor only.
Complementary switching (and with it dead-time insertion) is not necessary in this
application. The main task is to generate a PWM signal and distribute it to two of the six
inverter transistors according to a commutation lookup table. This can be done in several
ways:

1. Usage of six PPGs or OCUs and enabling / disabling their output pins at every Hall
sensor change

2. Usage of one PPG or OCU; In the corresponding interrupt service routine, the drive
pattern for the inverter according to the current sector is applied (rising PPG slope) or
cleared (falling PPG slope) on arbitrary 1/0O pins.

3. Usage of one PPG or OCU, six I/O-Pins and an external 6ch AND-Gate

4. ..

The third possibility works well, but requires additional hardware and connections.

If the PPG unit of the MCU has the possibility to issue interrupt requests on duty match as
well as on counter zero (e.g. Fujitsu 16FX), the second possibility is very easy to implement.
The PPG output pin is then not needed. In case the PPG only offers an interrupt on counter
zero or even no interrupt at all, the PPG output pin can be connected to an external
Interrupt or Input Capture pin in order to generate the Interrupts for the PWM.

Because of the interrupt latency, there are some restrictions on minimum and maximum
duty cycle, especially when using the variant with the external Interrupt. The minimum duty
cycle is no limitation, because most BLDC motors will need about 20-40% duty to keep
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running anyway. Also the limited maximum duty is no real problem, since it can be raised to
100% by simply not clearing the pattern in the ISR, leaving only the ‘pure’ commutation.

Rotor Angle o 60°  120°  180°  240°  300°  360° 60°
(electrical)

Hall A

Hall B

Hall C

PWMLAL AR AR AR

PWM1H

PWM2H RN ARRRRARRY

pwmzL [T RN

BWMSH AR AR

PWMB3L AR ARRY

Phase U

Phase V

Phase W

Figure 3 : Block commutation pattern

MCU-AN-300020-E-V10 -8- © Fujitsu Microelectronics Europe GmbH



BLDC Drive with PPG FUﬁTSU

Chapter 3 Software examples

3 Software examples

3.1 Example for 8FX

In the software examples packed with this document, a configuration example for the 8FX
Series MB95F108 (‘Bassoon’) Flash MCU used on the CONCERTO-KIit is included. The
example uses a single 8-/16-bit PPG channel to generate a right-aligned PWM. The PPG
zero interrupt service routine is used to turn all inverter transistors off. The ISR of an external
interrupt connected to the PPG output is used to detect the rising edge of the PPG and turn
on the correct transistors for each sector using a lookup table. For a left aligned PWM, the
PPG output could be inverted and the external interrupt would be configured for falling edge.
Then, the PPG zero interrupt would switch on the outputs, while the match interrupts would
clear them. For this application, the PWM type is arbitrary.

The PPG itself is configured as 16-bit PPG with a period setting of 0x100. Since the duty
cycle in the example only reaches Oxff, it is assured that edges always occur to trigger the
external Interrupt.

As soon as the duty cycle becomes too high (relative to the IRQ latency), the PPG ISR does
no longer switch off the outputs, resulting in 100% output duty cycle, independent of the
PPG duty cycle. The following figure shows the PPG output, one phase PWM output and the
overall IRQ load, which remains nearly constant independent of the motor speed.
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Figure 4: 8FX CPU usage during BLDC drive

It can be seen that the MCU has about 30-40% IRQ load (including the ADC interrupts), so
that there is still time for other tasks.
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3.2 Example for 16FX

Since the PPG unit of the 16FX Series can issue interrupt requests for both PPG zero and
duty match, no external connection to an interrupt or input capture is needed. Instead, to
distinguish whether the PWM output shall be turned on or off, the actual timer value is
compared to the duty cycle of the PPG. Since the PDUT registers are write-only, the duty
cycle has to be stored in a variable to be used in the ISR:

__interrupt void ppgl_isr (void){
if ((ppg_duty<=PPG_MAX_DUTY)&&(PTMR1>ppg_duty)) DRIVE_PORT = ALL_OFF; // off
else DRIVE_PORT = active_drivers; // on

PCNL1_IRQF=0; // clear interrupt flag
}

Due to the higher clock speed of the 16FX Series, also the overall MCU load is reduced, as
well as the latency between PPG slope and PWM output and thereby the available duty
cycle range. Note that most interrupts in the figure below are ADC interrupts.
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Figure 5: 16FX CPU usage incl. ADC

See the software example packed with this document for the complete example source
code.

3.3 Example for MB91F267 driving two motors

The MB91265 Series is a MCU with special motor control functions. The Multi-Function
Timer (MFT) can control a three-phase motor using various methods, from block
commutation to space-vector modulation. It can handle the necessary dead-time insertion for
complementary PWM as well as fault protection and the synchronization between the ADC
units and the PWM. Even though for example the MB91F267 has only one MFT unit to drive
a single motor, it is possible to control a second motor with the methods described above. Of
course, since special functions like the DTTI (fault) input or the ADC synchronisation are not
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available for the second drive, they have to be built in software if needed. For example, the
over-current protection could also be done by a comparator connected to the NMI input of
the microcontroller, but the latency untii PWM shutdown will be significantly higher than
when using the DTTI function of the MFT.

Since the PPG of the MB91265 Series does not issue an ISR on compare match, again the
workaround of connecting the PPG output to an external Interrupt pin for PWM generation
has to be made. Also, since the input capture pins are already used by the main motor, the
Hall sensors of the second motor have to be connected to external interrupt pins. Therefore,
the trigger slope for the external interrupt pins has to be re-configured in the corresponding
ISR.

The software example packed with this document drives two BLDC motors, one (the main
motor) by using the MFT to generate sinusoidal phase voltages, and the second driven in
block commutation mode.

The interrupt priorities have to be adjusted according to the application, since the duty cycles
of the sine wave output as well as the external interrupt which turns on the PWM for the
second motor are called once per PWM cycle, and jitter in their timing will cause noise and
less efficiency.
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4  Appendix

4.1 Figures
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4.2 Related Documents

- MB95100 Series Hardware Manual
- 16FX Hardware Manual:

- MB91265 Series Hardware Manual:

Application note to the MB91265 Series Multi-Function Timer:
- mcu-an-300009-e-v10-mb91265 mft_bldc.pdf

4.3 Related software examples

The newest version of these software examples can be found on the web at:

http://mcu.emea.fujitsu.com/

Additional information to other Fujitsu products can be found at:

http://www.fujitsu.com/emea/
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