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Abstract

Learn how cost-effective digital signal controllers (DSCs) and 
microcontrollers (MCUs) are the best choices for electric motor control 
in small appliances, such as toothbrushes, blenders and health care 
devices. The session will highlight several use cases and working 
demos that feature Freescale's S08SH8/4, S08QE8/4 and RS08KA8 
8-bit MCUs, MCF51AC256 ColdFire® MCUs and 56F8013/23 DSCs.
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Universal Motor
Applications
► AC power tools
► Washers
► Dryers
► Garage openers
► Food mixers, blenders
► Vacuum cleaners
► Dishwashers
► HVAC
► Vibrating equipment
► Coffee makers
► Vending machines
► PumpsRecommended Devices

8-bit MCU: HC908JK, JL, KX, MR, QT, QY, QB, GP, GR, GT;
HCS908AW, GB, GT, QG, QE, AC  … any MCU with the right system features
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Brushless DC Motor (Encoder)
Advantages
► Enables bi-directional 

operation with fast-
torque response, low 
noise and high efficiency

► High precision speed
► Torque control
► Position loop can be 

added

Applications
► Robots
► Traction control
► Servo systems
► Office equipment
► Sewing machines
► Fitness 

machines/treadmills
► Toys
► Industrial machines

Recommended Devices
8-bit MCU: HC908MR, HCS908AW, GB, HCS908MP16
16-bit Digital Signal Controllers (DSC): MC56F80xx, MC56F83xx, Anguilla 
White
16-bit MCU: 9S12H, S12E, S12A, S12C, S12GC, S12X
32-bit MCU: MC51QE, MCF521x, MCF523x, MPC56x, MPC55xx
Analog/Mixed-Signal Power ASICs: MPC17510, MPC17529, MPC17531, 
MPC17533, MPC17550, MPC17559, MC34920, MC34921, MC34922, 
MC34923, MC33926, MC34710, MC34703
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3-Phase AC Induction Motor (ACIM)—Vector Control

Advantages
► Very high precision 

speed/torque control
► Suitable for drives with 

high dynamic 
requirements

► Highly efficient

Applications
► Large appliances
► HVAC
► Blowers
► Fan, pumps
► Industrial controls
► Lifts, cranes, elevators
► Universal inverters
► Conveyors

Recommended Devices

16-bit Digital Signal Controllers (DSC): MC56F80xx, MC56F83xx, 
Anguilla White

32-bit MCU: MC51QE, MCF521x, MCF523x, MPC56x, MPC55xx
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3-Phase Induction Motor (ACIM)—Sensorless Vector 
Control (Stator-Flux-Oriented)

Advantages
► High precision 

speed/torque control
► Suitable for drives with 

high dynamic 
requirements

► Removal of speed 
sensor

Applications
► Large appliances
► Industrial compressors
► Water pumps
► Construction 

machinery
► Universal inverters
► HVAC

•Recommended Devices

•16-bit Digital Signal Controllers (DSC): MC56F80xx, 
MC56F83xx, Anguilla White

•32-bit MCU: MC51QE, MCF521x, MCF523x, MPC56x, MPC55xx
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Permanent Magnet Synchronous Motor (PMSM)—Vector 
Control

Advantages
► Exceptionally low noise 

operation
► Outstanding drive 

efficiency
► Precise speed/torque 

control

Applications
► Robotics
► Elevators
► Servo drivers
► Traction systems
► Industrial motion 

control
► Automotive

Recommended Devices
16-bit Digital Signal Controllers (DSC): MC56F80xx, MC56F83xx, 
Anguilla White
32-bit MCU: MC51QE, MCF521x, MCF523x, MPC56x, MPC55xx
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Permanent Magnet Synchronous Motor (PMSM)—
Sensorless Sinusoidal
Advantages
► Very low noise operation
► Very high drive efficiency
► High precision 

speed/torque control
► Suitable for drives with 

high dynamic 
requirements

► Removal of speed sensor

Applications
► Appliances
► HVAC
► Compressors
► Blowers
► Industrial motion controlsDevices

16-bit Digital Signal Controllers (DSC): MC56F80xx, MC56F83xx, 
Anguilla White
32-bit MCU: MCF521x, MCF523x, MPC56x, MPC55xx
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Sensorless Switch Reluctance Motor
Advantages
► Reliable electronics
► High starting torque
► Removal of position 

sensor

Applications
► Industrial machines
► Medical scanners
► Computers, office 

equipment
► Toys
► Food processors
► Vacuum cleaners
► Machine tools
► Large appliances

Recommended Devices
16-bit Digital Signal Controllers (DSC): MC56F80xx, MC56F83xx, 
Anguilla White
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Freescale Motor Control MCU Devices

6 pin 8 pin 16 pin 20 pin 28 pin 32 pin 44 pin 48 pin 64 pin 80+ pin

PIN
COMPATIBLE
PIN
COMPATIBLE

9RS08KA29RS08KA2

9RS08KA19RS08KA1 9RS08KA19RS08KA1

9RS08KA29RS08KA2

9S08AC329S08AC32

9S08AC169S08AC16

9S08AC1289S08AC128

9S08AC 969S08AC 96

9S08AC1289S08AC128

9S08AC 969S08AC 96

9S08AC 609S08AC 60 9S08AC609S08AC60

9S08AC1289S08AC128

9S08AC 969S08AC 96

9S08AC609S08AC60

9S08AC89S08AC8

V1 AC128V1 AC128 V1 AC128V1 AC128

9S08AC329S08AC32 9S08AC329S08AC32

9S08AC169S08AC16

9S08AC89S08AC8

9S08AC169S08AC16

9S08AC89S08AC8

9S08AC609S08AC60

9S08QD49S08QD4

9RS08KA49RS08KA4

9RS08KA89RS08KA8

9RS08KA49RS08KA4

9RS08KA89RS08KA8

V1 AC256V1 AC256 V1 AC256V1 AC256

Coldfire 32-bit

Low end 8-bit

High end 8-bit

56F8036 56F8037

56F83xx 56F83xx 56F83xx 56F83xx

56F801x

56F8023 56F8025

16-bit Digital Signal Controllers

PowerPC
ColdFire V2,V3,V4

9S08SH89S08SH8

9S08SH49S08SH4

9S08SH329S08SH32

9S08SH169S08SH16

9S08SH329S08SH32

9S08SH169S08SH16

9S08SH89S08SH8

9S08SH49S08SH4

9S08SH89S08SH8

9S08SH49S08SH4
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MC9RS08KA8/4►Features / Benefits
• Full rail-to-rail supply operation
• Can operate in STOP mode
• Low Power Operation (<600uA @1MHz bus at 5V)
• Integrated clock source (ICS) - FLL, on-chip osc, ext 

crystal
• COP
• 2 x 8-bit Modulo Timers (MTIM)
• 2ch 16bit Timer (TPM)
• Analog Comparator (ACMP)
• 12 ch 10-bit Analog to Digital Converter (ADC)
• IIC
• 8 channel keyboard interrupt (KBI)
• Low voltage detect (LVD) with reset or stop wakeup
• External Vpp required for Flash programming
• Auto wakeup
• 14/18 GPIO

►Supply Voltage / Performance
• 1.8 - 5.5 V operation
• -40 to 85°C operation

►Core
• RS08 Core
• 10 MHz Bus (2% deviation over full temp and voltage 

range)

►Memory
• 8K / 4K Flash
• 254 / 126B RAM

►Packages
• 16 pin, 20 pin (SOIC/PDIP)

► Target Applications
• Small appliances
• Toys
• Simple analog 

comparator
• Simple logic 

replacement
• HB-LED

► Development tools
• DEMO9RS08KA8
• Fast Track 

CodeWarrior® v6.x

RS08 CPU

254/126B
RAM

8/4K
Flash

LVD

ACMP
Analog Comp

MTIM
2 x 8-bit
Modulo 

Timer

BDC

ICS

COP

KBI

ADC
12 ch 10-bit

TPM
2ch 16-bit 

Timer

IIC
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MC9S08SH8/4► Supply Voltage / Performance
• 2.7 – 5.5 V operation
• -40 to 125°C operation

► Core
• 40 MHz HCS08 core
• 20 MHz bus frequency

► Features / Benefits
• Multiple clock source options

40 MHz ICS
XOSC for range of external clock sources

• 2 x 2-ch 16-bit timer (TPM) & 8-bit modulo timer (MTIM)
• 12-ch 10-bit ADC w/ built-in temp sensor
• Analog comparator (ACMP) that can run in STOP3
• LIN slave support
• Low Voltage Detect (LVD)
• Watchdog timer w/ multiple source options
• Pin interrupts for selectable polarity
• Hysteresis and configurable pull up device on all input pins
• Configurable slew rate and drive strength on all output pins
• Ganged output option to support high current drive

► Memory
• 8/4K Flash, 512B/256B RAM

► Communications
• SCI, SPI, IIC w/ broadcast mode

► Packages
• 8 SOIC, 16 TSSOP, 20 PDIP, 20 TSSOP, 24 QFN

S08 Core

512/256B
RAM

8/4K
Flash

ICE
+

BDM

Pin
Interrupts

COPMTIM

ADC
12-ch 10-bit

ACMP

IICSCISPI

TPM
2-ch 16-bit

Timer

TPM
2-ch 16-bit

Timer
ICS

RTC
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IIC2 x SCISPI

MC9S08QE8/4
► Features / Benefits

• Internal clock source (ICS)
• Vreg w/ fast start-up time and low-regulation 

voltage
• Ultra- Low power 32 kHz oscillator (standby 

current 1.5 uA)
• Optimized clock tree and clock gating 

techniques

► Supply Voltage / Performance
• 1.8 – 3.3 V operation
• -40 to 85°C operation

► Core
• 20 MHz HCS08 core
• 10 MHz bus frequency

► Memory
• 8K Flash, 512B RAM

► Communications
• 2xSCI, SPI, IIC w/ broadcast mode

► Packages
• 16 TSSOP, 16 PDIP, 20 SOIC, 28 SOIC, 32 

LQFP

S08 Core

512/256B
RAM

8/4K
Flash

2-ch
16-bit
Timer

ULP Regulator

KBI

COP

2-ch
16-bit
Timer

ICS w/ ULP OSC

LVI
ICE
+

BDM

ADC
10-ch 12-bit

2 x ACMP
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68K/ColdFire®: Celis MCF51AC
►68K/ColdFire V1 Core: Up to 46 Dhrystone 2.1 MIPS @ 50 MHz
►Up to 32K bytes SRAM / Up to 256K bytes Flash
►Single Supply 5 Volt Operation
►High EMC (EMS) Performance
►Timer modules:

2 x 6ch 16-bit FlexTimer Module (FTM)
1 x 2ch 16-bit TPM

►24ch 12-bit ADC (2.5 us conversion)
ADC triggering from timer in addition to RTC

►msCAN Interface for Industrial Control
►Real Time Counter (RTC)
►2 x Serial Peripheral Interface (SPI), 2 x SCI
►I2C bus interface with broadcasting mode
►Low Voltage Detect (LVD), Low Voltage Warning (LVW)
►Multi-Clock Generator (MCG)
►Dual comparators (one linked to timer)
►IEC60730 class C safety features

Cyclic Redundancy Check (CRC)
Watchdog option to run on independent clock source (LPO)

►Up to 70 General-Purpose I/O
►Offered at -40°C to +105°C @ 50MHz
►Packages: 

64LQFP,  64QFP, 80LQFP

New or Enhanced Module

Part Number Flash RAM CAN Price
Celis 256k 32k Yes $4.33
Celis 256k 32k No $4.23
Celis 256k 16k Yes $4.28
Celis 256k 16k No $4.13
Celis 128k 32k Yes $3.53
Celis 128k 16k No $3.33

Up to 70
GPI/O

System
Integration

2x 6ch 
16-bit FTM

Real Time
Counter

2x SCI

I2C

CRC

IRQ

2x SPI

24ch 12-bit
ADC

2ch 16-bit
TPM

LVD, LVW

KBI

Memory Options

256KBytes
Flash

128KBytes
Flash

16K
SRAM

32K
SRAM

CAN

MCG2x ACMP

COP
V1

ColdColdFireFire®®
Core
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Cost Effective 56F8000 Solutions  - 56F8011/56F8013/56F8014
► 32 MIPS Performance
► 12K -16 K Bytes  Program FLASH 
► 4 K Bytes Program/Data RAM 
► Tunable Internal Relaxation Oscillator
► Software Programmable Phase Locked Loop
► Up to 96 MHz Peripherals – Timers and PWMs
► Up to 6-Output PWM Module with up to 4 

Programmable Fault Inputs
► Selectable PWM frequency for each 

complementary PWM signal pair
► Two 12-bit ADCs with up to 8 Inputs , 1.125us 

conversion rate
► Synchronization between PWM and ADC
► Four 16-bit General Purpose Programmable Timers
► Computer Operating Properly Timer
► Serial Ports: SCI, SPI, I2C
► Up to 26 GPIOs – Versatile pin usage
► Low Power Consumption – 59mA Max and .026mA 

Min
► JTAG/EOnCE™ Debug Port
► Industrial & Automotive temp
► Cost Effective

Package: 32LQFP

56800E Core
32MHz

Power-On-Reset

Power Supervisor

COP

12K - 16KB 
Program Flash

6-ch PWM Output

System Integration 
Module (SIM) 1 x SCI

1 x SPI
1x IIC

JTAG/EOnCE

4kB 
Program/
Data RAM

Voltage Regulator

PLL

Interrupt Controller

Relaxation OSC
3-4ch 12bit ADC
3-4ch 12bit ADC

56F8011/56F8013/56F8014
Up to 26 GPIOs

4Ch 16bit Timer

Synch
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56F8000 Family Expansion  - 56F8023/56F8025/56F8036/56F8037
► 32 MHz/32 MIPS 56800E Core
► 3.0-3.6V Operation
► 32K-64K Bytes  Program FLASH
► 4K-8K Bytes Program/Data RAM 
► Flash security
► Tunable Internal Relaxation Oscillator
► Software Programmable Phase Locked Loop
► Up to 96 MHz Peripherals – Timers and PWMs
► 6 Output PWM Module with 4 Programmable Fault 

Inputs
► Selectable PWM frequency for each complementary 

PWM signal pair
► Two 12-bit ADCs with up to 16 Inputs , 1.125us 

conversion rate
► Up to Two 12-bit Digital to Analog Converters
► Two Analog Comparators
► Synchronization between PWM and ADC
► 4 or 8 16-bit General Purpose Programmable Timers
► 1 or 3 Programmable Interval Timers (PIT)
► Computer Operating Properly Timer
► 2-Queued Serial Communications Interface 
► 2-Queued Serial Peripheral Interface
► Optional MSCAN
► I2C Communications Interface
► Up to 53 GPIOs – Versatile pin usage
► JTAG/EOnCE™ Debug Port
► Lead Free “Green” Packages
► Industrial & Automotive temp

Package 32 LQFP, 44LQFP, 48LQFP, 64LQFP

56800E Core
32MHz

Power-On-Reset

Power Supervisor

COP

32KB - 64KB 
Program Flash

6-ch PWM Output

System Integration 
Module (SIM) 2 x QSCI

2 x QSPI
1xIIC

JTAG/EOnCE

4kB-8KB 
Program/
Data RAM

Voltage Regulator

PLL

Interrupt Controller

Relaxation OSC

8ch 12bit ADC
8ch 12bit ADC

56F8023/56F8025/56F8036/56F8037
Up to 53 GPIOs

8Ch 16bit Timer

Synch

1x MSCAN

Crystal OSC

2 x Comparators2 x  12 bit DAC

3xPIT



TMFreescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks
of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © Freescale Semiconductor, Inc. 2008. 16

TM

Very High Speed BLDC Control
DRM078
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DRM078 - 3-Phase BLDC Drive Using Variable DC Link Six-Step Inverter

►Voltage control of BLDC motor using Hall 
sensors

►Targeted at the MC56F8013 controller board
►Running on 3-phase power stage with DC/DC 

inverter 
►DC bus over-voltage and under-voltage, over-

current, Hall sensors cable fault protection
►Control technique incorporating:

► Voltage BLDC motor control using variable DC 
link six-step inverter with voltage closed loop

► Closed-loop BLDC motor speed control
► Both directions of rotation possible
► Both motor and generator modes
► Starting from any motor position without rotor 

alignment
► Minimum speed – 300 RPM
► Maximum speed – 38000 RPM

►FreeMASTER software control interface 
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56F801x Key Features

DSC Key Features
► 32 MIPS performance 
► Up to 96 MHz peripherals – timers 

and PWMs
► Up to 6-output PWM module with up 

to 4 programmable fault inputs
► Selectable PWM frequency for each 

complementary PWM signal pair
► Two 12-bit ADCs with up to 8 inputs, 

1.125us conversion rate
► Synchronization between PWM and 

ADC
► Four 16-bit general purpose 

programmable timers
Package: 32LQFP

56800E Core
32MHz

Power-On-Reset

Power Supervisor

COP

12K - 16KB 
Program Flash

6-ch PWM Output

System Integration 
Module (SIM) 1 x SCI

1 x SPI
1x IIC

JTAG/EOnCE

4kB 
Program/
Data RAM

Voltage Regulator

PLL

Interrupt Controller

Relaxation OSC
3-4ch 12bit ADC
3-4ch 12bit ADC

56F8011/56F8013/56F8014
Up to 26 GPIOs

4Ch 16bit Timer

Synch
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Demo Setup
Power 
Supply

3-phase 
Motor Cable

Hall Sensors 
Motor Cable

BLDC 
Motor

MC56F8013 
Controller Board

Serial 
Cable

3-phase Power 
Stage with DC/DC 

Inverter Lite24V/5.4A

UNI-3 
Cable
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Power Board Features► Power
• 12 – 42V power supply
• Up to 10A of current
• 15V, 5V, 3.3V voltage generation

► Control
• Controllable voltage on the 3-phase 

inverter by the DC/DC inverter
• Energy recuperation
• 10W of brake resistance
• MC33883 MOSFET predrivers

► Connection
• UNI-3 connector
• 3-phase power connector
• 2.1mm jack power input

► MOSFET’s
• 6x SO-8 for the 3-phase inverter
• 2x DPAK or TO-220 for the DC/DC 

inverter

► Sensing
• DC Bus voltage
• DC/DC inverter output voltage
• Motor current
• BEMF voltage MC33883

3-phase 
inverter

MOSFET’s

DC/DC 
inverter 

MOSFET’s

Brake 
resistance

UNI-3

Power 
input

Motor 
power
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Board Outline

C

Phase_A Phase_B Phase_C

L

DCDC_Top

DCDC_Botom

PWM_AT

PWM_AB

PWM_BT

PWM_BB

PWM_CT

PWM_CB

DC/DC 
Inverter

3-phase 
Inverter

►Two inverters on board:
► DC/DC Inverter

Converts one DC voltage level 
to different voltage level
Can operate in both direction, 
supply or brake
Provides voltage for the 3-
phase inverter / motor

► 3-phase Inverter
Commutates the motor phases
Supplied (or braked) by the 
DC/DC inverter
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The Problem with High Speed BLDC Motor Control

Phase_A Phase_B Phase_C

PWM_AT

PWM_AB

PWM_BT

PWM_BB

PWM_CT

PWM_CBPWM

Voltage Commutation

Current

► When PWM voltage is applied on a low inductance motor, the current does 
not get “filtered” and keeps the voltage PWM shape

► This switching of the current magnetizes and demagnetizes the motor iron 
with the same frequency as the PWM. This causes magnetic hysteresis losses 
that are observed by critical motor temperature 

Not applicable for 
low inductance 

motors!
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Solution  - BLDC Motor Control using DC/DC Inverter

Voltage Hall Sensor

Current

► The DC/DC inverter generates the required voltage for the motor while the 3-
phase inverter controls the commutation. MOSFET’s of the 3-phase inverter are 
applied with 100% duty cycle

► Continuous voltage during commutation period creates continuous current along 
the commutation period low magnetic hysteresis losses motor is cool

C

Phase_A Phase_B Phase_C

L

DCDC_Top

DCDC_Botom

PWM_AT

PWM_AB

PWM_BT

PWM_BB

PWM_CT

PWM_CB

DC/DC 
Inverter

3-phase 
Inverter
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Schematics: DC/DC Inverter

GND_PWR

1 2

JP301
DCDC+Short

R306
10R
5W

V_PWR

D303
SS16T3

Q309
NTD3055-94/NTP75N06G

V_DCDCSRC_DCDC

V_DCDC

R307
10R
5W

GND_PWR

+C
30

1
22

00
uF

50
V

+C
30

2
22

00
uF

50
V

+C
30

3
22

00
uF

50
V

C
30

4
10

0n
F

50
V

R303 10RR302 6.8R

D301

MBRM140T3G
Gate_DCDCT

R305 10RR304 3.3R

D302

MBRM140T3G

Gate_DCDCB

L301

250-500uH
3-10A

R328 10R
Q304

NTD3055-94/NTP75N06G

Gate_Brake

D310
1PMT5930BT1G

16V/1W

C
30

5
10

0n
F

50
V3

4

76 85

2 1

Q305
Si4470EY

V_PWR

+ C
30

6
47

uF
50

V

PWM4 
(100KHz)
0-100%

PWM5 
(100KHz)
0%-limit

► The variable DC link six-step inverter 
output is controlled by switching the 
DCDC_Top MOSFET

► To reduce the load voltage level during motor 
braking, the DCDC_Bottom MOSFET is used

► The maximum duty cycle depends on the 
voltages at both the input and the output
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Schematics: 3-phase Inverter
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►The 3-ph inverter uses the mask and swap logic of the 56F8013 to commutate the 
motor but does not use PWM signals
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System Control
►Speed is controlled by the DC/DC inverter
►Can operate in forward or reverse by commutation
►Can implement dynamic breaking by DC/DC inverter
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Block Diagram of the Application
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Speed Calculation

Hall Sensor A

Timer Pulses

Number of timer edges

captured on falling
edge of Hall A

K
Tspeed =

Speed Calculation
- speed calculated speed
- T scaling constant
- K number of timer edges

Speed Calculation
- speed calculated speed
- T scaling constant
- K number of timer edges

captured on falling
edge of Hall A

►Speed calculation is based off of Hall sensor input
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Block Diagram of the Application
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Speed PI Controllers

►The system contains two speed PI controllers
• One for the range 15000 to 40000 RPM created for an acceleration

of 15000 RPM per 100ms
• A second for the range 0 to 15000 RPM constructed with an 

acceleration of 10000 RPM per 300ms 
►The speed controller is calculated every 1ms 
►The hysteresis between these two PI controllers is 1500 RPM 

• If the speed goes up, the higher speed PI controller is switched on at 
the threshold of 15000 RPM 

• When the speed goes down, the lower speed PI controller is 
switched on at a speed of 13500 RPM
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Commutation

► Hall sensors are read
► The system looks for the Hall sensor 

combination in the commutation table 
depending upon motor direction

► MOSFET’s are turned on according to the 
Hall sensor

Clockwise Rotation

Counter Clockwise Rotation
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56800/E Solutions for V Control & Commutation – PWM 

►Use single register for Mask and Swap operation
• 56800/E PWM automatically generates complimentary 

waveforms with appropriate duty cycles



TMFreescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks
of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © Freescale Semiconductor, Inc. 2008. 34

Commutation Advance
► Due to the delay between the Hall sensors edge and the phase current 

edge it is necessary to perform commutation advance that commutates 
sooner before the Hall sensor edge

► Commutation advance is accomplished by Timer 1

No commutation 
advance if speed is 

below 8700rpm
Commutation advance 
performed if speed is 

above 11600rpm

Hall sensor edge
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Block Diagram of the Application
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Optional
External

Sync

PWM Module

ADC A

Sync pulse

ADC Trigger

56F80xx/83xx

Timer A3
One Shot Mode

Time delay

Primary
Clock

Source

PWM 1A

PWM 2A

PWM 3A

PWM 4A

PWM 5A

PWM 6A
6 PWMs w/ dead-time

ADC Synchronization from the PWM Module

PWM Signal

Sync Pulse

Convert anywhere
within the PWM cycle

ADC Trigger
Time delay

System Clock



TMFreescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks
of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © Freescale Semiconductor, Inc. 2008. 37

Benefits of ADC Synchronization With The PWM 

► ADC sampling helps to filter the measured current - antialiasing
► Noise free ADC sampling when the power switch is not acting
► ADC sample is taken when current information is available

PWM Period

PWM top
PWM Bottom

Phase Current

Sampled and 
Average Currents

Shunt Resistor
Signals

A/D

calc.

New PWM Parameters Calculation with Half-cycle Reload
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56F8000 Feature Highlights - Pulse Width Modulator (PWM)

►PWM clock set to 96Mhz  (3x bus clock)
►PWM modulus set to 960 

• Defines the PWM frequency as 100kHz
• Almost 10-bits

►PWM module generates its reload signal every period (10us)
►Used to synchronize ADC to PWM edge

►The variable DC link six-step inverter output is controlled by 
switching the DCDC_Top MOSFET

►To reduce the load voltage level during motor braking, the 
DCDC_Bottom MOSFET is used.  The maximum duty cycle 
depends on the voltages at both the input and the output
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Summary

►MC56F801x Peripheral features designed specifically for 
motor control

►32 MHz DSC core provides ample processing capabilities
►High frequency PWMs enable high resolution / high 

operation
►ADC synchronization allows scheduled ADC sampling
►Quad Timer provides good system timing

For more information go to www.freescale.com and search 
for DRM078

http://www.freescale.com/
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TM

Sensorless BLDC control with 
MC9S08AW60
DRM086
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Application Features

►Sensorless Back-EMF zero crossing 
algorithm implemented

►Controlled by MC9S08AW60
►Back-EMF sensing by ADC
►Full 4-quadrant operation
►Both direction of rotation
►Speed closed loop with PI controller
►Torque closed loop with PI 

controller
►Speed range: 100 – 1200 rpm 

(motor dependent)
►Manual interface
►FreeMaster interface
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MC9S08AC16/8
► Features / Benefits

• 40 MHz S08 core (20MHz Bus)
• 3 independent clock modules
• 8-ch 10-bit ADC
• Pin-compatible with AW16/AW8
• Internal clock generator (ICG)
• Independently clocked COP
• On-chip ICE and BDM

► Supply Voltage / Performance
• 2.7 – 5.5 V operation

► Memory
• 16/8K Flash
• Up to 1K RAM

► Communications
• One (1) IIC w/ broadcast mode
• Two (2) asynchronous SCI ports
• One (1) synchronous SPI port

► Packages
• 32 LQFP, 44 LQFP, 48 QFN

► Pricing
• $1.45* MSRP at 10K units

*Varies by package

S08 Core

1K
RAM

16/8K
Flash

ADC
8-ch 10-bit

TPM
2-ch 16-bit Timer

ICE + BDM

2xSCI IICSPI

ICG
(20 MHz bus)

RTI

TPM
2-ch 16-bit Timer

KBI COPTPM
4-ch 16-bit Timer

Last updated  April 20, 2007
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MC9S08SH8/4► Supply Voltage / Performance
• 2.7 – 5.5 V operation
• -40 to 125°C operation

► Core
• 40 MHz HCS08 core
• 20 MHz bus frequency

► Features / Benefits
• Multiple clock source options

40 MHz ICS
XOSC for range of external clock sources

• 2 x 2-ch 16-bit timer (TPM) & 8-bit modulo timer (MTIM)
• 12-ch 10-bit ADC w/ built-in temp sensor
• Analog comparator (ACMP) that can run in STOP3
• LIN slave support
• Low Voltage Detect (LVD)
• Watchdog timer w/ multiple source options
• Pin interrupts for selectable polarity
• Hysteresis and configurable pull up device on all input pins
• Configurable slew rate and drive strength on all output pins
• Ganged output option to support high current drive

► Memory
• 8/4K Flash, 512B/256B RAM

► Communications
• SCI, SPI, IIC w/ broadcast mode

► Packages
• 8 SOIC, 16 TSSOP, 20 PDIP, 20 TSSOP, 24 QFN

S08 Core

512/256B
RAM

8/4K
Flash

ICE
+

BDM

Pin
Interrupts

COPMTIM

ADC
12-ch 10-bit

ACMP

IICSCISPI

TPM
2-ch 16-bit

Timer

TPM
2-ch 16-bit

Timer
ICS

RTC

DRM086 CAN BE EASILY 
ADAPTED TO LOWER COST 
MCUs SUCH AS THE S08SH8
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Commutation – 3-Phase Brushless DC Motor

►Six Step BLDC Motor Control (3-ph)
• Voltage applied on two phases only
• It creates 6 flux vectors
• Phases are powered based on rotor position
• This process is called commutation

Power StagePhases voltage
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Sensorless BLDC Motor Control using MC9S08AW60

►Sensorless Back-EMF zero cross algorithm
• Sensing voltage on disconnected phase

When sensed voltage crosses half of DC bus voltage, the rotor is in middle 
between two commutation
The detection of this zero crossing allows to detect rotor position
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Sensorless Commutation

tzc

PWM 1

PWM 3

PWM 5

PWM 2

PWM 4

PWM 6

Phase R

Phase S

Phase T

0 60 120 180 240 300 360

Rotor Electrical Position (Degrees)

Zero 
crossings

1. From beginning of commutation, 
determine when the zero cross occurs.

tzc

2. Then delay the same amount of time 
after the zero cross to commutate.
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Sensorless BLDC Motor Control using MC9S08AW60

►Application Diagram
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Sensorless BLDC Motor Control using MC9S08AW60

►MC9S08AW60 Peripheral Utilization
• Timer 1

6 channels: PWM modulation for BLDC motor (complementary bipolar)
• Timer 2

Time base for commutation period measurement
Channel 0: commutation
Channel 1: timing of application

• A/D Converter
DC Bus voltage, DC Bus current, Phase voltages, Heat sink temperature
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Sensorless BLDC Motor Control using MC9S08AW60

►Software Structure
• 2x periodical interrupts (1x 62.5 μs, 1x 5ms)
• 2x event interrupt (1x Commutation, 1x Over current fault)
• Background loop
• Written in C language
• Some arithmetic functions written in assembler
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Sensorless BLDC Motor Control using MC9S08AW60

►Software Structure (Periodic ISR)
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Sensorless BLDC Motor Control using MC9S08AW60

►Software Structure (Event ISR, background)
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Sensorless BLDC Motor Control using MC9S08AW60

►Application State Machine

Optional
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Sensorless BLDC Motor Control using MC9S08AW60

►Motor Start Up
• Alignment

The rotor is aligned to known 
position (all phases are powered)

• Start up
Six forced commutation with 
predefined timing. Then transition to 
sensorless mode

• Run
Motor is running sensorless in 
closed loop

Rotor alignment
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Sensorless BLDC Motor Control using MC9S08AW60

►Motor Start Up

Alignment

Start Up

Running

Stabilization
(Optional)
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Sensorless BLDC Motor Control using MC9S08AW60

►Motor Start Up - detail

Alignment

Start Up

Stabilization
(Running)
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Sensorless BLDC Motor Control using MC9S08AW60

►Software Measurements
►Code Length

• FLASH memory: 4600 bytes
• RAM memory: 356 bytes (include stack 128 bytes)

►MCU load: 36 %
• TPM1 Overflow ISR 19.2 μs (period 62.5 μs)
• TPM2 Ch1 OC ISR 216 μs (period 5 ms)
• TPM2 Ch0 OC ISR2.8 μs (on event)



TMFreescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks
of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © Freescale Semiconductor, Inc. 2008. 58

Reference designs
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More reference designs
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Freescale Motor Control WebSite

http://www.freescale.com/webapp/sps/site/homepage.jsp?nodeId=02nQXG&tid=FSH

►For more reference designs or motor control information go to 
www.freescale.com/motorcontrol

http://www.freescale.com/motorcontrol
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Related Session Resources

Sessions
Session ID

Demos
Pedestal ID

PZ109 Motor Control Part 1 - Fundamentals and Freescale Solutions

PZ107 Motor Control Part 2 - Solutions for Large Appliances and HVAC

PZ104 Hands-on Workshop: Motor Control Part 4 - Brushless DC Motors Made Easy

Title

704 Flexis™ AC Face-Off - Air Hockey Demonstration featuring 
the Flexis AC Products

Demo Title

Session Location – Online Literature Library
http://www.freescale.com/webapp/sps/site/homepage.jsp?nodeId=052577903644CB
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