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Abstract

AC induction, brush permanent magnet, brushless DC and stepper
motors. Freescale offers many excellent and familiar motor control
solutions ranging from 8-bit to 32-bit ColdFire® MCUs, to 16-bit digital
signal controllers and high-performance processors with 32-bit Power
Architecture™ cores. How do you choose between them? Come learn
about the key differentiators of each product family and how they help
to lower system cost, power consumption and complexity for your
target application.
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Benefits of Electronically Controlled Motors

Improved end system performance
Energy savings

Quieter operation

Improved EMI performance
System cost savings

Enhanced reliability
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Many Different Motor Types ...

@ Stepper Motor (half step)
@ Stepper Motor (full step)
AC Induction Motor (ACIM) @ @

Permanent Magnet Switched Reluctance Motor
Synchronous Motor (PMSM)

® @

DC Motor Brushless DC Motor
(BLDC)
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Global Motor Control Markets and Applications

» Appliance

- Washing machine/Dishwasher/Dryer

- Refrigerator/Freezer
- Shaver

« Drills

- Vacuum Cleaner

» Industrial
- Factory automation
- Robotic systems
- Compressors
- Fans
- Air conditioning
- Elevators
- Shutters
- Gates
- Surveillance platforms
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Typical Motor Type
ACIM, PMSM

BLDC

DC

DC

SR

Stepper

Universal, BLDC
ACIM, PMSM

BLDC

ACIM, BLDC, PMSM
ACIM

BLDC

DC

DC
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Typical Motor Control MCU Peripherals Function

» Timer:
- PWM signals < 20Khz

- Dead time insertion

- Commutation (mask-out)
- ADC triggering

- Fault control

» ADC

- Measure current

» Delay block
. Set ADC measurement at
specific times
» Position decoder

- Quadrature decoder inputs if not
sensorless

A A A

A A A
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Freescale Motor Control MCU Devices

PowerPC
ColdFire v2,v3,v4

16-bit Digital Signal Controllers

56F83xx 56F83xx 56F83xx

Coldfire 32-bit

PIN
COMPATIBLE

High end 8-bit

9S08AC16 9S08AC16 |§ 9S08AC16
9S08AC8 9S08ACS8 9S08ACS8

%1 90RS08KA2 W 9RS08KA2 ||| 9RS08KA4
9RS08KA1 gl 9RSOSKA1 Low end 8-bit

6pin  8pin  16pin __ 20pin  28pin  32pin  44pin  48pin  64pin 80+ pin
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Choosing Your MCU Therefore Depends Upon ...

» The same application may have different performance
if implemented on different MCUs

» The peripheral features can significantly impact
performance of target application, not CPU only

» Application Features should be considered

- Type of motor - Current control

- Type of load - Speed control and/or position control
- Operational mode - Number of PID controllers

- Minimal speed - Fault control

- Maximal speed - System Cost!
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DC Motor Torque Establishment

Left Hand Rule
I = Current Flow
B = Magnetice Field
F = Force

Understanding the Motor Basics

DC Motor Principle

*The stator of a Permanent Magnet DC
Motor is composed of two or more permanent
magnet pole pieces

*The rotor is composed of windings which are
connected to a mechanical commutator. In
this case the rotor has three pole pairs

Brush DC motor control is simple:
Apply voltage - Commutation occurs mechanically

Freescale™ and the Freescale logo are trademarksof Freescale Semiconductor, Inc. All other product or service n
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Simple Model of a DC Motor

»
»

l

o ﬂ

\ S
ve Back EMF
l E=K®o

DC Motor Equivalent Circuit
Dynamic Motor speed: Ve—lex R - L(?jltd
=
K.x @

» Speed is increased by increasing the voltage
» Torque is controlled by controlling the current

» Direction is determined by the direction of the current
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PWM Control of DC Motor

» Same motor can have different control configurations Simple Switch

(uni-directional operation)

(i.e. Simple switch vs. H-Bridge)

:.”f;\} i
: . . : -
» Same control configuration can have different operating @
modes g
(i.e. Bipolar PWM vs. Unipolar PWM, independent vs. complementary)
1- PWM

» Different modes have advantages and
disadvantages

H-Bridge - Independent Unipolar PWM

H-Bridge - Complementary PWM (bi-directional operation)

(4 quadrant operation) H-Bridge - Independent Bipolar PWM
1 (bi-directional operation)

i ¢ > fi ; | [ d | |
T I LI gy
4 — PWMs with Deadtime 2 - PWMs
2 - PWMs 2 - GPIO
R
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Proportional Integral Derivative (PID) Controller

» The PID controller corrects the error between a measured variable and a
desired set-point
» The PID controller calculation involves 3 separate parameters
» Proportional - determines the reaction to the current error
» Integral - determines the reaction based on the sum of recent errors (i.e.
steady state error)
» Derivative - determines the reaction to the rate at which the error has
been changing
» The weighted sum of these three actions is used to adjust the process via a

control element such as the position of a control valve or the power supply of a
heating element or the voltage to a motor

o P K A fast response may
require rapid calculation of
—Setpoint= Error» 1 Krjg(r)dr ) “Process - Output—» the PID OUtPUt and thls can

0

i force the use of a higher
—r performing CPU core
j S (i.e. DSC, ColdFire, or PPC)
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Simple Speed Control On A Brush DC Motor

w J o Encoder
Desired \Y I 3 .
Speed —>®—’ PID > — g P ;
y g Controller =
Command N <

7

Speed Controller | BUT....

THIS DOES NOT LIMIT CURRENT!!

1. Measure speed of the motor

2. Compare the measured speed with the desired speed and generate an error signal
3. Amplify the error signal to generate a correction voltage

4. Modulate the correction voltage onto the motor terminals
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Control Current On A Brush DC Motor

@ |
Desired Y, I 2 m,
“)— | PID || 2 e
CCurrent d X - Controller g g
omman N =

7

Current Controller NOTE....
e e e THIS IS ALSO A TORQUE

CONTROLLER!!
1. Measure the current of the motor

2. Compare the measured current with the desired current and generate an error signal
3. Amplify the error signal to generate a correction voltage

4. Modulate the correction voltage onto the motor terminals
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Controlling Speed and Current

Speed Feedback

N~ o
|
| I~ - -~
| % 6% ] Encod
| | i ncoder
i Speed i B - Ne g e
! Command@ PID |! @ PID B | | ® =
i 3 Controller| | ¥ - |Controller| ! | E
| B | Lo <
| | R
| | S
! | Torque |
| Speed | Controller | | I
| |
i Controller e I Current Feedback
i i
| i

1. Measure speed from the motor shaft

2. Compare the measured speed with the desired speed and generate an error signal
3. Amplify the error signal to generate a correction to desired current

4. Input desired current into the torque controller

5. Modulate the correction voltage from the torque controller onto the motor terminals
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Simple DC Motor Control from the MCU’s Perspective

Encoder

Current J

Command
"

PID

PWM
Armature
A

Torque \w
Controller

()
&
‘T
()
]
<
—
(<))
n
D

(ADC or SCI etc)

)

Current Feedback
Speed
Controller

EVENT TIMER

Speed Feedback

TIMER @ ADC
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Full rail-to-rail supply operation » Target Applications
« Can operate in STOP mode - Small appliances

« Low Power Operation (<600uA @1MHz bus at 5V) - Toys

- Integrated clock source (ICS) - FLL, on-chip osc, ext - Simple analog
crystal comparator lc
- COP - Simple logic
+ 2 x 8-bit Modulo Timers (MTIM) replacement
- 2ch 16bit Timer (TPM) - HB-LED ADC
- Analog Comparator (ACMP) 12 ch 10-bit
- 12 ch 10-bit Analog to Digital Converter (ADC) > Development tools
. lIC - DEMO9RS08KAS8 ACMP
- 8 channel keyboard interrupt (KBI) - Fast Track Analog Comp
- Low voltage detect (LVD) with reset or stop wakeup CodeWarrior® v6.x
« External Vpp required for Flash programming TPM
 Auto wakeup 2ch 16-bit
- 14/18 GPIO Timer
» Supply Voltage / Performance ;VITIM
- 1.8- 5.5V operation M;g&'ﬁ;t
+ -40 to 85°C operation Timer
»C
JRS08 Core 8/4K 254/126B
+ 10 MHz Bus (2% deviation over full temp and voltage Flash RAM
range)
» Memory
- 8K /4K Flash RS08 CPU

- 254/ 126B RAM

» Packages
+ 16 pin, 20 pin (SOIC/PDIP)
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» Supply Voltage / Performance
« 2.7 - 5.5V operation
+ -40 to 125°C operation

» Core
+ 40 MHz HCSO08 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

MC9S08SH8/4

MTI

Interrupts 12-ch 10-bit

M ACMP RTC

ICS

+
BDM

8/4K
Flash

TPM
2-ch 16-bit
Timer

TPM

2-ch 16-bit
Timer

ADC

512/256B
RAM

Freescale™ and the Freescale logo are trademarksof Freescale Semiconductor, Inc. All other product or service names are the property of their respective
owners. © Freescale Semiconductor, Inc. 2008.
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» 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 HCSO08 core
+ 10 MHz bus frequency

» Memory
« 8K Flash, 512B RAM

» Communications
« 2xSClI, SPI, IIC w/ broadcast mode

» Packages
- 16 TSSOP, 16 PDIP, 20 SOIC, 28 SOIC, 32
LQFP

Freescale™ and the Freescale logo are trademarksof Freescale Semiconductor, Inc. All other product or service names are the property of their respective
owners. © Freescale Semiconductor, Inc. 2008.
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ICE
+ LVI
M
CcoP 2 x ACMP

ADC
10-ch 12-bit

ULP Regulator

2-ch 2-ch
ICS w/ ULP OSC | 16-bit 16-bit
Timer Timer

8/4K 512/256B
Flash RAM

S08 Core
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» Features / Benefits
« Timers — 1 x 2-ch, 1 x 6-ch

- Upgraded SPI configurable for 8-bit or 16-

bit data length

+ Analog comparator

+ 8-ch keyboard interrupt (KBI)

- 8-bit 12-ch ADC

- LVI

+ 39 (mux-ed) GPIOs for 48 pin package

+ Integrated USB 2.0 FS PHY and SIE

« Multi-purpose clock generator (MCG)
« PLL

On-chip oscillator
External crystal support

+ On-chip ICE and BDM

Supply Voltage / Performance
+ 2.7 -5.0 V operation
+ -40 to 85°C operation

Core
+ 48 MHz HCS08 core
+ 24 MHz bus frequency

Memory
- 16K Flash, 1K RAM, 128B USB RAM

Communications
« SCI, SPI, IIC w/ broadcast mode feature

Packages
- 32 LQFP, 44 LQFP, 48 QFN

Freescale™ and the Freescale logo are trademarksof Freescale Semiconductor, Inc. All other product or service names are the property of their respective
owners. © Freescale Semiconductor, Inc. 2008.
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8-ch 10-bit
e
C

2-ch 16-bit
Timer RT

4-ch 16-bit
Timer MCG

USB 2.0 FS
PHY + SIE

ICE + BDM

Comparator

16/8K 128B
Flash USB RAM
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Brush DC Motor Summary

» Advantages
2 Ease of control (self commutating)
= Low rotor inertia (coreless rotors)
2> Lowest total system cost for basic motion

= Wound field motors exhibit high starting torque, (series wound) and can
run with AC or DC

» Disadvantages
- Higher maintenance cost due to brush wear
= Electrical noise due to mechanical commutation
2> Maximal speed limited by commutator
2 Heat is generated in armature, which is difficult to remove
= Friction losses associated with mechanical commutation
2 Not usable in “intrinsically safe” environments

NOTE: Brush DC motor control can be easily accomplished in a large variety of MCUs
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3-Phase AC Motors (BLDC, PMSM, or ACIM)

» 3-phase motors require more control .
signals (i.e. 6 pins) o) OB Ol

% —
» These may or may not require dead-time N o P o (N

based on motor type and control method |
(i.,e. BLDC vs. PMSM or ACIM)

» Center-alignment may be desired

Edge-Aligned Center-Aligned
 Phases »
PWMO e ]
| Center-aligned PWMs are
: Phase C 3 i
v S - better from an EMI and EMC
_J |__ °~ point of view for sinusoidal
Pl Eioy - generation
_ PV\-M . » P :gencd
<&,
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DC Brushless vs. DC Motor Principle

Permanent Magnet DC

* Magnets on the stator

* Windings on the rotor

« Commutation occurs automatically
with the brushes

Brushless DC

* Magnets on the rotor

» Windings on the stator
« Stator Field Must be Commutated! . %

Y

<%L?

eversin
Switch
Requires mechanism to sense rotor
position to commutate field properly
o Permanent magnet
This is usually a hall effect (usually ferrite,
sensor array or an encoder samarium cobalt, or neodymium iron boron)
e
<&
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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

ABC
[104]
ABLC - Hall Sensors Dutpul

Voltage A
e Ugca ?
FPhase A r— /} Q1 v Q3 . Qs
U PWM_ Q1 l"\: PWM_O3 Y b WM O h
o = c1
Phase B
R Q4 1. Qb
.U I/} ¥ /}
+U — e PWM Q2 3 § b Q WM_QG §
Phase C
¥y 30° 60° 90° 120° 150° 180° 210° 240° 270° 300° 330° Erectrical GND | ! !
angle Phase_A Phase_B Phase C
Phases voltage Power Stage

<&,
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3-Phase Brushless DC Motor Control

» Six Step BLDC Motor Control cont’d

 Hall sensors are used to

ro—] sense the rotor field and
MEST therefore determines when to

commutate the stator field

SPEED %
CONTROL

Controller

L 120 9 hall spacing is preferred over 60 9

REVERSIN ITCH - . R
SING SwiTe 1 spacing since unpowered or unconnected
1 sensors produce 111 or 000 codes, which
0 are discarded as illegal.

PRINCIPLES OF OPERATION
Source: Eastern Air Devices, Inc. Brushless DC Motor Brochure

<&,
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3-Phase Brushless DC Motor Control

» Six Step BLDC Motor Control cont’d
Hall a |\

\

Hall b

Hall c

PWM 1

. . p
N . p
. . .
' . b
' . .
.

. 0
. p
PWM 3 ;
. . b
. . .
. .

]

. .
. . .
. . B
.

PWM 5

Hall sensors
determine when
to commutate

PWM 2

3 PWMs PWM 4

. .
H N

. N

H N

\ N

\ N

\ N

* 0

M . .
. N .
\ .

: .
' .
' .
: :
. N N
. N N
. b N
] N

0 60 120 180 240 300 360
R
L
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Sensorless Commutation

Rotor Electrical Position (Degrees)

0 60 120 1. From beginning of commutation,

determine when the zero cross occurs.
7 T :

Phase R : |

| ;
Phase S /| / : |

Phase T /[ |\

PWM 1 |||||||||||||||| 2. Then delay the same amount of time
after the zero cross to commutate.

PWM3 | |||||||||||||||||||||||||||||| : : f

PWM5 | TR

PWM 4

N . .
: . .
: : :
: : :
N . .
N . .
N .
N .
N .
N .
N .
: .
: :
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3-Phase Brushless DC Summary

» Advantages:
= High reliability
2 High RPM possible
- Can be used in intrinsically safe environments
- High efficiency

» Disadvantages:
= Stator must be commutated (requires electronic control)
2 Can be demagnetized if not controlled properly.

NOTE: 3-Phase Brushless DC motor control can be easily
accomplished in alarge variety of MCUs but performance
may vary based on the selection
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Key Peripherals

» ADC module

» We need to measure DC bus voltage, Back-EMF voltage and DC
bus current

» PWM/Timer module
» We need to generate 6 PWM outputs for 3-phase bridge
» Independent unipolar PWM modulation can use 3 PWM channels
and 3 GPIO
» General timer for application timing and speed measurement

» Communication interface if required (SCI, SPI, CAN, I°C)
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S08 — Timer/PWM (TPM) Module

BUSCLK

XCLK
TPMxCLK

CPWMS

_—

SYNC

CLOCK SOURCE
SELECT

OFF, BUS, XCLK, EXT

PRESCALE AND SELECT
DIVIDE BY

1,2,4,8,16, 32, 64, or 128

T wan

A A A

16817 CONTER | o

16-BIT COMPARATOR

{} I COUNTER RESET

=N

TPMxMODH:TPMxMODL

CHANNEL 0

16-BIT COMPARATOR

TPMxCOVH:TPMxCOVL

/]
N
—] 16-BIT LATCH

e — — — —

CHANNEL 1

16-BIT COMPARATOR

TPMxCIVH:TPMxC1VL

VAR

16-BIT LATCH -

- —
I
I

| Ps2 | PS1 | PSO ‘
» TOF INTERRUPT
TOIE LOGIC

TPMxCHO |
|
|

INTERRUPT |
CHoE LOGIC |
]
- = ] | _—_— — — — hl
o1 PORT |3 TPMxCH1 |
LOGIC |
$1] |
1]
INTERRUPT |
CHIE | LOGIC |
S I |

» Sets PWM Frequency

» Sets PWM Duty Cycle

» Sets PWM Polarity

» The TPM can also do complementary PWMs but dead-time needs
to be accomplished by software

Freescale™ and the Freescale logo are trademarksof Freescale Semiconductor, Inc. All other product or service names are the property of their respective
owners. © Freescale Semiconductor, Inc. 2008.

<&,

2 > freescale-

semiconductor



» Supply Voltage / Performance
« 2.7 - 5.5V operation
+ -40 to 125°C operation

» Core
+ 40 MHz HCSO08 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

Freescale™ and the Freescale logo are trademarksof Freescale Semiconductor, Inc. All other product or service names are the property of their respective
owners. © Freescale Semiconductor, Inc. 2008.

2-ch 16-bit
Timer

TPM
2-ch 16-bit
Timer

ADC
Interrupts 12-ch 10-bit

8/4K 512/256B
Flash RAM
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» 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 - 5.5V operation

» Memory
+ 16/8K Flash
+ Up to 1K RAM

» Communications
+ One (1) lIC 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

Freescale™ and the Freescale logo are trademarksof Freescale Semiconductor, Inc. All other product or service names are the property of their respective

owners. © Freescale Semiconductor, Inc. 2008.
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TPM
2-ch 16-bit Timer

(20 MHz bus)

ADC
8-ch 10-bit

ICE + BDM
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» Features / Benefits
- 40 MHz S08 core (20MHz Bus)
- 3 independent clock modules
- 16-ch 10-bit ADC
- Pin-compatible with AWG60/AW32
- Internal clock generator (ICG)
- Independently clocked COP
- Cyclic redundancy check (CRC)
-« On-chip ICE and BDM

» Supply Voltage / Performance
- 2.7 - 5.5V operation

» Memory
- 60/48/32K Flash
- 2K RAM

» Communications
- One (1) lIC w/ broadcast mode
- Two (2) asynchronous SCI ports
- One (1) synchronous SPI ports

» Packages
- 32 LQFP, 44 LQFP, 48 QFN, 64 QFP, 64 LQFP

» Pricing
- $1.84* MSRP at 10K units

Freescale™ and the Freescale logo are trademarksof Freescale Semiconductor, Inc. All other product or service names are the property of their respective
owners. © Freescale Semiconductor, Inc. 2008.

MC9S08AC60/48/32

TPM

6-ch 16-bit Timer m COP
TPM

2-ch 16-bit Timer

TPM
2-ch 16-bit Timer

ICG
(20 MHz bus)

ADC
16-ch 10-bit

60/48/32K
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Cost Effective 56F8000 Solutions - 56F8011/56F8013/56F8014

» 32 MIPS Performance
» 12K -16 K Bytes Program FLASH
4K Bytes ProgramiData RAV 56F8011/56F8013/56F8014
» Tunable Internal Relaxation Oscillator 12K - 16KB System Integration Up to 26 GPIOs
» Software Programmable Phase Locked Loop Program Flash voauie ST et
» Up to 96 MHz Peripherals — Timers and PWMs 4kB Interrupt Controller Rgoi
> Up to 6-Output PWM Module with up to 4 B 1x 1IC
Programmable Fault Inputs ata .
> Selectable PWM frequency for each Relaxation OSC 3-4ch 12bit ADC
complemfantary PW_M signal pair Voltace Recuiator 3-4¢ch 12bit ADC
» Two 12-bit ADCs with up to 8 Inputs , 1.125us 56800E Core ge Reg
conversion rate 32MHz COP
» Synchronization between PWM and ADC 4Ch 16bit Timer
» Four 16-bit General Purpose Programmable Timers ORI iaRos et
» Computer Operating Properly Timer SALLCISELISE . Power Supervisor 6-ch PWM Output
» Serial Ports: SCI, SPI, 12C
» Up to 26 GPIOs — Versatile pin usage Package: 32LQFP
» Low Power Consumption — 59mA Max and .026mA
Min
» JTAG/EOnCE™ Debug Port
» Industrial & Automotive temp

» Cost Effective
S
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PRSC1
PRSCO

PWMCKM
Registers
PWIMVAL
Registers
PMCNT
Reqgisters

PYWMF
P MRIH
FFLAGD)
FINTO
FFLAG1T
FINT1
FFLAGZ]
FINTZ
FFLAGS]

| EEEEXEEER

FINTZ

BUS
CLOCK LDFQ0
LDFQ1
PRESCALER LDFQ2
LDFQ3
IPOLD |
] PoiiF IPOLT 1M
i I ey IPOLZ |
GENERATOR  |ag{ HALF INDEP |~
e ook ouTo | ouT 1
u-[PWHEN ouTZ I~ ouTs
ouTd | ouT 5
uTeTLg OUTCTRL 1
PSYNC  fouTCTLA OUTCTRL 3
boreria] [oT o) OUTCTRL &
L J
PMDEADTM
o aw ¢ |
»|  cwaps | DEADTIME INSERTION Register
- Current
NS TOP/BOTTOM roPNEG
GENERATION o
SRS éo It;/'l*ls2 #6
ISENSO BIN PIN BIN ] | Fyvno PIN
ISENST |- - e PV PIN
FMDISMAP FAULT [l POLARITY | PWMZ PIN
Registers PROTECTION|gpd CONTROL | PYWRAG PIN
FTACK _— L PYVL4 PIN
FieldofF'MFSAb _ = WIS PIN
L RELOAD INTERRUPT REQUEST L
FMODED la— FALLTO PIN
X FALLT
. FMODE1 BN t— FALLT1 PIN
FMODEZ FILTERS Ly FauLTZ PIN
INTERRURT | FMODES SR t— FAULTS PIN
FFLAGO) FRIND
.
FFLAGY FPINT
FFLAG] FPINZ
| FAULT INTERRUPT REQUEST
FFLAGS] FPING
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MCS56F80xx — PWM Block

» Prescaler
» PWM Generator
» MUX Swap & Current sense

» Deadtime Insertion Top/Bottom
Generation

» Software Output Control
» Fault Protection

» Fault Pin Filters

» Polarity Control

» Interrupt Control

<&,
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ADC Synchronization from the PWM Module

PWM 1A PWM 3A PWM 5A
Jh J; Ji

PWM 2A [ PWM 4A § PWM 6A '
J'\ b b

W

PWM Signal

Sync Pulse _| L

Time delay N
ADC Trigger < 7

a

Convert anywhere
within the PWM cycle
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L
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Benefits of ADC Synchronization with the PWM

< PWM Period >

Phase Current

‘YW

Shunt Resistor \’O/\O\\
Signals
PWM top
PWM Bottom / /
A/D _ﬁ /A / / A <
calc. ——& — — >— >—

New PWM Parameters Calculation with Half-cycle Reload

» 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
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]
Which device is the right choice?

» The same application may have different performance if implemented on different MCUs

» The peripheral features can significantly impact performance of target application, not only

the CPU

MC56F80xx implementation

MC9S08ACxx implementation

Safer PWM generation due to complementary
and dead-time logic

Complementary signals and dead-time has to be
generated by software

Lower minimal speed due to PWM->ADC
synchronization

Minimal speed is limited by software PWM->ADC
synchronization

Higher maximal speed due to faster ADC, more
result registers, PWM->ADC synchronization,
multiple sampling of Back-EMF allowed

Maximal speed is limited by capability of Back-
EMF voltage detection. Only one Back-EMF
sample can be taken during PWM period due to
slower ADC and single result register

Current control can be easily implemented due to
fast ADC, powerful CPU

Harder to implement due to slower ADC
converter, no HW PWM->ADC synchronization
and single result register

Fault control integrated in PWM module

There is no support for fault processing

Freescale™ and the Freescale logo are trademarksof Freescale Semiconductor, Inc. All other product or service names are the property of their respective
owners. © Freescale Semiconductor, Inc. 2008.
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T
AC Induction Motor

» The STATOR windings are distributed around the
stator to produce a roughly sinusoidal distribution

» When three phase ac voltages are applied to the
stator windings, a rotating magnetic field is produced

» The ROTOR also consists of windings or, more often,
a copper squirrel cage

» An electric current is induced in the rotor bars which
also produce a magnetic field

The Rotor does

] ] not quite keep
Notice the rotor slip! up with the

Rotating
Magnetic Field

of the stator.

/4
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Permanent Magnet AC Motor

» This motor exhibits a smoothly rotating magnetic field where the
magnetic gradient of the stator flux is illustrated by the color
shading. There is no commutation to cause motor jerking. But
how do you create such a smoothly rotating magnetic field?

<&,
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3-Phase AC Voltage Generation on a per Phase Basis

» Each phase is considered a “Half H-Bridge” |
» Complementary PWMs are used ol o o
» Dead-time is needed to prevent shoot through ) s )

» 50% duty cycle - Zero voltage on phase winding :

ON ‘ ON JL\«T Motor

Top transistor winding
Dead-Time . Bottom transistor Y

°N| ON| ON

<&,
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Sinusoidal PWM Generation — ACIM / PMSM

100% ot \

75% /
N \\. / /
25%

0%

Duty Cycle

Decrease Frequency to the motor
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]
Space Vector Rotation Sequence

A B A

» To reverse rotation direction, swap the connection of any two phases

....or sequence the field in the opposite direction

<&,
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Principle of Field Oriented Control (Vector Control)

» All is about magnetic fields interaction
Rotor Magnetic field
- Stator Magnetic field

» The torque/force is produced when both
fields form an non zero angle

» Having the stator magnetic field leading
the rotor magnetic field we form an
electric motor

» Then FOC is to control the torque
By the field angle
By strength of the rotor magnetic field
By strength of the stator magnetic field

C 4
& L 4
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How Do We Control a 3-Phase AC Process?

Phase A
Phase B

3-Phase AC
Control Process

Variable
(i.e Voltage)

Measured
Variable
(i.e Current)

Convert it to a 2-phase DC process!!

<&,
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Creating Space Vector — (3ph — 2ph transformation)

» The space-vectors can be defined for all motor |,
quantities B

Y
v

» Because the space vector is defined in the plain (2D), it is sufficient to describe space vector
in 2-axis (a,) coordinate system - some times also 2-phase system

<&,
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Reference Frames - The “Magic” to Convert AC to DC

» There are the following reference frames
- Stationary - a, B
- Rotating rotor speed - d, q

» All rotating quantities are “rectified” when viewed from
reference frame that rotates synchronously with rotor

<&,
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Controlling the Fields

id and iq are handled independently. Since the comparison
is performed in the rotating frame, motor AC frequency is not seen.

ACIM (i  # 0)

Commanded i is set
to induce a field in
the rotor.

It is typically held
constant unless field

weakening is desired.

PMSM (id = 0)

Commanded i, is set
to zero since we
have all the d-axis
flux we need
supplied by the
permanent magnets
in the rotor.

PMSM or ACIM

This is how much torque we want!

Thus, they are treated as DC quantities!

i (commande error(t)
I + Vv,
i d (measured) I
I commande error(t)
q ( =) Vq

d
I q (measured) ‘

i 4 can be used to weaken the field in both ACIM and PMSM machines
| , controls amount of “instantaneous” torque generated by the motor

Freescale™ and the Freescale logo are trademarksof Freescale Semiconductor, Inc. All other product or service names are the property of their respective
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Transformation Calculations

2-phase Stationary
to

to 2-phase Stationary LI_?ev_erse_CIark Transform)

(Forward Clark Transform) IS,B I, % 0 i
_isa_ A i i N I,
I 3 S sb | — 3 ;
i 1Tlo B _B|'» BRG]
ISﬂ 0 2 2 -4 L3 V3.
_ISC _
&
\ >
ISOc
2-phase Stationary
to to 2-phase Stationary
(Forward Park Transform) (Reverse Park Transform)
iSd COSHrf Sin Qrf iSOt iSa COS@rf _Sin Qrf iSd
i, | |—sing; cosby | i, i, | [sing; cosO | i
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Phase A

15557

Phase B

Phase C

3-Ph
AC

3-Phase
to
2-Phase

L
oS

™ R

Stationary
to
Rotating

N
]
(/]
Q
(o)
-
o

FOC Transformation Summary

PN

Rotating
to
Stationary

Modulation

y
N> VA
a

Phase A

Phase B

|Phase C

Stationary Reference Frame

Rotating Reference Frame

3-Ph
AC

Stationary Reference Frame

ALL of these operations can be done on the 8300 family in about 20 uS!

Freescale™ and the Freescale logo are trademarksof Freescale Semiconductor, Inc. All other product or service names are the property of their respective
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Put It All Together

v

A A A

A A

Field Orientation!

6 Transistor
Power Stage 0 g

<&,

> freescale

Freescale™ and the Freescale logo are trademarksof Freescale Semiconductor, Inc. All other product or service names are the property of their respective
50 semiconductor

owners. © Freescale Semiconductor, Inc. 2008.



o
How Do We Know Where The Rotor is?

Hall Effect Sensors
Resolvers

Quadrature Encoders
Speed Sensors
Sensor-less Techniques

vvyvyvyy
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Brushless DC vs PMSM Motor Control Summary

» Six step control versus sinusoidal control

Six step (BLDC) control Sinusoidal (PMSM) control
+ Simple PWM generation — More complex PWM
generation
(sinewave has to be
generated)
— Ripple in the torque + Smooth torque
(stator flux jumps by 60°) (stator flux rotates fluently)
— A little noise operation + Very quite
(due to ripple in the torque)
+ Simple sensor (i.e Hall — Requires sensor with high
sensor) resolution

L 4
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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 6¢ch 16-bit FlexTimer Module (FTM)
= 1 x 2ch 16-bit TPM
»24ch 12-bit ADC (2.5 us conversion) 39K
= ADC triggering from timer in addition to RTC SRAM
» msCAN Interface for Industrial Control
» Real Time Counter (RTC)
» 2 x Serial Peripheral Interface (SPI), 2 x SCI
» 1°C bus interface with broadcasting mode
» Low Voltage Detect (LVD), Low Voltage Warning (LVW)

256KBytes

» Multi-Clock Generator (MCG) 128KBytes f‘ol\{l1F]r@ System
» Dual comparators (one linked to timer) Flash . Core Integration
» |IEC60730 class C safety features Memory Options
= Cyclic Redundancy Check (CRC)
= Watchdog option to run on independent clock source (LPO) [l \Flaglelsld S =y RAM CAN
» Up to 70 General-Purpose 1/0 Celis 256k 32k Yes $4.33
» Offered at -40°C to +105°C @ 50MHz Celis 256k 32k No $4.23
» Packages: Celis 256k 16k Yes $4.28
= 64LQFP, 64QFP, 80LQFP Celis 256k 16k No $4.13
Celis 128k 32k Yes $3.53
New or Enhanced Module Celis 128Kk 16k No $3.33

Freescale™ and the Freescale logo are trademarksof Freescale Semiconductor, Inc. All other product or service names are the property of their respective
owners. © Freescale Semiconductor, Inc. 2008.
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FTM Features Improve TPM for Motor Control

Additional (configurable) FTM Features:

» 16-bits of resolution for center, edge aligned and asymmetrical PWMs at maximum timer input clock
speed

PWM outputs can operate as complimentary pairs or independent channels

Counter has a start and stop value to allow signed PWM generation

Independent control of both edges of each PWM output

Double buffered PWM registers

Software definable dead time insertion post PWM edge generation

Synchronized PWM load across all FTM channels

Optional reset of counter from an on-board comparator

Synchronization to external hardware or other PWM supported

ADC trigger events can be generated per PWM cycle via hardware including counter reload

Low pass filter for selected input capture channels

Channels not used for PWM generation can be used for buffered output compare functions

4 fault inputs for global fault control with built in filter

Fault control independently for up to 8 channels with predefined output

Optional automatic clearing of fault condition

Mask output function control for BLDC motor control with optional immediate new PWM period start
Predefined output state for toggle function

Write protection for critical registers

Backwards compatible with the TPM
The FlexTimer develops the TPM architecture to better support motor control.

vV V VvV VvV VVVYYVYVYVYYVYyYVYVYVYYVYYVYY
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FlexTimer Functionality

Start value

Capt/comp
Combine

Finish value

Channel 0,2,4,6 .
16 bit counter —» Triggers ADC

I/O pin
) Ch #0

[: 1/O pin

> ch#1

Capt/comp
Combine

AV
B
<—

Capt/comp
Combine Channel 1,3,5,7

Capt/comp

Combine

Fault
input

» Combine adjacent TPM channels >>> paired dual edge control PWM

<&,
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Clock prescaler

FTMxMODH:L

FTMxCNTI

Channel 0,2,4,q:TMXCnVH'L

FlexTimer Functionality

» Trigger ADC

... /16

FTM features 1/O pin

Ch#0
v >

Combine
16 bit counter
j 1/O pin
! Ch#1
1
|
| Channel 1)3,5,7
' FTMxC(n+1)VH:L
|
|
|
|
| .16
|
|
|
|
Synchronisation input <« Fault input
/4 ... 164
L 7
L
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High Performance 56F8300 Solutions

56F836x/56F835x/56F834x/56F832x 60MHz/60MIPS

External
Memory
Interface

Program Program Boot

Flash RAM Flash

JTAGIEONRCE &

Voltage
Regulators

Datai RAM

Interrupt Data Flash

Controller: |

Power
SUPErVISor:

96800E
Core

60 MIPS

60 MHz

System| Clock
Generator;

lemp Sensor §

GPIO

Packages: 48/64/128/144/160LQFP and 160 MBGA
Derivatives: 23 devices

Key Control Peripherals

VVYyVVVYyVYVYVYVY VYY

60 MIPS Performance
Program Memory

= Up to 512Kbytes FLASH

= Up to 4Kbytes RAM

= Up to 32Kbytes BootFLASH ™
Data Memory

= Up to 32Kbytes FLASH

= Up to 32Kbytes RAM
Serial Ports: SCIs and SPIs, CANs
Quad, 4 channel, 12-bit ADC
Dual 6-Output PWM Modules

Synchronization between PWM and ADC

Up to Sixteen multifunction 16-bit Timers
External Memory Interface

COP/Watchdog Timer

Up to 76 GPIO — Versatile pin usage

System Clock Generator

On-chip temperature sensor

On-chip Voltage Regulator and Power Supervisor
Vectored Interrupt Controller

JTAG/OnCE™ Debug Port

Freescale™ and the Freescale logo are trademarksof Freescale Semiconductor, Inc. All other product or service names are the property of their respective

owners. © Freescale Semiconductor, Inc. 2008.
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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, 12C

Up to 26 GPIOs — Versatile pin usage

Low Power Consumption — 59mA Max and .026mA
Min

JTAG/EOnCE™ Debug Port

Industrial & Automotive temp

Cost Effective

56F8011/56F8013/56F8014

12K - 16KB
Program Flash

4kB
Program/
Data RAM

56800E Core
32MHz

JTAG/EONnCE

System Integration
VIOQUIE \'/

Interrupt Controller

PLL

Relaxation OSC

Voltage Regulator
COP
Power-On-Reset

Power Supervisor

Up to 26 GPIOs
1 x SCI
1 x SPI
1xlIC

3-4ch 12bit ADC
3-4ch 12bit ADC

4Ch 16bit Timer

6-ch PWM Output

Freescale™ and the Freescale logo are trademarksof Freescale Semiconductor, Inc. All other product or service names are the property of their respective
owners. © Freescale Semiconductor, Inc. 2008.
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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/EONnCE™ Debug Port

Lead Free “Green” Packages

Industrial & Automotive temp

owners. © Freescale Semiconductor, Inc. 2008.

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

32KB - 64KB Module (SIM

Program Flash nt : Controll 2 x QSCl
AKB-8KB nterrupt Controller 2 x QSPI
Program/ PLL 1xIIC
Data RAM 1x MSCAN

Relaxation OSC
Crystal OSC

Voltage Regulator
CcoP

3xPIT

8ch 12bit ADC
8ch 12bit ADC

56800E Core
32MHz

8Ch 16bit Timer

Power-On-Reset

JTAG/EONnCE Power Supervisor 6-ch PWM Output

2 x 12 bit DAC

2 x Comparators

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

<&,
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Motor Control with the eTPU?

The (e)enhanced (T)time (P)processor (U)unit is a programmable 1/O
controller with it’s own core and memory system, allowing it to perform

complex timing and /O management independently of the CPU. The
eTPU is essentially a microcontroller all by itself!

Host Interface Timer Channels

Scheduler
System \M)> é}ervice request | Channel 0

Angle clock

Development
and Test

Configuration A Channel1 | —
Channel TCR1 Channel2 | —
Control TCR2/ P —

li " Micro-engine
Data Memory Fetch and
(up to 8k) Decode

Control and data

Execution Unit

Code Memory m
(up to 64k) MDU Channel 31 | —

L e
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» Power Architecture™ Technology €200z6 Core M P C 5 554

+ 132MHz performance

- SPE (signal processing extension): DSP, SIMD
and floating point capabilities

+ Memory Management Unit (MMU)

» Memory

- 2Mbyte RWW Flash with ECC

- 64k SRAM (including 32K with standby) with ECC

- 32k unified-cache (with line locking) 3 CAN
» eTPU

« 2x321/0 channels

. 19k designated SRAM (16k code & 3k parameters) 2x 40ch
» /O ADC

« 24 channel EMIOS with unified channels

- 3 x CAN - 64 buffers each 24 ch

- 2xeSCl eMIOS

- 4 x DSPI 16 bits wide up to 6 chip selects each

« 40 channel dual ADC - up to 12 bit resolution and up
to 1.25us conversions, 6 queues with triggering
and DMA support.

» System

« FM-PLL

+ 64 Channel DMA Controller

« 300 Source Interrupt Controller

+ Nexus IEEE-ISTO 5001-2003 Class 3+

« MPC500 compatible External Bus Interface

- 5/3.3V 10, 5V ADC, 3.3V/1.8V bus, 1.5V core

- 416 PBGA package

- Temperature Range: -40 to 125°C 32.bit

External

€200z6

: Bus

SPE iPower Architecture

<&,
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» Power Architecture™ Technology €e200z3 Core + VLE M PC5534
* 80MHz performance with Variable Length Encoding (VLE)
« SPE (signal processing extension): DSP, SIMD and floating
point capabilities
+ Binary User mode compatible with RCPU (MPC500) and
€200z6
+ Memory Management Unit (MMU)

» Memory
. 1Mbyte RWW Flash with ECC 2 CAN
. 64k SRAM (including 32K with standby) with ECC
2x 40ch
» eTPU s

+ 1x321/0 channels
+ 14 .5k designated SRAM (12k code & 2.5k parameters) 24 ch

> 110 eMIOS

+ 24 channel EMIOS with unified channels

+ 2 x CAN - 64 buffers each

« 2xeSClI

- 3 x DSPI 16 bits wide up to 6 chip selects each

+ 40 channel dual ADC - up to 12 bit and up to 1.25us
conversions, 6 queues with triggering and DMA support.

» System
- FM-PLL
+ 32 Channel DMA Controller
« 210 Source Interrupt Controller
« Nexus IEEE-ISTO 5001-2003 Class 3+ I 16-bit
« MPC500 compatible External Bus Interface SPE Power Architecture
+ 5/3.3V 10, 5V ADC, 3.3V/1.8V bus, 1.5V core ' E20026 + VLE External
- 324 PBGA package (36 ADC) I Bus
« Temperature Range: -40 to 125°C !
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Powertrain Product Families Currently In Production

Device MPCS533 MPCS5534 MPC5553 MPC5554 MPCS565 MPCS566 MPCS56T
Core Platform Powrer 20023 Power e200z3 Power e200z8 Poweer 20026 Fower 20026 Powrer 20026 Power e200z8
Program Flazh 7688 KB 1 KB 1.5 MB 2 MB 2MB 3 MB 2MB
SRAN 48 KB &4 KB &4 KB &4 KB a0 KB 128 KB &0 KB
DKA 32 Ch 32 Ch 32 Ch 84 Ch 32 Ch G4 Ch 32 Ch
EEPROM Ermulated in Ermulated in Emulated in Ermulated in Ermulated in Ermulated in Ermulated in
program Flazh program Flazh program Flash program Flash program Flazh program Flazh program Flazh
eSCl 1 2 2 2 2 2 2
DSPI 2 3 3 Z 3 Z 3
CAMN 2 2 2 3 5
Flexray +
Ethernet " W v
(100Ba=zeT)
MLB emulated via
eTPU
External Bu= " v < + + + v
Mexusz 3 3 3 3 3 3 3
ETPU 32-Ch., 32-Ch., 32-Ch., 2x32-Ch., 32-Ch., 2x32-Ch, 32-Ch.,
eMI0S 24-Ch., 24-bit 24-Ch., 24-bit 24-Ch., 24-bit 24-Ch., 24-bit 24-Ch., 24-bit 24-Ch., 24-bit
GPRIO 152 192 220 256 152 256 238
ADC 40-Ch., 1 = 12-bit |20-Ch., 1 x 12-bit |240-Ch_, 1 x 12-bit |40-Ch., 1 x 12-bit |40-Ch., 1 = 12-bit |40-Ch., 1 = 12-bit [£0-Ch_, 1 = 12-bit
Voltage 3.3 & 5V 3.3V & 5V 3.3V & 5V 3N E BV 33N & BV 3.3 & 5V 3.3V & 5V
Temp. Rangs M M M M M CH C.K
Frequency Range £0-280MH=z A0-80MH=z S0-132MHz 80-132MH=z S0-132MH= S0-132MH= a0-132MHz
Package Option=z 208 MAPBGA, 208 MAPBGA, 208 MAPBGA, 418 PBGA 324 PBGA 418 PBEGA 324 PBGA, 418
224 PEGA 224 PEGA 224 PEGA, 416 PEGA

PEGA
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» Power Architecture Technology €200z3 Core + VLE
+ 80MHz performance with Variable Length Encoding (VLE)
« SPE (signal processing extension): DSP, SIMD and floating point
capabilities
+ Binary User mode compatible with RCPU (MPC500) and €200z6
+ Memory Management Unit (MMU)

» Memory
+ Family includes 768 KB, 1 MB and 1.5 MB flash memory options with ECC
- Up to 81 KB SRAM

» eTPU
+ 1x321/0 channels
+ 17k designated SRAM (14k code & 3k parameters)

» /0
+ 24 channel EMIOS with unified channels
+ 2 x FlexCAN compatible with TouCAN, 64 + 32 buffers
+ 2xeSCl
- 2 x DSPI 16 bits wide up to 6 chip selects each
+ Up to 34-channel dual analog-to-digital converter (ADC) with
differential channels and input variable gain ampilifiers.
- Die temperature sensor

> System
FM-PLL
+ 32 Channel DMA Controller
+ 196 Source Interrupt Controller
+ Nexus IEEE-ISTO 5001-2003 Class 2+ (eTPU2 Class 1)
+ MPC500 compatible External Bus Interface
+ Single 5V supply

MPC563x

GPIIO JTAG i NEXUS

2 CAN

2x 12-bit
ADC (34 ch)

16 ch
eMIOS

1.5M/1M/768K 64K/48K/32K
Flash SRAM

1
SPI;E Power Architecture
] E200z3 + VLE

External

16-bit

Bus

Selector Guide

Product Fd,"f'”ﬁ;:? Flash RAM eTPU2 eMIOS ADC  Package Options

. . . 40 MHz, 144 LOFP,
- 100 LQFP, 144 LQFP, 176 LQFP, 208 MAPBGA and VertiCal Calibration MPCSE34M  60MHz, 15MB 64K 1% 1X  Sdch 176 LQFF
System package options BaMIE : Qﬁz'z f:“
+ Temperature Range: -40 to 125°C 40 Mz, 1x  1x  32<ch, 144 LQFF
P 9 MPCS633M  EOMHzZ,  TMB 48K 35.ch. 16-ch. dual 12-bit 176 LQFP.
APBGA
40 MHz, 1x 1% 32-ch. 100 LQFP,
MPCSE32M  gompz 768K 32K o0 gech.  dual 12-bit 144 LOFP
<&
Cd
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68K/ColdFire®: MCF523x

eTPUUL § 4ch 32-bit
Confi bl . UART
Channels | Timer

Serial:

UART, SPI, SSI
Timing: 4ch PIT 12C UART
PWM, I/C, O/C,

PIT

Motors:
DC, BLDC, AC, CAN UART
Stepper
8K

68K/ColdFire V2 Core

* Up to 144 Dhrystone 2.1 MIPS @ 150 MHz
» Enhanced MAC Module and HW Divide
- 150/75, 100/50, and 80/40 MHz core/bus speed grades [ Shannels
» 8K bytes I/D-Cache 32
» 64K bytes SRAM Channels
* Optional 10/100 Ethernet MAC (external PHY)
* Optional Hardware Accelerated Encryption

* Random Number Generator

* DES, 3DES, AES, Block Cipher Engine

+ MD5, SHA-1, HMAC, Hash Accelerator
« CAN 2.0B Controller
« 3 UARTSs (optional 2" CAN muxed with UART3)
* Queued Serial Peripheral Interface (QSPI)

eTPU Options

Crypto

* I12C bus interface 2" CAN
+ 32-bit non-multiplexed data bus with 8 Chip Selects _ V2 System SDRAM

* Chip select support for paged mode flash memories Additgggm":‘)'dules coldFire Bus 00"20"“
* 16 or 32 ch. Enhanced Time Processing Unit (eTPU) Core Controller | | o1 Selects

* Programmable 1/O system supported by a functions library
* 4 ch. 32-bit timers with DMA support
* 4 ch. Periodic Interrupt Timer Part 10/100 Speeds
* 4 ch. DMA controller Number ~ STTY FEC Crypto CAN MHz Packages

* SDRAM Controller MCF5235 | 16 ch Yes Yes 2 100,150 | 256 MAPBGA
* Up to 113 General-Purpose 1/0O
o System Integration (p|_|_ SWwW Watchdog) MCF5234 16 ch Yes No 1 100, 150 256 MAPBGA
* 1.5V Core, 3.3V I/O MCF5233 | 32ch No No 2 100, 150 256 MAPBGA
. . o o

Temperature Range: -40°C to +85°C T o o 1 80 160 QFP

100, 150 196 MAPBGA
R
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Industrial Applications for Electric Motors
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Motor Control Example Devices

The DSC Family and ColdFire Family of Products
Motor Control Peripherals: PWM, ADC, Quadrature Decoder and eTPU

Connectivity: SCI, CAN, 12C, SPI

Performance: S08 6MIPs, DSC up to 60 MIPS, ColdFire up to 266MHz

Software Support: Motor Control Libraries, Low-level peripheral drivers
growded by application experts, Free Master Monitoring Software, eTPU
oftware Libraries

owners. © Freescale Semiconductor, Inc. 2008.
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¥ : IOV IVIP10 oFol
Core / MIPS S08 core, 6MIPS 56800E Core, 32MIPS ColdFire V2, 144MIPS
Program 16kB flash 64kB/0kB MPU
Flash/Ram
Data Flash/Ram 1kB RAM 0kB/8kB 72Kb
QuadTimers/PIT FTM 6+2 channels 2x4ch/3ch 4ch
PWMs 8 @ 50MHz 6ch @ 96MHz 16 Channel eTPU
12-Bit A/D 12ch / 0.3M SPS 2x8ch/1.78MSPS 16 Channel eTPU
12-Bit DAC none 2ch 16 Channel eTPU
SCI/QSCI 1/1(SPI) 0/2 3 UART
CAN 0 1 1
12C 1 1 1
I/0 Pins 40 53 113
Package 48 pin LQFP, 32 pin LQFP 64-LQFP 160QFP
28 Pin PDIP, 28 pin SOIC
SRP @ 10K $2.00 $4.11 $10.00
Ca
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Networked Actuators and Sensors

» Communications, /0O, ADC and Motor Control PWM capabilities are
needed in these applications, and in the majority of applications
medium performance. Support for industrial busses such as CAN
and Ethernet are also essential making the Coldfire® V1 and V2

Frees
owner:

parts ideal products

e
[

o

Segment

Increasing Performance Requirement

—

Networked Actuators and Sensors

S08

Coldfire

Coldfire

s. © Freescale Semiconductor, Inc. 2008.
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Networked Actuators and Sensors example devices

The ColdFire Family of Products
Connectivity: 10/100 Ethernet MAC + PHY, CAN, 12C, SPI, SCI
Performance: up to 80MHz
Software Support: TCP/IP Stack, USB Stack
Field Bus Support: via 3rd party software provided by IXXAT and Port
The S08DZ Family of Products
Highly integrated, Scalable solutions, from 32 to 64pin, with CAN, 12C, SPI, SCI

Feature S08DZxxx MCF52232 MCF52231
Core S08 CPU ColdFire V2, Coldfire V2, 60MHz
20MHz @ 5V 50MHz
Flash 16Kb — 60Kb 128Kb 128Kb
RAM 1Kb — 4Kb 32Kb 32Kb
Ethernet No MAC + PHY MAC + PHY
CAN 1 No 1
Field bus Actuator Timer 2 x 16-bit 4 x 32 bit, 4 x 16bit 4 x 32-bit, 4 x 16bit

USB No No no

- I/O Up to 53 Up to 56 up to 55

- PWM See Timer 8/4ch 8/4ch
ADC 24ch, 12-bit 8ch, 12 bit 2 x 4ch 12 bit
SRP @ 10K $3.36 $5.49 $8.79
Ecosystem

e
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Robotics Control

» If we look more to the control aspects rather than
the motor drive aspects then connectivity, CAN
and Ethernet as well as performance are key
factors

» Low to mid end systems can be implemented with
Coldfire® with mid to high end systems being

based on Power Architecture ™ - j‘“

| | | (6

» The trend going forward will be for real time p =

communications with 1588 becoming a necessity. s
This is available today on high end Power <

Architecture in hardware and implemented in
Software on the Coldfire

Segment Increasing Performance Requirement —>
Robotics Control Coldfire Power Power

<&,
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Robotics Control example devices

The ColdFire® Family and Power Architecture™ Products
Motor Control Peripherals: PWM, ADC, eTPU
Connectivity: SCI, CAN, I2C, SPI, 10/100 Ethernet MACs
Performance: up to 150MIPS, FPU, MMU
Software Support: eTPU libraries, TCP/IP Stack, ucLinux and Linux OS, IEEE 1588

Feature MCF5235 MPC5554 MPCB8349E
Core V2 ColdFire / 144MIPS 132 MHz 32-bit e300
PowerPC core up to 667MHz
Program Flash no 2MB (ECC correction) No
Static RAM 64kB 64kB No
Ext Bus Interface yes yes yes
PC, WEB MMU/FPU no yes Double Precision Float
SERVER
eTPU/SRAM 64ch/19kB 32ch/17.5kB NA
_’ vdd, Ves ETHERNET popng PHY 10-Bit A/D no 80ch/800kSPS No
S KBI, Timers 4ch - PIT 24ch - EMIOS Real Time Clock
Interfaces - _SUBSYSTEM 1
SCI/SPI/I2C 3xUART/1xQSPI/1ch 4xeSCI/4xDSPI/- DUART, 2 x 12C, SPI
" SUBSYSTEM 2.
Actators At P, oTPU | FlexCAN 2ch 3ch No
SUBSYSTEM > Ethernet MAC yes no 2 x up to Gigabit
Con?;l?r:?::ion SCLSRLze
Package 256-MAPBGA 416-BGA 672 TBGA
SUBSYSTEM X.
Robot-c Controller SRP @ 10K $19.78 @ 10k qty $43.40 @ 10k qty $42.91 for 400MHz
&,
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Related Session Resources

Session Location — Online Literature Library

http://www.freescale.com/webapp/sps/site/homepage.jsp?nodeld=052577903644CB

Sessions

Session ID Title

Motor Control Part 2 - Solutions for Large Appliances and HVAC

Motor Control Part 3 - Solutions for Small Appliances and Health Care Applications

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

Demos

Pedestal ID Demo Title

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