S127ZVC256 BASIC TRAINING

x SECURE CONNECTIONS
FOR A SMARTER WORLD
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Session Objectives

- By the end of this session, you will be able to:
- Know motor basic, advantage and disadvantage of the different types of motors.

- ldentify the modules integrated in the S12ZVM for BLDC and PMSM motor drive
applications

- Know the MTRCKTSBNZVM128 motor control kit based on the MagniV S12ZVM
microcontroller

- Create an application using CodeWarrior IDE to control the speed of a BLDC motor
based on a potentiometer reading

- Use FreeMaster for non-intrusive debugging
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Agenda

- Motor overview
- S127ZVM microcontroller introduction
- Hardware & Software Development Tools

- Lab #1: Starting a CodeWarrior project for S12ZVM
- Lab #2: The FreeMaster interface and the ADC

- A BLDC motor control application

- Lab #3: Advanced Math and Motor Control Library

- Lab #4: The PMF, PTU, and GDU
- Lab #5: Driving a BLDC motor based on Hall sensors
- Q&A
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BLDC MOTOR BASICS
OVERVIEW




Electric Motor Clasification

ELECTRIC MOTORS

AC DC

Asynchronous Synchronous Variable Reluctance
Induction Sinusoidal Brushless Reluctance SR  Stepper

—— Permanent Permanent Separately excited

plit phase Magnet Magnet
Wound
Shaded pole
Capac. run Surface PM Permanent Magnet
Interior PM Series field

Capac. start

: Shunt field (parallel)
S IC
AHIEl A Wound Field

Wound Rotor (Excitation winding) Series universal
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Electric Motor Clasification

ELECTRIC MOTORS

\ 4 A 4

ac] oc]

| \ 4

Asynchronous I Synchronous I Variable Reluctance

Induction Sinusoidal I I Brushless I Reluctance SR  Stepper
— Permanent Permanent Separately excited
Split phase Magnet Magnet
Wound
Shaded pole
Capac. run Surface PM Permanent Magnet
Interior PM Series field

Capac. start

Squirrel Cage Shunt field (parallel)
. ; Wound Field

Wound Rotor (Excitation winding) Series universal
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S12ZVM Motor targets
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DC Motors
- Two or more permanent magnets in stator

- Rotor windings connected to mechanical
commutator

BLDC Motors

-PM in rotor, 3-phase conductors in stator
- Trapezoidal back-EMF

Permanent Magnet Synchronous Motors
- Similar to BLDC in construction
- Sinusoidal back-EMF
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PM Machines — Trapezoidal vs. Sinusoidal

- The characteristic “Trapezoidal” or “Sinusoidal” is linked with the shape
of the Back-EMF of the Permanent Magnet motor.

-“Sinusoidal” means Synchronous (PMSM) motors
-“Trapezoidal” means Brushless DC (BLDC) motors

- BLDC motor control (6-step control)
-Only 2 of the 3 stator phases are excited at any time
-1 unexcited phase used as sensor (sensorless control)

- Synchronous motor (Field-oriented control)
- All 3 phases are persistently excited at any time

h
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Six Step Commutation

Six Step BLDC Motor Control

- Voltage applied on two phases only
- It creates 6 flux vectors

Phases are powered based on rotor position
- The process is called Commutation

ABC
[110]

N

Phase C |

ABC
[100]

ABC

[101]

ABC - Hall Sansors Qutput

T 330" 3a0°
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BLDC Six-Step Commutation Principle

- Stator field is generated between 60° to 120° relative to the rotor field to

get maximal torque and energy efficiency
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PM Motors

Sinusoidal” or “Sinewave” machine means Synchronous (PMSM)

ion in

Magnetic Field Distribut

The characteristic “Trapezoidal” or “Sinusoidal” is linked with the shape of Back EMF of PM motor.

Trapezoidal means brushless DC motors

“Sinusoidal” or “Sine-wave” machine means PMSM
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Basic PM Motor Features and Comparison

Brushless D.C. Motor Permanent Magnet Synchronous Motor

BLDC motor PMSM motor
3-phase machine with PM on the rotor = 3-phase machine with PM on the rotor
Rotor position sensing required for rotor flux position = Rotor position sensing required for rotor flux position
High torque per frame size = High torque per frame size
Synchronous operation = Synchronous operation
Good high speed performance (no brush losses) = Good high speed performance (no brush losses)

High torque ripple = Low torque ripple
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Torque Ripple of PM Motors

Brushless D.C. Motor

+ Trapezoidal Back-EMF
+  Six-Step commutation control
+ 2 of the 3 stator phases are excited at any time

sl | =———— Phase currents
Back EMF

NVaadVasd Vasd Vasd Vasd Vasl

os 1 \

L A= A A

05

Torque components of each motor phase
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Permanent magnet synchronous motor

+ Sinusoidal Back-EMF (ideal case)
+ Field Oriented Control
+ All 3 phases persistently excited at any time

--------- Phase currents
Back EMF

B 1 120 #0 300 250

Torque components of each motor phase
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PM Motors in Automotive - Example

Brushless D.C. Motor Permanent magnet synchronous motor

Fuel/liquid pumps with BLDC Power steering with PMSM

Application requirements: Application requirements:
« High speed operation « High speed operation
« Simple sensorless control + Smooth torque operation
« Low cost control solution « Suppressed vibration and acoustic
« Higher efficiency than DC motor noise

h
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MAGNIV S12ZVM

Device Overview
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S12ZVM - Single Chip Solution for Motor Control

Gate

Driver
(48pin)

 S12ZVM Solution:
« ~ 50 fewer solder joints

Vector Control

« -2to 3 cm2 PCB space

h
VR
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Operating Voltage Ranges

Without Boost With Boost
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S12ZVML Application Schematic

XTAL
EXTAL

10/ MISO
10/ MOSI
10/ SCLK
10/ SS
10/ RXDO
10/ TXDO
10/ KWPO
10/ KWP1
10/10C0o
10/10C1
10/l10C2

Hallout
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DEVELOPMENT TOOLS

Hardware + Software
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S12ZVMC256 EVB

Power  PowerSupply 1IN Can
Supply Terminal Connector Connector BDM Potentiometer

\ \ \ Connector routed to ADC

Hy

USB
Connector
Motor Reset
Connector Button
\
Hall/Encoder Pressure
Interface Sensor
\ -

/ User Leds User

MOSFETs Buttons

6x Power User Switch

CONFIDENTIAL AND PROPRIETARY

h

P



FreeMASTER — Run Time Debugglng Tool

. User-friendly tool for real-time ’—“ﬁ““#m”  —

debug monitor and data // & oy

visualization \/ i v

- Completely non-intrusive monitoring N e e
of variables on a running system B

- Display multiple variables changing T | e
over time on an oscilloscope-like e Y
display, or view the data in text form e

- Communicates with an on-target o | B
driver via USB, BDM, CAN, UART

USB
BDM
= CAN
—— UART
JTAG
Ethernet

http://www.freescale.com/freemaster
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Automotive Math and Motor Control Library Set — Block
Diagram

i Advance Control Library (ACLIB)

i Advance Motor Control Library (AMCLIB)

i~ Tracking Observer

i - Estimators

| - Sensorless Algorithms
iald-Weakening

Advanced

Control Library W‘a\‘\ - J— s
---------- AA ——

""""""""" Ao ' ] 5 y 5
?;:fk'/?:'urr? Transfonnat:;:;a v (GMCUB)I H : N8 % Ry Advanced
-Inverse Park-Clark b } 5 = ; N Motor Control
- DC Bus Ripple Elimination B 0 % Librar
General Vo 5 S J
Motor Control . : fAYAYAWAYAVA
Library -

General Function Library (GFLIB) E

General Digital Filters Library H : : D . : 1 Stand-Alone
(GDFLIB) : § £ : : ! PG U

- Sine, Cosine, Tangent
- Inverse sine, Cosine, Tangent
- Hysteresis

General - LUT, Ramp, Limitations

Function
Library

P temmemeeenee L g peesEesmmERE ‘ General
i\ Mathematical Library (MLIB) > 2 5 _ o q
i - Absolute Value Dlgltal Filters

i - Summation, Saturated Summation = Library
i - Multiplication_Division Saoturatq ipieatio

Mathematical i .
Lib rary i - Type Conversion

http://www.freescale.com/webapp/sps/site/prod summary.jsp?code=AUTOMATH MCL m
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http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=AUTOMATH_MCL
https://www.nxp.com/webapp/Download?colCode=MC9S12ZVM_AMMCLIB_LIB&location=null&Parent_nodeId=1327688381673729711899&Parent_pageType=product

Auto Math and Motor Control Library
Contents

MLIB

GFLIB

GDFLIB GMCLIB ACLIB/AMCLIB

Trigonometric Functions

- Absolute Value, Negative . GFLIB_Sin, GFLIB_Cos, - Finite Impulse Filter - Clark Transformation - Angle Tracking Observer
Value GFLIB_Tan - GDFLIB_FilterFIR ) : gmg:::g_g:artl . Tracking Observer
. MLIB_Abs, MLIB_AbsSat +  GFLIB_Asin, GFLIB_Acos, + Moving Average Filter . _Clarkinv . X
. MLIB_Neg, MLIB_NegSat GFLIB_Atan, GFLIB_AtanYX . GDFLIB_FilterMA « Park Transformation Z:"'ﬁ;’}:EMF Observer in
. Add/Subtract Functions - Limitation Functions - 1st Order Infinite Impulse - GMCLIB_Park pha/Beta _
. MLIB Add, MLIB AddSat +  GFLIB_Limit, Filter - GMCLIB_Parkinv - PMSM BEMF Observer in
M'_-'B—S”P' _MLIB_SubSat g:zt:g_t/ectorll___mr . GDFLIB_FilterlIRTinit - Duty Cycle Calculation D/Q
- Multiply/Divide/Add- : —-owerLimit, . GDFLIB_FilterlIR1 *  GMCLIB_SvmStd . Content To Be Defined
i i CIALIE_ Vel i . Elimination of DC Ripples
multiply Functions PIC : + 2nd Order Infinite Impulse pp
. ontroller Functions . . GMCLIB ElimDcBUSRi
MLIB_Mul, MLIB_MulSat GELIB Controllerpir Filter Bl p
MLIB_Div, MLIB_DivSat R EomielE P GDFLIB_FilterlIR2init - Decoupling of PMSM
MLIB_Mac, MLIB_MacSat . GFLIB_ControllerPIp, - GDFLIB_FilterliR2 Motors
MLIB_VMac GFLIB_ ControllerPIpAW . GMCLIB_DecouplingPMSM
o S - Interpolation
e L IEREU LS GFLIB_Lut1D, GFLIB_Lut2D
MLIB_ShR A
MLIB_ShBi, MLIB_ShBiSat - hysteresis Function
- Normalisation, Round s GF'-I"IB—?VS‘ i
Functions - Signal Integration
MLIB_Norm, MLIB_Round Function
. Conversion Functions S GF"-:'B—'”:?Qra“”TR
MLIB_ConvertPU, ° Sl RUEe
MLIB_Convert GFLIB_Sign : .
= . Signal Ramp Function Name Ext  [size | Delivery Content
GFLIB_Ramp ®L1 <DIR>
» Square Root Function %D;am] <gi§> > Matlab/Simulink Bit Accurate Models
GFLIB_Sqrt (Jldoc] i - User Manuals
(Dinclude] <DIR> .
bl <DIR> - Header files
2] license txt 14,5221 - Compiled Library File

-> License File (to be accepted at install time)
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HANDS-ON SESSION #1

STARTING AN S12ZVM PROJECT IN CODEWARRIOR
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Hands-on session #1 — Objectives

- In this session you will:
-Import an existing project into CodeWarrior for MCU 10.6
- Configure the programming/debugging interface in CodeWarrior
- Run a simple program on the S12ZVM EVB

- Watch variables in the debugging interface
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Hardware Setup

- Connect the USB cable from the OSBDM interface, J14, to the computer.
This is a single interface for:

- Programming the MCU via the BDM and
- Communicating with FreeMaster via SCI port.

- Connect the 12V power supply to the VBAT input, J31

h
P
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Hardware Setup
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Initial Configuration

- Software:
- From the Start menu select Code Warrior MCU 10.6
- Select a workspace and click OK

¥4 Workspace Launcher ﬁ

Select a workspace

CodeWarrior Development Studic stores your projects in a folder called a workspace,
Choose a workspace folder to use for this session.

Workspace:  CABLDC_waorkshop - Browse...

[7] Use this as the default and de not ask again
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Launching the Workbench in CodeWarrior

- From the main page, select “Go to Workbench”

¥3 C/C++ - CodeWarrior Development Studio —— — o — - —

File Edit Search Project Run MQXTools ProcessorExpert Window Help
() Welcome 53

CodeWarrior Development Studio

I Eile Edit Search Project Run MQXTools ProcessorExpert Window Help
% B-HES- 78 o c)® - (4 T -6 & % Debug [ERCC "
@ New Project Wizard ( ~ What’s New Product Release N ||E CodeWarrior Projects &3 -0 -
lazl = %P File Name =~
File Name ’ Build
0_:‘ " Example Projects @ Web Resources Service Packs]
[ Go to Workbench Tutorials
with the CodeWatrrior e— ===
. . = Project Creation ~ Build/Debuc (&} proplems 52 . B comle] m~ =08
Projects view enabled B e § o
[ Import example project ‘ Description . Resource Path Location Typs
13 Import MCU executable file £
% New MCU project
F% New MQX-Lite project
Bé
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Import a project

File Edit Source Refactor Search Project MQXTools ProcessorExpert Run Win
SR LI S r— T P

& | B CodeWarrior Prajects 532 B B sl
% | | File Name - Build

7 512ZVM_Lab2

7 5122ZVM_Lab3

LT S12ZVM _Labd

5T S12ZVM_Lab5

T 512ZVIM128_MotorControl_WBoost

T S12ZVM31_serial_test

7 512ZVM32_MotorControl_auto

7 512ZVM32_TEM_EMC

T 512ZVMB64_MOTOR_RAMPAL

LT 512ZVMC_CANExample

5T 512ZVMC256_EMC_TEST

ET S12ZVMC256_Labl

L 512ZVMC256_Lab5

[ 512ZVMC256_sensors

7 512ZVML128_DC_MotorCentrol

7 512ZVML128_VAL_3N95G

£ $12ZVvML31_GDUVal T3

5T S12ZVML32 CP_Load Val

5T 512ZVML-MINIBRD_BLDC_Sensorless CW_IDE

07 test_opamp

| [T test_opamp_CCS

LT test_pmf_c

LT tetris

T VLG_MC9S127VC

T ZVL128_demoEVE

E7 ZvL128_LIN

7 ZvL128_PGA

% Commander 52 =2

+ Project Creation ~ Miscellaneous
2y Import project %) Welcome screen
% Import example project &= Quick access
49 Import MCU executablefile & Flash programmer
% New MQX-Lite project

% New MCU project

~ Build/Debug

&, Build (Al

o Clean (Al

3. Debug

+ Settings

L Project settings

% Build settings

B Debug settings

S12ZVM_Labl
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e

Rl e o |

|/ % b534619 » My Documents » S12ZZVM » SW » S12ZVM_Labl »

=

Organize ¥ | Open

Primary (C2)

| Cadence

| Drivers
FCL_Local Lib
| Freescale

| InstallAnywhere
| Intel

| SVSTEM

| MCToelbox
__MSOCache

" PEMicro
Perflogs
| Program Files
| Program Files (:86)
| ProgramData
| Services
| Windows
| TEMP
g ti
| Users

Windoues

.project Date modified: 8/22/2014 1:25 AM

PROJECT File

-

Share with = E-mail Bum MNew folder

Name :
| settings

1 FLASH

L Lib

|\ Project_Headers

|| Project_Settings

| Sources

| ] .cproject

|| .cwGeneratedFileSetLog

Date modified

1/24/2015 4:55 PM
10/4/2016 11:16 AM
1/24/2015 4:55 PM
1/24/2015 4:55 PM
1/24/2015 4:55 PM
1/24/2015 4:55 PM
8/22/2014 1:25 AM
8/28/2013 3:25 AM

Type

File folder

File folder

File folder

File folder

File folder

File folder
CPROJECT File

CWGEMERATEDFL...

|| project

8/22/2014 1:25 AM
=

PROJECT File

|| ReferencedRSESystems

|| 512ZVM_Labl_FLASH_PnE U-MultiLink.tr...

| SaAnalysispointsManager.apcenfig

10/4/2016 11:15 AM
11/10/2014 1:16 PM
10/4/2016 11:14 AM

XML Document
TRACECONFIG File
APCONFIG File

(T

Size: 2.07 KB

g’,; Problems i3 ' El Console [§ Memon Progress “jg| Target Tasks

0 errors, 2 warnings, 0 others

Date created: 5/29/2015 11:35 AM

40

No preview
available.

Quick Access

Description

b & Warnings (2 items)

Resource

Path

1. Open Labl folder. Select
the .project file and drag and
drop in the Code Warrior
space.



The project window

- The example project source file can be found under “Sources”, and it is
called “main.c”

H4 C/C+ - S12ZVM_Lab:

IEiIE Edit Search Project Run MQXTools Processor Expert Window Help

TS AT ! S PR P e Rk 3 % vy [ETET)

I &l CodeWarrior Projects &2 = O [g mainc 22 =0
' J_az| =] <:===»>p File Name = |||l 1#include <hidef.h> /* for EnableInterrupts macro */ -
= 2 #include "derivative.h” /* include peripheral declarations */
File Mame Build 3
4 125 512ZVM _Labl : FL 4 #include "SL12ZVMEVE.h" -
= FLASH gﬁ
4 BL'b_ 7 * This project performs an initial bring-up of the S12ZVMxEVB
I> [ Project_Headers 8 * by enabling the push buttons and LEDs on the board. It alsc
[» [ Project_Settings 9 * enables the inputs from a Hall sensor interface.
|=| Sahnalysispoints e =/
4 [ Sources 11
= 12void main{void) {
b €] main.c v | 13
14 initCPMU();

15 initGPIOf);

16 initSCI();

17 initTIM();

18

19 EnableInterrupts;

28

a0 for(ss) {

22 __RESET_WATCHDOG(); /* feeds the dog */
23

24 } /* loop forever */

25 /* please make sure that you never leave main */
26

27}

28

&3 Commander £32 =Y =0 29

] *

~ Project Creation = Build/Debuc EL Problems 32 EConsule} ==

fg Import project & Build (A1) g items
~ ; -

] Import example project ] 'i Clean (A} Bescripiion Resource Path Location Type

£2y Import MCU executable file %5 Debug

=% MNew MCU project

% New MQX-Lite project

< m 3

/512ZVM_Labl/Sources/main.c
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Import project into CodeWarrior

- This simple project will:
- Configure the CPMU to 25MHz core clock / 12.5 MHz bus clock
- Configure channel O of the TIM timer module to a 1millisecond time base

- Configure channel 1 of the TIM timer module as an XORed input of the hall
sensor interface

- Configure the SCI to 9600 bps for future utilization
-Toggle LED 1 every 1 millisecond based on TIM channel O
-Toggle LED 2 with every edge of the Hall sensor inputs

h
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Example project — header files

#include <hidef.h> /* for EnableInterrupts macro */
#include "derivative.h" /* include peripheral declarations */
#include "S12ZVMEVB.h"“ /* EVB definitions */

/* Global variables to store each Hall sensor input */

unsigned char hall pattern = 0;
unsigned char hall a input 0
unsigned char hall b input = 0
unsigned char hall c input = 0

.
4

\.

\.
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Example project — Main()

void main(void) {

initCPMU() ; /* configuration for 25MHz core clock */

initGPIO() ; /* configure pins for LED and Hall interface on board */
initSCI(); /* initialize SCI port 1 at 9600bps (for future use) */
initTIM() ; /* initialize timer channels */

EnableInterrupts;,

for(;;) {

__RESET WATCHDOG () ;/* feeds the dog */

0x01 & (hall_pattern>>0);

0x01 & (hall_pattern>>1);
0x01 & (hall_pattern>>2);

hall _a input
hall b input
hall _c 1input

} /* loop forever */
} /* please make sure that you never leave main */
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Application Block Diagram
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- PWM duty-cycle
Set Global LDOK

/

FreeMASTER
control
I . 3-phase Inverter
< el o e
PTU trigger lists b SIS SIS J5
Scl [ 9 | i
Trigger e - -
] value — J'\. J\l J\l
Clock < 1
CPMU  —— PTU PWMO
Reset
Global PWM1
Load OK
External pin D— Trigger O GDU
PAD4
v -
> < PWMO
: ADC 0O ) PWM1
4 N\ [
| reload
ADC command lists
\ J ADC O > PMF
Done
A
f N v ISR
« Update new: delay
ADC result lists _
\ J PTU delay duty-cycle

TIM
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Application Block Diagram

- CPMU

FreeMASTER
control
I . 3-phase Inverter
< e - e
PTU trigger lists b SIS SIS J5
Scl [ 9 | i
Trigger e - -
] value — J'\. J\l J\l
Clock < T
CPMU —— PTU PWMO
Reset
Global PWM1
Load OK
External pin D— Trigger O GDU
PAD4
v A A
> < PWMO
: ADC 0O ) PWM1
4 N\ [
| reload
ADC command lists
\ J ADC 0 > PMF
Done
A
f N v ISR
« Update new: delay
ADC result lists _
\ J PTU delay duty-cycle
TIM

- PWM duty-cycle
Set Global LDOK

/
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CPMU - Clock, Reset and Power Manaaement

- Configuration S/W
routine:

- Set external 4MHz
oscillator as clock source

- Core clock set to 25 MHz

-Bus clock setto 12.5
MHz

-Wait for stable PLL
operation

- Clear fail-monitor flags
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SRV
ADG

VDDA

Low Voltage Detect VDDA

LvDs | > -LVIE Low Voltage Interrupt

—
[ L Voltage Low Vollage Delec
VDDX Regulator | VDDX, VDD, VDDF
VSSX 6V to 18V Power-On Detect
X
RSS1.2 (VREGAUTO) cor tmeos S 12CPMU_UHV
E VDD
= VDDF MRF
E VDDG Foat Power-On Reset .
ese
p p System Reset
< BCTL 0SC m4nnor failg | Generator Y -
X i | PLL monitor fai
= BESET IRCCLK
[ o OSCCLK oscclk | o
%E » cOnt?"glFlje d EFDIV[2:0] || [IRCTRIM0 Oscillator status Interfupt
xtadl | - Pierce . _ UPOSC [[77550=0 sets ALLSEL BT ] > | OSCIE —>
gl | osallator v ]
(XOSCLCP) Reterence | [T \
iMHZz-16MHZ Divider Referency
L %{(};}h\m POSTDIV[4:0] | PLLSEL | rowge] ECLK
W OSCMOD RCOLK (Bus Cldck
' " ECLKZ2X
OSCE] 3 {Core Clock) ||
Phase
< > locked 9
Lock REFCLK | Loop with
datect nternal 14 [FTDS] [ FTIE A et |,

<LK | Filter (PLL)

VCOCLK

High
Temperature

UPOSC=0 clears

REFFRQ[1:0]| aanpe
PLL lock interrupt)
- C‘OCK_ [LOCKIE II
— us
Dlwde by e Autonomous APl EXTCLK
2*(SYNDIV+1 T Periodic =
by 2 Interrupt (API)
ACLK
API Interrupt
% | F o B
Osc. m RTI Interrupt
COP time-out * g
Watchdog [ D HEsE
9 | Generator IRCCLK aroLk |72l Tme
p— Interrupt (:ITI)
»| RTIOSCSEL | |cPmURTI|
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Example project — CPMU

void initCPMU (void) {

while (GDUF GLVLSF) /* Wait for stable supply after power up */
GDUF GLVLSF = 1;

/* Settings for 25MHz/12.5MHz core/bus clocks, out of 4MHz ext. osc. */
CPMUREFDIV REFDIV = 3; /* fREF = 4MHz / (3 + 1) = 1MHz */

CPMUREFDIV REFFRQ = 0; /* 0 if fREF is from 0 to 1IMHz */

CPMUSYNR SYNDIV = 24; /* fVCO = fREF * 2 *(24 + 1) = 50MHz */
CPMUSYNR _VCOFRQ = 1; /* 1 if fVCO is from 48 to 80MHz */
CPMUPOSTDIV POSTDIV = 1; /* fPLL = fVvCO (1 + 1) = 25MHz */

CPMUOSC OSCE = 1; /* Enable external oscillator */

while (CPMUIFLG UPOSC == 0) {}; /* Wait for external oscillator */
while (CPMUIFLG LOCK == 0) {}; /* Wait for PLL to lock */
CPMURFLG = 0x60; /* Clear PORF and LVRF flags */
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PIM — Port Integration Module

- The PIM establishes the interface between the peripheral modules and
the device I/O pins

- Routing options:
- SPIO0 to alternative pins
- SCI1 to alternative pins
-Various SCIO-LINPHYO routing options
-PWM channels to GDU and/or pins
- TIMO routing to ACLK, RXDO or RXD1
-3 pin input mux to one TIMO IC channel (logically XORed)

h
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Application Block Diagram — PIM & SCI

FreeMASTER
control
I . 3-phase Inverter
< el - e
PTU trigger lists b SIS SIS J5
SClI [ 9 ) )
Trigger e - -
] value — J'\. J\l J\l
Clock < T
CPMU  —— PTU PWMO
Reset
Global PWM1
Load OK
External pin D— Trigger O GDU
PAD4
v a A
> < PWMO
: ADC 0O ) PWM1
4 N\ [
| reload
ADC command lists
\ J ADC 0 > PMF
Done y A
f N v ISR
« Update new: delay
ADC result lists -PTU delay
\ J duty-cycle
- PWM duty-cycle TIM
Set Global LDOK /[
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Example project — GPIO (PIM) & SCI

void initGPIO (void) {

MODRRO = MODRR(O CONFIG; /* Serial Port routing*/
DDRS = DDRS CONFIG; /* User LEDs */
DDRP = DDRP CONFIG; /* EVDD output */

HALL SUPPLY = 1; /* Turn on the hall sensor supply (EVDD) */
LED1 = 0; /* Turn off LEDs by default */
LED2 = 0; /* Turn off LEDs by default */

MODRR2 = MODRRZ2 CONFIG;/* Serial Port routing*/

void initSCI (void) {

SCI1IBD = SCI_BAUDRATE; /* Set target baud rate = fbus / SCIBD */
SCIICR2 TE = 1; /* Enable Transmitter */
SCIICRZ2 RE = 1; /* Enable Receiver */
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Application Block Diagram — TIM

CONFIDENTIAL AND PROPRIETARY

- PWM duty-cycle
Set Global LDOK

/

FreeMASTER
control
I . 3-phase Inverter
< el o e
PTU trigger lists b SIS SIS J5
Scl [ 9 | i
Trigger e - -
] value — J'\. J\l J\l
Clock < 1
CPMU  —— PTU PWMO
Reset
Global PWM1
Load OK
External pin D— Trigger O GDU
PAD4
v -
> < PWMO
: ADC 0O ) PWM1
4 N\ [
| reload
ADC command lists
\ J ADC O > PMF
Done
A
f N v ISR
« Update new: delay
ADC result lists _
\ J PTU delay duty-cycle

TIM




Example project — TIM

void initTIM(void)
{

TIMOTIOS IOSO = 1; /* Channel 0 configured as an output compare */
TIMOTCTLZ2 = 0; /* No action on pin for channel 0 OC event */

TIMOTIOS I0S1 = 0; /* Channel 1 configured as an input capture */
TIMOTCTL4 = 0xC; /* Input Capture on both edges of channel 1 */

TIMOTIE COI =
TIMOTIE CII =

/* Channel 0 interrupt enabled */
/* Channel 1 interrupt enabled */

= =
\I

\I

TIMOTCO = TIM CHO PERIOD;
TIMOTSCRZ PR = TIM PRESCALER;

TIMOTSCR1 TEN = 1; /* Enable Timer counter */
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Example project — TIM Interrupt Service Routines

interrupt VectorNumber VtimOchO void TIM CHO ISR (void)

{
LED1 = ~(LEDI1) ; /* Toggle LED 1 */
TIMOTCO = TIMOTCNT + TIM CHO PERIOD;/* Set new output compare value */
TIMOTFLG1 = TIMOTFLGL_COE_MASK;/* Clear the flag */

interrupt VectorNumber VtimOchl void TIM CH1 ISR (void)

{
LED2 = ~(LEDZ2) ; /* Toggle LED 2 */
hall pattern = 0x07 & (PTIT >> 1);/* Capture Hall sensor pattern */
TIMOTFLG1 = TIMOTFLGL_CIE_MASK;/* Clear the flag */
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Build the Proj ect 2. Click on the “Build All”

button

1. Right click on Labl B OB & BB TR (—

prOjeCt and SeIeCt File Edit Search Project Run MQY@#8ls Processor Expert Window Help
C-HE S -~ e R i H- 18- BT -m D [ % Debug (FEC/C]

Clean Project G CodetWarior Proj [N uiid Al (Ciri ) H‘j h
=R =

N\

V5 S127VM_Labl

MNew >
(= .settings
= Lib Go Into
(= Project Headers Open in New Window
= Project_Settings
= Sources Index 2
.cproject Build Configurations b
project Make Targets b
|5 SafnalysispointsManager.apc Build Project

Clean Project

|i=] Copy Ctrl+C
Paste Ctrl+V
¥ Delete
Move...
Rename...
g2y Import... =°°-06
£3 Commander &2 1 Export..
Add Files...
= Project Creation - F -
Iih Impart project % Qéh Refresh F5
9 Import example project 4 Close Project
tug Import MCU executable file %5 Run As N
fz Mew MCU project Debug As >
‘fJ Mew I\::[QX—the project Profile As N .
Convert To...
o® Warnings (2 items) Edit Linked Resources Locations...
T - —— —  —
Compare With 3

Restore from Local Histery...
#7  Run C/C++ Code Analysis

Properties
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Start the Debugger

1. Click on the drop-down
menu at the bug icon

File Edit Search Project Run MQX Teools Processor Expert Window Help

AL RS AL B S SR ASE AL R4S
& CodeWarrior Prajects &2 = B[ Lel maine &3 (no launch history)
laz| Q:DP File Name = o Debug As
File Mame = Build Qf J*EEEEEEEEEE Debug Configuratiops...
% §12ZVM_Labl : FL 97 * ) Organize Favorites...
& Lib 98 * Function:
. 9g *
(== Project_Headers 188 *
(== Project_Settings 1e1*
Safnalysispoint:
= Sources 23 void initTIM(void){
5 e TIMBTIOS_I0S@ = 1; /* Channel @ c§nfigured as an output compare */
‘ ’ TIMBTIOS_I0S1 = @; Channel 1 coNfigured as an input capture */

Description: TIM module configurati\n

TIMBTCTLZ = @; /* No action on pNy for channel @ output compare event */
TIMBTCTLY = 4; J/* Input Capture on\rising edge of channel 1 */

TIMBTIE oI = 1; /* Channel @ interrup
TIMBTIE CIT = 1; /* Channel 1 interrupt

TIMBTCE = TIM CHE PERIOD;

TINBTSCRI_TEN_= 1; /* Enable Timer counter */ 2- SeIeCt “D t g
Configurati .

{128 interrupt VectorNumber VEim8ch@ wvoid TIM_CHB_ISR(void){
121

&3 Commander 52 =~ =0 122 o LEDI = ~(LEDIY: i* Tﬁrggle LED 1 */

~ Project Creation ~ Build/Debuc 5 Problems 2 El Console}

i3 Import project Q Build (All)|p errors, 2 warnings, 0 others
Import example project & Clean (All) A
Import MCU executable file 35 Debug
% Mew MCU project
Mew MQX-Lite project

Description Resource Path Location Type
& Warnings (2 items)
& function has no prototype main.c /5127VM_Labl/Sou... line120 C/C++ Probl...
& function has no prototype main.c /512ZVM_Labl/Sou... line129 C/C++ Probl...

Writable Smart Insert
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Debug Configurations

- The following image shows the settings of the debugger in the “CodeWarrior Download”

configuration

¥ Debug Configurations

-

Create, manage, and run configurations

Debug or run an application to a target.

CEx B3k~
type filter text
4 [c] CodeWarrior
[£] MC9512ZVMLL128_PnE U-MultiLi

[€] S12ZVM_Labl FLASH_PnE U-Mu
= Launch Group

MName:  512ZVM_Labl_FLASH_PnE U-MultiLink

Main - 0= Argumentq 3& Debugger} ﬁy Source} B Environmenq e=] Common} g? Trace and Proﬁle}

Debug session type
Choose a predefined debug session type or custom type for maximum flexibility

Browse...

@ Download () Connect
() Attach () Custom
» C/C++ application
Project: 5127VM_Labl
Application: FLASH/S12ZVM_Labl.elf Search Project...| | Browse...

” Variables... ]

w Build (if required) before launching
Build (if required) before launching

Build configuration: ’FLASH

49

[ Select configuration using 'C/C++ Application’
() Enable auto build () Disable aute build
@ Use workspace settings Configure Workspace 5ettings...
4 1 + .
+ Target settings
Filter matched 4 of 4 items
Connection: & S12ZVM_Lab5_FLASH_PnE U-MultiLink - Bdit.  |[  New. |
IRl g A s Execute reset sequence
=F AccelerometerPlay (RN LI |
1= CCS+_Mooser_Master SW A
T:—'5 CCS+ Morgser Slave SW - i Apply Revert
@ Debug | ’ Close
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Debug Configurations | 1. Click on Debugger Tab

and change the Refresh
while running to .2

ﬁ Debug Configuratio

| Create, manage, and run configurations

Debug or run an application to a target.

y 4 i
4 o . /-
CExX =3 Mame: S12ZVM _LabL FLASH_PnE U-hjyfiLink
|| | Main (NF Arguments rﬁ Debugger Bs Sourcew -] Environmenq =] Common} ﬂ”' Trace and Profilew
] CodeWarrior Debugger opticns il
[£] MC9512ZYMLL28_PnE U-MultiLink
[5] S12ZVM_Labl_FLASH_PnE U-MuktiLink Debug |]nterlupis | Download I PIC | Other Executables | Symbolics | DSAwarenﬁs|
- Launch Group Program execution
[/] Initialize program counter at:
(@ Program entry point
User specified: | main
[/] Resurne program
Stop on startup at:
(©) Program entry point
@ User specified:  main 3
Breakpoints and watchpoints
Install regular breakpoints as Regular -
Restore watchpoints
Data access
4| 1 3 ) . .
Disable display of variable values by default
Filt tched 4 of 4 it:
Mhermatehed @ of & tems Disable display of register values by default
play g Y
Filter by Project: Refresh while running period (seconds): .2 =
1= AccelerometerPlay o 57
= CCS+_Mooser_Master 5W D
EE-CCS+ Mol:?ser Slave SW > | Apply | | Rewvert |

® I Debug ] ’ Close ]
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Starting the debugger

- From the Debug Configurations interface, click on Debug
- Or, from the workspace, click on the Bug icon.

- CodeWarrior will compile the project and program the device.

- You can start the execution of the code with the provided buttons:

Terminate
Suspend
Resume Disconnect
Reset MCU
Restart
ﬁ Debug &3 g3 Com =8
D e S|z v =

m | 5

a [T] 512ZVM_Labl_FLASH_PnE U-MultiLink [CodeWarrior Download) *
v Step Return
4 5127, 5127V _Labl.elf (Suspended)
4 f# Thread [ID: 0:0] (Suspended: Signal 'Halt' received. Description: Uer halted thres Step Over =
= 2 main() main.c:13 0xfel05h
= 1 _Startup() startsl2z.c:97 OxfeD03f Step Into il
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Running the code

- When the code is running, you will see that LED1 is ON and slightly
dimmed (1ms ON /1 ms OFF)

- Rotate the motor manually and see how LED2 toggles at different
positions of the rotor

- Stopping the execution at any time will show you the current values of

the variables being “watched”
B g st i e e = =

File Edit Search Project Run RTCS MQX MQXTools PEMicro Window Help

| &~ | Fr it P v Bl vks o I (35 Debug | T C/C++
%5 Debug &2 . £ Comman der = O || 9= Variables 2 % Breakpoints| =k Modules| & Expressions =g
= < E|EF-|§ lcs~

D 0k -’\}:/;| TR | i= .@” > m - Name Value Location

6= hall_c 0 0001079
0= hall_b 1 0:0010fa
- ©9= hall_a 1 0x0010fb
r
=8
il Registers &2 == Disassembly = | @ ‘ | = =0
WATCHDOG(); /* feeds the dog */
- 0; == = HoE Name Value Location

h
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What we have learned until now?

- Import existing project into Eclipse IDE workbench
- Setup Eclipse IDE to compile the source code and program it to a target

- Connect with debugging interface to target, and run the programmed
device

h
P
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HANDS-ON SESSION #2

USING FREEMASTER INTERFACE




Hands-on session #2 — Objectives

- In this session you will:
- Add a routine to initialize the ADC and read the potentiometer value
-Import the FreeMaster Serial Communication Driver into a CW project
- Start a FreeMaster project and visualize the variable data as text

- Add a scope view In freemaster to visualize the variable data
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Lab session #2 — Detalls

- Import the 2nd lab session “S12ZVM_Lab2”

- This project has two additions:

- FreeMaster serial interface driver that “reports” the values of the project
variables to FreeMaster, using the serial port SCI1

-The ADC is configured to cyclically read the potentiometer value
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Application Block Diagram — ADC
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- PWM duty-cycle
Set Global LDOK

/

FreeMASTER
control
I . 3-phase Inverter
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PTU trigger lists b SIS SIS J5
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Trigger e - -
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Clock < 1
CPMU  —— PTU PWMO
Reset
Global PWM1
Load OK
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PAD4
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> < PWMO
: ADC O ) PWM1
4 N\ [
| reload
ADC command lists
\ J ADC O > PMF
Done
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« Update new: delay
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\ J PTU delay duty-cycle
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ADC - Analog-to-Digital Converter

System Glock Clock ADC Clock o By o - Programmers model with List Based Architecture for
T | Prescaer handler . [ conversion command and result value organization
Data-Bus < > (EN)
Foo— = i ’—. + 8-, 10-, or 12-bit selectable resolution
| : : .
| Tager ! Control Uni e~ . Channel select control for n external analog input
| Restart | (Conversion Flow, Timing, Interrupt) > Channels
| Seq_abort | . " .
| - Eight additional internal channels
see Reference
: comeciy : — DMA access S - Programmable sample time
Comm | - . .
:.’ﬁe"r’n"afﬂ%fé?fﬁce: Temperature Comm | - Providing a sample buffer amplifier for channel sampling
| Inemal_7 _ H e [ (improved performance in view to influence of channel
Internal_6 > | Gommand | input path resistance versus conversion accuracy)
Internal_3 | - Se?_ytﬂince Alternative-|
Intemnal_4 : 1S Command . 1 i ifi
 memal ; o A | Seene : Left/right justified result data
lntermal 21 o Mux my | - Individual selectable VRH_0/1 and VRL_0/1 Ref. inputs
VREG scse — Fomm 6 NVM) . .
— ——— _ _ _ J - Special conversions for selected VRH_0/1, VRL_0/1,
r’ (VRL_O/1+VRH_0/1)/2
DMA access — — — - . . . . .
Fesul g 1 - Providing 15 conversion interrupts with flexible interrupt
VRH_1 [— —> pestlly e I organization per conversion result
VRH_0 — —= —I , Conversion | : : « P
L .|  Successive Result List | «  One dedicated interrupt for “End Of List” type commands
VAL 1 — —— F‘?pp’[?x”?glog) (RAM) | ) ]
egister o
VALO R— —> | sglster (A lermativg Provides conversion sequence abort
oDA - . feslt - The Command Sequence List and Result Value List are
VSSA [ > Resul 6 Ramy ! implemented in double buffered manner (two lists in
—— ! parallel for each function)
3 A - Conversion Command loading possible from System
Anx B ~ RAM or NVM
- B m oy mng
AN2 [&— = Channel = - : Comparator
AN R— > MUX
AND [— = P Sample & Hold
/PIM ADC12B_LBA
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ADC - Analog-to-Digital Converter

System Clock Clock Error/ . . .
S ] i = e« Configuration S/W routine:
Mloadok ~ ~

e — Sequence Aort .| _ - Set ADC clock to 6.25 MHz

Conversion Int.

|
| :estar; n | (Conversion Flow, Timing, Interrupt)
eq_abor .
| | — - Set output format to 12-bit
see Reference
! y::rl;l:tlﬂﬁl I DMA access e T M T £
e | i resolution, right justified data
Dtema 7! sense e B | : :
| —’—|- — ] Active _ 11 ]
T — o s N Set ADC in “Trigger” mode
e I ]l S ,
ntermnal_3 | Channel . _—
s =K Set pointer to ADC
e —— T Command Sequence Lists
r. DMA access - —— 9 .
e | - Set pointer to ADC Result
VRH_1 — —= active I .
VRH.O [X— - —I | Successive %%"Sﬁ{fg? I Val ue LIStS
VAL 1 R— — Approximation [ e { - (RAM) I
B | e \ w— :
o m— Resul | - Enable End of list ISR
VSSA [R—> Rosuit 6 ramy !
|
- : - Enable ADC error ISRs
AN § Final +
x B - s
e P = ' > -
ANZ K— = Ch‘;fﬁel | | $ Bﬂer = Comparator
AN R— > MUX :
AND B— = - Sample & Hold
PIM ADC12B_LBA
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ADC Configuration

- The following global variables have been defined to store the Command
List and Results List:

volatile char [4] [4] @0x001000 = {
{0xC1,0xD4,0x00,0x00},
{0x00,0x00,0x00,0x00},
{0x00,0x00,0x00,0x00},
{0x00,0x00,0x00,0x00}
}i
volatile unsigned short [4] @0x001020 = {0, 0, 0, 0},

- In this case, there is a single list with a single command for ADCO. The

command specifies:
{ 0xC1, OxD4, 0x00, 0x00 }

Reserved

Sample time (0 = 4 ADC clock cycles)

Channel and reference Voltage select (D4 = AN4, VRH_1/VRL_1)

Conversion command & Interrupt select (CO = End of list, interrupt
enable for converted channel)

h
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ADC Initialization

void initADC (void) {

ADCOCTL 0 ACC CFG = 3; /* Dual access mode */
ADCOCTL 0 MOD CFG = 1; /* Trigger mode */
ADCOTIM = 0; /* ADC clock = fbus / (2x(ADCOTIM + 1)) [0.25 - 8MHz] */

ADCOFMT DJM = 1; /* Right justified result data */
ADCOFMT SRES = 4; /* 12-bit resolution */

/* ADCO Command & Result Base Pointers */
ADCOCBP = ADCOCommandList;

ADCORBP = ADCOResultList;

ADCOCROFF1 = 0;

ADCOCONIE 1 EOL IE = 1; /* Enable End-of-list interrupt */
ADCOEIE = OXEE; /* Enable all errors linterrupts */
ADCOCTL 0 ADC EN = 1; /* Enable ADCO */

ADCOFLWCTL RSTA = 1; /* Issue a restart event */
while (1 == ADCOFLWCTL RSTA) ; /* Wait until restart flag is cleared */
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Adding instructions to trigger ADC

- In this project we will trigger the ADC by software, using Trigger Mode:
conversion flow is controlled only by triggers; restart is automatic when
EOL conversion is complete.

- There is a new global variable to store the potentiometer value

unsigned short = 0;

- The following lines in the infinite for loop will execute a Trigger every time
the first conversion flag (defined in the ADC command) is clear:

if (1 == ADCOCONIF CON IF) {
ADCOCONIF CON IF = 1;/* Clear flag */
ADCOFLWCTL TRIG = 1;/* Trigger next conversion */

}

h
P
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ADC Interrupt Service Routine

- The potentiometer value is obtained in the ADC conversion complete
Interrupt routine

interrupt VectorNumber VadcOconv compl void ADCOdone ISR (void)
{

pot value = ADCOResultList[0]; /* Update Adc Result */
ADCOCONIF = 1; /* Clear ISR flag */
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FreeMaster Communication Driver

« Go to www.freescale.com/freemaster

- Go to the “downloads” tab and look for “FreeMASTER Communication Driver”

-In the CodeWarrior project window, paste the FreeMASTER folder into the
“Project_Headers” folder of your project

- Once the package is installed, there are several options to interface with the
target device, using CAN, SCI, or JTAG

For additional information, refer to Freescale’s Application Note AN4752

h
P
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Using the FreeMaster Serial Driver

- At the top of your project, we have included the freemaster header file:

#include "freemaster.h"“

- The “main” routine now includes a FreeMaster initialization (must be

always after the comms initialization; in this case, the SCI):
FMSTR Init();

- The infinite for loop now includes a function that continuously sends the

variable values to FreeMaster
FMSTR Poll() ;

h
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Start FreeMASTER Interface

- From the Start Menu in Windows, go to
- Start > All Programs > FreeMaster 2.0

-« The FreeMASTER tool will start

-ignore all the warnings and error messages, they are most probably caused by
Incorrectly assigned serial port

File Edit View Explorer ltem Project Tools Help
SR E| Pl S| ||| 21| sdl=ls] el [ 4] 4] o
l New Project

[ s
£ *“freescale

cccccccccccccc

Welcome to FreeMASTER

« What's New in Version 1.3?
See descri JF the changes and improvements implemented

connectios

vvvvv

h
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FreeMaster — Configuring the Serial Port

- On the menu bar, go to Project > Options

- Select the correct COMM port, with a speed setting of 9600 (this is the

value we used in the SCI initialization)
Options ==

Comm | MAP Files | Pack Dir | HTML Pages | Demo Mode |

Communication
{ Direct R5232: Port: [88[IE! | Speed:|36D0 - Timeouts ...
COM3
" Plugdn Module: Eﬂ_ -]
v e =T hrate -500000cmdd 0 - |

v Save settings to project file [ Save settings to registry, use it as default.

Communication state on startup and on project load
{* Open port at startup
" Do not open port at startup
(" Store port state on exit, apply it on startup

[ Store state to project file, apply upon its load Advanced...
ok | cancel | | Help |

h
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FreeMaster — Loading the MAP file

- From the options window, go to tab “MAP Files”

- Select the default symbol file:

- Click on “...” and browse to the location where the ELF file is stored
(C:\BLDC_workshop\ S12ZVM_Lab2\FLASH\)

- Select the file “S12ZVM_Lab2.elf”

- Select the file format:
-Binary ELF with DWARF1 or DWARF2 dbg format

- Click OK
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FreeMaster — Adding Variables

e ——— P

e 4 :
o =~ freescale 2. Click on Watch and New

click to enlargs

. . Welcome to FreeMASTER
1. nght CIle On « What's New in Version 2.0?

See description of the most impoertant changes and improvements implemented in this application
Visit§he application home page at vwwe.freescale.com. Proi El k; -
. . . roject Block Properties
« Get YICU Communication Drivers - P

version. Connection Wizard, Active Content and graphics fetched from target memaory, improved GUI and
Main  Watch | App. commands |

- eelcoms screen =
P ro p e rtl eS Available varables: Watched varables:

n

sit FreeMASTER home page

| Name | value Unit Period

T A
""""""" \:htvanab\e.”

Watch Properties... Clake...

Reset MIN/MAX Add - | Edi...

Reset MIN/MAX to All Vars

<-- Remove |
Create New Watched Var... Delete

HEaE

Clone To New Watched Var...

Remove From Watch

R5232 UART Communication; COM4; speed=9600

E =

Fitter:

ok | Cancel | Hep |
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FreeMaster — Adding Variables

-
Variable

Definition | Modifying I

Variable name: Ivariable_ﬂ'l

— Variable

[[c0000]

Bit fields

Show

ampling period: I'I seC vl Show as: IDEC vl

pem_wRecTimeDiv

pem_wRecTime DivCir
— Real type {pem_wRecTotal Smps

I.Pnddress: D:CDDDD ;IJ ’7%&'1 the value is received, ’]7 val T min [ max
—
Te: pcm_wRecFlags flg blsStopping
¥pe: pcm_wRecFlags flg b TrgCrossActive
Format: pcm_wRecPost Trigger

cm_wStoprecCount Down |
[Nore _ﬂ
PTUPTR E

[T Use Moving fwverages' filer
¥ Feset histony on manual modify
Histany time: |5I}[:'I]l 3: ms

Edit.. I

Add.
Del |

default: Iunknown

W Show number

CONFIDENTIAL AND PROPRIETARY

o]

Cancel |

Apply

3. Select the desire variable
on the Address: list

« Add pot_value
« TIMOTCNT

« Hall a input
« Hall b _input
 Hall c_input



Adding variables to the Watch List

- Right click into “watch” area and select “Watch Properties”
- Switch to tab “Watch” in Project Block Properties
- Select the variables to watch and click on “Add”

Project Block Properti

l Main  Watch Iﬁpp.commandsl

Available varables: Watched varables
- hall_b_input hall a input
hall_c_input
pot_value
welcome scresn I

Mame | Value Unit
o Edit variable...
Watch Properties...

Beset MIM/MAK
Reset MIMN/MAX to All Vars

Create Mew Watched Var...
Clone To Mew Watched Var...

Remove From Watch
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Adding a Scope

- Right-click on New Project and select the option “Create Scope”
- Define a name for the scope
- Change Period to 10ms, and Buffer to 700 points per subset

- — S

Main | Setup I

Name: |F‘uterrtiumeter

@'mjec:- FreeMASTER Description uHL:I |

File Edit View Explorer Item Project Tools Hd —Scope global properties Legend location Grid
| S||@E| =562 el=[@] 21> ]f | eeod: [om =] ©=maxinalspeed) | | € Top " Botiom | | ¥ Horzonta
= T Buffer _ " Left " Right W Vertical
i52] Mew Proie K ouer: I?D'I] paints per subset ¥ Legend visble
Create Subblock ...
Create Scope ... . —Graph type Graph setup
Create Recorder ... specify the & Time graph ¥-axis label: ITIITIE
" %Y graph - .
Delete Show me w ™ Polar graph X-axiz units: |=econds - [¥ Append units name to the label

Properties... X-axis width |10
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Setup a variable in the scope

1
2
3.
4

Select the first unassigned variable slot
Select the variable pot_value from the dropdown list
With BLOCK 0 selected, click on “Assign vars to block”

Set the Y-block left axis min value to 0, max value to 5000.

= ™
Main  Setup I

Graph vars: ﬂ ﬂ Assignment to Y blocks: —Yhlock Left fuis

mir: I-‘H} 3: W auto
MK Im v auto

style: IIJne ;I

— fblock Right feds

— | St | Right axis vars: I{I' "l
_ mir: I:]: 3: ¥ auto
I j J Dalorl Assign vars to block I - m [ auto
Left ads label:  [lAuds style: [Line =]
Right s label: |ris

0K | Cancel | Heb |
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FreeMASTER Interface

Start/Stop serial
communication
with target

Scope
selector

Visualization of
variable in scope

Variable in
watch window
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FreeMASTER Interface

- In the FreeMASTER interface for “Empty Project” variable time is
watched. This variable is also added to scope interface in order to be
monitored in graphical representation.

serial
communicati
on with
target

m//

—=HED)| )

[d 512ZVM - FreeMASTER
File Edit View Scope Htem Project Tools Help

e R 2 Ve e W PP S

=)

Mew Project

/o

g

- |
- =
- |

17
Timz [s22]

algorithm block description  oscilloscope |

Name Value Unit
time 63562 DEC

R5232: COMd:speed=9600

Period

Scope Running

\ .

“time” in scope

78  CONFIDENTIAL AND PROPRIETARY ‘ Scope selector

Variable “time” in watch
i Visualization of vlaria‘HIBdOW
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Running the code

- When the code is running, you will see that LED1 is ON and slightly
dimmed (1ms ON /1 ms OFF)

- Rotate the motor manually and see how LED2 toggles at different
positions of the rotor

- The value of each hall sensor line can be visualized in the watch list or in
the scope view in real time, without interrupting the code execution

- The ADC converted value from the potentiometer is available in another
scope view

h
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What we have learned until now?

- How to initialize the ADC

- How to add the FreeMaster serial driver to a project

- How to setup serial interface in FreeMaster

- Adding variables to the “watch” window in FreeMaster

- Adding variables to a scope view in FreeMaster
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HANDS-ON SESSION #3

MATH AND MOTOR CONTROL LIB
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Hands-on session #3 — Objectives

- In this session you will:
- Incorporate the Math and Motor Control Library into a CW project

- Add a function to generate a sinusoidal waveform
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Setting up the Math and Motor Control Library

- From the CW menu bar, go to Project > Properties
-Go to “C/C++ General’™> “Paths and Symbols”

-In tab “Includes” click “Add...” then look for the following path in the file system
“C:\Freescale\AMMCLIB\MC9S12ZVM_AMMCLIB_v1.0.0\include”

- Switch to tab “Libraries”

= Add the following paths under: "Search User Paths™:

"C:\Freescale\AMMCLIB\MC9S12ZVM_AMMCLIB_v1.0.0\lib\cw1l0x\MC9S12ZVM_AMMCLIB
v1.0.0.UC.a“

h
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Setting up the Math and Motor Control Library

- Go to “C/C++ Build™> “Settings”

- Look for the item “Access Paths” under S12Z Compiler

= Add the following paths under: "Search User Paths™:
"C:\Freescale\AMMCLIB\MC9S12ZVM_AMMCLIB_v1.0.2\include®
"C:\Freescale\AMMCLIB\MC9S12ZVM_AMMCLIB v1.0.2\lib\cw10x”

- Look for the item “General” under S12Z Compiler
= Add the following text in the “Other Flags” field:

“-DMCLIB_DEFAULT_IMPLEMENTATION=MCLIB_DEFAULT_IMPLEMENTATION_F16"
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Adding variables for a sine wave generator

- At the top of your project, include the following libraries:

#include "mlib.h"
#include "gflib.h"
#include "SWLIBS Config.h"

- In the global variables section, add the following lines:

volatile tFraclé6 = 0,
volatile tFraclé6 = 0,
volatile tFraclé6 = 0,

- In the Timer 0 Channel 0 ISR, add the following lines:

anglel += 70;
ampll = (tFracl6) (8* pot value);
sinl = MLIB Mul (GFLIB Sin(anglel), ampll);
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Visualizing the sine wave in FreeMaster

- Run the FreeMaster application

- Move the potentiometer and see how the amplitude of the sine wave is
affected.

(EDmrreyes

| File Edit View Scope Item Project Tools Help I

w E
= E
£-0.5F i

|RS232: COMT: speed=9500
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What we have learned until now?

- Adding the Math and Motor Control Library into a project in CodeWarrior.

- Calling a sine function from the math library

h
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HANDS-ON SESSION #4

PMF /PTU /ADC SYNC
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Hands-on session #4 — Objectives

- In this session you will:
- Generate edge-aligned 20KHz PWM signal on phase A
- Enable the PTU to synchronize ADC conversion trigger with PWM
- Measure the potentiometer and phase A voltages

- Adjust the ADC sampling point with the potentiometer
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Application Block Diagram — PMF
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- PWM duty-cycle
Set Global LDOK

/

FreeMASTER
control
I . 3-phase Inverter
< el o e
PTU trigger lists b SIS SIS J5
Scl [ 9 | i
Trigger e - -
] value — J'\. J\l J\l
Clock < 1
CPMU  —— PTU PWMO
Reset
Global PWM1
Load OK
External pin D— Trigger O GDU
PAD4
v -
> < PWMO
: ADC 0O ) PWM1
4 N\ [
| reload
ADC command lists
\ J ADC O > PMF
Done
A
f N v ISR
« Update new: delay
ADC result lists _
\ J PTU delay duty-cycle

TIM




PMF — Pulse Width Modulator

CORE
e M1e | [ muimee pecisres of s - Three complementary PWM signal pairs, or
=3 i et bufeted recstar ti afact 2! AL e (ot ioada.b six independent PWM signals
Double-underiine denctes buffered registers taking effect at commutation avent {async avent) o Three 15—b|t Counters based On Core CIOCk
| pmi_reloada.b,c (PWM reload)
> pmi_reload is_asyn (PWM reload qualifer) . Featu}:_es of complementary channel
—>{ PwiRF = M operation:
GENE\F’mons l«— RSTAT INDEP “l p . . .
aee | = g ST - Deadtime insertion
REGISTERS| ] <] HAF — — - Separate top and bottom pulse width
<[ LooK — 1 — correction via current status inputs or software
[<— PWMEN B . H H
i L — e oo - Asymmetric PWM output in center-aligned
‘ OUTCTLA ‘ GUTCTLE mode (phase Shlft)
Y . .
) - Double switching
PMFDTM .
q o e INSERTION - Separate top and bottom polarity control
CURRENT . . .
sense S— TornEe - Edge-aligned or center-aligned PWM signals
GENERATION g
! % f“mﬁ - Half-cycle reload capability
sy oven > OUTCTLOS sens | 01 ] > P - Integral reload rates from 1 to 16
Commutation Event) A - - -
l MSKO-5 e I o ] PogaTy [ P - Link to timer output compare input for 6-step
R = > > puns BLDC commutation support with optional
(Gobalload o) | PRSCABC — e counter restart
PECAB.C S j«— FauLTo .
ot rooscane_s| EFMODAB,C oo b | e Fauu - Reload overrun interrupt
(PWM reload) S— FAULT j«— FALILT2 . nn -
) BT D Individual software controlle_d PWM output
FMoD3 s« Programmable fault protection
FMOD4 <— FAULTS
FMODS
FIFD QSMPO
FIF1 QSMP1
P | | e s e ey
PWMRIE [~} | RELOAD C INTERRUPT REQUEST FIF3 QsMP3
:izj : ”égiﬂ&%ﬁ? > FAULTO.S INTERRUPT REQUEST :E: zz::
PMFROIE [—=
PMFROIF [ |- RELOAD OVERRUN A or B or C INTERRUPT REQUEST
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PMF — Pulse Width Modulator

CORE
CLOCK MTG ] muLTIPLE REGISTERS OR BITS
FOR TIMEBASE A, B, OR C

== - === o Configuration S/W

ngle-underline don ored reg <] Kl at PWM relos X
¢ Double-underline denctes buffered registers taking effect at commutation event (async_avent) .
L]
| pmi_reloada,b.c (PWM reload) rO l Itl n e
EMEMOD mi_reload is async (PWM reload qualifier -
REGISTERS| > pmi_ iz async ( q )
— | PWMRF 1POL :l
EMEVALD-S GENERATORS || msTAT
REGISTERS] ABC L g —
By = -
PMFCNT | ouT3
— My A [ clock (25MHz
OuTs
l<— LDOK B —
—— mTeT
PWMEN B
async_avent ] Resot OUTCTL3
with restart [« Lora
‘ = [ -Se 0 edge-
\J

.
PMFDTM P
DEADTIME
MU, REGISTER al I g n e d W M
- SWAR& INSERTION

CURRENT
SENSE
TOP/BOTTOM | TOPNEG
Aot || foomes - Set output PWM
B
y
i T ) . mi frequency to 20 kHz
(Commutation Event) OuTCOo-5 —> — PWM1
MSKO0-5 PMFDMAP |:> FAULT = POLARITY [— PWMZ
BEGISTERS| PROTECTION | 3] CONTROL | = pyms .
PMFFEN _— | > Pwna
0 STERASS B« Baits - Set dead time to 0.5 us
(Global load OK) PRSCA,B.C
PEGAB,C A le— FAULTO
PMFMODA,B,C FMODO .
pmi_reloada,b.c—m| PMFVALD-5 — ] je— FaULT _ D b I PW M t t 2
(PWM reload) FMoD N FAULT le— FauLT2 I S a. e O u p u S
FMoD2 el FAULT3
—1 FLTERS  |=—

< to 5 (phase B and C)

FMOD4 -] <«— FAULTS

FMODS

!

= Enabl WM reload
nable P relioa
= |- RELOAD A INTERRUPT REQUEST F2 -
EVRE >~ RELOAD B INTERRUPT REQUEST
PWMRIE | RELOAD C INTERAUPT REQUEST FIFs QsMP3 eve n

5 > FIF4 QSMP4
FlEQs "égi@ri%ﬁ’j | FAULTO-5 INTERRUPT REQUEST
ros | FIFS QSMPS
PMFROIE ||
PMFROIE [

[~ RELOAD OVERRUN A or B or C INTERRUPT REQUEST

92  CONFIDENTIAL AND PROPRIETARY

h
P



PMF — Pulse Width Modulator

void initPMF (void) {

PMFCFGO_

PMFCFG2_
PMFCFG2_

PMFFEQCA
PMFMODA
PMEFDTMA

PMFCFGZ2

PMFENCA

PMFENCA
PMFENCA
PMFENCA

EDGEA = 1;
REVO = 1

REVI = 0;

= PWM_MODULO;
= 10,

| = 0x3c;
LDOKA = 1;

PWMENA = 1;
PWMRIEA = 1;
GLDOKA = 1;
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F
}
}
}

Edge-aligned PWM mode

Enable generation of PWM reload
event

Configure PWM frequency and
dead time settings

Mask PWM outputs 2 to 5 and
apply settings with local Load OK

Enable PWM generator A
Enable Reload Interrupt A
Switch to Global Load OK for
future updates
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Application Block Diagram — PTU
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- PWM duty-cycle
Set Global LDOK

/

FreeMASTER
control
I . 3-phase Inverter
< el o e
PTU trigger lists b SIS SIS J5
Scl [ 9 | i
Trigger e - -
] value — J'\. J\l J\l
Clock < 1
CPMU  —— PTU PWMO
Reset
Global PWM1
Load OK
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| reload
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Done
A
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PTU — Programmable Trigger Unit

Global Memory Map

Trigger 1 Trigger 1
Trigger 2 Trigger 2
Trigger n Trigger n
[ [

- one 16-bit counter as
time base

- two independent trigger
generators (TG)

- up to 32 trigger events
per trigger generator

m—— e - Global Load OK support,
| e pae] ] T Genersor (TO) O/t =m0 guarantee coherent
g I o— - =  Update of all control loop
R | Lk modules
i Control Logi e b e o trigger values stored
PTU e Inside the global memory
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PTU — Programmable Trigger Unit

- Configuration S/W routine:

-Set PTU trigger list addresses

- Enable trigger generator O
- Enable Trigger Done ISR

CONFIDENTIAL AND PROPRIETARY

Bus Clock

Global Memory Map

Trigger 1
Trigger 2

Trigger n Triggern
[ [

Trigger 1
Trigger 2 j

(—
—

Time Base
Counter

r—— — — — — — — — 1

ADCO

A A

<] PTUTO

trigger()

[ PTUTI

A

Yy

Control Logic

PTU L e oib tdok

ptu_reload

\

-

ADCI1

ptu_reload_is_async

* <] PTURE
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PTU — Programmable Trigger Unit

volatile short PTUTriggerEventlist[2][3] @@x1030 = {{0x0100,0x0000,0x0000},{0x0000,0x0000,0x0000}};

void initPTU (void)

{
PTUIEL TGODIE = 1; /* Enable Trigger Generator 0 Done Interrupt */

/* Map start address & offset for 279 (currently not used) 1list
PTUPTR = PTUTriggerEventList;
TGOL1IDX = 0; /* Same as TGOLOIDX */

PTUE TGOEN = 1; /* Enable Trigger Generator 0 */
}

interrupt VectorNumber Vptutg@dn void PTUTrigger@Done_ISR(void)

{
LED2 = 1; /* debug pin ON */
PTUIFL = (1 << 0); /* Clear flag */
LED2 = ©; /* debug pin OFF */
}
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Application Block Diagram — ADC
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- PWM duty-cycle
Set Global LDOK

/

FreeMASTER
control
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ADC - Analog-to-Digital Converter
e = e 1 = i< . Configuration S/W routine:

Moadok ~ ~
Trigger T Sequence Abort Int.
o —=
I t Control Unit Conversion Int.
| Restart | (Conversion Flow, Timing, Interrupt)
| Seq_abort

see Reference

p— - Changed to “Restart” Mode

|
|
onnectivity | DMA access -~
|
|

s i for more accurate timing of

arding ADC
I Ir:?ernal Interface

Sense Idle/

s == . the triggers based on PTU
[mcmal_ﬁ—r —b Sequence A liernative-| .
o m— — = Li trigger generator.
L_ - ——a1 ™ oo (RAM/
VREG_sense | [Fomm 6 NVM) |
r. DMA access - —— 9 .
. - Changed to left alignment to

Result 1]

|
o T swceve — %%E‘E}?F{'ET i use the MU'“D'Y & Saturate
VAL 1 [— —= Approximation L ey (RAM) .
Ao ] Regiser (SAR) \ et function to scale converted
| Result |

vor o e | ADC values to PWM duty
J = ’ cycle.

Final +
ANx B> K s
v P— axt + Buffer \d -1 -
AN2 [K— = Channel [ — EUMWS b : Comparator
ANO > Sample & Hold
PIM ADC12B_LBA
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ADC Configuration

- The following changes were done to the Command List:

volatile char [4][4] @0x001000 = {
{0x00,0xD4,0x00,0x00}, //changed from end of list to normal
{0xC0, OxDA, 0x00, 0x00}, //added channel from GDU Phase MUX */

{0x00,0x00,0x00,0x00},
{0x00,0x00,0x00,0x00}
b

- In this case, there are no software commands to restart or trigger the
ADC. The flow control is handled entirely by the PMF and PTU.

h
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ADC Initialization

void initADC (void) {

ADCOCTL 0 ACC CFG = 3; /* Dual access mode */
ADCOCTL 0 MOD CFG = 0; /* Restart mode */
ADCOTIM = O0; /* ADC clock = fbus / (2x(ADCOTIM + 1)) [0.25 - 8MHz] */

ADCOFMT DJM = 0; /* Left justified result data */
ADCOFMT SRES = 4; /* 12-bit resolution */

/* ADCO Command & Result Base Pointers */
ADCOCBP = ADCOCommandList;

ADCORBP = ADCOResultList;

ADCOCROFF1 = 0;

ADCOCONIE 1 EOL IE = 1; /* Enable End-of-list interrupt */

ADCOEIE = OXEE; /* Enable all errors interrupts */
ADCOCTL 0 ADC EN = 1; /* Enable ADCO */
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Application Block Diagram — GDU
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GDU - Gate Drive Unit

m
(7]
[
>

=
2]
@

—Dcp

Option

Boost Converter

HD

Control ——]
Error ~—

ADC g—
Channels

PWM

Channels

IP Bus———|

Register

Level Shifters

FET

Pre-Drivers

- [] vestzo)
— | Herz0
—{ ] Hsiz:0)
— ] vsizo
[ ] ool
—{ ] st

Voltage
Regulator

Two Current Sense

Amplitiers

o
=]
[
>

103 CONFIDENTIAL AND PROPRIETARY

[
awerrop [
AvPM1:0] [ |

VLS ouT

AMPP[1:0] D—

- 11V voltage regulator for FET pre-drivers
- Boost converter option for low supply voltage

condition

- 3-phase bridge FET pre-drivers

- Bootstrap circuit for high-side FET pre-drivers

- Charge pump for static high-side driver operation

- Phase voltage measurement with internal ADC

- Two low-side current measurement amplifiers for DC

phase current measurement

- Phase comparators for BEMF zero cossing detection

in sensorless BLDC applications

- Voltage measurement on DC-Link voltage with

internal ADC

- Desaturation comparator for high-side drivers and

low-side drivers protection

- Undervoltage detection on FET pre-driver supply pin

VLS

- Two overcurrent comparators with programmble

voltage threshold

Overvoltage detection on 3-phase bridge supply HD
pin
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GDU - Gate Drive Unit
- Configuration S/W routine:

— -Clear error flags
Option Pump ’_D HD ]
— ] e - Configure and enable charge
Co:rﬂ — [ ] wea pump
iz =5[] o E - Set blanking time to 1.1 us
] e - Set desaturation level to 1.35V
e - Enable FET pre-driver

- Clear desaturation error flags

- Route Phase A from the Phase
voltage Multiplexer to the ADC

vsup [ |

vis out [ |
AMP[1:0] D— g
awpmpro] | | 23

amPP[1:0] | |
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GDU Initialization

void initGDU (void) {

GDUE _GCPE = 1; /* Enable charge pump */
GDUF = OxFF; /* Clear High & Low Voltage Supply flags */

GDUCLK2 GCPCD = 2; /* Set GDU charge pump clock divider to fbus / 32 */
GDUCTR = 0x09; /* blanking time 14/12.5M = 1.1us, HD OV threshold = 20V */
GDUDSLVL = 0x77; /* Desaturation level (1.35 V) */

GDUE GFDE = 1; /* Enable FET pre-driver */
GDUDSE = 0x77; /* Clear Desaturation Error Flags */
GDUPHMUX = 0x01;/* Route Phase © to ADC multiplexer */
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Back-EMF Voltage Measurement

- Back-EMF voltage can not be measured within all
the active PWM pulse as there is switching noise
and resonance transient at the beginning of the

PWM pulse
SAtop J_ ___________________
SAbot [}
SCtop :
SChot [Frrr
motor ADC
phase sample

J

switching
noise
spikes

PWM to ADC
delay by PTU
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resonance point

QR QU - - -

» Back-EMF voltage
measure window

* Time of Back-EMF
voltage sample point
is used to calculate
exact time of the
ZEero-cross

Measured Back-EMF
voltage

Back-EMH
voltage

unpowered
phase

PWM

powered

phase

Resonance transient on
Back-EMF voltage depends
on motor and power stage

parameters
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Application Block Diagram — ADC ISR

FreeMASTER
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ADC Conversion Complete ISR

interrupt VectorNumber VadcOconv compl void ADCOdone ISR (void)
{

LED2 = 1; /* debug pin ON */

AdcResult = ADCOResultList[O0];

phase voltage = ADCOResultList[1];

/* scale ADC result value to PWM modulo value */

delay = MLIB MulSat (PWM MODULO, ADCOResultList[0]>>1);

delay = delay>>2; /* take 1/4 of the calculated value */
if (delay < minDelay) delay = minDelay;

PTUTriggerEventList[0] [0] = delay;
PTUC PTULDOK = 1;

ADCOCONIF = 1; /* Clear flag */
LED2 = 0; /* debug pin OFF */
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PMF Reload & PTU Trigger Done ISR

interrupt VectorNumber Vpmfra void PMFreloadA ISR (void)

{
volatile char tmp;

LEDI = 1; /* debug pin ON */

tmp = PMEFFQCA;

PMFFQCA = PMFFQCA PWMRFA MASK; /* Clear flag */
LEDI = 0; /* debug pin OFF */

interrupt VectorNumber VptutgOdn void PTUTriggerODone ISR (void)
{

LED2 = 1; /* debug pin ON */
PTUIFL = (1 << 0); /* Clear flag */
LED2 = 0; /* debug pin OFF */
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Visualizing the data in FreeMaster

- Run the FreeMaster application

- Move the potentiometer and find the threshold at which the phase voltage
returns 0.

I File Edit View Scope Item Project Tools Help
o = o =
| S|QIGE Bl5lS| -] 2| [7 2=l I
=8l Bxample PMF PTU ADC
T o — —
R A dcResult AdeResult phase_vottage
]
E nnnnn
@
g nnnnn
ol
elsed
algorithm block description  gscilascope
Mame | Walue \ Unit | PPPPP d
| AdcResult 3888 DEC 0
| pericd 1250 DEC 1000
|| duty_cyde 312
| delay 18 DEC 0
| minDelay 8 DEC 1]
| phase_voltage 26384 DEC 0
| AdcErrorCMD 0 DEC 0
| AdcErrorEOL 0 DEC 0
| AdcErrria 0 DEC
|| AdcErrorlDOK.
| AdcErrorRSTAR 0 DEC 0
| AdcErTorTRIG
Ready |Mot connected |Scope Running ﬂ
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What we have learned until now?

- How to configure the PMF to output a 20KHz PWM signal

- How to configure the PTU and define a list of triggers

- How to enable the control loop events for synchronization of ADC trigger
events based on PMF and PTU

- How to configure the GDU and route a phase voltage to ADC

h
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HANDS-ON SESSION #5

6-STEP COMMUTATION




6-step commutation

- The PMF initialization now enables all three phases in edge-aligned
PWM operation

- The FET outputs are configured in complementary mode

- The commutation event is enabled, and the appropriate phases will be
configured in preparation for the next commutation event indicated by the
TIM output compare channel O

- The potentiometer value directly sets the PWM duty cycle
- CAUTION! No speed control implemented

h
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BLDC Motor Commutation Sequence

- The following table shows the Hall sensor patterns corresponding to each
Commutation vector in the motor part of the S12ZVM motor control kit

Table 2. Linix 45ZWN24-90 clockwise direction commutation sequence

Commutation vector Hall sensor pattern definition

Vector Decimal
Phase A | Phase B | Phase C HallC | HallE | Hana | result
+Vpec | Vpac NC 0 0 0
T NC Vpac 1 0 3
NG +Vpee | Voaco 2 0 2
Voaz | +Voso NC 1 &
Vpoac NG +Voac 4 1 0 0 4
NC Vpac +Vpeg 5 1

Table 3. Linix 45ZWN24-20 counterclockwise direction commutation sequence

Commutation vector Vector Hall sensor pattern definition Decimal
Phase A | Phase B | Phase C HallC | HallB | Hana | "®suf
Vege | +Vpec NG 3 0 0 1
NG Voee | “Yoac 2 1 0 3
+Voge MNC Noae 1 1 a 4
Noge | Voac NG 0 1 3
NC Vpoae | +Voec 5 0 1 0 2
Vpac NG +Vpge 4 1 3
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Commutation Sector Constant Declaration

- The previous values are used to define the masks for the PWM outputs,
and their sequence depending of Clockwise or Counter-clockwise

operation

const unsigned char [7] = {0x34, 0x1C, 0x13, 0x31, 0x0D, 0x07, Ox3F};,

const unsigned char [7] = {0x0C,0x30, 0x30,0x03, 0x03,0x0C, 0x00},
const unsigned char [2][7] = {

{0/ 0/ 2/ 1/ 4/ 5/ 3}/

{0/ 3/ 5/ 4/ 1/ 2/ 0}

h
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Applying the new masks

- Inside the TIM channel 1 ISR (occurring upon every edge of any of the
Hall Sensor signals), the hall pattern is evaluated and the commutation

sector is determined.

- The PWM mask and the SW controlled outputs are configured, and a
commutation event is forced on TIM output compare channel 0

hall pattern = 0x07 & (PTIT >> 1);
cmtSector = BLDCPatternBasedOnHall[rotDir][hall pattern];
PMFCFG2 = ©x46 + MaskVal[cmtSector];

PMFOUTC_OUTCTL OutCtl[cmtSector];
TIMOCFORC_FOCo = 1;

h
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Running the project

- CAUTION: move the potentiometer all the way clockwise, to set the
minimum duty cycle

- When the code is executed, it will immediately start spinning the motor.
The speed is set with the potentiometer.

- There is no speed control, so please avoid any drastic changes to the
potentiometer settings to make it easy for the motor to adjust to its new speed.

h
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References

- Freescale Automotive Motor Control Development Solutions:

http://www.freescale.com/webapp/sps/site/overview.isp?code=AUTOMCDEVKITS

- S12ZVM Motor Control Kit for BLDC applications

http://www.freescale.com/webapp/sps/site/prod summary.ijsp?code=MTRCKTSBNZVM128

- S12ZVM family web site

http://www.freescale.com/webapp/sps/site/prod summary.ijsp?code=S12ZVM

- S12ZVM Hardware Design Guidelines:
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