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o Agenda

- Automotive Body Electronics
- MagniV Solutions and Roadmap
- Lab 1l
- Getting Started with CodeWarrior 10.4

- S12Z Enhanced CPU Core

- S12ZVM for BLDC Motor Control

- S12ZVL for General Purpose LIN

- S5127VC for General Purpose CAN

- Lab 2
- Developing a Project for the S12ZVL
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} {_ .Jtomotive Market Trends — Sensors and
Actuators

- Reduction of power
consumption
- LIN to reduce cables weight
- Smarter motor control techniques

- Smarter and more sensors

- Reduction of physical size
- Electro-mechanical integration
- High temperature >125°C Ta

é ;' “;‘g’ﬁf

LOCAL INTERCONNECT NETWORK

- High Growth
- Driven by affordability of LIN

- Driven by comfort and convenience
features
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What‘s Behind Body Electronics?

Integrated BCM
Gateways

Vehicle Networking

Comfort Features

- Door Module - Central Body Control » Steering column lock . Immobilizer

- Window Lift Module + Steering column - Keyless Entry

- Seat Module/position . Central Gateways: CAN, adjustment - Preventing hacking and
- HVAC LIN, Flexray, Ethernet, SRS . counterfeit modules

- Electric sunroof/shade MOST SALnlchpoycRindens

- Interior lighting - Wipers and rain sensors

- Body systems embrace a broad variety of applications inside the cabin

- Body systems cover the widest range of performance requirements
- Small 8-bit controllers and watchdogs
- General purpose 16-bit controllers
- High performance 32-bit compute engines
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* More complex Gateways with higher performance and
multicore usage (Expanding memory )

* Ethernet and wireless communication
* Personalization options driving LIN nodes

* Functional Safety - 1ISO26262
Several body-apps need ASIL A/B (some C/D)

* Reduced ASIL-assessment effort
» Security/Cryptography for Gateway and BCM modules

* Power management in stop and run modes

» Autosar SW management of partial/pretended
networking

+ EC-motors, LED-lighting

» Cost reduction via ECU integration

* Electrification of the car replacing mech. components
» Scalability of hardware and software

» Auto generated code to decrease dev costs

Software
Integration:

* Autosar:
* Multicore-support
*+ OS
« MCAL

» Safety:
* SW-routines
supporting self-test
(Core/Memory)

» Security:
» Cryptography
algorithmic support

* Application-support
* Motor Control-library
» Reference designs
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Automotive Microcontroller Portfolio

Multimedia
processors

>

Multicore and
graphics
performance

Tar

get Applications

- Center stack
. Instrument cluster

- Telematics

Highest-
performance
automotive MCU

>

An industry-
leading
16-bit architecture

»

Multicore with

integrated safety

and security

- Powertrain
- Safety & chassis
- Central body

- Vehicle networking

AL

MagniV:
Most integrated
MCU

S08
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15-year
automotive
workhorse

Most
robust solution

timal and

<

- Body electronics

Instrument cluster

LIN slaves

- Sensor/Actuators
- Switch and touch

panels

- Companion MCUs




R
What is S12 MagniV?

SIP = System in Package

A
[ )

Semi-Discrete Solution Multi-die SIP Monolithic SiP

- Standard MCU - Single package - MCU and Analog on
the same die

- Die-to-die bonding

- Application Specific
Analog IC (ASIC)
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x- ver 15 Years of System in Package (SiP)
Experience

908E622/1
| * 8-bit HC08 + SMOS5 Mirror Driver

1
1
' HCO5PV8 » 908E624 . 908E630 ? 912F634

* 8-hit HCO5 Hyper-integrated + 8-bit HC08 + SMOS5 + 8-bit HCO08 (SOG) * 16-bit S12132 + SMOS8
Relay Driver + SMOS8 Relay & Switch Driver
Relay Driver

Relay Driver

S1onpold

1 I
1

| ! |
|
. ! : S12VR64
1 h .
| » 908E626 ! | E,'rfdtlﬁz MagniV
, |+ HCO08 + SMOS5 i : '

| I |
: » Troll -.MUX3 . | AFS Stepper Driver | : S12ZVM
1 T 8—_b|t HCO05 Hyper-integratea : 1 S12ZVH
! I Climate Stepper Driver | | : . S12ZVL

1 1
1 I 1

1997 | 1998 @ 2000 | 2001 | 2002 | 2003 m 2005 | 2006 m 2008 | 2009 | 2010 | 2011 | 2012 | 2013 2014
! b

1 1
1

: . | .

| P SMOSS8 (0.25um) | i

| | 1 1 _I

I - . ! I LL18UHYV technology D

1 Monolithic Architecture » SiP Architecture b QFN Package ! Mdnolithic _SiP o

: ) 1 1 1 -5

1 HCO5 Microcontroller with » HCO08 Microcontroller with : \ =)

: EEPROM (IDR60% -1.2um) flash (0.5um) 1 » S12Z Core (@)

1 1 I —

: Mechatronics ‘ SMOSS5 (0.8um) b S12 Core (0.25um) (8

1 Package 1 —
b Start of SiP R&D » 541d SOIC Package » Architecture q)

Repartitioning 2
\_ AN A
Y Y Y
15t Gen 2nd Gen 3rd Gen 4th Gen
'O

o °® f . 8 . Gen i “ v_ el '““h'LL"‘.;‘:m%ri'u..”T‘c.
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X
LL18UHV Technology Summary for S12 MagniV

Existing
Low Leakage 180nm CMOS+NVM

40V UHV Devices
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A
MagniV building blocks

High-Voltage Digital MCU Core 5V Analogue

. Packagin
il lefCHIEN  Components  ERLRYEIN[IIEY Components dind
VREG for tot. supply: MS-CAN SCI S12- or S127-CPU ADC LQFP:
«70mA w/o ext comp. or 10-12Bit resolution : .
 170mA with ext. ballast <P o 25/32/50MHz bus e S T 32/48/64/100/144-pin

LIN CAN Flash (ECC) Up to 16¢h total
’ : PGPIO NGPIO as
PHY PHY GPIO 8kB — 128kB Temp LQFP-EP:
— Sense 48/64-pin
V-BAT V-SUP EEPROM (ECC)
SENSE SENSE BDM/BDC 128B - 4kB Current Sense

2 x Op-A .
HVI (12V-input Key Win RAM (ECC) (CR2RhaE) o QA
with ADC) Wakeups Wdog 512B - 8kB -pin (5x5mm)

Pierce Osc.
LS- HS- RTC

drivers drivers RCosc. PLL
Timer PWM +/-1.3%
Charge Pump 16Bit 8/16Bit

Motorcontrol PWM

4-6ch MOSFET With Fault protection

Predriver (50-100nC)

(25-64MHz)  (25-50MHz)

Prog. Trigger Unit
Sound Generator

Segment LCD (4x40)

Stepper Motor
Driver with SSD
<&
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S12 MagniV Roadmap

Motor Control

‘.‘ S12VRxx

| 2 LS for relay based DC
motor control

S12ZVML/Cxx
6¢ch-MOSFET pre-
driver for BLDC/PMSM motor control

S12ZVMxx
No PHY (PWM-control) +
6ch-MOSFET pre-driver

Instrument
Cluster

S12ZVFP
LCD

S127ZVH
LCD + Gauge

Multi-PHY
companion chip

XXXXX

4ch-MOSFET pre-

Driver for H-Bridge-driven
DC-motors

XXXXX
Stepper motor
control

XXXXX
8# LIN-PHY Companion
Controller

r s XXXXX
LED Lighting 4-5ch LED-drive (DC/DC)
LIN enabled S12ZVLxx
CAN enabled
1 1 I 1 1 1 I :
2Q 3Q 4Q 1Q 2Q 3Q 4Q
2012 2013 _ 2014 2015
I with LIN-PHY [ No comms (PWM-control) I(-ggrgdtsrg)p
I Wwith CAN-PHY freescale.com/MagniV
<&
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Agenda

Lab 1
Getting Started with CodeWarrior 10.4

freescale.com/automotive
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Launch CodeWarrior 10.4

@ Select a workspace I

CodeWarrior Development Studio

our projects in a folder called a workspace.
is session.

l| Workspace: C\DwR\workspace

v Browse...

INT_DISABLEL)S
¥ (t4am_ptr VE >e 0) 86
o ($sam_prr->Y
< ¢ ReTd_pte, ¥0

" Verng!

~ freescale

["] Use this as the default and do not ask again

[ 0K ] { Cancel

L £
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PRt
The C/C++ Perspective

¥ C/C++ - CodeWarrior Development Studio | o | B &

File Edit 5earch Project Run MOX Tools  Processor Bxpert Window Help

Sl L IRST AL ) S SED DL R

F& CodeWarrior Projects &2 8 ==
Bia| B §P[FeNme |7
File Name Build

ct “New MCU project”

&3 Commander &2 ¥ =08

[Z Problems 2 EConsole} B Y ~0
\ ~ Project Creation ~ Build/De |0 items
puy Import project Description . Resource Path Location Type

% Import example project

g Import MCU executable file

T4 New MQX-Lite project

F45 Mew MQX 4.0.x project 2
T

GaA

4 L3

D€>

L £
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X
Start a New Project — “Lab”

rﬁt C/C++ - CodeWarrior Development Studio ‘ . = 2 ]
Fie Bt Seach Project RunMQX Tooi] ¥ New Bersboard rojec TR
f9v | %+ #v#h [ad| Create an MCU Bareboard Project s B Tes)
@ CodeWarrior Projects 23\ = | Choose the location for the new project =5
BAl e &P renme
File Name Build [ Projectname: Lab

Use default location

Location: ‘ C\DwR\workspace\Lab \ [ ‘ Browse.., ‘

@ Select a Project name

|@Next>|

£ Commander 53 . 2~ =

v Project Creation v Build/li

2xg Import project &, Build \ Location Type

3 mport cam -
- |

% Import example project o Claan @ | Cancel

23 Import MCU executablefile £ D=hud )

% New MCU project
‘] New MQX-Lite project

4 New MQX4.0.x project >
R 1 s
P L 4
s L
\ A
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Select the Target Device

r A
¥ ¢/C++ - CodeWarrior Development Studio ‘ “ =88] % |
File Edit Search Project Run MQX Too@ ¥ New Bareboard Project ]ﬁ_| -
Fiv Ll @ | & » 0 #F v &8  |;ad| Devices w5 (6
% CodeWarrior Projects 52\, = | Select the derivative or board you would like to use =78
laz | B <§> P ‘ﬁe Name
File N » Build Device or board to be used:
ile Name i —ieo %
| szzee ) &
MC9S512ZVL8 -
MC9S12ZVLS16 5‘
@ Type “g127VL” MC9S12ZVL532
Project Type / Output: C9S12zvL32”
@) Application
() Library
Creates project for MC9512ZVL32 derivative -
| @ Next > I
>
£3 Commander &3 e ¥ 9 m =8
\—1
~ Project Creation ~ Build/D|
2y Import project & Build Location Type
2y mport proj - yp
9 Import example project o Clean @ %8 hext3 Raish [ﬂ]
23 Import MCU executable file ¥ Debud
% New MCU project
9 New MQX-Lite project
4 New MQX 4.0.x project . .
a1, I Iy
: ¢
\ V.
>
: Freescrn, B Framiodle gn &0 e, G 8, CodeTER? Codutiamnr, O re Ut rns, O Ban e Eregy Dhuns Subitors s, Shwin roden(? MG Frwwdlicc
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Select the Debug Connection

¥ C/C++ - CodeWarrior Development Studio | - =l@] % |
< B3 %
File Edit Search Project Run MQXTool ﬁ New Bareboard Project e ¢ 3
= S £ TP S P e nections & |E
On |y oose the connection to use for this project =[]
File Name Build \~ Connection to be used:
~$ P&E USB MultiLink Universal [FX] / USB MultiLink
P&E one PRO
Open Source BDM
Connect to P&E USB MultiLink Universal [FX] / USB MultiLink. -
@ Next >
<
2 s v 9
£3 Commander &3 . £ mY =0
v Project Creation v Build/D| E
2y Import project % Builc ~ — Location Type
o, : @ < Ba Next > Finish Cancel !
% Import example project & Clean
g3 Import MCU executable file 2 q' )
£% New MCU project ‘
9 New MQX-Lite project
4 New MQX 4.0.x project ¥
T m iy
P ®
L £
L 4 Brwsecn, B Framtoite g AW, O3 CodeTER? Cadeiurss, i re. UotFens, U Wan M Evergy Duint Sukiors wgo, S iwin, rotiwi? BG, PowwOUICT
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PR
Language and Build Options

§ =3 % ]}
¥ C/C++ - CodeWarrior Development Studio | \ =
; =2 = |
File Edit Search Project Run MQXToold & New Bareboard Project ==l = )
thv | %~ # <~ &4 |adiv | Language and Build Tools Options & (B
@ CodeWarrior Projects 52 5 = g)
laz [ = \QP| File Name
File Name Build Language:
@C
) C+
(") Mixed C and ASM
) ASM
Select the floating point format supported. Select "None" for best code density.
@ None
(") Float is IEEE32, Double is IEEE32 optimized
() Float is IEEE32, Double is IEEE32 compliant
(7) Float is IEEE32, Double is IEEE64 optimized
(") Float is IEEE32, Double is IEEE64 compliant
Next >
Which memory model shall be used? (
@ Small
) Medium
|3 Commander 23‘-"\_ @ v mv =0
v Project Creation w Build/D
gy Import project & Builc ® Location Type
% Import example project W Clea
g1y Import MCU executablefile %5 Debud ! y
F% New MCU project i
9 New MQX-Lite project —
4 New MQX4.0.x project X,
]| 1 | T3
i
\ 4
L £
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Enable Processor Expert

(ﬁt C/C++ - CodeWarrior Development Studio n = 8] = ]
File Edit Search Project Run MQX Tool ¥3 New Bareboard Project =|@3] & | ]
MrER| K~ Z- a Rapid Application Development s [ )
| B CodeWarrior Projects 53 = | Processor Bxpert =q)
laz l =] \‘_5V ye | File Name [
File Name Build

Rapid Application Development

@) Processor Expert

/ Start with perspective designed for
) Hardware configuration (pin muxing and device initialization)

@) Use current perspective

[ Initialize all peripherals

Select “Processor Expert”

Processor Expert can generate for you all the device initialization code, It includes -

many low-level drivers. @ F | n | S h

€3 Commander 53 . v =

E = = EH

v Project Creation v Build/D:
g3 Import project &, ¢ @
9 Import example project o Clea

ey Import MCU executable file % Debuol,
9 New MCU project ’
% New MQX-Lite project

[ New MQX 4.0.x project 1t
¢! 1 T

Location Type

DG

L £
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The C/C++ Perspective with Processor Expert

|-\

¥ C/C++ - CodeWarrior Development Studic | o | = K|

File Edit Search Project Run MOQX Tools Processor Expert Window Help

OB S-% - mﬁ» LS 2NN R R = [ETe]

fE CodeWarrior Projects 52 Components Qbra Component Inspector - Cpu 23 Basic |Advanced Expert =08
] p iy p p p
laz | <'===€> | File Name | = Properties Methodq Events] Build optiF Resources]
File Name Build Name Value Details -
I Lab : FLASH Component name Cpu
Clock generator CPMU CPMU
CPU type MCas127vIN2MLF
I Clock settings
|» Operating mode settings
i Interrupts initialization
4 Enabled speed modes
4 High speed mode Enabled 5
T3 Components - Lab &3 =0 \ =5
Eaa
== Generator_Configurations
# ZVL32MLF
= 05s H “ “
(= Processors Double-Left-Mouse-Click on “Component Inspector - Cpu

4 Cpu:MCIS12ZVLI2MLF
[= Components

- =
£33 Commander &3 == mi [ Problems 52 EConsole\l HY .0
= Project Creation ~ Build/De | |0 items
g2y Import project %, Build Description = Resource Path Location Type
% Import example project # Clean (
f2g Import MCU executable file ﬁ; Debug
9 New MCU project
9 Mew MQX-Lite project
= Mew MQX 4.0 project 52
i —— o
o* 0 items selected
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Component Inspector - Cpu

Select “Expert” |

Soww, Tumclot. Vysrsd

,.
ﬁi C/C++ - CodeWarrior Development Studic # | = = 2|
File Edit Search Project Run MOQX Tools Processor Expert Window Help
UG A FoM e R B fe Hrhet e 5 (e
% Compenents Library r% Component Inspector - Cpu &2 Basic Advanfigd |Expert |[IT =8
= =
& Properties . Methods | Events | Build options Resourceq ™
Name Value Details
& Compenent name Cpu
& Cleck generator CPMU CPMU
CPU type MCI5127VI32MLF
. “ : ”
4 Clock settings <€ Expand “Clock settings I
] 4 Internal clock
- Internal oscillator frequens 1000.0 1000 kHz
> External clock Disabled
4 OQutput clock
> ECLK clock Disabled
[» Low-power modes settings
| Internal resource mapping
[» Operating mode settings
[ Internal peripherals
|» CPU interrupts/resets
i Interrupts initialization
4 Enabled speed modes
4 High speed mode Enabled
High speed clock Internal Clock 12.5 MHz
Internal bus clock 6.25 6.25 MHz
4 PLL clock Enabled
Reference divider Auto select 1
PLL multiplication fact Auto select 25
PLL post divider Aute select 4
VCO clock frequency [ 50
Frequency Modulatior FM off
[» Low speed mode Disabled
> Slow speed mode Disabled
i s [ B
£
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S12 Clock, Reset and Power Management Unit

e ——
53 VSUP - I
" > ADC
VDDA Low Voltage Detect VDDA B | ».[IVIE] Low Voltage Interrup
e —— R Low Voktage Detect ’
VDDX Regulator VDDX, VDD. VDD
g VSSX 6V10 18V | Power-On Detect IR S—
[VSS (VREGAUTO) PORF] COP time-out > '2CP MU
CO ;; ;i
] ] |
A \ Power-On Reset
. " eset System Reset i
= BCTL osc mgnitor faill _ | w=ramior >
PLL monitor fai
s JFESET cisth RoCLK |
OSCCLK 2
EXTAL 2
> cillator status Interfupt
X— Oscill I
F = e

aM xTall | Pe
Oscillator
=T, XOSCLCP)  Rerance |[ e
= z Divider || Reference ECLK]
Clock *2 [Gemcas, ——> 25MHz Bus
IRCCLK > K
Post. o ool ——> 50MHz CPU Core
1MHZ/ - HT Interrupt &
’IQHtieig'l!:perature
Table A-19. IRC electrical characteristics
Num | C Rating Symbol Min Typ Max | Unit
1 P | Junction Temperature - 40 to 150 Celsius flecim TRIM 0.987 1 1.013 | MHz
Internal Reference Frequency, factory trimmed
UPOSC=0 clears
P
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Component Inspector - Cpu

|w

=@ = |

]

¥ C/C++ - CodeWarrior Development Studio
File Edit Search Project Run MOQX Tools ProcessorExpert Window Help
C-E@S-% o8 (pavg K - P Gl o = [@ocr)
i
- 2y Component:=Qbrary (% *Compenent Inspector - Cpu £2 Basic Adwvanced [Enpert ]ll[h] v =8
& Properties . Methods Events] Build options] Resourceq
MName Value Details
5 Component name Cpu
Clock generator CPMU
. CPU type MCAS127VI32MLF
F] Clock settings
g 4 Internal clock
B Internal oscillator freq 1000.0
External clock Disabled
F] Output clock
b ECLK clock Disabled
I» Low-power modes settit
[» Internal resource mapping E nte r ”2 5” M H Z I
[» Operating mode settings
[» Internal peripherals
[» CPU interrupts/resets
[ Interrupts initialization .
P E,.a.,;e..":,ee.. modes Double-Left-Mouse-Click on “Component Inspector - Cpu“ tab
F] High speed mode Enable
High speed clock ock 50 MHz
Internal bus cloc 25 MHz
4 PLL clock abled
Reference divider Auto select 1
PLL multiplication Auto select 25
PLL post divider  Auto select 1
VCO clock frequer 50
Frequency Modulz FM off
I» Low speed mode Disabled
Slow speed mode Disabled
o° s [ B2
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Build Project “Lab”

¥ C/C++ - CodeWarrior Development Studic

|1

|lo@| = |

File Edit Searg

r3~

gject Run  MQX Tools Processor Expert  Window Help

7 - m% prif-iB-Freero- o [[ETe=]

HE CodeWarrior Projects

% Compenents lerary(% *Component Inspector - Cpu &2 Basic Advanced [E)(pert “ITI:I] ¥ =08

)| B &L Ngheme i

Properties Methodq Events | Build options Resourceq

) Build Name Value Details i
& Lsb : FLASH Component name Cpu H
ocumentation Clock generator CPMU CPMU
(= FLASH CPU type MCY512ZVI32MLF
’ = Generated_Code 4 Clock settings
’ % ProcessorExpert, 4 Internal clock
[= Project_Headers Internal oscillator freq 1000.0 1000 kHz
[= Project_Settings » External clock Disabled
= Sources Output clock 1N
AN =5
H ‘ ’ H ‘ ’
Build ‘FLASH’ for project ‘Lab
@ ZVLS2MLF
i = O5s
4 = Processors
i &) Cpu:MCIS127VI32MLF
[+ [= Components
C der &3 ¥ =08 =
#3 Commander = Ej Problems &2 = Console} B~ ]
+ Project Creation ~ Build/De ~ | [0 items
gug Import project @, Build ( Description = Resource Path Location Type
% Import example project # Clean (
g2y Import MCU executable file %5 Debug
9 Mew MCU project
% MNew MQX-Lite project
=4 New MQX 4.0.x project i
] 3
o® /Lab

L 4
“freescale-
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Investigate Processor Expert Generated Code

|1

ﬁ C/C++ - CodeWarrior Development Studio | = | &= 2

File Edit Search Project Run MQX Tools Processor Expert Window Help

M-HEl&-% F-m mﬁ LA AR R R s (EEe=]
Hi&l CodeWarrior Projects 23 5 | [y Components Library (% Component Inspector - Cpu £2 Basic Advanced [Enperf ][IIh = =08

laz | <'===€>P| File Name |v Properties Methodq Events | Build options Resourceq

File Name Build - Details a

Mame Value
=% Lab : FLASH Component name Cpu
4" Binaries Clock generator CPMU cPMU
= Documentation CPU type MC9S127VL32MLF
il a Clock setti
4 In‘lemarlufbck
Sa e Internal oscillator freq 1000.0 1000 kHz
= PI'OJECt HEEdEfS b External clock Disabled
[= Project_Settings a Output clock

i Components - Lab 22 \'=' 8

LR N

4 (= Generator, Conﬁguratmns i}

# ZVL32MLF
> @ OSs nd “Generated Code”
4 [= Processors

i 4 Cpu:MC9S12ZVL32MLF

[+ = Components

m

Expa

&3 Commander &2 =~ =0

[/ Problems &2 = Corlsolew B~ =0
* Project Creation ~ Build/De " | |0 items

-

Import project Q Build { Description Resource Path Location Type
Import example project & Clean (
Import MCU executable file %5 Debug
Mew MCU project

Mew MQX-Lite project

Mew MQX 4.0 project 4

JO0OFOF

o® /Lab
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“Cpu.c”

_._vestigate Processor Expert Generated Code —

B C/C++ - Lab/Generated_Code/Cpu.c - CodeWarrior Development Studio

=@ = |

File Edit

mi

Search Project Run

MQX Tools

|Q % g'mm mﬁ t‘l"‘ ,&‘v

Processor Expert  Window  Help

5|v§|v°‘: [4=T =

= [Eoc-)

% CodeWarrior Projects £

laz | <’:;‘>P| File Mame
. Build

File Mame

[h PE_Consth
[n| PE_Errorh

L A T T 4

"
[h PE_Types.h
/ r'?E. Components - Lab &2

Double-Left-Mouse-Click on “Cpu.c”

R ¥ EE T

[ = OSs

% Components Library (% Component Inspector - Cpu &2 Basic Advanced [El(pe:t ]IIIh ¥ =08
|v Properties . Methods | Events | Build options Resourceq
i Mame Value Details i
Component name Cpu =
Clock generator CPMU CPMU
CPU type MCB512ZVI32MLF
4 Clock settings
4 Internal clock
Internal oscillater freq 1000.0 1000 kHz
> External clock Disabled
2 4 Output clock e
=8
=g
2 *=* IS COMPOMENT MODULE IS GENERATED BY THE TOOL. DO MOT MODIFY IT. D
3 ** F : Cpu.c
4 %% : ProcessorExpert

: MC9512ZVL32MLF
¢ MC95127V0L32 48
: Compaonent @1.@82,
: MC9S12ZVLRMVI Rev. 8.@9 December 18, 2@12 %

Driver @2.88, CPU dh: 3.00.000

% Import example project
gy Import MCU executable file
% New MCU project

9 New MQX-Lite project

=% MNew MQX 4.0.x project

# Clean (
%5 Debug

EV:E

5 *
4 [~ Processors g ==
b 4 CpuMC9S12ZVL32MLF 7 =
I = Components B **
]
C der &2 ¥ =a \
TR w [2l Problems 32 =) Cons*}
~ Project Creation ~ Build/De = | |0 items \
£2g Import project @, Build ( Description 8

\ Rescurce

Path Location

Type

Double-Left-Mouse-Click on “Cpu.c” tab I

D<>

Writable

‘ Smart Insert ‘ 1:1
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_._vestigate Processor Expert Generated Code —
“Cpu.c”

- -
¥ C/C++ - Lab/Generated_Code/Cpu.c - CodeWarrior Development Studio | = | B Y |
File Edit Search Project Run MQXTools Processor Expert Window Help
KR-%F  F-8 e AR B ARG e e (g C/Cee |
=&
=
B B )
Method EntryPoint (component MC9S127VLI32 48) %
145 **
= 146 ** Description :
gl 147 b Initializes the whole sy like timing and so on. At the end
145 ** of this function, the C startufswg invoked to initialize stack,
149 ** memory areas and so on.
= 156 ** This method is internal. It is used by Pr sor Expert only.
13 O
W || 1s2+/ H « «
153 extern void _Startup(void); Double-Left-Mouse-Click on “Cpu.c” tab | rite starciz.c =
154
155 /*** 11! Here you can place your own code using property "User data declarations™ on the build options tab of the CPU component
156
157
158
159 #pragma NO_RETURN /* Suppress generation of return from a function */
168 void _EntryPoint(void)
161 {
162
163 /*** !l Here you can place your own code using property "User code before PE initialization” on the build options tab of the
164
165 /* ### MCOS12ZVL32_48 "Cpu” init code ... */
166 /* PE initialization code after reset */
167 /* IVBR: IVB_ADDR=@x7FFF,??=8 */
168 setReglé(IVER, @xFFFEU);
169 /* ECLKCTL: NECLK=1,??=8,?7=8,7?=8,27=8,77=0,27=0,27=0 */
1768 setRegB(ECLKCTL, @x3eU);
171 /* System clock initialization */
172 /* CPMUPROT: ?7=@,7?7=8,77=1,77=8,77=8,77=1,77=1,PROT=0 */
173  setReg8(CPMUPROT, @x26U); /* Disable protection of clock configuration registers */
174 /¥ CPMUCLKS: PSTP=@ */
175  clrRegBBits(CPMUCLKS, @xd48U);
176 /* CPMUCLKS: PLLSEL=1 */ -
< ] 3
o0* Wiritable Smart Insert ‘224:33 s B B
\ 4
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Disassemble “Cpu.c”

ﬁi C/C++ - Lab/FLASH/Generated_Code/Cpu_cl160682580758754539.1s5t - CodeWarrior Development Studio

|1

= @] = |

File Edit Search Project Run MQX Tools Processor Expert Window Help

C-EE S % 78 i R - R R

= [Eoc-)

B& CodeWarrior Projects &3 = Eﬂ r% Components Library ﬁ Cenfiguration Inspector - ZVL32MLF &3

Basic Advanced [E}{pert ][IIh] = =8

(] = %2 k| Right-Mouse-Click on “Cpu.c” and Select “Disass

emble” '

File Mame Build TETE
I Lab : FLASH 4 Optimizations
ﬁ': Binaries Ignore range checking no
[ Documentation Ignore enable test ne
Ignore speed mode test no
Utilize after reset values no

Complete initialization in Peri no

———

e ts - Lab 53 =8 e
speE = &) Cpu.c €__| Cpu_c1160692580758754530.Ist 5% D

& -
= (S 1 Decoder 5.8.31 Build 13186, Apr 17 2813 -
4 [= Generator_Configurations - 2 Options:f -ArgFileGenerated_Code/Cpu_c.args -EnV"GENPATH=-C:J'DwFf’workspacE!Labf’Project_Headers;CD
QZ‘M"BZMLF 3 Decoding File: 'Generated_Code\Cpu_c.obj’
b 0Ss gFlle fgrmat: ELF/DWARF
4 (= Processors 5 DT EMBLY OF: 'NON_BANKED' FROM 2896 TO 2968 SIZE 72 (@X48)
b @ Cpu:MCIS1ZZVIIZMLF - 7 openfng source file 'C:/DwF/workspace/Lab/Generated_Code\Cpu.c’
P — m |+ 8 : ISR(Cpu Interrupt) i
1 3
C der 33 = [ =
#% Commander = E; Prgblems &2 = Console} z=: ]
~ Project Creation ~ Build/De " | |0 ite
£2g Import project @, Build D%ription = Resource Path Location Type
% Import example project f Clean (|
H “ ”
Double-Left-Mouse-Click on “Cpu_cxxxx.Ist” tab I
T T T WG AR CIE O w—r
P4 New MQX 4.0.x project i
T — P
o® /Lab/Generated_Code/Cpu.c
£
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Investigate Assembly Language Code

ﬁb C/C++ - Lab/FLASH/Generated_Code/Cpu_c1160692580758754539.st - CodeWarrior Development Studic

EEE

|-\

File Edit Search Project Run MOQX Tools Processor Expert  Window Help

s [EEere-)

e G A | e G e e R
st E3

g Cpu.c Cpu_cl1606925807587545 =&
@.31 Build 13186, Apr [=) - X
% 20ptions: -Arg Generated_Code/Cpu_c.args -E WPATH=C: /DwF/workspace/Lab/Project_Headers;C:/DwF/workspace/Lab/Generated_Code| | %
3 Decoding File: ed_Code\Cpu_c.obj’ %
AFile format: ELF/DWARF
= 5
6 DISASSEMBLY OF: 'NON_BANKED' FROM JO 2968 SIZE 72 “« “«
o 7 0Opening source file _'C:/DwFfworkspaceiLa Close CpU_CXXXX-|5t tab I
g 65: ISR(Cpu_Interrupt) =
=5 9 Cpu_Interrupt:
16 appaeana a8 BGND
Bl 7e: ) - . .
12 00000801 1890 RTT Double-Left-Mouse-Click on “Cpu.c” tab l
13 16@: volid _EntryPoint(wvoid)
14 _EntryPoint:
15 @@aaeaas BDFFFE@E1E  MOV.W #-2,16 h
16 178:  setRegB(ECLKCTL, @x38U);
17 ppaeaess aCsee2es MOV . B #-128,528
18 173: setRegB({CPMUPROT, @x26U); /* Disable protection of clock configuration registers */
19 eeaeeeeC eC2o0ecDB MOV . B #38,1755
28 175:  clrRegBBits(CPMUCLKS, @xd8u);
21 epaeeele Ad4B6C9 LD e, 1737
22 ppp@@als SCEF AND D, #-65
23 ppaaeels C4e6C9 5T e, 1737
24 177:  setRegBBits(CPMUCLKS, @x3eu); /* Enable the PLL to allow write to divider registers */
25 eppeepls AdeeCo LD De,1737
26 epaeeels 7CEe OR e, #-128
27 eppaeplD C486C0 5T De,1737
28 179: setRegd(CPMUPOSTDIV, Bx@eu); /* Set the post divider register */
20 ppapaea2e BOBECE CLR.B 1734
38 184: setRegB({CPMUSYNR, @x@eU); /* Set the multiplier register */
31 eeaeee23 BCasC4 CLR.B 1732
32 186 setRegB(CPMUPLL, @xB8U); /* Set the PLL frequency medulation */
33 beaeee2e BCBECA CLR.B 1738
34 188 setRegB(CPMUSYNR, @x58U); /* Set the multiplier register */
35 p@aeee2s aCsseslC4 MOV. B #88,1732 -
< I | »
o® Writable Insert | 1:1 s B B
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The Hardware Perspective

¥ C/C++ - Lab/Generated_Code/Cpu.c - CodeWarrior

Development Studic

|1

= @] = |

then Select “Open Perspective”

then Select “Hardware”
e N EAL=rA

File Edit Search Project Run MQX Tools Processor Expfg Window ' I
0-HEe S -% F- D = [ETe)
% CodeWarrior Projects &2 =0 Corglponents Libra Configuration Inspector - ZVI32MLF 3 Basic Advanced |Expert ¥ =0
J] ry g 4 P
laz | 5 P| File Narme |v ” leguration
File Mame Build i me Value Details
= La: : FLASH 4 Optimizations
i%m Binaries _ Ignore range checking no
(= Deocumentation Ignore enable test no
(= FLASH Ignore speed moede test no
(= Generated_Code Utilize after reset values no
g Cpu.c v Cornplete initialization in Peri no
[ o b o
“ : ”
Open the “Window” Pull-Down Menu

Method

_EntryPoint (component MC9S127VL32_48)

b & O0Ss i
P 146 ** Description : D
4 (& Processors 147 ** Initializes the whole system like timing and se on. At the end
s @ Cpu:MCISI2ZVIZZMLE - 148 ** of this function, the C startup is invoked to initialize stack,
4 |' - m | v 149 ** memory areas and so on. i
< | m | b
C der &2 =0
eI e [2! Problems &2 =] Console\l =
~ Project Creation ~ Build/De " | [0 items
f2g Import project @, Build | Description = Resource Path Location Type
% Import example project & Clean |(
=g Import MCU executablefile %% Debug
% MNew MCU project
% Mew MQX-Lite project
F MNew MQX 4.0.x project i
L] L4
o* Writable | Smartlnsert | 224:33
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The Hardware Perspective

¥ Hardware - Lab/Generated_Code/Cpu.c - CodeWarrior Development Studio | = = ® ]
File Edit 5earch Project Run MOQXTools Precessor Expert Window Help
N
N HEIA i A H D e o (Shdme) )
=
2y Configuration R &2 = O |[%y Processor &2 ) Generate Code ff Select Package @& & (& 7 = O|/8y Component Inspector - G
— . - Basigl Advanced [Exp?]ﬂjh =
. »
Reg. name I~ ?T ?T? Properties Methodq EyEnts| 2
Peripheral registers Name Value e
IVER FF J J J J J J J J J J J J Component name Cpu
ECLKCTL 8C — ADCD ADH ADL P Clock generator CPMU
IRQCR oc L e aums con e CPU type MCISL2ZVLI2N
OCPEP o= = e (LT E S P
OCIEP oo - jrai] W EoModule  IEERROM -
OCIFP 0c = ERIETE : - Interndl oscillator frequen: 1000.0 =
e e [ LR Dicabled
RDRP g == o B = S isable
ECCIE oc e i — = [
ECCDCMD QL= - ELT L [ Disakled
CPMURFLG 60 - - er modes settings
CPMUSYMR 5€ e MCQSlQZVIjZ M LF . [ resource mapping
CPMUREFDIV OF - @ |» Operafing mode settings I
CPMUPOSTDIV  OC — - b i
CPMUIFLG 0c 3 nterrupts/resets
CPMUINT 0c [| 11111111 » Intfrrupts initialization
CPMUCLES &C a Egabled speed modes
CPMUPLL 0c High speed mode Enabled
CPMUCOP ) [ 1 High speed clock Internal Clock
Fl m 3 r ” - fm - Tt tT T ~
H u ” H
[ Problems [ & Console 23 Either Close the “Hardware” Perspective
H “ ” H
IEEIITINSL or Switch back to the “C/C++” Perspective
User working directory = C:\ProgramData\Processor Expert\CWMCU_PE5_88&
Internal cache directory = C:\ProgramData\Processor Expert\PECache\68d7b994 E
Processor Expert [mitw] license file = C:\Freescale\CW MCU v1@.4\eclipse\..\MCW\license.dat T
I::--- [ BT TV AT TA A Cimmme— FiiVTVar mdmmdmd Memmm - Carmmmd et =m -
R
u
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Ready for the Next Part of the Lab

¥ C/C++ - Lab/Generated_Code/Cpu.c - CodeWarrior Development Studic

|1

= @] = |

File Edit Search Project Run MQX Tools Processor Expert Window Help
B-HE &% F-m mﬁ L i

&|v%|v“i

G = BT

% CodeWarrior Projects &2

% Components Library (% Cenfiguration Inspector - ZVL32MLF &2

Basic Advanced EB{pert “IIh ¥ =8

l z | Q:D p| File Name |v Configuration
File Name Build “ 1l Name Value Details
= La: : FLASH 4 Optimizations
i%m Binaries _ Ignore range checking no
(= Deocumentation Ignore enable test no
(= FLASH Ignore speed moede test no
(= Generated_Code Utilize after reset values no
[ Cpuc 4 Complete initialization in Peri no
[H Cpuwh v
[€ 10_Mapc -
t5. Components - Lab &3 = =
b [€] Cpu.c 52 g
=
R ) *
142/ -
4 [= Generator_Cenfigurations - 143 ** ==== ===== ==== ===== ==== ===== ==== =
QZ\-’BZMLF 144 ** Method _EntryPoint (component MC9S127VL32_48)
145 **
P& ESS 146 ** Description : D
4 (& Processors 147 == Initializes the whole system like timing and so on. At the end
4 @ Cpu:MCI5122VIS2MLF - 143 ** of this function, the C startup is invoked to initialize stack,
4 |' = m | v 149 *= memory areas and so on. >
| | )
C der 32 ¥ =0
- FEDETES e [2! Problems &2 =] Console\l =
~ Project Creation ~ Build/De " | [0 items
f2g Import project @, Build Description = Resource Path Location Type
% Import example project & Clean |(
=g Import MCU executablefile %% Debug
% MNew MCU project
% Mew MQX-Lite project
F MNew MQX 4.0.x project i
L] L4
o* Writable | Smart Insert 224:33
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S127Z Enhanced CPU Core
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S12Z Core Overview

- The S12Z CPU is the next generation of CPU in the CPU12
line.

- High-speed 16-bit processor with an expanded programmers model

- Improved addressing modes support efficient use of the 16MB
(24-bit) linear address space.

- Improved support for C code-size efficiency and overall performance

® £
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Linear vs. Paged Addressing Mode

- S12 MCUs typical architecture
provides 64KB memory space

- To achieve extended memory
Sizes, a paging mechanism is
needed

= 256 pages of 16kB each = 4MB
maximum

- Paging is one of the biggest
dissatisfiers from customers’
perspective

<
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X
Linear vs. Paged Addressing Mode

0x00_0000

4k Byte Registers 0x00_1000

- The S12Z CPU includes a 24-bit
address bus, which provides up to
16MB memory space

0x10_0000

- Linear addressing simplifies memory

accesses
0x20_0000
0x80_0000
OXFF_FFFF
' Frosecrn, B Framiodde gn &0, G2, CodeTERY, Codettamsir, CieFre. Ui rns, U 8an e Ervergy Do Sbitonre s, S et rodewt, PG, FoweUCC
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S12Z - Absolute Addressing

— n 0x00 0000
16k Space l 4k Byte Registers 0x00_1000
2 Address Bytes for all operations 0x00_4000
256k Space
3 Address Bytes for all operations
0x10_0000
16Meg 0x20_0000
3 Address Bytes for LD, ST, JMP, JSR ——
4 Address Bytes for all other operations
0x80_0000
— OXFF_FFFF
'O
Frosecrn, B Framiodde gn &0, G2, CodeTERY, Codettamsir, CieFre. Ui rns, U 8an e Ervergy Do Sbitonre s, S et rodewt, PG, FoweUCC
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$12(X) CPU

8-bit Accumulators A & B

or
16-bit Accumulator D

| Index Register X

| Index Register Y

| Stack Pointer

PC

| Program Counter

|
|
| sp
|
|

ulofo]ofof pL2:01 [s]x|H|1]n]z[v]c]| condition code Register

L £
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A
S12Z CPU

| DO | Data Register O

| D1 | Data Register 1

D2 | Data Register 2

D3 | Data Register 3

D4 | Data Register 4

D5 | Data Register 5

A 5 Baia ResisifliiStors A & B
or .
| g D7 ?@@ipﬁgmﬂlﬁator D

IX | Index Register X

Y | Index Register Y

SP | Stack Pointer

PC | Program Counter

|
|
|
|
T [u]o]ofo]o] 21 | s|x|H]| 1 |[n][z]Vv]c]| condition code Register

224 = 16Mbyte Address Space

L £
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PR
S12Z Core Architecture ... a 16-bit MCU?

- Ituses 32-Bit data paths, ALU, Data registers
Single-cycle 16x16 multiply (2.5 cycles 32x32) EXpanded programmer’s model
MAC unit 32bit += 32bit*32bit (3.5 cycles)
Hardware divider 32bit = 32bit/32bit (18.5 cycles)
Single cycle multi-bit shifts (Barrel shifter)
Fractional Math support

31 23 15 7 0

- Ituses a 24-bit address bus, Stack Pointer, Program Counter and
Index registers

- Its native “int” data type is 16-bit, with 16-bit I/O data path
- It can handle 8-Bit data and indexes better than S12X

- CPU operates at 100MHz
- Optimized bus architecture with 100MHz load and store to RAM
- NVM works with 1 Wait-state => effective 20ns accesses

- Harvard Architecture => parallel code and data access

- Instructions and addressing modes optimized for C programming and
compiler

L £
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S12Z Optimized Opcode Set

- Most used instructions are 8-bit opcodes
= First Page

- Less used opcodes are 16-bit and require the prefix
= Second Page

L £
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Bit Operations

- Bit operations were massively changed

- BSET, BCLR, BRSET, BRCLR test only a single bit to save code space
= Bit takes a maximum of 5 bits instead of a mask for 32Bit takes 4 bytes!
= >00% of all codes test/set/clear only one bit!

- The bit number is either an immediate value or defined by an accumulator.
- They can operate on a memory location but also on an accumulator.
- The size of a memory operand can be 8, 16 or 32-bits or an accumulator

= Example:

j =1 << n; => CLR D2; LD D3,#n; BSET D2,D3

- Bitfield operations were added: BFEXT, BFINS can extract or insert a bitfield
= Example:
BFEXT D7,D6,#7:23 => extracts 7 bits #23 from D6 into D7

® £

Z “freescale" 42




|

y
A

S12Z - Enhanced Multiplication Instructions

S12(X):
MUL (A)x (B) > A:B
EMUL(S) (D)x(Y) =2 Y:D
S127:
MULU (Dj) x (Dk) > Dd QMULU (Dj) x (Dk) > Dd
(Dj) x IMM = Dd (Dj) x IMM > Dd
(Dj) x (M) - Dd (Dj) x (M) - Dd
(M1) x (M2) > Dd (M1) x (M2) > Dd
MULS (Dj) % (Dk) > Dd QMULS (Dj)x (Dk) > Dd
(Dj) x IMM > Dd (Dj)x IMM > Dd
(Dj) x (M) - Dd (D)) x (M) - Dd
(M1) x (M2) > Dd (M1) x (M2) > Dd

L £
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Fractional Math Support - Instructions

- Fractional Multiply (Signed & Unsigned)

- Multiplies two signed/unsigned fractional two’s complement operands
and stores the signed fractional two’s complement result to register Dd.

- Saturate

- Saturate the content of the operand register using the information
stored in the overflow (V-) and negative (N-)flags by a previous
Instruction.

- Count-Leading-Bits

- Counts the number of leading sign-bits in the source register,
decrements this number and then copies the result into the destination
register.

® £
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S12Z Platform Architecture

- Harvard Architecture (Parallel Data and Code access)

Instruction Bus Data Bus

32 32

A

MMC

Optional!
Allows e.g.
addition of a
32-bit
(Flex)Timer
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S12Z vs. S12X - Features

5127 S12XE

Architecture Harvard Von Neumann

Address space 16MByte Linear 64KByte Linear
(up to 4MByte Paged)

Data Bus Width ~ 32-Bit RAM & Flash, 16-Bit
16-Bit 1/0

ALU Width 32-Bit 16-Bit

Data Registers 2 x 8-Bit, 2 x 8-Bit (can be used as a
4 x 16-Bit, single 16-Bit accumulator)
2 X 32-Bit

Pointers 2 X 24-Bit 2 X 16-Bit

L £
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S12Z vs. S12X — Performance

Attribute S127 S12XE

Bit Shifter 32-bit multi-bit 1 cycle 16-bit single-bit  2cycles
Multiplier 32*32 2.5cycles

16*16 lcycle 16*16 lcycle
Divider 32 =32/32 18.5cycles 32 =32/16 11cycles
MAC 32 += 32*32 3.5cycles 32 +=16*16 13cycles
Fractional math  Yes No
support
Bus speed 50MHz 50MHz

- CPU operates at up to 100MHz, bus at 50 MHz
- RAM bus can load and store w/ 100MHz
- 1/0 buses @50MHz to reduce power consumption and die area

L £
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S12Z Benchmarks Results

L £

bytes

Large Application Code Example:

Code Size

250000
200000
150000

100000
50000 -
0 -

# loads/stores

25000

S12X

S127

Memory Access

20000

15000
10000

5000 -
0 -

Z “freescale"

S12Z typically saves 20% code size versus S12X
S12Z typically uses 30% less memory accesses than S12X which saves power

Digital Filter:

S127 is faster and denser than any
optimization option of S12X

Bytes
600 y

400
- _
0 . . .

S12X CW5i S12X CW5i S127
size speed Cosmic

Cycles

2000
1500

1000
500 .
0 | I

S12X CW5i S12X CWS5iI S12z
size speed Cosmic
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In Depth Code Size Analysis

s12x__| _S12z

Code Size 237277 182362 -23%

pgl 86.3% 96.9% Shows well chosen pgl instructions
Loads 23550 13725 -42%

Stores 9280 4015 -57%

Moves 4347 4332 About equal

- Code is about 200k byte large Body Application
- Significant code size savings

- Large reduction of memory instructions (not accesses!)
= => Power Savings expected

L £
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S12Z Performance Benefits

Improved Performance for
Motor Control

100 MHz CPU
@ 50 MHz bus
speed

Harvard
architecture
accelerates
data handling

Fractional math instructions added

L £
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| 800
| 700
| 600
| 500
| 400
| 300
| 200

100

Digital Filter Benchmark

(# of Cycles)

3X

50

o,

Improved Software
Friendliness

- 24-bit linear address map to ease
software development and porting

- Added 8- and 32-bit registers to
allow further compiler code size
optimization
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9 Agenda

« S12ZVM for BLDC Motor Control

freescale.com/automotive

L 2

Frovecrs, O Framiede gn. A0, G5, CodeTEST, Codntarcr, OiFre. Ot rns, O Mo i Erergy Efiwst Subitone o, Shwin, rotewt, G, N-O-‘JK
Frocesser Capee, Jorl, cnum Mu mm w-qmwnunw« mmum‘ = A7 O

L 4
reescaleTM 51 Aevar, Swets. o-smcwt-;,nnquuw S vq%-p&ﬁ!—r-“-mw’v' nul.n\‘ri
A3 TS W MR B Faeic BameonkEtE W R O GrTALET O iivied (GNekh B T NG I T Aatacive setars © X011 Freeiane Aarearosnn



pRd
Overview of S12ZVM Feature Set

Ext Osc m

IRC PLL

RTI 128 KB

Flash

SPI

VREG (sv vop, vLs, vDD sensor)

Temp Sense Charge Pump

G
P
I

8 KB RAM

512Bytes
EEPROM

GDU

LIN

TIM 4ch/16b

Physical 3-phase/

Interface H-Bridge
Predriver

MSCAN

Dual 12-bit ADC PMF
5 + 4ch. Ext. PTU B 6-ch
(Mux‘d with Op-Amps) Sl Separate 5V Current Sense

+ 8ch. Int. VREG (VDDC) (2 x Op-Amp)

L £
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Overview of S12ZVM Feature Set

New S12Z CPU SECRRVALY Flash& EEPROM
* Up to 100MHz *ECC *ECC

* 32-bit ALU & 32bit MAC unit, * Memory Protection
» Optimized 32-bit math. operations » Margin Read

8 KB RAM

512Bytes
EEPROM

L £
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Overview of S12ZVM Feature Set

Sensor Supply

» 20mA 1/O for sensor

Window Watchdog
* Independent RC osc
2 UARTs

+ one linked to LIN Phy
» 2nd as test interface

Multiple timers

» |OC/periodic wakeup
CAN Option

» CAN controller

Programmable Trigger PWM Module

Unit » Complementary mode
« synchronize ADC to PWM with deadtime ctrl.

« Trigger Command list with « Fault protection

up to 32 triggers per cycle » Double-Switching

Z “freescale"
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Overview of S12ZVM Feature Set

Internal RC osc.
* +/-1.3% over tmp

xt Osc m S127
core

RTI 128 KB

Flash Temp Sense
Wdo
(€]
P
| _ 8 KB RAM
(@]
Two 12-bit ADC TIM 4ch/16b 512Bytes
* List Based EEPROM
. MSCAN
Architecture allows
flexible definition of
order and number of DU56.-I|- ﬁ:'gﬁ‘?c g'::/lr']:
conversions : (Mux‘d with Op-Amps) PWM Separate 5V Current Sense
» 2.5s conv. time \ + 8ch. Int. VREG (\/Dic) (2 x Op-Amp)

CAN Support Current Sense Amplifiers
* 5V Vreg * 2-shunt system supported
controller for with additional selectable
external over-current protection

transceiver comparator

“freescale- >
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Overview of S12ZVM Feature Set

Voltage Regulator
 Boost Option

* Support for external
ballast transistor
» Vbat sense

=Xt Ose m Charge Pump
VREG (sv vop, vLs, vDD sensor) :
IRC PLL  Optional to support

100% duty cycle

RTI Temp Sense Charge Pump

SPI

8 KB RAM

SCI LIN
TIM 4ch/16b 512Bytes Physical

EEPROM Interface

Dual 12-bit ADC

Gate Drive Unit
 Operational from
3.5V to 26V

* Bootstrap circuit
based

* 11V Vreg
* Phase comparators
 Desaturation comp.

GDU

3-phase /
H-Bridge
Predriver

for HS/LS protection

» Under-/Over-voltage
detection

* DC-link and phase

5 + 4ch. Ext. PTU voltage internally
(Mux‘d with Op-Amps) Separate 5V Current Sense accessible on ADC
+8ch. Int. VREG (VDDC) (2 x Op-Amp) - Selectable HS/LS

slew rate

LIN Phys.
Interface

» 250kb/s fast
mode

L £
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Overview of S12ZVM Feature Set

Internal RC osc.
* +/-1.3% over tmp

Sensor Supply
» 20mA 1I/O for sensor

Window Watchdog
* independent RC osc

2 UARTs
+ one linked to LIN Phy
» 2nd as test interface

Multiple timers
» |OC/periodic wakeup

CAN Option
« CAN controller

Two 12bit ADC
+List Based
Architecture allows
flexible definition of
order and number of
conversions

* 2.5ps conv. time

New S127 CPU

* Up to 100MHz

* 32-bit ALU & 32bit MAC unit,

» Optimized 32-bit math. operations

8 KB RAM

512Bytes
EEPROM

Dual 12-bit ADC

5+ 4ch. Ext.
(Mux‘d with Op-Amps)
+ 8ch. Int.

PWM Module

Safe RAM Flash& EEPROM
ECC *«ECC
* Memory Protection
» Margin Read

VREG (svvop, vLs, vDD sensor)

Temp Sense Charge Pump

GDU

LIN
Physical
Interface

3-phase /
H-Bridge
Predriver

Current Sense

Separate 5V
(2 x Op-Amp)

VREG (VDDC)

\

Voltage Regulator
* Boost Option

* Support for external
ballast transistor

* Vbat sense

Charge Pump
 Optional to support
100% duty cycle

Gate Drive Unit
 Operational from
3.5V to 26V

* Bootstrap circuit
based

* 11V Vreg

* Phase comparators
 Desaturation comp.
for HS/LS protection
» Under-/Over-voltage
detection

* DC-link and phase
voltage internally
accessible on ADC

* Selectable HS/LS
SEMEIE

Programmable Trigger
Unit « Complementary mode
« synchronize ADC to PWM with deadtime ctrl.
« Trigger Command list with « Fault protection

to 32 triggers per cycle » Double-Switching

Z “freescale"

LIN Phys.
Interface

» 250kb/s fast
mode

o +/-6kV

CAN Support
* 5V Vreg
controller for
external
transceiver

Current Sense Amplifiers
* 2-shunt system supported
with additional selectable
over-current protection
comparator
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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
10/10C0
10/10C1
10/I0C2

8 kB RAM

51ZBytes
EEPROM

%

Hallout

AMRcos
AMRsin

il optional

L 4
“freescale-

MSCAN
Y Dual 12bit ADC PMF
5+4ch. Ext. 6 Ch
AN1 3_- (Mu)id W(I:th Op- Amps)

LIN

Physical
Interface

|

AMPO _gg

Current Sense
(2 x Op-Amp) =0

VBAT

L

@ EVDD

AMRsin
VHD I‘\MRcos

Hallout

AMR/
GMR/
Hall
Sensor

5

GDU =

3 phase
H-Bridge
Predriver

g

x1

%J@ﬁ%

LS1
(& (@]
| S
a3 &
o
= Shuntl
q <
—
| S
|j [JShuntO
—
| S
s
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Space Savings with S12ZVML

6 to 8 cm?
PCB space
savings

Full Discrete

3to5cm?
PCB space
savings

Semi Integrated
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Manufacturing Cost Benefits

Multiple effects of eliminating ICs or passive components:
» Material : PCB space, Cu tracks, test points, soldering

* Pick & place

» Testing at board level

* Inventory management

PSMTA

SMTA (Surface Mount Technology Association):

* NMACPCs (Non-Material Assembly Cost Per Component) range from
$0.01 to $0.15 per component assembled

* NMACPI/O (Non-Material Assembly Cost Per Input/Output) range from
$0.005 to $0.01 per I/O assembled.
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Highest level of Integration

Of your BLDC system:

wuwQg
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- S12ZVL for General Purpose LIN
- S127ZVC for General Purpose CAN

freescale.com/automotive
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Ultimate Flexibility and Scalability

CAN or LIN support with on-chip
physical interface

On-chip 12 V voltage regulator for
flexible on- and off-chip supply

Range of memory options address
multiple applications and allow for
platform design

rrue piatrorm soiutions tnrougn naraware and soirtware reuse
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Overview of S12ZVL Feature Set

LIN . . Temp 10-bit
Physical Interface AR e e Sense ADC
RC osc 16-bit Timer
SCl +1.3% PLL 6-ch + 2-ch

PWM 8-ch, 8-bit

S12 Core (or 4-ch, 16-bit)

32k Byte Flash (ECC)

128 Byte
EEPROM

12C
(ECC) VREG for Total Supply:

*70mA

EVDD FINGPIO HVI V-SUP * 170mA with ext ballast
x1 x 3 x1 Sense
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Overview of S12ZVL Feature Set

New S$12Z CPU
¢ up to 50MHz
* 32-bit ALU & 32-bit MAC unit

* Optimized for 32-bit math operations

Flash & EEPROM
* with ECC

* Memory Protection
* Margin Read

Safe RAM
* with ECC

128 Byte
EEPROM
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Overview of S12ZVL Feature Set

16-bit Timer
PWM 8-ch, 8-bit

128 Byte 1k Byte
EEPROM RAM

3 x 25mA Output Sink

* GPIO and/or PWM control
1 x 20mA Output Source
* GPIO and/or PWM control

(ECC)

(ECC)
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Overview of S12ZVL Feature Set

Temp 10-bit
Sense ADC

RC osc PLL 16-bit Timer
Internal RC oscillator +1.3% 6-ch + 2-ch
* +1.3% over temp
S$127 Core

Pierce Oscillator

PWM 8-ch, 8-bit
(or 4-ch, 16-bit)

128 Byte 1k Byte
EEPROM RAM

(ECC)

EVDD
x1

(ECC)
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Overview of S12ZVL Feature Set

LIN Physical Interface
* 250kbps Fast Mode
« +6kV (IEC61000-4-2)

1 x High Voltage Input
* with Interrupt capability

L £

L 4
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Physical Interface

Pierce Oscillator
RC osc
+1.3% PLL

S$127 Core

32k Byte Flash (ECC)

12
EE

(

o
%,
%
%

8 Byte
PROM
ECC)

SAFE
ASSURE’

68

Temp 10-bit
Sense ADC

16-bit Timer
6-ch + 2-ch

PWM 8-ch, 8-bit
(or 4-ch, 16-bit)

Voltage Regulator

* 5.5V to 18V normal operating range

* protected operation up to 40V

* 3.5V minimum operating voltage

* support for external ballast transistor

VREG for Total Supply:
*70mA
* 170mA with ext baliast
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Overview of S12ZVL Feature Set

LIN Physical Interface

* 250kbps Fast Mode
« +6kV (IEC61000-4-2)

Internal RC oscillator
* +1.3% over temp

1 x High Voltage Input
* with Interrupt capability

3 x 25mA Output Sink
* GPIO and/or PWM control

1 x 20mA Output Source
* GPIO and/or PWM control

LIN . . Temp 10-bit
Physical Interface Pierce Oscillator Sense ADC

RC osc PLL 16-bit Timer
+1.3% 6-ch + 2-ch

PWM 8-ch, 8-bit
3 (e (or 4-ch, 16-bit)
32k Byte Flash (ECC)

128 Byte
EEPROM

VREG for Total Supply:
*70mA
* 170mA with ext baliast

New S12Z CPU

¢ up to 50MHz

* 32-bit ALU & 32-bit MAC unit

* Optimized for 32-bit math operations

Flash & EEPROM
* with ECC

* Memory Protection
* Margin Read

Safe RAM
* with ECC

Voltage Regulator

* 5.5V to 18V normal operating range

* protected operation up to 40V

* 3.5V minimum operating voltage

* support for external ballast transistor

- Functional Safety — ISO 26262 ASIL A Compliance:

- Developed in accordance with ISO 26262 as a Safety Element out of
Context (SEooC).

- Usable in safety relevant systems classified as ISO 26262 ASIL A.
- MCU development process fulfills ASIL A requirements of ISO 26262.
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S12ZVL Key Features

LN Pierce Oscillator Temp UL
Physical Interface Sense ADC

RC osc 16-bit Timer
2 +1.3% PLL 6-ch + 2-ch

PWM 8-ch, 8-bit

$12Z Core (or 4-ch, 16-bit)

RGB ambient lighting

EEPROM
(ECC) VREG for Total Supply:
+ 70mA

. . * 170mA with ext ballast
Switchpanels / Userinterfaces

Key Feature Benefits

S12Z core, 25 MHz Bus Improved code-efficiency & core performance vs. S12

8 KB to 32 KB flash Family-concept, ho need for external Flash/EPROM/ROM

Up to 128 Bytes EEPROM 4B erasable page; Easier to use vs. data flash; no need for EE-emul.

all memories (Flash, RAM, EE) with ECC | Error Code Correction provides high reliability

N _ Operates directly from car-ba_ttery, no nged for extra Voltage-regulator saving PCB- PaC kag e

Built-in automotive voltage regulator boardspace. handles automotive design issues, such as double battery, crank voltage and .

operating between 3.5 and 40 V load dump conditions Optl ons.:
No need for an external LIN physical layer device, saving space and design time. * 48 LQFP, 32 LQFP

Built-in LIN physical layer Meets automotive OEM specifications for LIN conformance and EMC requirements o 32QFN (5 X5 mm)
EVDD able to supply 5V/20 mA offchip; N-GPIO able to sink up to 3 x 25mA off Chip

NGPIO & EVDD (useful for RGB-LED-drive)

Protected 12V input (HVI) Allows automotive battery voltage-level inputs (with ADC-capability & ESD-protection)

on Chip RC oscillator trimmed to 1,3% Due to accurate on chip clock generation LIN-communication can be done without

tolerance external Crystal or Resonator and without the need of SW-intense synchronization

<
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S12ZVC Key Features

CAN Pierce Oscillator Temp L2guit
Physical Interface Sense ADC
CAN Physical Interface RC osc Analog Comparator
* High Speed — up to 1Mbps +1.3% PLL i ey g

*1SO 11898-2 & ISO 11898-5

High-Res. Timer

Seatbelt pretention 4-ch, 16-bit

S12Z Core

High-Resolution Timer

* 20ns with 25MHz bus

High-Res. PWM

High-Resolution PWM 4-ch, 16-bit

* 20ns with 25MHz bus 192k Byte Flash (ECC)

Timer 8-ch, 16-bit
Seperate CAN Supply
* with external ballast transistor

PWM 4-ch, 16-bit
2k Byte

EEPROM

{ECC)

Sensor (Powertrain)
VREG for Total Supply

* 170mA with ext ballast
. . GPIO V-SUP CAN Supply:
Switchpanels / Userinterfaces 4-channel open drain « with ext ballast

Key Feature Benefits

S12Z core, 32 MHz Bus Improved code-efficiency & core performance versus S12

64 KB to 192 KB flash Family-concept, no need for external Flash/EPROM/ROM

Up to 2k Bytes EEPROM 4B erasable page; Easier to use vs. data flash; no need for EE-emul. P k

all memories (Flash, RAM, EE) with ECC | Error Code Correction provides high reliability ac ag e

Built-in automotive voltage regulator

Operates directly from car battery without the need for extra voltage regulator, saving PCB Optl ons:
operating between 3.5 and 40 V

board space. Handles automotive design issues, such as double battery, crank voltage and
load dump conditions * 64 LQFP

No need for an external CAN physical layer device, saving space as well as time & cost for *48 LQFP
design & testing. Meets automotive OEM requirements for CAN conformance and EMC.

Built-in CAN physical layer

Analog Comparator with DAC Allows for fast reaction of ext. signals vs. preprogrammed threshold
Protected 12V input (HVI) Allows automotive battery voltage-level inputs (with ADC-capability & ESD-protection)
12-Bit ADC; 16ns-Timer/PWM High resolution mixed signal peripherals for many sensor-applications (e.g. ultrasonic)
X
L 4
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S12ZVL Application Example: Switch Panel

Automotive Voltage

Voltage
Regulator

ey \Vakeup

— P
LIN PHY

—

LIN
BUS

‘ Digital 5V Analogue
Components Components

MCU Core High-Voltage
and Memories Components
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S12ZVL Application Example: Intelligent Sensor

- Automotive Voltage

Voltage
Regulator

LIN PHY

LIN
BUS

5V Supply

Rain /

Light

Sensor
ASIC

http://mww.bmw.com/com/en/insights/technology
/technology_guide/articles/rain_sensor.html

‘ Digital 5V Analogue

L £
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Components Components
MCU Core High-Voltage
and Memories Components
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S12ZVL Application Example: LIN RGB LED

LIN Master
§_|

_L 8
LIN_In S
LIN

(&
[

.BCTL

VSUP

ADC
Flash 10bit . ]
| — VDDX
EEPROM PR N D
el PWM =
3x16bit o, —
GPIO IRC PLL v |
W
BDM IExt.Osc COP | RTI e
Digital 5V Analogue
Components Components

® £

MCU Core High-Voltage
and Memories Components
74
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S12ZVL Application Example: LIN RGB LED
(with autoaddressing / daisychaining)

[ -
LIN_In
|
s N c B
%ﬂ | SES 10bit - VDDX
LIN_Out D ===1=Te]Y] [ - o
. g . PWM - o
3x16bit ” —1
s GPIO PLL . vl |
W
3x20mA
BDM I Ext. Osc | COP | RTI R)EBBTED
Digital 5V Analogue
Components Components
MCU Core High-Voltage
and Memories Components
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TRK-S12ZVL: LIN Daisychain

LIN SWITCH

VLIN
MASSSCCSSAAANRRRERRRAATEY,
: s
4 PLUG 2¢2 RA :
s 4 :
) -
3 o -
-
2 .
-1 o] b4
Li = :
= 128 :
--....ll.ll.l.‘ll.........’
LIN CONNECTOR
TP26
T TPaT VLN
3 LN - LN ’
3 LoNp YEEND - - ol  gssias |
- - - 0z cw
200PF 0.220F
MMEZZTVCLT1 oy | :000““000....00’:
Asz 1/ o2 — s :
2 = &7k . - § TmkERe o
LiNOL : 4 :
l — - 3 2 E
= = ca¢ L s
1pF L 14 :
135 I - :
HDR 1X2 TH = =i e :

& *
o | EPEIIIIIIIININOIGS

LIN OUT CONNECTOR

oon T ™
PTa
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S12ZVL: 512 MagniV Mixed-Signal MCU for LIN Applications w

Overview Documentation Software & Tools Functional Safety
o Safefszsurs
Application Notes SAFE Functional Safety

ASSURE™ Program Solutions.
targeted to help mest
IEC 61508 and |50
28262 functional
safety compliance

PREFRODUCTION

The S122V0

iarm, part of the 512 MagniV' mibeed-signal
MCU famy d

= 3 low-cost, highly integrated solution that
f smallest possible sutomotive LIN
family concept provides scalsbility for
platfiorm ¢ . The S1ZZVL integrates a sophisticated 5122
core together with a 12V to 5V voltage regulator and 2 LIN
phy=ical l3yer for autometive applications such 32 sensors,
actustors switch pansls or lighting.

Connect With Us
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Motor Applications LIN Node
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Freescale LIN 2.1 Driver (version 4.4.1)

. LIM Stack
. FSL LIM Driver Package 4.4.1
. Documentation
. Bxamples
. Diagnostic demoe application
0 General_Demo_Application
L MMa12
. Resynchronization demo application
L 5127 examples
. Carcassonne_S127VM

. Configuration_files

; Knox_S1272VL
L Master 5127V032_LIMNZ1
| Slave_S127V132_LIN21

L Lumen_S127WHYo4

L QuIBS+7
. VRE4_MagniV
. LIM_Driver
. NCF_Tool
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Lab 2

- Developing a Project for the
S12ZVL

freescale.com/automotive
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TRK-S12ZVL Block Diagram

12V Power Plug 12V to 3.3V Voitage
(VIN) Regulator(VDD_3V3)

LIN& LIN_OUT

Ballast Transistor

Connector

OSBDM
MC9S08JME0CLD

05 _DEBUG
HDR

Reset Button

L £

L 4
Z “freescale"

RESET_B

KNOX MCU §12ZV1.32
PC912ZVL32FOVLF

BDM I/F
HDR

GPIO

12C ADC GPIO

GPIO

GPIO
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RGB LED

General Purpose Tower Plug-in

{TWRPI)

SWITCH PANEL
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RGB LED

VDDX_EN
R32 ZR34 7 mas
100 150 100
TP2ZTR24TR23
Ja7 o0
HDR 2x3
i 2
AN 3 4 sHs o oot 0
3 AN4 AN 5 C9TF sha . 0
1 ANS 0o -
Default: 1-2, 3—-4, 5-6 shunt
[is] [al] —
=T =T =T
D&
GREEN RED BLUE vy
Y “u “u
20mA  20mA  20md " ul “u
8 8 &
TP18 TP20 T2
J25 ®
HDR 2x32
PPE 1 2
3 PSSR a3 (2% *
3 e BFr 5 2% T%
3 PP3 0o

Default: 1-2, 3-4, 5-6 shunt
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Lab Part 2: PWM LED Control

|1

¥ C/C++ - Lab/Generated_Code/Cpu.c - CodeWarrior Development Studic | = & N

File Edit Search Project Run MQX Tools Processor Expert Window Help

e LILS AL TS = [T

f& CodeWarrior Projects &2 = ﬁ.% Components Library( nfiguration Inspecter - ZVL32MLF 2 Basic Advanced EB{pert “IIh = =08
laz | <~}=={>p| File Name |v Configuration
File Name Build “ 1l Name Value Details
= Lﬂ: : FLASH 4 Optimizations
i%m Binaries _ Ignore range checking no
(= Deocumentation Ignore enable test no
(= FLASH Ignore speed moede test no
= Generated_Code [RTE - L
[ Cpuc % . “« . ”
B Cpuh v @ Double-Left-Mouse-Click on the Processor Expert “Component Library” tab
[€ 10_Mapc _w
t5. Components - Lab &3 = =
P [ Cpu.c &2 8
=
<‘====> o8 142 /* -
4 [= Generator_Cenfigurations - 143 ** ==== ===== ==== ===== ==== ===== ==== =
QZ\-’BZMLF 144 ** Method :  _EntryPoint (component MC9S127ZV0I32_48)
145 **
P& ESS 146 ** Description : D
4 (& Processors 147 == Initializes the whole system like timing and so on. At the end
B @ Cpu:MCE5127VI32MLF - 148 ** of this function, the C startup is invoked to initialize stack,
4 |' = m | v 149 ** memory areas and so on. k4
< | m | b
C der &2 =0
- FEDETES e [2! Problems &2 =] Console\l =
~ Project Creation ~ Build/De " | [0 items
f2g Import project @, Build | Description = Resource Path Location Type
% Import example project & Clean |(
=g Import MCU executablefile %% Debug
% MNew MCU project
% Mew MQX-Lite project
F MNew MQX 4.0.x project i
] +
o* Writable | Smartlnsert | 224:33
\ -
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Add a PWM Component to the Project

¥ C/C++ - CodeWarrior Development Studio | = | B 2R |

File Edit Search Project Run MOQXTools Processor Expert Window Help

CERIE- %S -0 (eaedl® i H - A B e D = [T
(% Components L@\% Compenent Inspector - Cpu} Ed v = g
=

] tegories Alphabetican Assistanﬂ Processors\l il

Component Component Level
= CPU External Devices
=] [= CPUInternal Peripherals

[ Communication

= Converter

= Interrupts

= Measurement

= Memaory

= Peripheral Initialization

= Port /O

= Timer
@ FreeCntr
@ FreeCntrls (3) Right-Mouse-Click Select“PWM” then “Add to project”J

th

@ Expand “CPU Internal Peripherals”, then ”Timer’J

@ FreeCntr32

T

@ FreeCntd High
S rrG High
B rwim High
(@ RTlshared High
@ TimeDate High
@ Timerdnt High
D TimerOut High
@ WatchDog Low

== Operating Systems

=

@ Double-Left-Mouse-Click on the Processor Expert “Component Library” tab
. : e [E B
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Change PWM Component Properties

ﬁ C/C++ - CodeWarrior Development Studio

HEIEE

|w

File Edit Search Project Run  MQX Tools

@ &~

% 7-m m% Ll A

Processor Expert  Window Help

v.'}va-.():.v v

et (FEcrc)

EI CodeWarrior Projects &2

l | ke P File Name

File Mame Build

E Lab : FLASH
ﬁ': Binaries
= Documentation
== FLASH
= Generated_Code
[g Cpu.c v
[h Cpu.h v
[£] 10_Map.c v i

. Components - Lab 22
Ea® T

Elndhial=

% Components Lme@Com ponent Inspector - PWMS} )

Categories Alphabetican 4istant] Processors

-

E

Component
== CPU External Devic
= CPU Internal Peripjierals
= Communication
= Converter

Component Level

Filter on for MC85127VL32_48 (Lab)

@ Double-Left-Mouse-Click on “*Component Inspector - PWM8” t

4 = Generator_Configurations -
@ ZVL3ZMLF
= 0Ss
4 (= Processors
i 4 Cpu:MCIS12ZVI32MLF
4 B Components

=

&3 Commander 22 =~ =0

~ Build/De ~
@, Build (
# Clean

%5 Debug

~ Project Creation

f2g Impert project
i
(1]
i

Import example project
Import MCU executable file
New MCL project

% New MQX-Lite project

F49 New MQX 4.0.x project 2
T — P

[g Cpuc & =B
142 /* -
143 **

144 ** _EntryPoint (component MC9512ZV0L32_48)

145 **

146 ** Description : 3

147 ** Initializes the whole system like timing and so on. At the end

148 ** of this function, the C startup is invoked to initialize stack,

149 ** memory areas and so on. il

4 1l | D
E._c, Problems &2 = Console} H YO
1 error, 0 warnings, 0 others
=
Description Resource Path Location Type

@ Errors (1 itern)

E<>
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Change PWM Component Properties

¥ C/C++ - CodeWarrior Development Studio
File Edit Search Project Run MQXTools Processor Expert Window Help
S RS AL e, SR SR R LR ey
% Components Library(% *Compenent Inspector - PWM_RED 232 Basic Advaéed [E}{pert ]ﬂjh) =8
& =
& B Properties Methodq Eventq 7' il
Mame Malue Details
5 Component name PWM_RED
& PWM or PPG device PWMPERL PWMPERL
ity co PO T PWMDTYL @ Select “Expert”
Output pin PP1_KWP1_PWMIL_I0C1 1 PP1_KWPR1_PWM1_10C1 1
= Output pin signal
25 Counter PWM1L PWM1
Interrupt service/event Disabled
¥ Period lUnassignedtiming
¥ Starting pulse width Unassigned timing
Aligned Left
Initial polarity low
Same period in modes no
’ Component uses entire timer no
. . . “ . ”
4 [Initialization Select anywhere in the Value column beside “Period
Enabled in init. code yes . . “
Events enabled in init,  yes and then select the elipsis (“...”)
a CPU clock/speed selection —_——
High s i his component is enabled

is component is disabled

@ Change the Component name to “PWM_RED”
and select the PWM channel “PWMPER1”

is compeonent is disabled

L £

Brwsecn, B Framtoite g AW, O3 CodeTER? Cadeiurss, i re. UotFens, U Wan M Evergy Duint Sukiors wgo, S iwin, rotiwi? BG, PowwOUICT
86 Frocesssr Cigee, 200l Soras, Sl S Saedaras iy we Syvgreny and Vonil s madennc of Frsscad Seecondste, oc Fey US Fx ST OF

¢ ™ Arvar, Seebs. Bentnck. Cowiur. Funte, Laywaengn, Mg/, VBT Patoos e, Dovi Oceverge DUC Evgrw, Hemdy My, SUANVOS Soww, Tumol ot Vysrsd
' 3 TG W MR 5t Fueecoi BamEonREt e AR O SrOBET OF Sdivind (Greed B T GNP Aatactve serars © X013 Fremecae Asreacoscns e




PR
Change PWM Component Properties

) =@ = |

- s
F C/Ce+ - CodeWarior Devel Timing dialog - PWM_RED/Period l=l@] = |

File Edit Search Project |

Advanced »>
Mr-BE %% Cicr]

% Components Library Runtime settings type: | fixed value - Possible settings | Clock pa'(h| IIIh] L
% & Properties . Method Value type Value Unit Selected clock configuration I-Z;?
Name Init. value: 4 ms From To Step = |
& Coempenent nan 0.64 ps 10.2 ps 0.04 ps D
PWM or PPG def 10.24 ps 204 ps 0.08 ps
o Duty compare 2048 ps 408 ps 0.16 ps
Output pin 41.04 ps 612 s 0.24 ps
= Output pin sign 6144 ps 810 us 032 us
2 Counter 82 ps 102 ps 0.4 ps
I Interrupt servig 102.24 ps 1224 ps 048 us
Period 12264 ps 1428 s 0.56 ps
¥ Starting pulse w 143.36 ps 163.2 s 064 s
16344 ps 1836 s 072 us
@ Enter “4” ms and then select “OK” 184 s 204 s 08 us
T — T 204,16 ps 2244 s 0.88 us
) E;ZT:::;Z“‘E 22464 ps 244.8 s 0.96 s
— 24544 ps 265.2 us 1.04 pus
Enabled in in
Events enabll 20544 ps 2854 ps 112 pus
4 CPU clock/spee) 2868 ys 306 ps 1.2 us
High speed r | | Allowed error: 3072 ps 3264 s 1.28 s
Low speed 5 327,76 s 3468 ps 1.36 ps
Slow speed NN T e 6T T e 1M e
T~
@ [ ok || cancel
\ "
o* & gi B
. A
L 4
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Change PWM Component Properties

¥ C/C++ - CodeWarrior Development Studic | = |B| & |

File Edit Search Project Run MQXTools Processor Expert Window Help

S T L A ) TSP PR e = )
%Compow *Compenent Inspector - PWM_RED E3 Basic Advanced [Enpert ”IIh -
&

= -
= PropertiNethodq Ew tq £l
Name Value Details |
s oot o iy PAMPERL Repeat with the “Starting pulse width”
=R uty corr?pare WMDTYL PWMDTY1 by ma k| ng it ”O”ms .
Output pin PP1_KWP1_PWMILIOCL 1 PP1_KWP1_PW
] CQutput pin signal
25 Counter PWML
Interrupt service/event Disabled
Period 4 ms 3815 ms
Starting pulse width I 0 ms 0ms
Aligned Left
Initial polarity low
Same period in modes no
Component uses entire timer no
Initialization
Enabled in init. code yes
Events enabled in init. yes
4 CPU clock/speed selection
| nt enabled This component is enabled
@ SEIeCt the ”MethOdS” tab nt disabled This component is disabled
it disabled This component is disabled
o° = B B

L £
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’ 88 Srocesssr Cpee, Jorll Corans, Satnhass, Ba Sandara s ko
‘ ™ Arvart, Bweb . BenStnch o Fans Laywaesn, Migrv/, VBT, Metors = ¢ Fuctge, Qori Ocevargs D00 Evgr, Py Py, SUROVOS Soww fumobon. Vyarsd
P 4 4 TV e DaMTrks ot Fanescats RrwEonaty, M U e TR OF Biivine NENss WD T G ¥ T AMOecv seTars © X313 Freecas Aarkinascns e

W v Ui e, O ¥mn b Evegy D Sukiors wgo, S, rotiw?, PG, FrwawOlics
> # Frsescal Barecosdater, e ey U5 S 87 OF




) 4

Change PWM Component Properties

¥ C/C++ - CodeWarrior Development Studio

|1

= @] = |

File Edit Search Project Run

MQX Tools

@ A% F-8 leae  ~R

Processor Expert  Window  Help

v 4~

cH - = [EETE)

% Components Li bra@ *Component Inspector - PWM_RED @

Basic Advanced [Euper: ”IIh] =g

h

=
% Properties I/Methods Evé;is

MName
Enable
Disable
EnableEvent
DisableEvent
= SetRatiol
B SetRatiol6

D m

Value

don't generate code
don't generate code
don't generate code
don't generate code

l generate code

generate code

don't generate code
don't generate code
generate code

generate code

don't generate code
don't generate code
don't generate code
don't generate code
don't generate code

Details

@ Select “generate code” for “SetRatio8” I

s B

L £
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Create a PWM Component for Each LED Colour

. Repeat the previous steps (1) through (3) two more times
creating separate identical PWM channels for:

- “PWM_GREEN” on “PWMPER5”
= on Output pin “PP5_XIRQ_KWP5_ PWM5”

- “PWM_BLUE” on “PWMPER3”
- on Output pin “PP3_IRQ_KWP3_PWM3”

® £
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Add a Periodic Timer Component to the Project

B C/C++ - CodeWarrior Development Studio | = | B iR |

File Edit Search Project Run MQXTools Processor Expert Window Help

SMELTR NS RS ¥ TR SR A E RS TR = [T

% Components Library % *Component Inspector - T@ B =g
= =
& Categories Alphabetican Ai;ant Processors &

Compeonent Component Level
= = CPU External Devic
] erals
=

FreeCntr

FreeCntrl6 Right-Mouse-Click Select“Timerint” then “Add to project”J

@ FreeCntr32 —
@ FreeCntid High

B rr; High
3 rwm High
@ RTlshared High
@ TimeDate High
@ Timernt High
D TimerOut High
@ WatchDog Low

== Operating Systems

= SW

/

Select “*Component Inspector — TI1” tab
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Change Periodic Timer Component Properties

¥ C/C++ - CodeWarrior Development Studio | = | B 2R |

File Edit Search Project Run MQXTools PEMicre Processor Expert Window Help

eMECIR S B A% Eirvrrw—) G L AT ASLIAG I bl 5 35 Debug (TG

- % Components Librq% Compenent Inspector - Periodic EE-D Basic Advanced [Expert ] [IIh] T ea 5
& Properties Methodq E%ts] il
MNarme = Details l

P “ H Nz
5 | Componentname Change the Component name to “Periodic
Periodic interrupt fource iy TOCO
= Counter TIMD_Counter TIMO_Counter
4 Interrupt servife/event Enabled
= Interrupt VtirnOchD VtimOch0
= Interrupt fricrity medium priority 4
Interrupt pefiod S5ms IS ms
in modes YES
t uses entire timer no
led in init. code yes Change the Interrupt period to “5”ms l
Eyents enabled in init. yes
lock/speed selection
igh speed mode This component enabled This component is enabled
Low speed mode This component disabled This component is disabled
Slow speed mode This component disabled This component is disabled

Double-Left-Mouse-Click on “*Component Inspector — Periodic” tab I
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Build the Processor Expert Components

B C/C++ - Lab/Sources/ProcessorExpert.c - CodeWarrior Development Studio

|1

= @] = |

File Edit Search _Project Run MOQX Tools

Processor Expert  Window Help

7 - mﬁs v i F -

H~-Ew

= Eoc]

e

Hg CodeWarrior Projects

% Components Library If%' *Component Inspector - Periodic &5

Basic Advanced [Euperi ][ITIJ] T =0

laz| & 47| File Name
~

"Props

Build
W

File Mame

@ Vectors.c
% ProcessorExpert.pe
= Project_Headers
(= Project_Settings
== Sources
@ Events.c

[€] ProcessorExpert.c ¥

5. Components - Lab 22 E =8
=R T

-

i

=

4 [= Generator_Configurations
& ZVI32MLF
b = 0Ss
4 = Processors
b 4 Cpu:MC9S12ZVI32MLF
4 [= Components

Build ‘FLASH’ for project ‘Lab’ '

Details

Find and Double-Left-Mouse-Click on “ProcessorExpert.c” I

F] Interrupt service/event Enabled
Interrupt Vtirn0chO Vtim0chl
Interrupt pricrity mediumn pricrity 4
Interrupt period 25 ms 25 ms
Same period in modes yes i
[€] ProcessorExpert.c 53 =0

B 1/

2= Filename
3 %= Project
4 ** Processor
5 ** Version
6 ** Compiler
7 ** Date/Time
g ** Abstract

4

r MC9512ZVIN32MLF
: Driver @1\l4

: CodeWarrio
: 2813-18-17,

HCS127 C Compiler

7:11, # CodeGen: @

&3 Commander &2

2~ =0

+ Project Creation

gig Import project
i
(]
i}
i
i

4

Import example project
Import MCU executable file
Mew MCU project

Mew MQX-Lite project
Mew MQX 4.0 project

v Build/De ~

0 items

E_g Problems &2 :

Double-Left-Mouse-Click on “ProcessorExpert.c” tab

&, Build
f Clean {
T}; Debug

Description

_—

Resource Path Location

Type

E<}
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Add Code to ProcessorExpert.c

i~ '’
B C/C++ - Lab/Sources/ProcessorExpert.c - CodeWarrior Development Studio | == = |
File Edit Search Project Run MOQX Tools Processor Expert Window Help
C-EH@ A% F-8 feae R I H A H GG = o]
[€ Cpu.c [€] *ProcessorExpert.c &2 ==
= =
41 /* User includes (#include below this line is not maintained by Processor Expert) */ o
i) 42 %
43 volatile uintd t tick; . %
= 44 static uintd t tick last; GIObaI Varlables
45
ey 46 void demo (woid)
a7 {
48 static uintB_t state = 5;
= 49 static uints8_t duty RED = BxB@e; H
o 58 static uintB_t duty GREEN = @xFF; Local Varlables
- 51 static uintd_t duty BLUE = @x8e;
52 =
53 if (tick == @) |
54
55 state++;
56 if (state == 8) “ ”
7 { - | “state” control I .
58 state = 8; T
59 1
&8 1}
61 -
62 switch (state) L
63
64 case @: // go to Red
65 duty BLUE+H;
66 break;
67 case 1: // go to Yellow
&8 duty GREEN--;
&9 break;
78 case 2: // go to Green
71 duty REDH+;
2 break;
73 case 3: // go to Aqua
74 duty BLUE--;
75 break; 52
4 L
E¢ Writable Smart Insert |45:1 = E_L =]
LN -
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Add Code to ProcessorExpert.c

B C/C++ - Lab/Sources/ProcessorExpert.c - CodeWarrior Development Studic | = | = S |
File Edit Search Project Run MQXTools Processor Expert Window Help
C-HG R Fu v IR B G e e = (@]
- [€ Cpuc [€] *ProcessorExpert.c &3 =& -
56 if (state == 8) -
B s S
58 state = 8;
59 1 >
= &8 1}
61 -
= 62 switch (state)
63
e 64 case @: /f go to Red
65 duty BLUE++;
=8 66 break;
67 case 1: // go to Yellow
&3 duty GREEN--;
69 break;
78 case 2: // go to Green
71 duty_ RED++;
72 break; “« ” H L
> p—
- /7 g0 to Aqua state” case switch I
74 duty BLUE--;
75 break;
76 case 4: // go to Blue
77 duty GREEN++; =
78 break;
79 case 5: // go to Purple
bile] duty RED--;
81 break;
52 default: I
83 break;
84 1} -
85 PWM_RED_SetRatioc8(duty RED);
86 PWM_GREEN_SetRatioS(duty GREEN);
87 PWM_BLUE_SetRatio8(duty BLUE); LED control
83}
89
9@ void main(wvoid) -
] +
E¢ Writable Smart Insert ‘ 45:1 = EL =
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Add Code to ProcessorExpert.c

B C/C++ - Lab/Sources/ProcessorExpert.c - CodeWarrior Development Studic

=@ = [

File Edit Search Project Run MQXTools Processor Expert Window Help

MGl %% v B [jactive ME N R R A CR R

= Eoc-]

[€] ProcessorExpert.c &3

| RED_SetRatio8(duty RED);
| GREEN_SetRatiod(duty GREEN);
| BLUE_SetRatioB(duty BLUE);

/* Write your local variable definition here */

/*** Processor Expert internal initialization. DON'T REMOVE THIS CODE!!! **=%/
PE_low_lewvel init(};

/*** End of Processor Expert internal initialization. rExy

/* Write your code here */
for (;;) n

if (tick == @xFF)

tick = @;

- | Simple interrupt-based delay I
tick_last = tick;
demo();
while (tick last == tick){}
b

/*** Processor Expert end of main routine. DON'T MODIFY THIS CODE!!! **¥%/
for(;;){}

/*** Processor Expert end of main routine. DON'T WRITE CODE BELOW!!! ***/
113 } /*** End of main routine. DO NOT MODIFY THIS TEXT!!! ***/

114

110 J* END De FEwrmant

Double-Left-Mouse-Click on “ProcessorExpert.c” tab I

——

& w
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pRd
Add Code to Events.c

B C/C++ - Lab/Sources/Events.c - CodeWarrior Development Studio | == 2 |

File Edit Search Project Run MOQXTools Processor Expert Window Help

F‘j'@ﬂﬁ'% 2? ] mﬁ = ISR glvﬁlv*\b@'i' ﬁ

Hg CodeWarrior Projects &2 % Components Library I/% *Component Inspector - Periodic 2 Basic Advanced [F_uper: ][ITIJ] = =0
-l | = P| File Name |v Properties Methods\l Eventa
File Name Build m N . . « ” i
B Vectores , _A Find and Double-Left-Mouse-Click on “Events.c
o
% Processorkxpert.pe Periodic interrupt source TOCO TOCO E
(= Project_Headers Counter TIMO_Counter TIMO_Counter
[= Project_Settings a Interrupt service/event Enabled
FoTTCE Interrupt Vtim0OchO Vtim0chO
2] Events.c Interrupt priority medium priority 4
Interrupt period 25 ms 25 ms
¢l ProcessorExpert.c ¥ % Same period in modes yes v

85 ts-Lab 52 — b
omponents - La [g Cpu.c (@ ProcessorExpert.c [g] Events.c &2 ~ B
Coa”

B 1/* -

4 [= Generator_Configurations - 2** Filename : Eventf.c D
Q ZVLIZMLF 3 ** Project : ProcgssorExpert
EEd = M M
b = 0Ss 45-** E:ﬂ;zizs; r MOOgL27VL32MLE
Processors . :
= B ** Version : Drflver @1.84
¢ Q Cpu:MCOS1ZZVIIZMLE 7 Compiler : OfdeWarrior HCS12Z C Compiler
4 [= Components 8 g ** Date/Time : 13-18-17, 17:11, # CodeGen: @ al
.y r »
&3 Commander &2 =~ =0 —
Probl 57 ~ H “ ” B8
| & Problems Double-Left-Mouse-Click on “Events.c” tab =
+* Project Creation  Build/De 0 items
e _——————
gig Import project &, Build ( Description Resource Path Location Type
% Import example project & Clean |
g2y Import MCU executable file %5 Debug
9 Mew MCU project
% MNew MQX-Lite project
P New MQX 4.0.x project -
R [ — ’
n Writable ‘ Srart Insert 1:1

Frosecwn, B Framioite ign. 0w, O3, CodeTER? Coouursr, O re. Ut rns, C8an M Erergy D Subitone wgo, S hwin rotew? MG, Fowedlics
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pRd
Add Code to Events.c

B C/C++ - Lab/Sources/Events.c - CodeWarrior Development Studio | =HACIER S |

File Edit Search Project Run MQXTools Processor Expert Window Help

L RS I A e S LA R R

- [€ Cpu.c (‘_@ ProcessorExpert.c (@ Events.c &2 =8 -
38 -

i 31 #include "Cpu.h™ %
32 #include "Events.h" Dy
33

= 34 /* User includes (#include below this line is not maintained by Processor Expert) */

| 35
36 extern volatile uint3 t tick; Global variable I
37

5 | 38#pragma CODE_SEG DEFAULT

]

“|| a4l /*
4] ** ===sssss=ssosmssssooossssoooossoeoeosseooosossessssssss oo sss s
42 *=* Event :  Periocdic_OnInterrupt (module Events)
43 **
44 ** Component :  Periodic [TimerInt] ]
45 ** Description
45 ** When a timer interrupt cccurs this event is called (only
47 *=* when the component is enabled - <Enable> and the ewvents are
4g *=* enabled - <EnableEvent>}. This event is enabled only if a
49 ** <interrupt service/event> is enabled.
5@ ** Parameters : None
51 ** Returns : Nothing =
T 1
53 %/
4void Periodic_OnInterrupt(void)
5{
6 /* Write your code here ... */ .
2 ticktt; Increment global variable
a
54 LS
6@ /* END Events */
6l
62 /*!
63+ @}
B4 */ -

4 [
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Prepare the Hardware

- Connect USB cable to the TRK-S12ZVL Evaluation Board

Installing device driver software

USB Compaosite Device + Ready to use
OSBDM/OSITAG - Debug Port + Ready to use
(http:/fwww.pemicre.com/osbdm)

OSBDM/OSITAG - CDC Serial Port i_4 Searching Windows Update...
(http:/ www.pemicro.com/osbdm) (COM13)

Obtaining device driver software frem Windows Update might take a while. |
Skip cbtaining driver software from Windows Update

- Connect 12V Power Supply

L £

Z “freescale" %9
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Build and Prepare to Debug

ﬁl C/C++ - Lab/Sources/Events.c - CodeWarrior Development Studio | == S |
File Edit Search Project Run MQX Tools ProcessorExpert Window Hel
- ALT- e 35 O VATETIATIEE 8 ET
0 Codews ] % Compenents Library Mﬂmponentlnspedor— Periodic &2 Basic Adwvanced [E)(pent ][IIIII =04
ﬂz | <'==={>p| File Name |v Properties Methods] Eveaq
Build “ 1| Name Value Details i
Compenent name Periodic
Periodic interrupt sourc TOCO TOCO
Counter TIMO_Counter TIMO_Counter
T a Interrupt service/event Enabled
el 10 Map.c v Interrupt Vtim0ch0 VtimOch0
(8] 10_Map.h v Interrupt priori medium priori 4
pt priority priority
lb] PE_Consth v Interrupt period ms 25 ms
@ PE_Error.h v - Same period in modes es i
5. Components - Lab 572 =g \ =
. [g] Cpu.c | f€| ProcessorExpert.c K@ Events.c &3 Eﬂ
ﬁ}fp G a 38 “ H H ”
4 [= Generator_Configurations - 31 #includ SE|ECt Debug PU”-dOWI’] Menu and then Debug Conflguratlons...
@ ZVLI32MLF 32 #includ a—
b B 0Ss 33 U
4 (= Processors :g /* User includes (#include below this line is not maintained by Processor Expert) */
b Q Cpu:MCOS12ZVI32MLE 36 extern volatile uintd t tick;
4 [= Components i 37 kT
- 1 b
C der i = =08 =
¥ Commander C E.; Problems &2 = Console} 2= 8
~ Project Creation - Build/De ~ ||0 errors, 1 warning, 0 others
gug Import project @, Build ( Description = Resource Path Location Type
T Import example project # Clean | & Warnings (1 item)
£2g Import MCU executable file %5 Debug
% Mew MCU project
% Mew MQX-Lite project
F4 New MQX 4.0.x project v
] '
o® Writable | Smart Insert 72:3
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Select the Debug Configuration

P'Isg

Bl Mau_\L *_(9: Arguments| %5 Debugger| &/ Source| I Environment | (=] Common | @’ Trace and Profile |

Browse..,

m
b (= 0OSs
4 (= Pro

4 @

4 (= Con

ﬁ Comma

Select “CodeWarrior Download
then “Lab_FLASH_ Open Source BDM”

(©) Enable auto build
@ Use workspace settings

p
- f{ o
P ers ¥ Debug Configurations
File Edit
. Create, manage, and run configurations
% = Download an application to a target, then debug or run the application.
Bl Codew
Blcaxo®- o
gl LY G5 H 5 Name: Lab_FLASH_Open Source BDM
F"e' l:l:a:‘; ‘Wtype filter text ‘
4= f;‘.. E CodeWarrior Attach C/C++ applicaﬁon
g q [€] CodeWarrior Download s Lab
s [c] Lab_FLASH_Open Source BOM " Application: FLASH/Lab.elf
Build (if required) before launching
Build configuration:

[Search Project...” Browse... ” Variables... ]

[FLASH
[7] Select configuration using 'C/C++ Application’

)

() Disable auto build
Configure Workspace Settings...

- Projec:
Impa
Impd
Impd

s
e
s
=

New
9 New
4 New

¢ |

Connection
Connection: | -4- Lab_FLASH_Open Source BDM - Edit... l [ New... ]
Filter matched 5 of 5 items
Filter by Project:
=Lab
Select “Debug” L Apply [ Reven
@ [ Debug ] [ Close

E

L

o

|

|

I

o)

L]

me
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Run the Program

L £

Run the

L 4
Z “freescale"

Artart, Suet . Btk Cowhr. S, Laywaesn. Migrv,

e ¢ Pt Dol Oceverge U0 Evgrm. Blamdy Py, SVWIEVOS “oww, Tumsclot. Vysrad

¥ Debug - Lab/Sources/ProcessarExpert.c - CodeWarrior Development Studio | = & = |
File Edit Search Project Run RTCS MOQX MQOXTocls PEMicre Window Help
C-HER/-F ¢ F-8 - &> FH oo~ [ (35 Debug | B C/C+
%5 Debug 2 = O ||6d= Variables 52 it Registerq % Breakpoint;I a Memorﬂ Eh Module;I =0
= LR S| X% 5T
% &1 @ [/ @| I ® %l i+ = Marme Value Location
w w ﬂY = = P state e 0x001000
o | aom -
‘ EX : ¢ duty_RED ' 0+001002
I:ab_FLASH_Open Source BDM [CodeWarrior Download] - o duty_GREEN 7 0x001001
.@ 5127, Lab.elf (Suspended) . . . . o o duty_BLUE \ 0+001003
;ad [I.Dtlﬂpﬂ] (Suspe;ded. SE;;LF;;:; received. Description: User h o tick last \ 0001004
main(} Processorbxpert.c
P rog ram 1 _Startup() starts12z.c:97 OxffB156 -
g CADwPworkspace\Lab\FLASH\Lab.elf (11/4/13 8:55 PM) > >
< | m | 3 4 b
[€] Cpu.c [€] ProcessorExpert.c 53 [€] Events.c 1 = O ||z2 Disassembly 33 =0
94 o Enter location here - & sl i T
95 /*** processor Expert internal ipitialization. DON'T REMOVE THIS — | | &
%» 96 PE_low level init(); 95 PE_low_level init(); -
97 /*** End of Processor Expert internal initialization. ¥ ffaefs: BBFFE157 1SR 16744791 PE_low_level init (@xff8l57) (
o8 162 if (tick == BxFF)
99 /* Write your code here */ A ffeafo: A418a5 LD De,4lel
100 for (53) ffsefc:  E4FF CMP DB,#-1
181 = ffaafe: 26@5 BNE *+5 maint@xe (@xffales) -
< m | 3 1 +
&3 Commander &2 =~ = O|B Problems(ﬂ Console &2 m X g | Bk EE| i = B i A S
~ Project Creation + Build/Debug * | 2125 Labelf
£2g Import project % [l
% Import example project L 4 (Al
gug Import MCU executable file T
% New MCU project
9 Mew MQX-Lite project i i
‘-A . m s an - . P - r
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o Agenda

- Automotive Body Electronics
- MagniV Solutions and Roadmap
- Lab 1l
- Getting Started with CodeWarrior 10.4

- S12Z Enhanced CPU Core

- S12ZVM for BLDC Motor Control

- S12ZVL for General Purpose LIN

- S5127VC for General Purpose CAN

- Lab 2
- Developing a Project for the S12ZVL
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