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Automotive Body Electronics

MagniV Solutions and Roadmap
Lab 1
- Getting Started with CodeWarrior 10.4

- S12Z Enhanced CPU Core

- S127ZVM for BLDC Motor Control

- S12ZVL for General Purpose LIN

- S127VC for General Purpose CAN

- Lab 2
- Developing a Project for the S12ZVL

freescale.com/automotive
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- _atomotive 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

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?

- Door Module

- Window Lift
- Seat Module/position
- HVAC
- Electric sunroof/shade
- Interior lighting

Integrated BCM

Gateways

Central Body Control
Module

- Central Gateways: CAN,

LIN, Flexray, Ethernet,
MOST

- Steering column lock

- Steering column

adjustment

- AFS
- Anti-pitch power windows
+ Wipers and rain sensors
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Comfort Features Vehicle Networking Safety Related

« Immobilizer
- Keyless Entry
- Preventing hacking and

counterfeit modules

- 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

“freescale




Safe and
Secure

“freescale

* 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
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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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Target Applications

~€,
R

automotive MCU

An industry-
leading
16-bit architecture

»

and security

) - Center stack
Multimedia Multicore and
. « Instrument cluster
processors graphics _
performance - Telematics
- Powertrain
Highest- _ Multicore with . Safety & chassis
e performance integrated safety

- Central body
« Vehicle networking

AL

MagniV:

- Body electronics

Most integrated <€ - Instrument cluster
MCU

S08

“freescale

15-year
automotive
workhorse

LIN slaves

Most {/potimal and
robust solution

- Sensor/Actuators

- Switch and touch

panels

- Companion MCUs
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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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*D(' ver 15 Years of System in Package (SiP)
Experience

' 908E622/1

1 » 8-bit HCO8 + SMOS5 Mirror Driver

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

« 8-hit HCO5 Hyper-integrated + 8-bit HC08 + SMOS5 + 8-bit HCO8 (SOG) * 16-bit S12132 + SMOS8
+ SMOS8
Relay Driver

Relay Driver Relay Driver Relay & Switch Driver

S10Npolid

: ! 1
1 : 1
1
' ! ' S12VR64
1 b .
: b 908E626 ! : E;Lséuscltz Magniv
1 i+ HCO08 + SMOS5 1 : ’
] 1 ]
: ' Troll -_MUX3 . | AFS Stepper Driver X : S12ZVM
: L B-plt HCO5 Hyper-integratea ! : 1 S12ZVH
X 1 Climate Stepper Driver \ : S12zZVL

1 1 \ 1
, 1 1 | 1

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

1 1
! 1
: ! U 1 1
| ! SMOS8 (0.25um) | I
\ | ! 1 1 —
I - ) ! ] LLL8UHYV technology @
1 Monolithic Architecture » SiP Architecture ’ QFN Package ! Mdnolithic_SiP o
: 1 1 1 j
: HCO05 Microcontroller with » HCO08 Microcontroller with : \ )
| EEPROM (IDR60% -1.2um) flash (0.5um) ! » $12Z Core o
1 1 —
: Mechatronics ‘ SMOSS5 (0.8um) b S12 Core (0.25um) 8
| Package i -
» Start of SiP R&D » 54ld SOIC Package » Architecture D
Repartitioning (9]
_ AN A
e N Y N
15t Gen 2nd Gen 3rd Gen 4th Gen
P 3
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LL18UHV Technology Summary for S12 MagniV

Existing
Low Leakage 180nm CMOS+NVM

40V UHV Devices
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MagniV building blocks
High-Voltage Digital MCU Core 5V Analogue Packadin
helleeiCIER  Components  EULRVEIGIEY Components ging
VREG for tot. supply: MS-CAN SCI S12- or S127-CPU ADC LOFP:
+70mA w/o ext . 10-12Bit resolution ; .

LIN CAN Flash (ECC) Up to 16c¢h total
) - PGPIO NGPIO as =
PHY GPIO 8kB — 128kB Temp LQFP-EP:
20mA  25mA . et
V-BAT V-SUP EEPROM (ECC) ense
SENSE SENSE BDM/BDC 128B — 4kB Current Sense
2 x Op-Al .
HVI (12V-input Key Win RAM (ECC) (R o Qi
with ADC) Wakeups Wdog 512B - 8kB -pin (5x5mm)

Pierce Osc.
LS- HS- RTC
drivers drivers RCosc.
Timer PWM +/-1.3% A

Charge Pump 16Bit 8/16Bit
(25-64MHz)  (25-50MHz)

Motorcontrol PWM
4-6ch MOSFET ) .
Predriver (50-100nC) With Fault protection
Prog. Trigger Unit

Sound Generator

Segment LCD (4x40)

Stepper Motor
Driver with SSD

&
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| Motor Control

_d.‘ S12VRxx

2 LS for relay based DC
motor control

Instrument
Cluster

Multi-PHY
companion chip

LED Lighting
LIN enabled

CAN enabled

1 1

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

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

S12ZVHxX
LCD + Gauge

S12ZVFP
LCD

S127ZVH
LCD + Gauge
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,9,0,9,0.¢

4ch-MOSFET pre-

Driver for H-Bridge-driven
DC-motors

XXXXX
Stepper motor
control

XXXXX
8# LIN-PHY Companion
Controller

XXXXX
4-5ch LED-drive (DC/DC)

2Q 3R 4Q

2012

[ With LIN-PHY [ No comms (PWM-control)
I With CAN-PHY

<.
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Agenda

Lab 1
Getting Started with CodeWarrior 10.4
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Launch CodeWarrior 10.4

@ Select a workspace

- .
CodeWarrior Development Studio
84  CodeWarrior Development Studio storesfour projects in a folder called a workspace.
| Choose a workspace folder to use f is session.

v Browse...

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

[ OK ] [ Cancel

L 4
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X
The C/C++ Perspective

ﬁi C/C++ - CodeWarrior Development Studio

File Edit Search Project Run MQX Tools ProcessorExpert  Window Help

BN TSP A T SR b AR

R CodeWarrior Projects 52 =0 =g
laz| <fbp|Fi|eName |v
File Name Build

@ Select “New MCU project”

&3 Commander &7 @~ =0

&/ Problems 2 Eﬂmﬂﬂq B Y =0
\  Project Creation ~ Build/De " ||0 items

g2g Import project . Description . Resource Path Location Type
4 Import example project
g Import MCU executable file
| Mew MCU project
£ New MQX-Lite project
™ Mew MQX 4.0.x project -
LI T r
i
L 4
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X
Start a New Project — “Lab”

¥ C/C++ - CodeWarrior Development Studio

(=@ % |
¥ New Bareboard Project \ B X
File Edit Search Project Run MQXToold A 59l =] SR
Wil % v # v &4 [Adi | Create an MCU Bareboard Project

[©}

s (EEE)
= T
lazl = %pmeName

File Name Build 1 Project name: Lab
Use default location

Location: (C:\DwF\workspace\Lab \ -‘ ‘ Browse.., ‘

B@ CodeWarrior Projects 52\ = | Choose the location for the new project

@ Select a Project name I
' 2

@ Next > I

S
£3 Commander &3 . 2 v =m0
~ Project Creation ~ Build/D
223 Import project &, Build Location Type
=3 'mport proj [ = [ﬁ yp
[ Import example project o Clea @ 1 <8a . betz ‘ kineh l Capcel
' - D —
g Import MCU executablefile £ D=hud J
i New MCU project D
‘] New MQX-Lite project
4 New MQX 4.0.x project x:
ZRP e . Urs
i e
\
L
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Select the Target Device

r N
¥ ¢/C++ - CodeWarrior Development Studio | " (=lE] = |
< =] =
File Edit_Search Project Run_ MQXToolf ¥ New Bereboard Project e )
Mo~ B &~ 0 £~ 88  [iaan| Devices & (e
f . . = | Select the derivative or board you would like to use = H
E}CodeWamor Projects 22 (|
laz | B&EP ‘ﬁe Name
S = Suild Device or board to be used:
e Name Ul - —
S12ZvL ) 174
MC9S12ZVL8 -
93127v116
MC9S12ZVLS16 3
@ Type “S12ZVL” I MCS12ZVL$32 :
- “" ”
project Ty / Ouput (® Select “MC9S122V132" |
© Application 8
() Library
Creates project for MC95127V132 derivative -
@ Next > I
4
£ Commander &3 . - A 2z [ =
v Project Creation v Build/D
24y Import project & Build Location Type
=3 mport proje = yp
% Import example project o Clean @ B dets finish LCi“LJ
g3 Import MCU executable file 3 Debud y
9 New MCU project
% New MQX-Lite project
[__r? New MQX 4.0.x project = >
‘ :
D<>
\ J

<.
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Select the Debug Connection

’ - - (=@ = )
¥ ¢/C++ - CodeWarrior Development Studio " i " e L] WA
. 2| ®
File Edit Search Project Run MQXTool{ & New Bareboard Project e e 6 |
=S =& Y ¢ Y U W PP |r»- cti = @
On |y Select “O pen Source BDM” Imose the connection to use for this project =5
- =
File Name || Connection to be used:
& P&E USB MultiLink Universal [FX] / USB MultiLink
2:1 one PRO
pen Source BDM
Connect to P&E USB MultiLink Universal [FX] / USB MultiLink. -
@ Next > I
£3 Commander &3 e =
v Project Creation ~ Build/D
2y Import project % B @ Location Type
9 Import example project o Clean
223 Import MCU executablefile % [=bud
% New MCU project I
% New MQX-Lite project
“ New MQX 4.0.x project >
< (T oyl
P g®
\ o

<.

7o, O e bow Erergy Bt Sokiors s, Siwin, roti? BEC, FowaUCT
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D, &
Language and Build Options

e | .
¥8 C/C++ - CodeWarrior Development Studio ‘ 5 = B X |
i | = x4
File Edit Search Project Run MQXToold & New Bareboard Project e |
Fiv | %~ #~ &4 |iad | Language and Build Tools Options & | o/Ce |
( odeWarrior Projects \ = H)
B CodeWarrior Projects 52 7 8
laz | (= %P‘ File Name
File Name Build Eaegitsge
@c
) Ces
() 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
(7) Float is IEEE32, Double is IEEE32 compliant
() Float is IEEE32, Double is IEEE64 optimized
() Float is IEEE32, Double is IEEE64 compliant

Next > I

Which memory model shall be used? q
© Small
) Medium
£33 Commander _23\-"\ @ < 3 mv-o

+ Project Creation ~ Build/D|
ey Import project Build Location Type
'f-‘; Imzort :xa:-nple project § “lean @ £ ez aaishy [&] i i
22 Import MCU executablefile 5 Debud

% New MCU project I
I New MQX-Lite project

F New MQX 4.0.x project 2
<] i TS}

:

<.
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Enable Processor Expert

(ﬂ C/C++ - CodeWarrior Development Studio - =3 = h
File Edit Search Project Run MQXTools ¥ New Bareboard Project SR ]
EHEB| &~ & ] E Rapid Application Develof ﬁ
@ CodeWarrior Projects 23 \ = | Processor Expert =0)
E)a| B &L FleNeme |
File Name Build

Rapid Application Development
) Nope

©) Processor Expert

/" Start with perspective designed for

7 Hardware configuration (pin muxing and device initialization)
©) Use current perspective

[ |Initialize all peripherals

(1) Select “Processor Expert”

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

many low-level drivers. @ F ..
inish

£ Commander 23 \ 2> 3 m--0
v Project Creation ~ Build/D{
g3 Import project L Location Type
X3 !mport proj yp
% Import example project o Clea @ asiBack
22y Import MCU executablefile s Debuol

9 New MCU project [
% New MQX-Lite project

[ New MQX 4.0.x project 24
R (0

83|

ke

Frovecen, O Fromiesie g &fws, ©3, CoteTES?, Codetlamns,

<& o
' ' 19 hu-:l-'anr,:f::?:nn L,a:m:::‘m-?w:m-
Z " freescale- e e

T e S o Frseciie Barmeonkaty, e A2 o v

o UnFres, O e Erergy B Sukiors g, St rotiwi? MG, FrewlUICT

>  Vorite s adanc o Frnssca Sarecondats, vc Fey US S 87 OF
e, e Ocmvrge, DUDC Evgrw, Flemy Py, SWAVOS. Sowwr, Tumsobo. Vyerad
o O D T Y ¥ Tt NG s © X313 Freamians Aasicdacns ke




—
- CE—

- . - .
- - -
- - ~—
- - - . s
- - - = -

Ve

< Distributor of NXP Semiconductors: Excellent Integrated System Limited
Datasheet of TRK-S12ZVL - BOARD DEV FOR S12zZVL MCU

ﬁi C/C++ - CodeWarrior Development Studio

File Edit Search Project Run MQXTools ProcessorExpert Window Help
- HEI K% M e )R B P BT -
odeWarrior Projects omponents Qbra ompaonent Inspector - Cpu
& CodeWarrior Projects 53 =0 Comp brary [y Comp: Insp Cpu 2
laz | <':==Dp| File Name | ¥ Properties Methodq Event;l Build opt\F Re;ources]
File Name Build Name Value Details i+
1= Lab : FLASH Component name Cpu
Clock generator CPMU CPMU L
CPU type MC35127VIR2MLF [
|» Clock settings
|» Operating mode settings
> Interrupts initialization
4 Enabled speed modes
4 High speed mode Enabled i
— R =7 \
&5 Components - Lab £3 \ =g
EGea -
= Generator_Configurations
b ZVI3IMLF
E= 05s : « “
Double-Left-Mouse-Click on “Component Inspector - Cpu“ tab
= Processors
4 Cpu:MC9S127VI3ZMLF
= Components
C der &4 ~ =0 =
o Commander & E_( Problems &2 EConsoleW B 8
~ Project Creation ~ Build/De " |0 items
£=g Import project Q Build ( Description = Resource Path Location Type
9 Import example project & Clean (
g2y Import MCU executable file ﬁ Debug
% New MCU project
9 New MQX-Lite project
=4 Mew MQX 4.0.x project 5
T — T
o® 0 items selected
L 4
Frovecwn, O Fromiesie kgn. Wws, ©3, CodeTER?, Codetlumnin, Oneirn ConFrns, O M Evergy B Sukiors s, S hwin, rotiw? B0, FopwlICT
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W

Component Inspector - Cpu

Select “Expert”

ﬁl C/C++ - CodeWarrior Development Studic < | = & EY |
File Edit Search Project Run MOQX Tools Processor Expert Window Help
LG A & Fef (mm R B e bt oo
- % Components Library (% Component Inspector - Cpu &3 -
% Properties Methodq Events| Build options Resourceq @
Mame Value Details
e Compeonent name Cpu
Clock generator CPMU CPMU
=a CPU type MCO512ZVI32MLF
4 Cocksettings <€ Expand “Clock settings”
= 4 Internal clock
s Internal oscillator frequen: 1000.0 1000 kHz
1 bxternal dock Disabled
4 Output clock
1> ECLK clock Disabled
> Low-power modes settings
|- Internal resource mapping
|» Operating mode settings
|> Internal peripherals
|- CPU interrupts/resets
> 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 Aute select s
PLL post divider Auto select 4
VCO clock frequency [ 50
Frequency Medulatior FM off
> Low speed mode Disabled
I Slow speed mode Disabled
o¢ ENCON=]
\ b,
<&
L 4 :.- -, r-A'-_...y.-:,-. h;\».:;“_«g,li;""_ -w.-»-,'. OnFre. Conrns, O ‘.." Wiy i v:"i«vvv.-;-.n«- T«--.' ‘-.n;' :w-:iu(é‘
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VSUP e — I
moni! ADC
xgg: Low Voltage Detect VDDA
[, Volta Low Voltage Detect
VDDX Yot VDDX, VDD, VDD
Regulator " > Al
= VSSX 8\7%0 18V Power-On Detect ' S120PMU UHY
=i (VRECALIO) FoRR<j | COPtimeou SZCPMU
BwEE] BVRE] | |
A Power-On Hesst |
> eset
pECTL osc mgnitor fail] | Zereris | SystemReset §
TESET PLL itor fai
X s IRCCLK
EXT/ OSCCLK 0SCCLK
A- 00op =
X Controlled Oscillator status Inter] ﬁ
4M XTAL Pierce
X< Oscillator
(X&S-F SLh(ll:lg H%igv%nece Internal
WIder || Reference = —
Clock SO AN N —> 25MHZ BUS
— IRCCLK

- — —> 50MHz CPU Core

1 M H , / = Phase

REFCLK |  Locked
detect | A Loop

Table A-19. IRC electrical characteristics

Num | C Rating Symbol Min Typ Max | Unit
1 P | Junction Temperature - 40 to 150 Celsius fincim_TRIM 0.987 1 1.013 | MHz
Internal Reference Frequency, factory trimmed

UPOSC=0 clears
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Component Inspector - Cpu

¥ C/C++ - CodeWarrior Development Studio ‘ = B X
File Edit Search Project Run MQXTools Processor Expert Window Help
N-HBIS-% Rip-if-ig-Hreoera- B Eoc)
- ‘% Components( brary % *Component Inspector - Cpu &2 Basic Advanced [Experi: “I[h] =g -
% Properties Methodq E\rents] Build optlons] Re;ourceq ﬂ
Mame Value
= Compoenent name Cpu
Clock generator CPMU
ol CPU type MC8512ZVI32MLF
4 Clock settings
& 4 Internal clock
B Internal oscillater freq 10000
> External clock Disabled
4 Qutput clock
I ECLK clock Disabled
[ Low-power modes settii
3 Internal resource mapping Ente r ”25” M H Z
3 Operating mode ings
I Internal peripherals
I CPU interrupts/resets
[ Interrupts initialization .
p E..ahu"::eedm.,..ﬁ Double-Left-Mouse-Click on “Component Inspector - Cpu“ tab
4 High speed mode Enable
High speed clock ock 50 MHz
Internal bus clod] 25 MHz
4 PLL clock aoled
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
I Slow speed mode Disabled
o* EN =]

<.
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Build Project “Lab”

s | N
& C/C++ - CodeWarrior Development Studic =8 % |
File Edit Search ogject Run  MOQXTools Processor Expert Window Help
2hd" A mﬁs prifiB-Freora- = [Eoc]
%Code‘ﬂanim Projects ™ Components Libra *Component Inspector - Cpu &4 Basic Advanced |Expert ¥ =8
1 p ry p p p p
.l p ‘&Name | = Properties Methodq Eventsw Build opt\onq Resourcesw
) Build Name Value Details '
¢ (= Lab : FLASH Component name Cpu H
ocumentation Clock generator CPMU CPMU
(= FLASH CPU type MCOS12ZVL32ZMLF
' = Generated_Code 4 Clock settings
’ % ProcessorExpert. » Internal clock
(= Project_Headers Internal oscillator freq 1000.0 1000 kHz
= Project Settings . External clock Disabled
= Sources Output clock il
(oo - I =3 N
\ =g
“« ” - | L
Expand “Lab : FLASH I Baa _—y , et ‘L ab’
P - - Build ‘FLASH’ for project ‘Lab
B ZVL3ZMLF
= 08
4 [= Processors
1 &8 Cpu:MCIS12ZVI32MLF
|» = Components
C der 2 ¥ =0 =
RS 5 Ej Problems &2 = Console] B~ O
~ Project Creation ~ Build/De = |0 items
g2g Import project Q Build ( Description . Resource Path Lecation Type
¥ Import example project i Clean (
fxg Import MCU executable file %5 Debug
4 New MCU project
% New MQX-Lite project
7 Mew MQX 4.0.x project =2
Rl F——] '
iD° fLab

C 4
“freescale
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Investigate Processor Expert Generated Code

¥ C/C++ - CodeWarrior Development Studic

(o @] = |

File Edit Search Project Run MQX Tools Processor Expert Window Help
R R-% #-8 b A& (- #1050 = [Eoc]
H& CodeWarrior Projects 23 =08 %Components Library (% Component Inspector - Cpu &2 Basic Advanced IE)(pert “IIh] ¥ =08
laz | <':=={> p| File Name | = Properties Methodq Eventsw Build optionq Resourcesw
File Name ~ Build “ || Name Value Details '
= Laf : FLASH Component name Cpu H
3 Binaries ) Clock generator CPMU CPMU
(= Documentation CPU type MCO512ZVL32MLF
= 4 UOocksettings
(= Generated_Code » Internal clock
9 110 2u=quEid Internal oscillator freq 1000.0 1000 kHz
(= Project Headers & External clock Disabled
== Project_Settings - 4 Output clock i
5. Components - Lab &2 \l=I ] =g
5 @ A\
4 [= Generator_Configurations N N
@ ZVLI2MLF
1% ”
b (2 OSs Expand “Generated Code I
4 = Processors
I 4§ Cpu:MCOS12ZVL32MLF
[» [= Components
C der 2 ¥ =08 =
A Commander = [Z Problems 2 EConsole} B ]
+ Project Creation ~ Build/De ~ ||0items
2y Import project ﬂ Build ( Description = Resource Path Lecation Type
% Import example project o Clean (
2y Import MCU executable file ﬁ Debug
¥ New MCU project
Y New MQX-Lite project
% New MQX 4.0.x project -
L T r
1 /Lab
\.

<.
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‘x___vestigate Processor Expert Generated Code —

“Cpu.c”

r 5
¥ C/C++ - Lab/Generated_Code/Cpu.c - CodeWarrior Development Studic | =6 R |
File Edit Search Project Run MQX Tools Processor Expert Window Help
M LIRS IR AL e R DT R R e = ()
%Code\’\"arrior Projects &3 =08 %Components Library (% Component Inspector - Cpu &1 Basic Advanced IExpert ]mn ¥ =8
laz | <§> p| File Name | = Properties Method,q Eventsw Build optlons) Resources)
=
File Name Build “ || Name Value Details i
ode Component name Cpu H
4 Clock generator CPMU CPMU
Lps:L v CPU type MCO512ZVL32MLF
[¢ 10 Map.c v 4 Clocksettings
[ 10 Maph ¥ 4 Internal clock
[8] PE_Consth v Internal oscillator freq 1000.0 1000 kHz
/ [ PEErrorh v »  External clock Disabled
@ PE_Typesh ¥ - a Output clock e
(?«:T. Components - Lab 2 =08 =0
H u“ ” A
DOUbIe Left Mouse CIICk on Cpu'c IS COMPONENT MODULE IS GENERATED BY THE TOOL. DO NOT MODIFY IT. \:‘
B ZUSINE 3** F : Cpu.c
4 ** : ProcessorExpert
0s:
P& b § 5 ** ¢ MC9S512ZVL32MLF
4 [= Processors B ** : MC9512ZVL32_48
b 4§ Cpu:MCISL2ZVL3ZMLF 7 ** : Component @1.882, Driver 82.88, CPU db: 3.00.980
[> = Components 8 ** : MCOS127VLRMVL Rev. ©.89 December 18, 2812 S
] ¥
C der % =0
N Commander = E_( Problems &2 ECons*} B Y =08
 Project Creation ~ Build/De * ||0 items
g2g Import project @, Build { Description 5 \ Resource Path Location Type
% Import example project ‘ Clean ( . “ ”
fxy Import MCU executable file % Debug Double-Left-Mouse-Click on “Cpu.c” tab |
% New MCU project
4 New MQX-Lite project
7 Mew MQX 4.0.x project 2
1 3
o® Writable | Srnart Insert | 1:1
R
Frovecen, tw Framiesie kge. e, G3, .0 o O, e e Erergy B Sukiors g, Shwin, robiv? PG, FrwwUCT

Froceess Kioee, o, Carens, Eatwhasn
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_..vestigate Processor Expert Generated Code —

“Cpu.c”

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

File Edit Search Project Run MQK Tools Processor Expert Window Help

i R~ F-% [aaveg R B A GGl oy
[€] Cpuc &2

% 143 **
144 *= Method EntryPoint (component MC9512ZVL32 48)
145 **

g 146 ** Description :

& 147 *= Initializes the whole sy like timing and so on. At the end
148 ** of this function, the C startuPNg invoked to initialize stack,
149 *= memory areas and so on.

5 158 ** This method is internal. It is used by Pr sor Expert only.
151 ** — =2

|| 1s2%/ . "« “
153 extern void _Startup(void); DOUbIe—Left—MOUSE—CIICk on Cpu_c tab file Startl2.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 /*** 1l Here you can place your own code using property "User code before PE initialization” on the build options tab of the
164
165 /* ### MCIS12ZVL32 48 "Cpu” init code ... */
166 /* PE initialization code after reset */
167 /* IVBR: IVB_ADDR=8x7FFF,??=8 */
168 setRegl6(IVBR, @xFFFEU);
169 /* ECLKCTL: NECLK=1,?2=@,??=@,??=@,??=0,?7=0,27=0,27=0 */
178 setRegB(ECLKCTL, @x3eU);
171 /* System clock initialization */
172 /* CPMUPROT: ??=@,??=@,??=1,?2=@,??=@,3?=1,??=1,PROT=0 */
173  setReg8(CPMUPROT, @x26U); /* Disable protection of cleck configuration registers */
174 /* CPMUCLKS: PSTP=8 */
175 clrReg8Bits(CPMUCLKS, exdeu);
176 /% CPMUCLKS: PLLSEL=1 */

4 [} 3
0¥ Writable Smart Insert |zz4:33 s B &
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Disassemble “Cpu.c”
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¥ C/C++ - Lab/FLASH/Generated_Code/Cpu_c1160692580758754539.1st - CodeWarrior Development Studic

File Edit Search Project

Ci~ BB % - %

Run MQXTools Processor Expert Window Help

Fottfeave R B - v~

- o -

& CodeWarrior Projects &3

%] B &L Fie

=0 ﬁ Components Library ﬁ Configuration Inspector - ZVL32MLF &%

Basic Advanced !Expert “IIh] ¥ =0

Right-Mouse-Click on “Cpu.c” and Select “Disassemble”

b &8 Cpu:MCIS12ZVI32MLF

EMBELY OF: 'NON_BANKED' FROM 2896 TO 2963 SIZE 72 (@X43)

4 1

| | o

£3 Commander &2

~ Project Creation

£=g Import project

=% Import example project

File Name Build AT sie e
= La'h : FLASH 4 Optimizations
&I Binaries Ignore range checking no
(= Documentation Ignore enable test no
(= FLASH Ignore speed mode test no
> Ftedal Lot Utilize after reset values no
Complete initialization in Peri no
Lh[ Cpu.
[€] 10_Map.c v o
T Components - Lab &3 =08
b p [ Cpu.c CLE| Cpu_cl160682580758754539 st 52 =g
=
= L ‘E 1 Decoder 5.8.31 Build 13186, Apr 17 2813 o
4 [ Generator_Configurations - 2 Optiens:f -ArgFileGenerated_Code/Cpu_c.args -Env"GENPATH=C :.-’DNF.r’wor‘kspace;’Labr’ijEct_HEaders;CD
g ZVL32MLF 3 Decoding File: 'Generated_Code\Cpu_c.obj”’
= 0Ss 4File fgrmat: ELF/DWARF
5
4 = Processors

m - =0

~ Build/De = ||0 ite

- =5
& E_( I:flems i = Conso\ew

Resource Path Location

&, Build ( ||| Defeription .
o Clean (_

Double-Left-Mouse-Click on “Cpu

cxxxx.lst” tab I

T T TeEW TR CItE project
=4 Mew MQX 4.0.x project
4 ]

Type

o® /Lab/Generated_Code/Cpu.c

<.
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Investigate Assembly Language Code

¥ C/C++ - Lab/FLASH/Generated_Code/Cpu_c1160692580758754530.Ist - CodeWarrior Development Studio | =8 P |
File Edit Search Project Run MOQX Tools ProcessorExpert Window Help
sMEEEL A R AL NI L SR EANE I Ay s ([ETe)
[ cpuc Cpu_cl1606925807587545 =&
@.31 Build 13186, Apr - =
0E 20ptions: -Arg Generated_Code/Cpu_c.args -E NPATH=C: /DwF /workspace/Lab/Project_Headers;C:/DwF/workspace/Lab/Generated_Code| | LY
3Decoding File: 'Ge ed_Code\Cpu_c.obj"’ D
4File format: ELF/DWARF
= 5
G DISASSEMBLY OF: '"NON_BANKED' FROM JO 2968 SIZE 72 “ “
& 7 Opening source file 'C:/DwF/workspace/La erated_Cq Close CpU_CXXXX-ISt tab
8 65: ISR(Cpu_Interrupt) =]
= 9 Cpu_Interrupt:
10 eappooee e BGHD
11 7e: } ; " "
12000001 1820 RTI Double-Left-Mouse-Click on “Cpu.c” tab
13 16@: woid _EntryPoint(void)
14 _EntryPoint:
15 e@eodee> BDFFFE@E18  MOV.W #-2,16 |
16 178: setReg8(ECLKCTL, @x86U);
17 epoeppees BCsea2es MOV. B #-128,528
18  173:  setRegd(CPMUPROT, @x26U); /* Disable protection of clock configuration registers */
159 eeepRREC BC2686DB MOV. B #38,1755
28 175:  clrReg8Bits(CPMUCLKS, @x48U);
21 eepeRele A4B6CY LD Di,1737
22 BaepBels SCEBF AND D&, #-65
25 BebeRels C486C9 ST Di,1737
24 177:  setReg8Bits(CPMUCLKS, @x88U); /* Enable the PLL to allow write to divider registers */
25 00pBelE A486C9 LD D@, 1737
26 BpeeRRlE (88 OR Di,#-128
27 eaeadelD C486C9 ST D&, 1737
28 179:  setReg8(CPMUPOSTDIV, @x8eu); /* Set the post divider register */
20 2Eee2028 BCBECE CLR.B 1734
3@ 184:  setReg8(CPMUSYNR, @xeel); /* Set the multiplier register */
31 eaBeaa023 BCBECL CLR.B 1732
32 186:  setReg8(CPMUPLL, @x@eu); /* Set the PLL frequency modulation */
35 BeboRo26 BCBGCA CLR.B 1738
34 188:  setReg8(CPMUSYNR, @x58U); /* Set the multiplier register */
35 90088029 BL5EB6C4 MOV. B #88,1732 -
< m ] r
" Writable Insert | 1:1 s B3
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The Hardware Perspective

¥ C/C++ - Lab/Generated_Code/Cpu.c - CodeWarrior Development Studic | = B = |
P ——
File Edit Search Project Run MOQXTools Processor Expl Window Hglp
iC-EHE R-%: F-8 S
odeWarrior Projects orgponents Libra onfiguration Inspector - asic vance ert
HE| CodeWarrior Projects 52 -0 o Library |8y Configuration Insp ZVI3MLF 52 Basic Ad d |Exp =0
laz| <:'=={’>43| File Name |v CoMgurat\on
File Name ~ Build (Y 4 Value Details
= I3 S 4 Optimizations
35 Binaries Ignore range checking no
[z Documentation Ignore enable test no
(= FLASH Ignore speed mode test no
(= Generated_Code Utilize after reset values no
€] Cpu.c 4 Complete initialization in Peri no
R Cank V]
AT ”
Open the “Window” Pull-Down Menu
“« H ”
then Select “Open Perspective =0
“« ” -
then Select “Hardware -
T 2V 2L pre— Method : _EntryPoint (component MC9S127VL32_48) =]
= 145 *=*
05 =
b & 05 146 ** Description : D
4 (& Processors 147 ** Initializes the whole system like timing and so on. At the end
b 4 CpuMCISL2ZVLIZMLE - 148 ** of this function, the C startup is invoked to initialize stack,
4 " = m | » 149 ** memory areas and so on. o
< i ] b
C der 52 ¥ =0
LN = [Z Problems 2 = Console} H¥ =0
~ Project Creation ~ Build/De ~ ||0 items
£y Import project ﬁ Build { Description = Resource Path Location Type
[ Import example project i Clean |
g2y Import MCU executable file %5 Debug
% New MCU project
% New MQX-Lite project
P Mew MQX 4.0.x project 2
LI T — r
i Writable | Srmart Insert 224:33
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The Hardware Perspective

¥ Hardware - Lab/Generated_Code/Cpu.c - CodeWarrior Development Studio | =6 & |
File Edit Search Project Run MQXTools Processor Expert Window Help
N
D HRI & % s~ i f i~ Froero- ST )
%Configuration R & =0 % Processor &2 ) Generate Code M Select Package Q Q C v =0 %Componentlnspector-
cPU - - Basig Advanced |Expert |[ln ™
- »
Reg. name In* T?T ?T? Properties MethodsWE ntq 2
Peripheral registers Name Value il
IVER FF J J J J J J J J J J J J Component name Cpu
ECLKCTL a( = ADH oL e Clock generator CPMU
IRQCR 0] — ey BATS cop — CPU type MCI5127VI 32N
OCPEP 0= — @ow Py E et 4
OCIEP oc — B0 @ mglisdula IntEERROM |
QCIFP g | ! - =] oscillator frequen: 1000.0 =
e e o Dicabled
RDRP 0 = — = S |l isable
ECCIE o e — — s -
ECCDCMD gl = @ — = Disabled
CPMURFLG 6L — | rer modes settings
CPMUSYNR. 58 — MCQS]_ZZV |_32 M LF | [» resource mapping
CPMUREFDIV OF gl @ |» Operafing mode settings m
CPMUPOSTDV  0C - - b i
CPMUIFLG 0c 1> CPWinterrupts/resets
CPMUINT o 1 [NEBNEERN] » IntPrrupts initialization
CPMUCLKS 8C s Egabled speed modes
CPMUPLL 0c High speed mode Enabled
CPMUCOP 0~ 1 High speed clock Internal Clock
1 i 3 - . S TT—— o \
H “« ” H
2l Problems | Bl Console 52 Either Close the “Hardware” Perspective
H “« ” B
ey pe iy or Switch back to the “C/C++” Perspective
User working directory = C:\ProgramData\Processor Expert\CWMCU_PES_@@
Internal cache directory = C:\ProgramData\Processor Expert\PECache\68d7b994
Processor Expert [mtw] license file = C:\Freescale\CW MCU vl@.4\eclipse\..\MCU\license.dat i
Mese © ABTI 1T AT TA A T £..11 st A Mencnsmne Crrmmmd  mmeaed —n
« »
E<>
L 4
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D, &
Ready for the Next Part of the Lab

¥ C/C++ - Lab/Generated_Code/Cpu.c - CodeWarrior Development Studio | = B = |
File Edit Search Project Run MOQXTools Processor Expert Window Help
ST A Eg'nmsMQ L HFH-E D & (B C/C |
odeWarrior Projects omponents Libra onfiguration Inspector - asic vance ert
%de Praoj B Comp Library Config Insp ZVL32MLF 2 B Ad d  |Exps ¥ =g
.l | p| File Name |v Configuration
File Name Build * || Name Value Details
= I3 S 4 Optimizations
35 Binaries Ignore range checking no
[z Documentation Ignore enable test no
(= FLASH Ignore speed mode test no
(= Generated_Code Utilize after reset values no
€] Cpu.c 4 Complete initialization in Peri no
[8] Cpu.h v
[€] 10_Map.c v <
T Components - Lab 52 =08
b [£ Cpu.c 52 =0
=
BEsma |, -
4 [= Generator_Configurations - 143 ** -
QZ\«"BZMLF 144 ** Method : _EntryPoint (component MC9S127VL32_48) =]
145 *=*
05
P& P : 146 ** Description : D
4 (& Processors 147 ** Initializes the whole system like timing and so on. At the end
b 4 CpuMCISL2ZVLIZMLE - 148 ** of this function, the C startup is invoked to initialize stack,
B— 149 ** memory areas and so on. o
< m ] »
< 1n ] 3
C der £2 ¥ =08
2 Commander (5 E_L Problems &2 El Console} HY =08
~ Project Creation ~ Build/De ~ ||0 items
£y Import project ﬁ Build { Description = Resource Path Location Type
[ Import example project ‘ Clean |
g2y Import MCU executable file %5 Debug
% New MCU project
% New MQX-Lite project
P Mew MQX 4.0.x project 2
LI T — r
WP Writable | Srmart Insert 224:33
L 4
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S12Z Enhanced CPU Core

freescale.com/automotive
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-
L |

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

&

Z “freescale
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Linear vs. Paged Addressing Mode

- S12 MCUs typical architecture e
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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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

L
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S12Z — Absolute Addressing

16k Space
2 Address Bytes for all operations

0x00_0000

4k Byte Registers 0x00_1000

_IL

0x00_4000

256k Space
3 Address Bytes for all operations

0x10_0000

16Meg
3 Address Bytes for LD, ST, IMP, JSR

4 Address Bytes for all other operations

0x20_0000

L

C 4
Z “freescale

37

0x80_0000

OXFF_FFFF
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8-bit Accumulators A & B

or

16-bit Accumulator D

I Index Register X

I Index Register Y

I Stack Pointer

PC

I Program Counter

|
|
[ sp
|
|

uloJoJolo ] wi: [sTx]H] I [n]z]v]c] condition code Register

L 4
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X

wr

i
S12Z CPU

[ Do | Data Register 0
[ D1 | Data Register 1
[ D2 | Data Register 2
[ D3 | Data Register 3
[ D4 | Data Register 4
[ D5 | Data Register 5
| : T > BasR Regiieltors A & B
| E 07 BetaREiAfotor o
[ IX | Index Register X
[ v | Index Register Y
[ sp | stack Pointer
[ PC ] Program Counter
T [uToJoJoJo ] wu2:01 [sxTH] 1 In]z]v]c] condition code Register

224 = 16Mbyte Address Space

L 4
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P
|
"

pRd
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
. |t 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 4

Z “freescale 40




Distributor of NXP Semiconductors: Excellent Integrated System Limited
..... Datasheet of TRK-S12ZVL - BOARD DEV FOR S12zZVL MCU

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 4
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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!
= >90% 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

&
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S12Z — Enhanced Multiplication Instructions

S12(X):
MUL (A)x(B) > A:B
EMUL(S) (D) x (Y) - YD
S12Z:
MULU (Dj) x (Dk) - Dd QMuULU (Dj) x (Dk) - Dd
(Dj)x IMM = Dd (Dj)xIMM > Dd
(Dj) x (M) - Dd (Dj) x (M) - Dd
(M1) x (M2) = Dd (M1) x (M2) > Dd
MULS (Dj)x (Dk) > Dd QMULS (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
\ )
Y
Fractional Math
R~
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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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][n]
|
"

S12Z Platform Architecture

- Harvard Architecture (Parallel Data and Code access)

Instruction Bus

32

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

<.
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S12Z vs. S12X — Features
Attribute S12Z 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 /O

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 4
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S12Z vs. S12X — Performance

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 1lcycles
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 4
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S12Z Benchmarks Results

- S12Z typically saves 20% code size versus S12X
- S12Ztypically uses 30% less memory accesses than S12X which saves power

Large Application Code Example: Digital Filter:
) S127 is faster and denser than any
bytes Code Size optimization option of S12X
250000 - Bytes
200000 -
150000 400
100000 200
50000
0 : 0 . .
S12X S127 S12X CW5i S12X CW5i  S12Z
size speed Cosmic
Cycles
# loads/stores SSUIAZEECS 2000 y
25000
1500
20000
15000 1000
10000 500 l
aed ; | I

S12X CW5i S12X CWS5i S127
size speed Cosmic

<.
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In Depth Code Size Analysis

s12X__| 5127

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 4
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S12Z Performance Benefits

Improved Performance for Improved Software
p - -
Motor Control Friendliness
- 100 MHz CPU - Dicital Filter Benchmark . 24-bit linear address map to ease
@ 50 MHz bus doreniy software development and porting
speed 800
p | 700 3X . .
600 - Added 8- and 32-bit registers to
+ Harvard " allow further compiler code size
architecture 300 optimization
accelerates |29 .
data handling 103
812X 8122

- Fractional math instructions added

L 4
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S12ZVM for BLDC Motor Control

freescale.com/automotive
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T

Ext Osc
VREG v vop, vis, vbD sensor)
IRC
. RTI | Temp Sense Charge Pump
f,
| SCI cbu
0 N
TIM 4ch/16b Physical 3-ph§se /
Interface H-Bridge
Predriver
Dual 12-bit ADC PMF
5 + 4ch. Ext. 6-ch
(Mux‘d with Op-Amps) PWM Separate 5V Current Sense
+ 8ch. Int.

VREG (VDDC) (2 x Op-Amp)

<.
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Overview of S12ZVM Feature Set

New S12Z7 CPU Safe RAM 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 4

Z “freescale >3




Distributor of NXP Semiconductors: Excellent Integrated System Limited
Datasheet of TRK-S12ZVL - BOARD DEV FOR S12zZVL MCU

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

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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T

pRd
Overview of S12ZVM Feature Set

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

xt Osc m =197
IRC PLL core

128 KB

Flash Temp Sense
Wdo

G
§==
0]
Two 12-bit ADC
.Aké;titzgfuerz _a_IIows

. + . . 6-ch

conversions (fo' d 3&%5::@5) PWM Separate 5V Current Sense

« 2.5ps conv. time ™~ +8ch.Int. VREG (VDRC) (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
<&
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Overview of S12ZVM Feature Set

L 4
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Ext Osc m

IRC PLL
KWU
RTI
SPI
scl
scl

TIM 4ch/16b

MSCAN

Dual 12-bit ADC

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

VREG v vop, vLs, vbb sensor)

Temp Sense

8 KB RAM

LIN
512Bytes Physical
EEPROM

Interface

Separate 5V
VREG (VDDC)

LIN Phys.
Interface
» 250kb/s fast

mode
o +/-6kV

Charge Pump

GDU

3-phase/
H-Bridge
Predriver

Current Sense
(2 x Op-Amp)

= Distributor of NXP Semiconductors: Excellent Integrated System Limited
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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
slew rate




New S12Z7 CPU

* Up to 100MHz

* 32-bit ALU & 32bit MAC unit,

» Optimized 32-bit math. operations

Safe RAM
ECC

Internal RC osc.

* +/-1.3% over tmp
Sensor Supply

» 20mA 1/O for sensor

Window Watchdog

independent RC osc VREG

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

8 KB RAM

LIN
Physical
Interface

512Bytes
EEPROM

Dual 12-bit ADC

Temp Sense

Distributor of NXP Semiconductors: Excellent Integrated System Limited
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Flash& EEPROM
*ECC

* Memory Protection
» Margin Read

Voltage Regulator
* Boost Option

* Support for external
ballast transistor

* Vbat sense

Charge Pump
* Optional to support
100% duty cycle

(5V VDD, VLS, VDD sensor)

Gate Drive Unit
* Operational from
3.5V to 26V

* Bootstrap circuit
based

* 11V Vreg

Charge Pump

GDU

 Phase comparators
* Desaturation comp.

for HS/LS protection

» Under-/Over-voltage
detection

3-phase/
H-Bridge
Predriver

* DC-link and phase

conversions 5 +4ch. Ext. c s voltage internally
. (Mux‘d with Op-Amps) Separate 5V urren ense accessible on ADC
« 2.5us conv. time RS + 8ch. Int. VREG (VDRC) (2 x Op-Amp) . Selectable HS/LS
SEVACICE

PWM Module

» Complementary mode
with deadtime ctrl.

* Fault protection

Programmable Trigger
Unit

LIN Phys.
Interface

» 250kb/s fast
mode

o +/-6kV

* synchronize ADC to PWM
* Trigger Command list with
» Double-Switching

per cycle

Z “freescale

up to 32 triggers

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 Vregs &v

10/ MISO
10/ MOSI
10/ SCLK

10/ SS
10/ RXDO
10/ TXDO
10/ KWPO
10/ KWP1
10/10C0
l0/10C1
l10/10C2

Temp Sense

8 kB RAM

TIM 4ch/16b 512Bytes

EEPROM
LIN

Physical
Interface

MSCAN

Dual 12bit ADC

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

AMRcos
AMRsin

i optional

<.
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VBAT
VDD, VLS, VDD sensor) »—Kl_‘-O_—Kﬁ
= N[ v
— S‘Z—;Z v J_LI_OV AMRsin
Charge Pump Y/Eii VHD MRcos
| “_g) Hallout
== )4 ? AMR/
| ’J _ GMR/
eDU ‘ Hall
Sensor
3 phase /
H-Bridge \

Predriver

I !

i f@g

Current Sense
(2 x Op-Amp)

[]Shuntl

[Jshunto
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Space Savings with S12ZVML

Full Discrete

Semi Integrated

Z “freescale

MCU 6 to 8 cm?

PCB space
savings

Gate

Driver
(48pin)

0]

DSC
(48pin)

ASIC
(GDU+
VREG+

o LIN+ ; 3to 5 cm?
p-amps PCB space
(64pin) savinpgs

59




T - = £ % Distributor of NXP Semiconductors: Excellent Integrated System Limited
== £ == Datasheet of TRK-S12ZVL - BOARD DEV FOR S12ZVL MCU

L |

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

SIVITA

Surface Mount Technology Association
.

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/Qutput) range from
$0.005 to $0.01 per I/O assembled.

&

Z “freescale o0



")

Distributor of NXP Semiconductors: Excellent Integrated System Limited
Datasheet of TRK-S12ZVL - BOARD DEV FOR S12ZVL MCU

"I
|

W

Highest level of Integration

Of your BLDC system:

wuwos
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S12ZVL for General Purpose LIN
S12ZVC for General Purpose CAN

freescale.com/automotive
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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

frue platrorm solutions tnrougn naraware anda sortware reuse
=
Z “freescale*
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Overview of S12ZVL Feature Set

LIN . . Temp 10-bit
Physical Interface A CRE Sense ADC

RC osc 16-bit Timer
>€l +1.3% PLL 6-ch + 2-ch
S$12Z Core

32k Byte Flash (ECC)

128 Byte
EEPROM
(ECC)

scl PWM 8-ch, 8-bit

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

HVI V-SUP
x1 Sense

<.
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Overview of S12ZVL Feature Set

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

128 Byte
EEPROM

L 4
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Overview of S12ZVL Feature Set

3 x 25mA Output Sink

* GPI0 and/or PWM control
1 x 20mA Output Source
* GPIO and/or PWM control

<.

C 4
Z “freescale

6-ch + 2-ch

PWM 8-ch, 8-bit

128 Byte 1k Byte
EEPROM RAM
(ECC) (ECC)
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Overview of S12ZVL Feature Set

. . Temp 10-bit
Pierce Oscillator Sense ADC

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

PWM 8-ch, 8-bit
(or 4-ch, 1

S$12Z Core
128 Byte

1k Byte
EEPROM RAM
(ECC)

<.
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Overview of S12ZVL Feature Set

LIN Physical Interface LIN Temp 10-bit

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

Pierce Oscillator

Sense ADC

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

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

128 Byte
EEPROM
(ECC) VREG for Total Supply:

*70mA
* 170mA with ext ballast

1 x High Voltage Input
* with Interrupt capability

Voltage Regulator
* 5.5V to 18V normal operating range

* protected operation up to 40V
* 3.5V minimum operating voltage
* support for external ballast transistor

<.
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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
* GPI0 and/or PWM control

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

LIN . .
Physical Interface Riciesetallatoy

RC osc
+1.3% PLL

S12Z Core

32k Byte Flash (ECC}

128 Byte
EEPROM

Temp
Sense

10-bit
ADC

16-bit Timer

6-ch + 2-ch

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

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

< Distributor of NXP Semiconductors: Excellent Integrated System Limited
Datasheet of TRK-S12ZVL - BOARD DEV FOR S12zZVL MCU

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 — 1SO 26262 ASIL A Compliance:

- Developed in accordance with 1ISO 26262 as a Safety Element out of
Context (SEoo0C).

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

L 4
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S12ZVL Key

RGB ambient lighting

Switchpanels / Userinterfaces

Features

Sensor (airflow)

LIN
Physical Interface

RC osc

>l +1.3%

128 Byte
EEPROM

Pierce Oscillator

PLL

RAM

V-SUP
Sense

Distributor of NXP Semiconductors: Excellent Integrated System Limited
Datasheet of TRK-S12ZVL - BOARD DEV FOR S12zZVL MCU

10-bit
ADC

Temp
Sense

16-bit Timer

6-ch + 2-ch

PWM 8-ch, 8

1k Byte

VREG for Total Supply:

*70mA
* 170mA with ext ballast

Key Feature

Benefits

S12Z core, 25 MHz Bus

Improved code-efficiency & core performance vs. S12

8 KB to 32 KB flash

Family-concept, no 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

Built-in automotive voltage regulator
operating between 3.5 and 40 V

Operates directly from car-battery, no need for extra Voltage-regulator saving PCB-
boardspace. handles automotive design issues, such as double battery, crank voltage and
load dump conditions

Package
Options:

Built-in LIN physical layer

No need for an external LIN physical layer device, saving space and design time.
Meets automotive OEM specifications for LIN conformance and EMC requirements

- 48 LQFP, 32 LQFP

NGPIO & EVDD

EVDD able to supply 5V/20 mA offchip; N-GPIO able to sink up to 3 x 25mA off Chip
(useful for RGB-LED-drive)

« 32QFN (5 x 5 mm)

Protected 12V input (HVI)

Allows automotive battery voltage-level inputs (with ADC-capability & ESD-protection)

on Chip RC oscillator trimmed to 1,3%
tolerance

Due to accurate on chip clock generation LIN-communication can be done without
external Crystal or Resonator and without the need of SW-intense synchronization

<.
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S12ZNVC Key Features

CAN Pierce Oscillator Temp el
Physical Interface Sense ADC
CA,N Physical Interface RC osc Analog Comparator
* High Speed — up to 1Mbps +1.3% PLL with DAC
+1SO 11898-2 & ISO 11898-5 ==

High-Res. Timer

Seatbelt pretention High-Resolution Timer 4-ch, 16-bit

* 20ns with 25MHz bus

S12Z Core

High-Res. PWM

High-Resolution PWM 4-ch, 16-bit

* 20ns with 25MHz bus

192k Byte Flash (ECC)

R

Sensor (Powertrain)

Timer 8-ch, 16-bit

Seperate CAN Supply
* with external ballast transistor PWM 4-ch, 16-bit
2k Byte
Lﬁ 7T O\ EE'I:EOM VREG for Total Supply
" gt ) {£CC) -70mA
* 170mA with ext ballast
. . CAN Supply:
Switchpanels / Userinterfaces « 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 bOpe(;ates d|re|_(|:tly é:om car batt_ery (\imthout. the need foI: ext(rja vg:tage regulatorl,(sa\lnng P(:I(Bj Optl ons:
operating between 3.5 and 40 V oard space. Handles automotive design issues, such as double battery, crank voltage an
load dump conditions * 64 LQFP
Built-in CAN physical laver No need for an external CAN physical layer device, saving space as well as time & cost for <48 LQFP
phy 4 design & testing. Meets automotive OEM requirements for CAN conformance and EMC.
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)
'O
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S12ZVL Application Example: Switch Panel

. Automotive Voltage

Voltage
Regulator

s Wakeup

e DaCklight
LIN PHY
—=

i VAY)
Switch

LIN
BUS

‘ Digital ‘ 5V Analogue
Components Components

MCU Core H@E-Vz)ltage
and Memories Components
L <

Z “freescale 2




Distributor of NXP Semiconductors: Excellent Integrated System Limited
Datasheet of TRK-S12ZVL - BOARD DEV FOR S12ZVL MCU

¥

"I
ann|

il
S12ZVL Application Example: Intelligent Sensor

— Automotive Voltage

5V Supply

Voltage
Regulator

|| SPIO Rain /
Light
LIN PHY Sensor
ASIC
LIN
BUS

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

‘ Digital 5V Analogue
Components Components

MCU Core High-Voltage
and Memories Components

L 4
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S12ZVL Application Example: LIN RGB LED

VSUP
O— 4

H

LIN_In -

B —
S12Z . Flash VDX

RAM EEPROM 8K
PWM ¥
3x16bit ® y

3x20mA
BDM | Ext. Osc l COP | RTI RGB LED

Digital 5V Analogue
Components Components

MCU Core High-Voltage
and Memories Components

L 4
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S12ZVL Application Example: LIN RGB LED
(with autoaddressing / daisychaining)

@
LIN_In
ADC
X 8—
S12z | Flash 10bit = VDX
LIN_OQut RAM EEPROM 83—
—— PWM ._z
1 3x16bit W
_t GPIO [ ﬁ
3x20mA
BDM | Ext. Osc | CopP | RTI R)EBBTED
Digital 5V Analogue
Components Components
MCU Core High-Voltage
and Memories Components

L 4
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TRK-S12ZVL: LIN Daisychain

LIN SWITCH

VLN
e
:
PLUG 262 RA s
4 :
Q -
T e
] s
-
Li Y=
= 128 H
ssssssaaansnnnnascssassed
LIN CONNECTOR
P26
T TPa1 VLN
3 LNGO " N ?
2 1 e N LGND I
3 LGNDN DA doew , r:-. BSg;QS -
SHO —
200PF = 0.220F
Q 3‘ | SEPPIIIIHFEIININRNNNNS
MMEZZIVCLT1 | _ . ‘\i"‘ T/ :I H 3
2 = LTK {4TK_ 2 - : PLUG22RA S
= pe “ , LINOUT : :
10K 's] .
= = P29 Al cas 2 :
1 ¢ a *
135 ? ] aal [ :
HOR 1X2 TH = = ne :
DE ..0“0000“.'.0..:
o LIN OUT CONNECTOR
o MMETADS
MMEZZ7VCLT'
2
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» Emulators/Probes (2)
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+ IDE - Debug, Compile and Build Tools (2]
» Simulation and Models-SPICE (1)
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Run-time Software (3) Expand All T Filter by Ve

* Middleware-Device Drivers (1)
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Freescale LIN 2.1 Driver (version 4.4.1)

1o LIN Stack
.. FSLLIM Driver Package 4.4.1
. Documentation
. Examples
. Diagnostic demo application
. General_Demo_Application
L MMa12
. Resynchronization demo application
1. 5127 _examples
. Carcassenne_5127%M
. Configuration_files
b Knox S127WL
o Master_S127V132_LIN21
L Slave 5127V132 LIN21
10 Lurnen_S127VHY64
o QulBs+Z
. VRE4_MagniV
. LIN_Driver
)¢ NCF_Tool
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Lab 2

- Developing a Project for the
S12ZVL

freescale.com/automotive
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12V Power Plug
(VIN)

LIN& LIN_OUT
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12V to 3.3V Voitage Ballast Transistor
Regulator(VDD_3V3) (VDDX)

GPIO RGB LED

Connector

05 _DEBUG
HDR

<.

C 4
Z “freescale 8l

12C ADC,GPIO General Purpose Tower Plug-in
(TWRPI)

KNOX MCU S12ZV1.32
PC912ZVL32FOVLF

0SBDM SWITCH PANEL
MC9S08JM60CLD RESET B
- P10
Reset Button ot

BOM I/F
® o HDR
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RGB LED

A3 ZRas ¥ gss
100 150 100

TP2Z2TP24TP23
Jz7 ® O
HDR 2X3
ANA 1 2 s 0
AN 3 gg 4 SH15. 1] i
ANS 5 [ SHM. i)
ke, = -
Default: 1-2, 3-4,5-6 shunt
™ o™ ~—
< S =
2}
GREEN RED BLUE wvVvyw
] u u
20mA  20mA  20mA “u b ¥
8 8 &

J25

HOR 2X3

2

TR1g TP20 TRZ1
®

)

L

PP5 1
% PPl 3 [2%

00

5

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

¥ C/C++ - Lab/Generated_Code/Cpu.c - CodeWarrior Development Studio | = B = |
File Edit Search Project Run MOQXTools Processor Expert Window Help
| ®R~-%  F-8 I T [ I =
%Code‘ﬂarrmr Projects &2 % Components Library nfiguration Inspector - ZVL32MLF 2 Basic Advanced [Experi “IIh ¥ =g
.l | p File Name Configuration
File Name Build * || Name Value Details
= I3 S 4 Optimizations
35 Binaries Ignore range checking no
[z Documentation Ignore enable test no
(= FLASH Ignore speed mode test no
= Generated_Code il g o
€] Cpu.c v : % f ”
B Cpuh v (D Double-Left-Mouse-Click on the Processor Expert “Component Library” tab
@ 10_Map.c v - ! ”
O ts - Lab &2 =0
omponents - La [& Cpuc = =8
BEsma |, -
4 [= Generator_Configurations - 143 ** -
144 Methe : EntryPoint (component MCO5127VLI32_48 =
ZVL3ZMLF o hed _EntryPoi p _
145 **
05
b & 05 146 ** Description : D
4 (& Processors 147 ** Initializes the whole system like timing and so on. At the end
b 4 CpuMCISL2ZVLIZMLE - 148 ** of this function, the C startup is invoked to initialize stack,
B— 149 ** memory areas and so on. o
< m ] »
< i ] b
C der £2 ¥ =08
2 Commander (5 E_L Problems &2 El Console} HY =08
~ Project Creation ~ Build/De ~ ||0 items
£y Import project ﬁ Build { Description = Resource Path Location Type
[ Import example project ‘ Clean |
g2y Import MCU executable file %5 Debug
% New MCU project
% New MQX-Lite project
P Mew MQX 4.0.x project 2
LI T — r
i Writable | Srmart Insert 224:33
L 4
Frwscrn, e Fromiesie kgn 0w, 03, Code TER?, Codetumscr, Onre Conrns, O Mmn i Evergy B Sukiors wo, S hwtn, rotew?, B0, fo
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Add a PWM Component to the Project

i ~
¥ C/C++ - CodeWarrior Development Studio | = | = P |

File Edit Search Project Run MQXTools Processor Expert Window Help

=R NN A N R R AR E R R R s [Ecees)
C% Components Library &3 %Componentlnspector- Cpuw £ v =8
[

=
& tegories Alphabetican Assistanﬂ Processorﬂ il
Component Component Level
= (= CPU External Devices

=) (= CPU Internal Peripherals
= Communication

= Converter

= Interrupts

= Measurement

@ Expand “CPU Internal Peripherals”, then “Timer” I

(= Memory -
== Peripheral Initialization
= Port /O
= Timer
@ FreeCntr
@ FreeCrirl6 (3 Right-Mouse-Click Select“PWM” then “Add to project”
@ FreeCntr32
@ FreeCnted High
@ rrG High
@ rwm High
@ RTishared High
@ TimeDate High
@ Timernt High
@ TimerOut High
&) WatchDog Low
(= Operating Systems
= SW

@ Double-Left-Mouse-Click on the Processor Expert “Component Library” tab
U"ﬂ” s BB

<.
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Change PWM Component Properties

r ~
¥ C/C++ - CodeWarrior Development Studio | =B ® |
File Edit Search Project Run MQXTools Processor Expert Window Help
U@ S-% F-mifaaa o (- P Dciicn G0 e (B
— e —
% CodeWarrior Projects &2 =0 % Components Libra % *Component Inspector - PWM&T ) ES @ ¥ =0
3| B & P|rien = —_—
G253 = 1= Heme Categories Alphabet\can istant | Processors|
=
File Name Build i
55 Lab : FLASH Component . Component Level
&bl Binaries 2= CPU External DE\T‘IC E|
(= Documentation == CPU Internal Periplierals
(= FLASH = Communicatjon
= Generated_Code (= Converter
@ Cpuc v H ZE n”
B Cpuh v @ Double-Left-Mouse-Click on “*Component Inspector - PWM8” tab
10_Map. v
[ 10_Map.c ~ || Filter on for MC95127V132 4 (Lab) 1
5. Components - Lab &2 =08 @ Cpuc 2 =8
-
= *
A=k 142/ A
4 [= Generator_Configurations - 143 **
Q ZVL32MLF 144 ** Method _EntryPoint (component MC95127VL32_48)
145 **
05
et P : 146 ** Description : D
4 (& Processors 147 ** Initializes the whole system like timing and so on. At the end
4 Q Cpu:MCASIZZVI3ZMLF 148 ** of this function, the C startup is invoked to initialize stack,
% Components i 149 =* memory areas and so on. S
e « i | >
C der B2 =0
- FELSEES £ &l Problems 52 = Consule} [z
 Project Creation ~ Build/De " |1 error, 0 warnings, 0 others
g2y Import project @, Build | Description . Resource Path Location Type
[ Import example project o Clean ( @ Errors (1 item)
2y Import MCU executable file @ Debug
£ New MCU project
Y New MQX-Lite project
0 Mew MQX 4.0.x project 52
Rl F—T—] r
o*
\ y
L 4
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Change PWM Component Properties

¥ C/C++ - CodeWarrior Development Studio | = | E & |
File Edit Search Project Run MQX Tools Processor Expert Window Help
LIRSS BE AL A s SESIP AT B e
%Components Library (% *Component Inspector - PWM_RED 3 Basic Advar@d Expert Ihtl) =&
= g
B Properties Methodq E\rentq ﬂ
MName Aalye Details
a Component name PWM_RED
& PWM or PPG device PWMPERL PWMPERL
- “ ”
DT PWMDTY1 @ Select “Expert
Output pin PP1_KWP1_PWMI_IOCL_1 PPL_KWP1_PWH1_I0C1 1
Qutput pin signal
Counter PWML WML
Interrupt service/event Dizabled
Period Unassigned timing
Starting pulse width Unassigned timing
Aligned Left
Initial polarity low
Same period in modes no
’ Compenent uses entire timer no
[P . . u« H ”
4 Initialization Select anywhere in the Value column beside “Period
Enabled in init. code yes . . “ »
Events enabled in init. yES and then Select the E|IpSIS ( “es )
4 CPU clock/speed selection
High speedmede ___ Thiscomponentenabled _____This component is enabled
“ »  [nis component is disabled
@ Change the Component name to “PWM_RED” [, .mponent i disabicd
u ”
and select the PWM channel “PWMPER1

<.
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Change PWM Component Properties

m : BEIEIEE
B o e By Timing dialog - PWM_RED/Period (=lE] = ===
File Edit Search Project | | | 3
Advanced >>
B-EEls-% B
%Y Components Library | | | Runtime settings type: Possible settings | Llock path| [
= n N g
. Selected clock configuration
& Properties . Method| Value type Value Unit ? ™
Name Init. value: 4 ms From To Step *
a Component nan 0.64 ps 102 ps 0.04 ps
PWM or PPG dey 10.24 ps 204 ps 0.08 ps
Duty compare 2048 ps 40.8 ps 016 ps
OQutput pin 41.04 ps 61.2 ps 0.24 ps
= Output pin sign 61.44 ps 81.6 ps 032 ps
o5 Counter 82 ps 102 ps 04 ps
[» Interrupt serviq 102.24 ps 1224 ps 0.48 ps
Period 122.64 ps 142.8 ps 0.56 ps
¥ Starting pulse w 143,36 ps 163.2 ps 0.64 ps
w“nn “« ” 163.44 ps 1836 ps 072 ps
@ Enter “4” ms and then select “OK 184 s 204 s 08 s
o 20416 ps 2244 ps 0.88 ps
. ‘::f“l‘;::”t ues 224.64 ps 2448 s 0.96 ps
“ e on . 24544 ps 265.2 ps 1.04 ps
Enabled in in 26544 2856 112
Events enabl| il - US 1 IS
. CPU dock/spe 286.8 ps 306 ps 1.2 ps
High speed 1 | | Allowed error: Unit: Minimw Bigj?é K ;42:; ke i;i He
Low speed ~ R S HE =0 s
° I A i
Slow speed 1 g \\Jn A e 2ET D e 1 AA e
.
@ [k ][ concel
v,
g = o &
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Change PWM Component Properties

ﬁi C/C++ - CodeWarrior Development Studio ‘ == B |
File Edit Search Project Run MQXTools Processor Expert  Window Help
SR LIRS AL S e YLD ML R = e
- % Componen % *Component Inspector - PWM_RED &2 Basic Advanced [EKPE!‘FI Illﬂn v =S o
% Propertigs Methudq Ev tq @
Mame Value Details |
g e e o - Repeat with the “Starting pulse width”
& uty compare PWMDTY1 by ma k| ng |t ”0” ms.
Output pin PP1_KWP1_PWh1_10C1 1
= CQutput pin signal
B Counter PWML
Interrupt service/event Disabled
Period 4 ms 3815 ms
Starting pulse width I 0ms 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
CPU clock/speed selection
nt enabled This compenent is enabled
@ Select the ”Methods" tab nt disabled This compenent is disabled
1t disabled This component is disabled
o® s [ B
y

<.
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Change PWM Component Properties

ﬁi C/C++ - CodeWarrior Development Studio

‘ =

(=3[ = |

M-H@ S-%: 78

File Edit Search Project Run MQXTools Processor Expert Window Help

pavg  CJR %

] v 5 v iE O T oo ﬁ

% Components Libra@ *Component Inspector - PWM_RED @

Basic Advanced [Expert ]mh] v =8

h

=
] Properties (Methods Ev%s]

MName
Enable
Disable
EnableEvent
DisableEvent

D

Value

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

h

SetRatiod |

generate code

s SetRatiol6

generate code

den't generate code
den't generate code
generate code

generate code

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

Details

@ Select “generate code” for “SetRatio8”

@ Double-Left-Mouse-Click on “*Component Inspector —- PWM_RED” tab

n<>

e i3

<.
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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 “PWMPERS5”

= 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

i ~
ﬁl C/C++ - CodeWarrior Development Studio | == £ |

File Edit Search Project Run MQXTools ProcessorExpert Window Help

FM-E@ 8- F-8 an IR iP- IS iE-F e o m [ aes)
Components Libral *Component Inspector - TIL @ - V=8

S Comparaie e TS “Componentinpecior- T ;

&
& Categories AlphabeticanAs;ant Processors &

Component Level

Component

]

FreeCntr
S FreeCntrl6 Right-Mouse-Click Select“TimerInt” then “Add to project”
FreeCntr32
g FreeCntrd High
PPG High
@ pwM High
g RTlshared High
TimeDate High
g Timernt High
TimerOut High
&) WatchDog Low
= Operating Systems

= SW

/

Select “*Component Inspector — TI1” tab

lrﬁﬁ & g B
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Change Periodic Timer Component Properties

4 CPUjdock/speed selection
igh speed mode
Low speed mode

Slow speed mode

r ~
¥ C/C++ - CodeWarrior Development Studic | = | B S |
File Edit Search Project Run MQXTools PEMicre Processor Expert Window Help
e E R A% Fo8 A & (B g H i e oo Bt % Debug (O >
% Components Libr@ Component Inspector - Periodic m Basic Advanced [Experi ]mh] ¥ =
= =
% Properties Methodq Eﬂts] ﬂ
Mame Details I
P & u . ]
5 || Component name Periodic )€ Change the Component name to “Periodic
& Periodic interrupt fource TOCO
Counter TIMO_Counter TIMO_Counter
4 Interrupt servife/event Enabled
= Interrupt VtimOchO VtimOch(
B Interrupt fricrity medium priori 4
Interrupt pefiod I Sms IS ms
Same perigd in modes yes
Compongnt uses entire timer no
4 Initial
Engoled in init. cod H U
ryiedin it code yes Change the Interrupt period to “5”ms
Events enabled in init. yes

This compeonent enabled
This component disabled
This compenent disabled

This compenent is enabled
This compenent is disabled
This compenent is disabled

Double-Left-Mouse-Click on “*Component Inspector — Periodic” tab

D<>

= @ B
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Build the Processor Expert Components

ﬁl C/C++ - Lab/Sources/ProcessorExpert.c - CodeWarrior Development Studio | = | & |

File Edit Search_Project Run MOQX Tools Processor Expet Window Help

N e L LA M e
R CodeWarrior Projects h \ =0 % Components L\braz ﬁ*ComeonentIn_seector-Periodic P Basic Advanced FExperF: “nn ¥ =0
) |a & - . :
E)%] E &P FieName e Build ‘FLASH’ for project ‘Lab’
File Name Build i Marr Details -
\c’ectors.c v i
ProcessorExpert.pe H H “ ” =
’gp o A Find and Double-Left-Mouse-Click on “ProcessorExpert.c =
roject_Headers
(= Project_Settings 1 4 Interrupt service/event Enabled
(& Sources Interrupt Vtim0chO Vtim0ch0
Events.c Interrupt priority medium priority 4
Interrupt period 25 ms 25ms
2 Same period in modes yes i

T Components - Lab 52 = g Cpu.c

= = €] ProcessorExpert.c 52 =08
i | B 1/ =
4 [= Generator_Configurations - 2 ** Filename rExpert.c D
Q ZVL22MLF 3 ** Project : ProcessqrExpert
= 4 %% Processor 1 MCOS12ZVAN32MLF
05 3
et P y 5** Version : Driver @1\14
4 (& Processars B ** Compiler : CodeWarrioN HCS12Z C Compiler
4 Q Cpu:MCI512ZVL3ZMLF ¥ihid Date/Time 1 20813-18-17,\L7:11, # CodeGen: @
4 = Components i g** Abstract S
- £l »
&3 Commander &3 =T =0 =
Probl ] H “ ” 8
|| & peider= Double-Left-Mouse-Click on “ProcessorExpert.c” tab
 Project Creation  Build/De, 0 items
g2g Import project @, Build | Description . Resource Path Location Type

% Import example project f Clean E=

fag Import MCU executable file %5 Debug |~
% New MCU project

¥ New MQX-Lite project

7 Mew MQX 4.0.x project 52
[F—T—

o* Writable | Smart Insert 1:1
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Add Code to ProcessorExpert.c

& C/C++ - Lab/Sources/PracessorExpert.c - CodeWarrior Development Studio | = |6 P |
File Edit Search Project Run MQXTools Processor Expert Window Help
M-HRI&~-% F-Mifaave. 8 H-id- HFH oo [
g Cpu.c (g *ProcessorExpert.c &3 =a
= =
B 41 /* User includes (#include below this line is not maintained by Processor Expert) */ -~ %
42
43 volatile uintd t tick; I . %
- 44 static uint8_t tick_last; GIObaI Val’lab|eS
45
= 46 void demo (void)
47 { -
48  static uint8_t state = 5;
= 49 static uintd_t duty_RED = @x@e; - H
. 5@ static uintd_t duty_GREEN = @xFF; Local Va”ables
- 51  static uintd_t duty_BLUE = @x@e; o
52 =
53 if (tick == @)
54 {
55 statet++;
56 if (state == 6 «“ ”
i ) - | “state” control
58 state = @;
59 1
60 1}
61 -
62 switch (state)
63
64 case @: // go to Red
65 duty BLUE++;
66 break;
67 case 1: // go to Yellow
58 duty GREEN--;
&9 break;
70 case 2: // go to Green
71 duty RED++;
72 break;
73 case 3: // go to Agqua
74 duty BLUE--;
75 break; 7
4 *
o® Writable Smart Insert |45;1 s E &
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Add Code to ProcessorExpert.c

¥ C/C++ - Lab/Sources/ProcessorExpert.c - CodeWarrior Development Studio | = | E P |
File Edit Search Project Run MQXTools Processor Expert Window Help
B-H&A-%  F-M e R B H-HreerD =]l
[€] Cpu.c [€] *ProcessorExpert.c &3 =g
56 if (state == 6) - =
Ba|| s7 { D
58 state = @;
53} >
g 58 }
61 -
62 switch (state)
63
5 64 case @: /f go to Red
65 duty_BLUE++;
T 66 break;
57 case 1: // go to Yellow
68 duty GREEN--;
69 break;
70 case 2: //f go to Green
71 duty RED+H;
72 break; “ ” H
73 case 3: // go to Aqua B state” case SWItCh
74 duty BLUE--;
75 break;
76 case 4: // go to Blue
77 duty GREEN++;
78 break;
79 case 5: // go to Purple
a8 duty RED--;
81 break;
82 default:
83 break;
84 =
85 PWM_RED_SetRatioZ(duty RED); n
86  PWM_GREEN SetRatioB(duty GREEN);
87 PWM_BLUE_SetRatioB(duty BLUE); ~ | LED control
38}
89 -
9@ void main(void) -
< ’
n)d Writable Smart Insert |45:1 s @B
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Add Code to ProcessorExpert.c

¥ C/C++ - Lab/Sources/ProcessorExpert.c - CodeWarrior Development Studio | = | E P |

File Edit Search Project Run MQXTools Processor Expert Window Help
TG R - £ -8 adivg R A AR EURE R R s
g ProcessorExpert.c XD =5

| RED_SetRatiod(duty_RED); B
| GREEN SetRatio®(duty GREEN);
| BLUE_SetRatio8(duty BLUE);

Gg

/* Write your local variable definition here */

/*** Processor Expert internal initialization. DON'T REMOVE THIS CODE!!!l **%/
PE_low_level init();
/*** End of Processor Expert internal initialization. v

/* Write your code here */
for (53)

if (tick == @xFF)

tick = 8;

Simple interrupt-based delay

tick _last = tick;

demo(});

while (tick_last == tick){}
¥

/*** 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

11c /* w\ =] £ + &

Double-Left-Mouse-Click on “ProcessorExpert.c” tab
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Add Code to Events.c
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¥ C/C++ - Lab/Sources/Events.c - CodeWarrior Development Studio == ®
File Edit Search Project Run MQX Tools Processor Expert Window Help
I=MEIR AR zz”m;MQ LSS E S
&) CodeWarrior Projects &% %Components Library (% *Component Inspector - Periodic &2 Basic Advanced !Expert th ¥ =0
laz | <':==b | File Name | - Properties Methodsw Eventsw
=
File Mame Build i M . . “w ” -
2 Find and Double-Left-Mouse-Click on “Events.c
@ Vectors.c v
—_— —_—
% Processorkxpert.pe Periodic interrupt source TOCO TOCO =
& PmJ.ect_Hea.ders Counter TIMO_Counter TIMD_Counter
(= Praject _Settings Pl Interrupt service/event Enabled
foTes Interrupt Vtim0Och0 VtimOchO
¢l Events.c Interrupt priority medium priority 4
Interrupt period 25 ms 25 ms
[ Processorbxpert.c v i Same period in modes yes .
% Components - Lab 532 =0 =
B - [ Cpuc (m ProcessorExpert.c || Events.c 2 [m]
swa |y, g
4 [ Generater_Configurations - 2/ ** Filename . =
Q ZVLI2MLF E Project sorExpert
b (= 08s = 4 ** Processor 2ZVL32MLF
5 ** Component
4 = Processors g ** Version
4 Q Cpu:MCIS12ZVI3ZMLE 7 ** Compiler C(fdelarrior HC512Z C Compiler
4 [= Components i g ** Date/Time . 17:11, # CodeGen: @ k¥
- 4 3
£3 Commander i3 =T =0 - =
Probl P H u ” 8
~ Ereiens 2| poyble-Left-Mouse-Click on “Events.c” tab =
+ Project Creation w Build/De, 0items
£2g Import project @, Build | Description . Resource Path Lecation Type
% Impert example project f Clean | L
g2y Import MCU executablefile %5 Debug |~
% New MCU project
% New MQX-Lite project
% New MQX 4.0.x project A%
4 b
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Add Code to Events.c

r 5
¥ C/C++ - Lab/Sources/Events.c - CodeWarrior Development Studio | =| &8 ® |
File Edit Search Project Run MQXTools Processor Expert Window Help
IR D e =@
“““ [g Cpu.c (@ ProcessorExpert.c (@ Events.c &3 =
=
EL] e
B 31 #include "Cpu.h” o %
32 #include “Events.h” Y
‘‘‘‘‘ s
g 34 /* User includes (#include below this line is not maintained by Processor Expert) */
@l 35
36 extern volatile uintd t tick; Global variable
‘‘‘‘‘ 37
5 || 38#pragma CODE_SEG DEFAULT
39
B e
41 **
42 ** Event ¢ Periodic_OnInterrupt (module Events)
43 **
44w Component ¢ Periodic [TimerInt] M
45 ** Description :
46 ** when a timer interrupt occurs this event is called (only
47 ** when the component is enabled - <Enable: and the events are
48 ** enabled - <EnableEvent:). This event is enabled only if a
40 ** <interrupt service/event> iz enabled.
5@ ** Parameters : None
51 ** Returns : Nothing =
52 *¥% N
53 %/
4void Periodic_OnInterrupt(void)
s{
6 /* Write your code here ... */ .
iy tick; Increment global variable
8
59 L
6@ /* END Events */
61
62 /*!
637* @}
64 *f ad
M 3
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Prepare the Hardware

- Connect USB cable to the TRK-S12ZVL Evaluation Board

Installing device driver software

USB Composite Device f Ready to use
OSBDM/OSITAG - Debug Port +f Ready to use
(http://www.pemicro.com/osbdm)

OSBDM/OSITAG - CDC Serial Port i_k Searching Windows Update...

(http://www.pemicro.com/osbdm) (COM13)

Obtaining device driver software from Windows Update might take a while. '
Skip obtaining driver software from Windows Update

- Connect 12V Power Supply

L 4

Z “freescale %
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Build and Prepare to Debug

¥ ¢/C++ - Lab/Sources/Events.c - CodeWarrior Development Studio | =8 PS |

File Edit Search_ Project Run MQX Tools

Processor Expert  Window  Hel

or Projects &3

&Y Fot famn )& )P Bl e s (@
_ =

% Components Library Momponentlnspedor- Periodic &2 Basic Advanced IEl(peri ]ﬂfm ¥ =0

Y | <EDP| File Name

| A=

Properties . Methods EveM

File & Build

-

4 = Processors
b 4 Cpu:MCIS12ZVI32ZMLF
4 [= Components

Mame Value Details it
[= FLASH Component name Periodic
. . H Periodic interrupt sourc TOCO TOCO =
BUI|d IF LASH’ for prOJeCt lLa b’ Counter TIMO_Counter TIMO_Counter
= a Interrupt service/event Enabled
€] 10 Map.c v Interrupt VtimOch0 Vtim0ch0
[n] 10_Map.h v Interrupt pricrity medium priority 4
5] PE_Consth v Interrupt period ms 25 ms
@ PE_Error.h v 2 Same period in modes =3 =
S Conpant L o [g Cpu.c +£| ProcessorExpert.c @ Events.c &3 = EW
Hoa” £} u« H H ”
4 (& Generator_Configurations 2|l 2 sinciudl Select Debug Pull-down Menu and then “Debug Configurations...
#h ZVL3ZMLF 52 #includ® =
b (= 0Ss H 33 D

=

% New MCU project

9 MNew MQX-Lite project
7 Mew MQX 4.0.x project
F——

&3 Commander &3 =~ =0

~ Project Creation ~ Build/De ~
2y Import project &, Build |
[ Import example project & Clean |

g2y Import MCU executable file ﬁ Debug

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

35

36 extern volatile uintd_t tick;

37 a
4 *

g,_; Problems &2 El Console} E Y =0

0 errors, 1 warning, 0 others

Description = Resource Path Lecation Type

& Warnings (1 item)

D<>
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Select the Debug Configuration

£ c c - . dorm L ~ x ]‘
P-erey ﬁ Debug Configurations - [ = J}—
File Edit | : ]
. Create, manage, and run configurations
-
= 3 Download an application to a target, then debug or run the application. E—
B@ Codew: P O
Bl Cexex- I
S| T Name: Lab_FLASH_Open Source BDM N
File Name P - o 3 = v = ‘ T = Al
<€ Ll [WPE filter text ‘ . .. = Arguments | %5 Debugger | 7 Source | w Environment | 5] Common | @ Trace and Profile | —
» [€] CodeWarrior Attach C/C++ application
[ =
g 1 [€] CodeWarrior Download -.>Prcuect: Lab L—Bﬁm——s—e——]
et [€] Lab_FLASH_Open Source BDM " Application: FLASH/Lab.elf [Search Project...| [ Browse.. | [ Variables.. |
Build (if required) before launching
Build configuration: [FLASH v] =
Select configuration using 'C/C++ Application’ =
“" H \
Select “CodeWarrior Download : s : =
“ ” () Enable auto build (") Disable auto build :—
then La b_F LASH_Open SOU rce BDM © Use workspace settings Configure Workspace Settings... T
v Connection i
b & 0S4 =
« & Prd Connection: | -4- Lab_FLASH_Open Source BDM - ‘ [ Edite. [ MNew. |
)
4 = Col ™
fﬂ Comma | | Filter matched 5 of 5 items =
~ Projec| | | Filter by Project: ——
23 Impa | || = 1ab
£ Impa
2y Tmp Select “Debug” I\ [ ety || Rever
4 New|||L
£3 New T~
M4 New @ [ Debug ] [ Close ]
<
0% h I Writable ‘ Smart Insert ] 72:3 ’
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Run the Program

r S
¥ Debug - Lab/Sources/ProcessorExpert.c - CodeWarrior Development Studio | =6 PS |
File Edit Search Project Run RTCS MOQX MQXTools PEMicro Window Help
-EHEIS-%i¢  F-M -9 H-F-0ero- £ (B Debug | B /-
%5 Debug 52 = O |[69= Variables 52 .l Registers| @ Breakpomtq i] Memorﬂ ﬂModuleq =08
= LEE || & % %|cE T
% ot Dl e @b‘ U 4 %| i .ﬁ?| Mame Value Location
oo ﬁm L == 0P state i} 0001000
L | RS (# duty_RED t 0:001002
I;ab_FLASH_Dpen Source BDM [CodeWarrior Download] - o duty_GREEN ¥ 04001001
&# S;zi“bf'f (Suspended) N o (* duty BLUE K 0x001003
3 [I.D.GU):)] (Suspe;(ded. Slggén;!él:g;lgzs received, Description: User h o tick last o 0001004
main(} Processorbxpert.c:
Run the Program 1 _Startup() starts12z,:97 0xff8156 n
O Fiuwvorkspace\Lab\FLASH' Lab.elf (11/4/13 &:55 PM) - -
< m ] 3 4 I
[£] Cpu.c [€ ProcessorExpert.c &% [£] Events.c 1 = | [z Disassembly 5% =08
94 & Enter location here - | &1 |¥ I E et ¥
95  /*** Processor Expert internal initialization. DON'T REMOVE THIS © — | . — |
% 05 PE_low level init(); 96 PE_low_level init(); -
97 /*** End of Processor Expert internal initialization. ¥ ffeefs: BBFF8157 JSR 16744791 PE_low_level _init (@xff8157) D
as 102 if (tick == 8xFF)
99  /* Write your code here */ @ ffeefo: A4leeS LD Da,4lel
180 for (33) ffaefc:  E4FF CMP DB,#-1
181 { o ffaefe: 2685 BNE *+5 main+@xe (@xffales) -
< T ] 3 £] ]
&3 Commander 52 L ¥ = BBl problems (E Console 2 [T/ %| EN 5E| #E~r5-=0
~ Project Creation ~ Build/Debug ~ ez el
g2g Import project &, Build (Al
% Import example project L 4 (All)
fug Import MCU executablefile 45 Debig
% New MCU project
=5 Now QXL - ,
D<> Writable | Smart Insert 96:1 i
\ y
L 4
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Automotive Body Electronics

MagniV Solutions and Roadmap
Lab 1
- Getting Started with CodeWarrior 10.4

- S12Z Enhanced CPU Core

- S127ZVM for BLDC Motor Control

- S12ZVL for General Purpose LIN

- S127VC for General Purpose CAN

- Lab 2
- Developing a Project for the S12ZVL

freescale.com/automotive
R

Frovecrn, O Fromiesie kg Aws, ©3, CoteTES?, Codetamscr, Onern UnFrms, O m i Energy B Sukiors s, S hwia, rotiw?, B0, FewwOUICT
103 | Frocssr Caoee, oo G Camhuses, Sa Godasan i SeuCun. Syvorany i & v Py UG Fx 87 OF

o’
r ™ Artar, Suebs. Benttnck. Corwi, fums Laywaesen Migv, VBT Peboos = ¢ P, Oor Ocvrgs, OU00 Evgrm, Hemy Pey, SUANVOS Soww, fussol ot Vyarsd
L 4 4 VWS W DMk ot Frnmecis KrWEONRELY, W A2 O TS O 000y (@8 D T IR ¥ P MtV svrars © X1 Froumase A @ e




"I

Distributor of NXP Semiconductors: Excellent Integrated System Limited
Datasheet of TRK-S12ZVL - BOARD DEV FOR S12ZVL MCU

Z " freescale’


http://www.tcpdf.org
http://www.tcpdf.org

