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NXP AMP

Safe, Secure & Reliable Portfolio
Automotive Microcontroller and Processor
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AMP Positioning
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NXP AMP Product Line Introduction

(General Purpose & Integrated Solutions)

Body Electronics
Edge Nodes

* 500+ customers

» Broadest portfolio of integrated
MCU+HV mixed-signal solutions

» Complete Tools & Software
enablement

Products:
S08/S12/PPC > ARM
KEA — S32K
S12 MagniV — S32M
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In-Vehicle Nodes Map
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S32K Product Features




S32K - Automotive ARM Cortex MCUSs

- Hardware ARM
- High performance ARM Cortex-M0+/4 cores

- Low power operating modes & peripherals — 25uA

in VLPS

- Scalability from 8KB to 2MB, ECC, 16-176 pins

- Hardware Security, ISO CAN-FD, Ethernet, Product Longevity
FlexIO, Audio ... &IAR

-1S026262 ASIL-B compliant SYSTEMS ‘?‘

- AEC Q100, 125°C, 15 years minimum longevity )
e AUTOSAR

Enabling Innovation

- Enablement

- Free S32 Design Studio IDE, low cost demo é‘f;\’] @mm
boards -
- SDK with FreeRTOS & low-level drivers
- AUTOSAR, MCAL and OS vic <@\ MathWorks
- Large third-party ecosystem - =
- Model-based design support -
W
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% SAFE Product L¢

$ ASSURE

ASIL B

General Purpose Applications

Wireless charging

INFC

© [N

Over the Air Near Field Communication

Firmware update

AdBlue" ST ]
tank units

Body control module

Tire pressure monitoring receiver Steering column lock

—S32W

Climate control Door/Window/sunroof Lighting

l.
—c A
RS : 5 =5 2

Chassis systems NOXx reduction systems

PMSM/BLDC motor control Touch sensing Park assist

A Ve O——— bc 0 Vas
.
Q& - If = aoo—{ 1 Y \
‘.J‘
Motorbike ECU/ABS DC/DC converters

E-shifter Rear view camera tilt Steering wheel electronics Ethernet audio amplifier
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Why S32K in Industrial?

- Extended temperature range -40 to 125°C
- Below 1ppm defect quality

- Vreg 2.7 to 5.5V, not limited to 3.3V

- Safety 1S026262 ASIL B, IEC61508 SIL 2

- Production grade software solutions, S32DS with SDK, Freemaster, MCAT, Motor
control toolbox..., Structural Core Self Test Library available

- Security for connected nodes
- 15 years longevity program

-
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S32K | Roadmap

High Next generation S32K2xx

performance
2M Flash
256K RAM
1st product famlly _ S32K144 1x M4F core, 112MHz, CSEc, 100-176pin
1M Flash

Cortex-M4, 512KB, CAN-FD, Security, low power, m
64/100pin 128K RAM

v1.0 v2.0 v2.1 1x M4F core, 112MHz, CSEc, 100-144pin

l l+ securityl
Mainstream

512K Flash
S32K144 64K RAM

1x M4F core, 112MHz, CSEc, 64-100pin

S32K 142 256K Flash
32K RAM

1x M4F core, 112MHz, CSEc, 64-100pin

256K Flash
24K RAM

1x MO+, 48MHz, CSEc, 48-64pin

128K Flash
16K RAM
KEA8 1x MO+, 48MHz, CSEc, 32-48pin
MO+ 48MHz, LIN, 16-24pin

KEA128/64
Entry Mo+ 48MHz LIN, CAN, 64-80pin
KEA64/32/16
MO+ 40MHz, LIN, 32-64pin

ARM

Product Idea
First Product
n t
Sample Date Concep Qualification
(left edge) Development (right edge)
| Production |

A ASIL Level

% Dual fab on S32K1xx

v

2016 2017 2018 2019 2020

subject to change

2021
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S32K144 Block Diagram

- High performance

- ARM Cortex M4F up to 112MHz w FPU

- eDMA from 57xxx family oIt
- Software Friendly Architecture SWRICOSC

High RAM to Flash ratio ————
Independent CPU and peripheral clocking —_—

48MHz 1% IRC — no PLL init required in LP 128KHz 10%
Registers maintained in all modes FLL Clk Mult

Programmable triggers for ADC [ no SW delay counters or extra SCG | LVD
interrupts

- Functional safety
1SO26262 support for ASIL B or higher
Memory Protection Unit, ECC on Flash/Dataflash and RAM

MCU Core
and Memories
“likl:tll I Digital
Components
Cortex M4F 16¢ch 5V Analogue
112 MHz : \ M Components
FPU, DSP, MPU, LR
4 KB I/D-Cache

PMC
2.7-55V

Crossbar Switch with MPU

EEPROM
Up To
4KB

WDOG | EWM

Peripheral
Bridge

RTC

- Independent internal OSC for Watchdog = LN E Flex 10
- Diversity between ADC and ACMP, SPI/SCI and FlexIO Ak E B EE
- Core self test libraries 00 = s 5
- Scalable LVD protection, CRC
+ Low power Operating Characterisfics I°D acgagrizgir:?oﬂ 3V and hi-drive pins
- Low leakage technology \T/giaf;;?u'}gi;nmx)fsi\éCto +125°C  * Pgwered ESD protection p
- Multiple VLP modes and IRC combos » Packages: 100 BGA, 64 LQFP, 100 LQFP
- Wake-up on analog thresholds
- Security

- CSEc (SHE-spec)

L |
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S32K1xx Overview

S32K116 S32K118

Cortex-MO+ @ 48MHz
128KB Flash 256KB Flash
16KB SRAM 24KB SRAM
up to 42 1/Os up to 58 I/Os

1x FlexCAN with 1x FD
QFN-32 LQFP-64

LQFP-48

Common
Features

AEC-Q100

Security Module

MPU
Low Power
FlexlO
ASIL-B capable
JTAG
FlexTimer
SDK
NFC Stack
Autosar MCAL / OS

S32 Design Studio

S32K142 S32K144

S32K146

S32K148

Cortex-M4F @ 112MHz

256KB Flash 512KB Flash

32KB SRAM 64KB SRAM

up to 89 I/Os

2x FlexCAN 3x FlexCAN
with 1x FD with 1x FD
LQFP-64

1MB Flash
128KB SRAM

up to 128 I/Os

3x FlexCAN
with 2x FD

2MB Flash
256KB SRAM

up to 156 I/Os

3x FlexCAN
with 3x FD

XyTACES

LQFP-144

LQFP-176

MAPBGA-100

ENET

Quad SPI

ETM Trace

SAl
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CSEc Security Block Diagram

- Supports all Global OEM Requirements for End
Node Security

. Supports >SHE functionality B S
: ; Includes CSEC.

- Secure key Storage P fd ol = Directca:)cnigfltsstoﬂash I
- AES-128 encryption/decryption

- AES-128 Cypher-based Message Authentication
Code (CMAC) calculation and authentication

- True and Pseudo random number generation

- User configurable Secure Boot Mode (Sequential,
Strict, or Parallel Boot)
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Security: CSE Security Use Cases

Secure Boot

Check Boot Loader for Integrity and Authenticity
1. Check Boot Loader for Integrity and Authenticity
2. CSE module uses the boot key to calculates the MAC value of the bootloader

3. CSE module compares calculated MAC with stored boot MAC.
a. If identical: successful secure boot - set respective bit in host interface and unlock keys

b. MCU starts bootloader —
Random Unique ID Keys

generator AES-128 "
Bus master —g :

8Host Interface
% Flash ¢
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S32K1 Enablement
Software

- Free S32 SDK — Automotive-grade,
pre-qualified, multiple low-level drivers,
optional middleware (LIN, NFC, TSI),

- Free S32 Design Studio IDE — Eclipse
based, supports multiple compiler &
debugger plug-ins

- Math, Motor Control & Core Self Test
Libraries, MATLAB based design tools

« NXP & 3" party SW tool compatible,

out-of-box examples for fast start-up
& prototyping

- Arduino UNO compatible with

expansion “shield” support

- $49 resale

Ecosystem
@IAR CORE
SYSTEMS

VECTOR D>

o~
Hills
Green Hills . osmic

4\ MathWorks'  aurersachg\

- Premium level IDE, complier &

debugger tools

« NXP & 3 party MCAL / AUTOSAR

+ new ARCCORE Starter Kit

« S32K, S32DS & SDK Communities

http://www.nxp.com/community

L |
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http://www.nxp.com/community

S32 SDK Overview

Features

Integrated Non-Autosar SW package
Graphical-based configuration

Layered SW architecture

Documented Source code and examples
Integrated with S32 Design Studio and other IDEs

Various Middleware e.g. Core Self Test, LIN Stack,
Automotive Math and Motor Control Library (sold
separately, demo as binary)

FreeRTOS integration
Multiple toolchains supported
Several examples and demos

| o Driver Helper

Motor

FreeRTOS

LIN SBC

Control Middleware

Processor
Expert

Analog Timers Comms SoC Config files
ADC FTM UART Clocks
CMP LPIT FiexlO Interrupts
PDB LPTMR CAN-FD Power
RTC SPI Pins
WDOG 12C FLASH

Start-up/
Low-level Drivers linker file

l =~ 2~ Heades 000\

Hardware

Class B = SPICE Compliant Products

Automotive qualified

Class C = ISO/TS16949

Class D = Open Source software
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Summary: Why S32K?....it's SIMPLE

Security & Safety CAN-ED
Integration @ ﬁ &, SAFE
- %’ ASSURE

M-Cortex g ’ y

| Product Longevity hi AUTSSAR
Power Consumption ‘?‘ i
Longevity " 2

S32

Enablement SDK
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Hands-on
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S32 Design Studio — How to create a project

- Create a new S32DS Project N—

Wow S2I05 Projest

. Cruats o TO05 Progen
7| C/C++ - demo/Sources/main.c - 532 Design Studio for ARM

: o e
File

Edit Source Refactor MNavigate Search Project Run  Processor Expert  Window Help

4 Ve ofa st ipcomon
MNew Alt+Shift+N ¥ | 2|  Mew 532D5 Project wedi vomstAITe AR,
Open File... =] New 532DS Project from... ST D e— S
Fropos Con bt Plave TooCnm
- _&N - Cate AN N L
f ] wo.
2 Devargbue
’ QCC 20chcna it iected
B 3ADNS 18 W
§ BIADG 8 M
B SEA ey
§ DA o Wy
| New S32DS Prject 0 W SRRl ™
New 532D5 Project for 532K144 3
Select required cores and parameters for them.
Project Mame hands-on
Core Cortex-M4F
Library [EWL vl
/0 Support No /0 - :
FPU Support [ : l I Name Version Description
[Tuul.cham Default 'l S32K14x AMMCLIB gec 116 Automotve Math and Motar Control Library Set for S32K14x devy..
Language [C vl FreeMaster_S32ot 200 FreeMASTER Senal Commuinication Driver for S32xx
S0Ks 532K144_SDK_gce I:I S32K144 SDK gce 032 332K144 fof
— [ V| 532K144 SDK_gcr 090 $32K144 Beta SDK for GCC
Debugger [PE Micro GDB server v]
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S32 Design Studio — graphical configuration environment

T T S R PV e —— — — - oo O
| Me it Soonce Nefectmr MWengee Sesch Aot i ecom Gpen - Wndie  Hele
PRl B-%~-a AU S AR TSR RS 220 B B A B2 T=0r s SO AE R SN —h At ack cces @ | T3 SOK. oot 45 Dedoy (OG- 1D
R Preject Exglorer 11 EUl e TS 0 Componmnt higscor v mus 5t 8 Campenmnts bty BRloanced = TS0 s owmtt oocs B eete s = 0
o 5 S SOK Les Cozks sy Ronting - Funcsionst Properies| Mesody Secvngs| R
> Bonades i
?:Hm View Optiom Generate An outfine is not svsdable,
o D) Genersted_Code O Cakapsad Pk (I Show Oriy Configerabile Signals m@
» 5 Puogecs_Settimgs/Startup_Code ,
i Acc o owe ewmsapan| v oo maG s rac s st v I pattorm | PowerkasGround # RIC » WD TRGMLX
B Sowces
.. [& meing Signals PintSignal Setechion Direction Setected Pin'Sgnal Name
B incfude + LPUARTO
» @ Debug Clear 10 Sendt No o routed
& Decumaration Request 1o Send Mo i reuted Dy |
> Peogect_Settimgs Recerve Duts Mo pin routed bt
D Procenarbspert.pe Tranumit Data No pon reuted No o eouted
5 S30348_SOK_Lab_GPIOs Tebug « LPUARTL
o~y Cizar 1o Send Ho pon routed hput
Recuest to Send N pon reuted gt
Recere Dutn Mo pin et bpat |
Tranumit Data 2o pin routed No oo routed
4 LPUART2
Clear 10 Seadt No pon routed o
Roquest to Send No oo rooted Dunpac
Fecerse Dats P i ronted brpdt
| Transmit Data No pon routed No oo routed
| 4 LPUART3
‘ 2 “ -y .
2 Components - SI2KLA_SDX_Lab_Clacks -0 Dieot 40 5640 Mo i
=28 Recuest to Send o pan reuted
> Generatee_Configarations Recsive Data N g reuted how
& 05 Trangmit Data Mo pon routed Mo pin roated
* > Processons
@ Crusia 10
« > Comgonents
D prmecindetting
- ) doaManl £4_clock manager
& pviems & Tk (@ Console 37 4@ - ~2B-m-=n
COT fludd Consele ($32X144_SOK Lok, Clock)
Finlihed bullding: ../Generated Code/clockMant.c -
Finlihed bullding: ../Generated Code/pln_sux.c
Bullding target: S32K144 SON_Lab_Clocks.elf
Executing target 16 S32K144_SOK_Lab Clocks.elf
Inveklng: Standard 53205 € Lisker
are-none eabl -goc -0 "SANCLAL SO Led Clocks.elf” "@53INisd SDN Leb Clocks.args™
Finlahed bullding target: S3zKiés SOW Lab Clocks.elf
16:00L 165 Bulld Finished (took §5.785%es) * ‘
Updates ae svaniatle 4o your seftware
. i J Chick to review 303 nstall updates
: & Set up lemdar ashem
B pinmucPintenings 3 | =2
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S32 Design Studio — graphical configuration environment
Pins configuration

Y Companent Inspector - pin_max 11 & Componenss Library [n_?';m n
o flouting ~ Functional Fraperies Methods Settings
View Mode Options Generate Report
8 Collapsed 1 Pins T Show Only Configurstie Siomals [ HTML Repoet
ADC - can| owp Ewssheo siM | ceol sag s ec e e o etk IR Piattorm - Fowertndtround | RIC = SWD = TRGMX
Signais PovSonal Selection Direcsion Selectod PawSsgnal Name
« LPUARTO
Ot 10 Send No g routed
Reguest 1o Send No pin routed
Faceivwe Data N i routed
> Transmn Data No pén routed No an routed
’ . 4 LPUART1
’ ! Clear to Send o pé routed
Reguest to Sena No pon routed
Receive Data Ne pon routed
Transma Data No pir routed No g routed
# LPUART2
Clear 1o Send No pon routed
Recuest 10 Sedd No g routed
Feceive Data No pin routed {
Transmit Data Ne i roured NO o routed
+ LPUART3
: Cigat to Serd No pim routed
2 Raguest to Send No pis routed
Feceive Data No oon routed
Transmit Data No pon routed No par routed
9
’ ettng
m Mita b '

Updates Avalabie

utey 0= 200
[
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S32 Design Studio — graphical configuration environment

Cos 2 Dengn Laudo for Al — -
-
Bie bt Soutce Eetactes Mawgete Semch  Pinject C m , n nt I br r
. Components library [
B ' =~ oA S VRS |
7 g mamc &) Component bnspector - pnmae &) Comporents Librery s 3
. R 0K i ch
Alghabetical . Categones: Processoes Board Configuntions PASTIE WA |
,, ¥ Al repostzres | Apptcatie o pruect - |
e a Compenent Comporen Rapactary Descropten
I ' ek SIa4 SDD 532 SDK Pespheral Draver fer Analog-to-Digital Converter (ADC)
c : [ S3IK144_S0KDL 532 SDK HAL for Analog-to-Digtal Converter (ADC HAL)
£Y A _dock_menager SITKI44_SOem. 532 SDK Perpheral Draver for Clock Manager (clock_maneger
& r2 omp S32X134_SOKOL S22 SDK Perspivaral Draves for Comparatoe (cmp)
a3 B ts_omp_mal S84 SOKDL S32 SDK HAL for Comnparator (emp)
% & o S32X144_SDKDL 532 SDK Pergpberal Drver fee Cyelic Rashumdansy Check {CRC)
- B e _hal SANC44_SDKDL 532 SOK HAL for Cyclic Redundamcy Check (CRC HAL)
,\,);’ “' . f2_dmamux_hal SIZKIA_SDx0L §32 SOK HAL for Direct Memory Access Mukpleser {dmemux)
| . " 2 * 8 td_edma SI144_SDent £22 SDK Penpheral Diwer for Ennanced Direct Memory Access controbes .,
. f_ecdiena_hal SINA44_SOxDL 532 SDK HAL for Enhanced Drect Memory Access controflen{edma)
B re Ny SIIKI44_SDKDL 532 SDK Pessphuersl Draver Ter Fash Memary (FLASH)
B8 Fi_fexcan SIINIH_S0KDL 532 SDK Perphetal Draver for Flenkle Corttrulier Ares Network (FlesCAN)
B # flexcan_hal SI2K144 50K 532 SDK MAL for Flenble Controler Ares Network (FleeCAN HAL)
B 2 fleno_hal SA2K144_SOKOL 32 SDK HAL for Resible VO (Besc)
EH te Neso_c S32K144_SOKDL 532 SDK Pespivenat Driver foe Intes-Integrated Circuk over Flesile 1O (F1.
a o Nesic, sgn S3X144_SDKDL 532 SDK Peripheral Drsver Tor Senal Peripheral Inturface cver Fleible VO (..
fd_ften S3K144_SDx $32 SOK Perpheral Draver for FexTimar Module (FTMV)
B F=_fom_hal SIBIM_SOKIL 532 SOK HAL for FlexTimer Module (FTM HAL)
I B t=_gpio_ral S32K144_SDKOL $32 SDK HAL for Genesal-Burpose Input/ Outpet (GRIO HAL)
pesait 142 ] s interupt_manager 32144 _Soenl $32 SDKC Perghtral Drsver fer pt Manages (hntermagt atr
» 2 a I S3NA44_SDenl 532 SDK Perphetal Driver for Local Iarcannect Network (LIN)
= ~ o g S3TKI44_S0RD) 532 SO Perpharat Draver for Low Power Inter-Intagrated Cirowt (LPRC)
7 B 2 lp2c_hat SIKA44_SORINL 532 50K MAL for Low Power Inter-Integrated Crouit (LP2C HAL)
4 0t ipe S1x144_S0KDL $32 SDK Periphveral Drver for Low Power Interrupt Timer [LEAT)
‘)’ - ‘ " - Fud_lpk_hai S32K144 _SDKDL 532 SDK HAL for Low Power Intermupt Timer Module (LPIT HAL)
- s a i s S3A44_SDKDL 532 SDK Pueephuersl Driver fer Low Powvet Serial Patiptheral Inteed ace [LPSPT)
| e p B oo ol SIIK144_SDROL 332 SPK HAL for Low Powes Seraal Parphensl Interface (LES91 HAL)

\Igetates Avatlabile » ‘

Ipdrtes arw pvailable Ty frazym
and inatal updates
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S32 Design Studio — graphical configuration environment

Component Inspector

Q) Component Inspector - lpusrtd |
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S32 Design Studio — graphical configuration environment

lllllllllllll
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S32 Design Studio — graphical configuration environment

+i Preject Eeplorer | o | ¥
4 5 S32K144 SDK Lab Cocks: Delisg
o Bosnes
o Icludes

4 B Genersted Code
0 dockManl .t
N clockManl &

g Cpuxc

& Progec_Settings Stantup_Code
B S
2 B Sewen
@ manc
B eclude
& Debug
Documentation
Pezject Settings
Q Processarbapert pe
2 SIIXI44_SOK Lab_GPIOs
2 344 SDK Lab Irberrupts

v’, )

)|

ihacabdanl s clock

l 3R ustl il Jpusa

o

Code generatlon

L} mane Q Compenant vspecior - ipuart] Q Cm hhny

. ts cemponent sstule by generatst by Proces Sxpart

fadittugrovp Ipusrtl sedule lpusrtl ssdule decusentat

Sloclude “loagrsl bt

pusrtl configurstion seructore *

const lpuare_user_config t lpusrtl_InitContigd «
JDaudRate - G20,
JparityMode « LPURRT PRATTY DISABLED,
StopBItCount « LAGMRT OWNE STO® BIT,
DItCountPerChar = LRWIAT 2 GI75_PEA_CHAR,

. cated b oCes Exgure 30.1 (€

& fpuanl.c

So nat sedif

D L T L

Ligdartes A

alalte
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Design Studio — graphical configuration environment
& Projectbuid

. $3 Mcha n
v
'
L]
9 '
| lu ko
B Comoe | E\-, 3 e M@= nm
COT Budd Compte [SUXI4 SOK Lab_Clocks|
Fizished butlsing: ../Generated_Cofe/cloceiand.c -
Fislshed bollding: ../ 6enerated_Code/pin_sus.c
Eldlng target: 5320144 S0 Lab Clocks, elf
eCyting target FI6 SI2CL&4_ S0 _Lab_Clocks.elf i
Trmvoking: Standerd 53205 C Linkes
armesgos eabl-goC -0 "530x144 SIK Lab Clocks.elf™ "Piaixisc S0x i Clochs .args”
Fizished bulleing terget: SI2CI4A_SDC_Lab_Clocks.elf
3600189 Sutld Finisded (tosk 3%, 738%es) U .
Updates sre paafabie 10¢ 50 10fHmare
Chck to tevwny and inetal pdates.
. .
. = = x x ——
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S32 Design Studio — deploying the application

- Code generation
- Project build

File Edit Source Refactor MNavigate Search Project Run ProcessorExpert Window Help

NEHGE &858 NS e OB

Problems Tasks [E Console 52 Properties Progress
DT Build Console [test]

arm-none-eabi-gee "@Generated _Code/pin_mux.args" -MMD -MP -MF"Generated_Code/pin_mux.d" -MT"Generated_Code
Executing target #24 ../Generated_Code/dmaControllerl.c

Invoking: Standard 53205 C Compiler

arm-nocne-eabi-gecc "@oenerated _Code/dmaControllerl.args” -MMD -MP -MF"Generated Code/dmaControllerl.d™ -MT™
Finished building: ../Generated_Code/pin_mux.c

Finished building: ../Generated Code/dmaControllerl.c

Building target: test.elf

Executing target #27 test.elf

Invoking: Standard 53205 C Linker

arm-none-eabi-gcc -o "test.elf" “@test.args”
c:/freescale/s32_arm_vl.2/cross_tools/gcc-arm-none-eabi-4 9/bin/. ./ lib/gcc/arm-none-eabi/4.9.3/..7/../7 ../ ..
Finished building target: test.elf

11:38:23 Build Finished (tock 4s.658ms)
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S32 Design Studio — deploying the application

- Code generation
- Project build
- Target debug

iR 2%

type 1iter text
[T] GDE Hardware Debugging

a [T GDB PEMcio Interface Debugging
[E] test Detray

€] test Release

(€] GDB SEGGER 1Lk Debugging

» Lounch Geoup

Name  test_Deb

Ul Main %% Debugger. B Startup &+ Source [ Common | #8 05 awareness !
Project:

test

Specty the number of addtonal ELF Files you wish to program:

C/Ce= Apphication
Debesg/test. dif

| vanwties.. | |seschPropect..| |

Fuild (f required] before launching

0 |[Generte ELF Felds

Build configuration: I Une Active

Enobie auto budld
¥ Use weekipace settings

Daable auto bald
Sandiguin W othaeas SEnungs..

Name hands-on_Debug

;;wm»m&h.méar M osa
Software Regustration

. Plesse register yoor soft: to this
A)k | Registes now |

PEMicro Interface Settings

Interface: OpenSOA Embedded Debug - USB Port

w | Coenpatibie Hargware

Pore: USBI - OpenSDA {B6821661)

v | | Refresh

Select Device|  Vendoe: NXP Family: S32K1ax Target:

Cow W -

Specdy P Specdy Network Caed [P
Addttional Opticns
| Emergency Kinetis Device Recovery by Full Chip Erase [ Use SWO pretocol
| Advanced Options |
Hardware Interface Power Control (Voltage --> Power-Out Jack)
Prowide power to tasget Regulstor Qutput Voltage Power Down Delay

Power off targes upan software exit | Y Power Up Delay
Target Communication Speed
Debug Shift Freq (KHz)® | 5000
_ Delay after Reset and before communicating to terget for 0 ms

SIZK144F512M15

E
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S32K144 GPIOs




S32K144 GPIOs Lab: Objective

- Task:
- Turn ON Green LED as long as SW2 is pressed

- Learn:

- About the GPIOs structure in S32K144

- How to create a new SDK project with S32DS.
- How to set a pin as output/input with SDK

- Target Modules:
- PCC, PORT and GPIO modules
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S32K144 GPIOs Lab: Resources to be used

- In this lab will use the following components of the EVB:

- RGB LED
resistor
BLUE PTDO Pull up
RED PTD15 Pull up
GREEN PTD16 Pull up
-SW2 and SW3
PIN resistor
SW2 PTC12 Pull down
SW3 PTC13 Pull down SW3

RGB LED

PUBLIC
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S32K144 GPIOs Lab: Theory

- There are up to 89 GPIOs in the S32K144
- 5 PORTs ( PTA, PTB, PTC, PTD, PTE)

- 8 high current pins (up to 20 mA each):
- PTD1, PTDO, PTD16, PTD15, PTB5, PTB4,PTE1, and PTEO

- Each I/O is interrupt capable

- Each I/0 is DMA capable

- Support for edge or level sensitive

- Each can wake up MCU from low power modes
- Digital filter included for each I/O

100 LQFP

64 LQFP

PUBLIC
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- PTDO
- PTD16
- PTD15
- PTB5
- PTB4
- PTE1
- PTEO

PTD1

- PTDO
- PTD16
- PTD15
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- PTB4
- PTE1
- PTEO



S32K144 GPIOs Lab: Theory

Enable Clock of Configure Port Read/Write

PORT modules Pin Functionality GPIO Pins

Like Interrupt, Pull
resister, DMA etc
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S32K144 GPIOs Lab: Theory

1. PCC module

- Modules can be individually turn on or off using the PCC module.
- Clock source for each peripheral can be selected from multiple sources.
- Before using a peripheral, turn on its clock. pcC

Interface clock control
Chip-specific clock 1 to module
Gate interface clock
[CGC]
Functional clock control (when available)
Bits a an 20 23 a7 25 25 24 23 22 2 20 19 18 17 16
PR ee | ° PCS 0 OFF  [External ]
1
w x 1 clock 000
.........
Rasat 1 0 0 ] 0 0 0 0 0 ] 0 0 0 0 0 o Clock option 1
001
Bits 15 14 13 12 11 10 g 8 | 7 & 5 4 3 2 1 0 Clock option 2 010
R 0 Clock option 3 RN to module
FRAC PCD ot Divider :' — functional clock
w Clock option 4 100 ----T---l
Hags
Clock option 6
ock option 110
Clock option 7 11
[PCS]
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S32K144 GPIOs Lab: Theory

2. PORT Module

- Each 1/0 is multiplexed with different functionalities

- 1/0O functionality is selected with PORTx->PCRn register, MUX bits.
- Alternative 1 (MUX=0b001) is GPIO functionality for all I/Os

- /O interrupt configuration is controlled independently

- 1/O Pull resistor is controlled independently

PUBLIC
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S32K144 GPIOs Lab: Theory

3. GPIO Module

- Each port pin is mapped to the following 32-bit GPIO registers, each bit represents
a pin in the port Xx:

- GPIOx->PDOR. Data Output

- GPIOX->PSOR. Set Output

- GPIOXx->PCOR. Clear Output

- GPIOXx->PTOR. Toggle Output

- GPIOx->PDIR. Input register

- GPIOx->PIDR. Input disable register

- GPIOx-> PDDR. Data Direction register

-
| 2 |
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S32K144 GPIOs Lab: Theory

GPIO Direction selected with PDDR register.

GPIO INPUT
- Logic state available in PDIR register

GPIO OUTPUT
- Logic state controlled via PDOR or PCOR,PSOR and PTOR.

If Then
A pin is configured for the GPIO function and the The pin is configured as an input.
corresponding port data direction register bit is clear.
A pin is configureld for the GPIO function and the The pin is configured as an output and and the logic state of
corresponding port data direction register bit is set. the pin is equal to the corresponding port data output register.
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S32K144 GPIOs Lab: Initial Steps

- Create a new S32DS Project

_J C/C++ - demoy/Sources/main.c - 532 Design Studio for ARM

File | Edit Source Refactor Mavigate

Search  Project Run

Processor Expert Window  Help

MNew

Alt+Shift+MN »

| MNew 532DS Project

Open File...

"| New S32DS Project

2| Mew S32DS Project from...

MNew 532DS Project for S32K144

Select required cores and parameters for them,

Project Name hands-on

Core Cortex-M4F

Library ’EWL ']
10 Support [No /O M
FPU Support [ Toolchain Defautt -
Language ’C h
SDKs 532K144_5DK_gec EI
Debugger ’PE Micre GDB server ']

New S32D5 Project e

[ 15 s

New 53205 Project
Create New 53205 Progect

[ —

4 Use defauit loceticn

FAE_Trimng'hands-on

Progect Type
Processor
4 Family S312K1xx
# - Family MAC57D5xx
B MACSTDSMH
4 (> Family $32V
B 532V234 Cortes-M
B 53223 Conex-AS3
# > Family KEA
B SKEAZSI (48 Mha)
[ SKEAZI2E (48 Mha)
B SKEAZNLO (40 Mha)
§ SKEAZN32 (40 Mhs)
B SKEAZNG4 (40 Mha)
B SKEAZNS (48 Mhz)

@)

ToolChain Selection

Core Kind Name
N Contex-MdF

Descnption :

GCC 1ocichain is selected

TociChan
Standard 53205 toolcham for ARM

Next >
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S32K144 GPIOs Lab: Step-1

Enable Clock of
PORT modules

Configure Port

Pin Functionality
Like Interrupt, Pull
resister, DMA etc

Read/Write
GPIO Pins
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S32K144 GPIOs Lab: Add Clock manager driver

- Go to Components Library window.

- Select the clock_manager in the Alphabetical Tab

- Double click clock_manager to add to your project.

- Clock component should appear on the component window.

Q) Componert hipector - chackian]

Alphsbetcal  Cotegones Proesmce | Soerd Confgurstion

T Al mpretomen

faladc hal

hppcabie s project

s

S04 w01
426344 Oe0i

12 500
$12 40K

fal_simck_mmanager

SI20044_Sowil

2
B pone hw
B sl et

. fal_fpaant_he

Fiter an for SUXTAE_100 (UK144 30K Lak: Clachy

wau ol
L4 Ot
532K144_S0ND1

S320044 5001
5320344 5000
SI20344_0nm
26344 _S000L
S326344_S0W01
32401
AR M ST e ]
126344 00t
SI2K344_S0K01
5320144 _S0ND1
$320044 50801
S48 e
S12K344_D0t
S32K144_S0ND1
226144 _S0K01
S04 01
344 0t
226344 0001
_SowL

344 S0l
2344 ot
326344 _SD001
5320344 50601
S84 oL

T
532 50« ot (g

$12 SOK Pergharal [river tov Cyctic Brdundancy Chack [CRC
442 SDK HAL far Cychbe Racundancy Chack (CAC HAL)

532 SDK HAL fey Disect Mermary Accest Muliploms {drmaems)
532 SDK Perighevel Drives fo¢ Enhanced Dvrect Marmory Acoess o4
532 SDK HAL For Endanced Disect Me

Parighunsl Ovbowr o

L Persphersl Drroer for it Arves Netware (FlaCaN)
HAL for Flenitle Contraller Ares Metwork (FlaCaN HAL)

HAL for Fledale 1O Sese

Perigheral
Pergbwral Drroer wonial Pergheral brtertace over Pasble VO |,
Parghered Driver dor FexTeme Moduie FTA

HAL ot FlexTimer Madude (FTM HAL)

AL for General-Purpase Ingur/ Duagar [GRIO HaL)

Perighacal Driver ter rberupt Marage (Intemegt, ransger)

v Yov Trier-iagruted Cvcist owr Fesdde 1O (FL

Perighurd Driver dor Lacal Itarcornec: Netaadk (LIN

{ Paphersd Drroe for Law Fower Inter Irtegested
HAL for Low Powes Intes-integroted Croue 270X
Perighvrel Drnver Yov
S12 SOK MAL far Low Power bxtermga Timar Modube (LT MAL

S22 50K Pergbaral Drrver for Low Power Seriel Derptaral bntecace (LPSEY
532 SDK AL for Low Power Serid Penpherel Intaface L0SP HAL)

532 SDK, Periphrsl Drives fer Law Powes Tanes (tes)

v Power interupt Taes (LFT

532 SDK $4AL for Low Power Tirmer fipami)

[ Perig sl Drrvar for Law Power Unnenad Agpncteanoas Peces

L AL for Low Power Urnsvenal Annctronoos RecenenTrammes
332 SDK Perighmved Drvoer for Mermdey Postectin Und MM

Prosaction Unit costiol MPL)

5. Components - 532K144_SDK_Lab_Clocks &3

s [== Generator_Configurations
s == O5e
4 [= Processors
» G Cpu:S32K144 100
4 [ Components

5 _—

s @] clockManl:fsl_clock_manager

S
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S32K144 GPIOs Lab: Enable PORTs Clock

- Select the clock_manager component in the Components window

s, Components - S32K144_SDK_Lab_Clocks 3 = O
ST T

» [= Generator_Configurations
» = O5s
4 = Processors
s Q Cpu:532K144 100
4 [= Components
- Ui pin_muxPinSettings
T@] clockManl:fsl_clock_manager
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S32K144 GPIOs Lab: Enable PORTs Clock

- Go to Component Inspector window of the Clock Manager component.
- Select the PCC tab

- Check the initialize box for PTA,PTB,PTC,PTD and PTE

- Check the gate box for PTA,PTB,PTC,PTD and PTE

D tanl 53 MY Components Libeary Basic Advanted

Cemponent version 5325144 SDK0L

Clock configurations

Clock configurstion

DDDDDDD
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S32K144 GPIOs Lab: Step-2

I

Enable Clock of Configure Port Read/Write

PORT modules Pin Functionality GPIO Pins

Like Interrupt, Pull
resister, DMA etc
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S32K144 GPIOs Lab: Select I/O pins direction

- Select the pin_mux component in the Components window

©s. Components - 532K144 SDK_Llab GPIOs &2 2 h B ~ = E

» = Generator_Configurations
» = O5s
4 [ Processors
. & Cpu:S32K144 100
4 [~ Components
- U pin_muxPinSettings
. @J clockManl:fsl_clock_manager
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S32K144 GPIOs Lab: Select I/O pins direction

- In the Component Inspector window
- Select GPIO tab inside the Routing tab

% Compenent Inspector - pin_mux 23 % Components Library Ad"’E”CEd t) ¥ = 0
Routing “§_ Functicnal Properties | Methods | Settings
View Mode Options Generate Report

D)Pins  [7]Show Only Configurable Signals HTML Report

¥

ADC| CAN| CMP| EWM ™ FLEXIO| FTM| GPIO| JTAG| ™ LPI2C|™ LPSPI| ™ LPTMR| M LPUART | © Platform | ~s
Signals Pin/Signal Selection Direction Selected Pin/Signal Mame | *
4 PTA
Pin 0 MNo pin routed No pin routed 3
Pin1 Mo pin routed MNo pin routed
Pin 2 Mo pin routed MNo pin routed
Pin 3 Mo pin routed No pin routed
Pin 4 Mo pin routed No pin routed
Pin 5 MNo pin routed No pin routed
Pin 6 MNo pin routed No pin routed
Pin7 Mo pin routed MNo pin routed
Pin & Mo pin routed MNo pin routed
Pin9 Mo pin routed No pin routed
Pin 10 Mo pin routed No pin routed
Pin1l MNo pin routed No pin routed
Pin12 MNo pin routed No pin routed
Pin13 Mo pin routed MNo pin routed
Pin14 Mo pin routed No pin routed
Pin15 Mo pin routed No pin routed
Pin 16 M nin murted Mo nin muted b
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S32K144 GPIOs Lab: Select Input pin

Go to PTC and select pin 12.
In the Pin/Signal Selection Colum, select PTC12.
In the Direction Colum, select Input.

% *Component Inspecter - pin_mux 3 % Components Library Ad"’a”CEd -9 =
Routing ™. Functional Properties | Methods | Settings
View Mode Options Generate Report

@ Collapsed () Pins [T Show Only Configurable Signals HTML Report

¥

ADC| CAM| CMP| EWM | FLEXIO| FTM| GPIO| ITAG|M LPI2C| M LPSPI| ™ LPTMR | M LPUART|  Platform| s

Signals Pin/Signal Selection Direction Selected Pin/Signal Name ~ #
Pin 16 No pin routed No pin routed
Pin 17 Ne pin routed Neo pin routed

a PTC
Pin0 Ne pin routed No pin routed
Pinl Ne pin routed Ne pin routed
Pin 2 No pin routed No pin routed
Pin 3 Ne pin routed No pin routed
Pin 4 Ne pin routed Ne pin routed =
Pin5 No pin routed No pin routed
Pin & No pin routed No pin routed
Pin7 Ne pin routed Ne pin routed
Pin8 No pin routed No pin routed
Pin 3 Ne pin routed Neo pin routed
Pin 10 No pin routed No pin routed
Pinl] Mo nin ronted [o nin poted

| Pin 12 PTC12 Input prc12 |

Pin13 No pin routed No pin routed
Pin 14 MNn nin routed Nn nin raited =
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S32K144 GPIOs Lab: Select Output pin

Go to PTD and select pin 16.
In the Pin/Signal Selection Colum, select PTD16.
In the Direction Colum, select Output.

Ry *Component Inspecter - pin_mux &% |5y Compenents Library Advanced ] ~ = d
Reuting ._Functional Properties | Methods | Settings

View Mode Options Generate Report

@ Collapsed () Pins  [7] Show Only Configurable Signals HTML Report

ADC| CAM| CMP| EWM |MFLEXIO| FTM| GPIO| JTAG|M LPI2C|M LPSPI| ™ LPTMR | M LPUART|  Platform | 4

Signals Pin/Signal Selection Direction Selected Pin/Signal Name  *
Pin 16 No pin routed No pin routed
Pin 17 No pin routed No pin routed
[ 4 FTD__
Ne pin routed Ne pin routed
Pinl Ne pin routed Ne pin routed
Pin 2 Ne pin routed Ne pin routed
Pin 2 Ne pin routed Ne pin routed
Pin 4 Ne pin routed Ne pin routed
Pin 5 Ne pin routed Ne pin routed
Pin & Ne pin routed No pin routed
Pin7 Ne pin routed No pin routed
Pin & No pin routed No pin routed
Ping No pin routed No pin routed
Pin10 Ne pin routed Ne pin routed
Pin1l Ne pin routed Ne pin routed
Pin12 Ne pin routed Ne pin routed
Pin13 Ne pin routed Ne pin routed
Pin 14 Ne pin routed Ne pin routed 3
Pin 1_5 Mo pin routed Mo pin routed
| Pin 16 PTD15 Qutput PTD16 |
Pin17 Ne pin routed No pin routed e
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S32K144 GPIOs Lab: Port Functional Properties

' ® *Component Inspector - pin_mux 17 | & Components Library. EmciAdvancea 1 T =0
| Routingf Functional Properties |. Methods Settings|
View Mode Pin Filter

@ Pins _ Periphecai Sigrais ¥

Pag Configuration
Pin User Pin/Signal Name Interrupt FL., Interrupt Pin Mux Lock Pull Enable Pull Select  Drive Stren...  Passive Filter

1 pmEs Dontmodify InteruptSt. Pindisoble.  Uniocked  Disabled  Pull Down
f_-;. Don't modify Interrupt St..  Pin discble.. Uniocked Disabled Pull Down
Don't modify Interrupt SL..  Pin disable.  Unfocked Disabled Putl Down
Dont modify Interrupt St..  Pindisoble.  Unfocked Disabled Puil Down
Don't modify Intemupt St..  Pin disable.. Uniocked Disabled Putl Down
Don't modify  Interrupt St..  Pin disable.. Uniocked Disabled Putl Down
Don't modify Interrupt St...  Pin disable.. Uniocked Disobled Pufl Down
Don't modify  Interrupt t..  Pindisable..  Unfocked Disabled Putl Down
Don't modify Interrupt St..  Pindisable.  Uniocked Disabled Pull Down
Don't modify Interrupt St..  Pin disable.. Unlocked Disabled Pull Down
Don't modify Interrupt St..  Pindisoble..  Unlocked Disabled Pull Down
Don't modify Interrupt St..  Pindisable..  Uniocked Disabled Putl Down
Don't modify Interrupt St..  Pindisoble.. Unfocked Disabled Putl Down
Don't modify  Interrupt St..  Pin disable.. Unfocked Dusabled Pull Down
Don't modify  Interrupt SL..  Pin disable.. Uniocked Dusabled Puil Down
Don't modify  Interrupt St Alternotive..  Uniocked Disabled Puil Down
Don't modify Intenupt St..  Pin disgble.. Unfocked Disabled Pufl Down
Don't modify Intemrupt St...  Pin disable.. Uniocked Disabled Pull Down
Don't modify Interrupt St..  Pin disable.. Uniocked Disabled Pull Down
Dont modify Interrupt St..  Pindisoble.  Unfocked Dusabled Puil Down
Don't modify Interrupt St..  Pindisoble-  Unfocked Disabled Puil Down
Don't modify Interrupt St..  Pin disable_ Unfocked Disabled Pull Down
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S32K144 GPIOs Lab: Step-3

Enable Clock of Configure Port Read/Write

PORT modules Pin Functionality GPIO Pins

Like Interrupt, Pull
resister, DMA etc
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S32K144 GPIOs Lab: Add GPIO Driver

- Go to Components Library window.
- Select the gpio_hal in the Alphabetical tab.
- Double click gpio_hal to add to your project.

B oo e :

Apbubetin  Categesrs Processars Baml Configeiatunsy

for It -rsegreted Chce aver Muctte X0 L
@l Pargphurd bmariace sew Plaine 1O |

OEHNNESA3NaERA0NE |

Poww Ureene Anpocivence Reewy...

wal Anrwchrerous Pecahve ' Tarares

recey Fretecten Lve 1)

ssEsacEsEoNEs

GPIO component should appear on the component window.

5. Components - 532K144_SDK_Lab_GPIOs =1 [ % By

> [ Generator_Configurations
> = OSs
4 (= Processors
. 4 Cpu:S32K144_100
4 [= Components
» Ui pin_muxPinSettings

s clockManl:fsl clock manager
s gpicl:fsl_gpic_hal

"U"DE
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S32K144 GPIOs Lab: Generate the code

- To generate the code for the configuration select, click the generate code icon #
In the Components window.
- Wait for the code to be generated.

- | Generating code =i '#J‘
5. Components - 532K144_SDK_Lab_GP10s 1 [ @ =8
. (= Generator_Configurations |.6,' Generating code - pin_mux component
> = 05s e
4 = Processors |

; Q Cpuw532K144 100

4 [ Components
- Ui pin_mucPinSettings
» 3 clockManl:fsl_clock_manager [ Always run in background
5 m gpicl:fsl_gpic_hal

[Run in Background] { Cancel ] [ Details >>
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S32K144 Clocks Lab: Step-4

Create an Application

Enable Clock of Configure Port Read/Write

PORT modules Pin Functionality GPIO Pins

Like Interrupt, Pull
resister, DMA etc
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S32K144 GPIOs Lab: Open the main.c

- In the project window double click the main.c file to open it

[75 Project Explorer &3 = <.1=’=':>| ¢ - = O

4 Lfff" 532K144_SDK_Lab_GPIOs: Debug
» [al! Includes
. 2 Generated_Code
+ 22 Project_Settings/Startup_Code
- 2 SDK
4 2 Sources
= include
+ = Documentation
» = Project_Settings
% ProcessorExpert.pe
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S32K144 GPIOs Lab: Add Init and Update Configuration

functions

- Expand the clock_manager component in the Components Window
- Drag and drop the CLOCK_SYS_ Init function into main.

- Drag and drop the CLOCK_SYS UpdateConfiguration function into main.

ts. Components - 532K144_5DK_Lab_Clocks 2 =

S
: = Generator_Configurations
» = OSs
4 [ Processors
+ 4 CpuwS32K144 100
4 (= Components
> Ui pin_muxPinSettings
a @J clockManl:fsl_clock_manager
- B fsl_sim_hall:fs_sim_hal
s m fel_scg_hall:fsl_scg_hal
) @ fsl_pcc_hall:fsl_pec_hal
s m fsl_smc_hall:fsl_smc_hal
> [= device specific

[€] main.c &2

4 = common
M CLOCK_SYS Init
M CLOCK_SYS_UpdateConfiguration

M CLUCK_SYS_SetLonfiguration

H CLOCK_SYS_GetCurrentConfiguration
A CLOCK_SYS_GetErrorCallback

A CLOCK_SYS_GetFreq

#include "Icloaq'-1an1 h"

volatile int exit_code = @;
* User includes (#include below this line is net maintained by Processor Expert) */

r%|
\brief The main function for the project.

\details The startup initialization sequence is the following:
* - startup asm routine

* - main()

S int main{veid)

'* Write your local variable definition here */

/*** Processor Expert internal initialization. DON'T REMOVE THIS CODE!!! ***/
#ifdef PEX_RTOS INIT
PEX_RTOS_INIT(); /* Initialization of the selected RTOS. Macro is defined by the RTOS component. *,

#endif

/*** End of Processor Expert internal initialization.
CLOCK_SYS_Init();

CLOCK_SYS_UpdateConfiguration();

for(;;)

i

Write your code here */
* For example: for(;;) { } */

Don't write any code pass this line, or it will be deleted during code generation.
/ RTOS startup code. Macro PEX_RTOS_START is defined by the RTOS component. DON'T MODI
#ifdef PEX_RTOS_START

PEX_RTOS_START(); /* Startup of the selected RTOS. Macro is defined by the RTOS component. */
#endif

THIS CODE!!! **+/

m
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S32K144 GPIOs Lab: Add Init and Update Configuration

functions
- Inthe CLOCK_SYS Init function add the following parameters.
- g_clockManConfigsAurr,
- CLOCK_MANAGER_CONFIG_CNT,
- g_clockManCallbacksArr,
- CLOCK_MANAGER_CALLBACK_CNT
- Inthe CLOCK_SYS UpdateConfiguration add the following parameters.
- 0U,
- CLOCK_MANAGER_POLICY_FORCIBLE

CLOCK_S¥S Init(g clockManConfigsArr, FSL_CLOCK MANAGER CONFIG CNT,
g clockManCallbacksArr, FSL_CLOCK MANAGER CALLBACK CNT);
CLOCK_SYS UpdateConfiguration(@U, CLOCK MANAGER POLICY FORCIBLE);
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S32K144 GPIOs Lab: Initialize pins

- Expand the pin_mux component in the Components Window.

- Drag and drop the Pins_DRV_Init function inside the, into main, below the clock
configuration

ts. Components - S32K144_SDK_Lab_GPIOs 1 [— ..b B ¥ = 0
+ = Generator_Configurations int sain(void)
O ) 05s '

4 [ Processars

ifd RTOS T
- @ Cpu:532K144 100 wheT)
4 (= Components falizat]
4 ‘,',;f pin_mux:PinSettings CLOCK_SYS_Init(g_clockManConfigsirr, FSL_CLOCK MANAGER CONPIG CWT

) @] cleckManl:fsl_clock_manager
> m gpicl:fsl_gpic_hal

g clockManCallbecksdrs, FSL_CLOCK MANAGER CALLBACK CNT);
3 f5,|_ Drt_hall:'FSI _FICII"t_l"IEl CLOCK_SYS _UpdateConfiguration (@, CLOOK MANAGER POLICY FORCIBLE);
- m— » Pins_DRV_Tnit(M® OF CONFIGURED PINS,):]
H] Pins_DRV Init
tor{;;:)
!

sifded PEX RTOS_START

nenax‘i
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S32K144 GPIOs Lab: Initialize pins

- Pins_DRV _Init function receives two parameters:
- Number of pins to configure
- Configuration structure.
- The number of pins to configure is included by default

- The configuration structure is already created, with the name
g_pin_mux_InitConfigArr

- Add the configuration structure into the Pins_DRV _Init function

Pins DRV Init(MUM_OF CONFIGURED PINS,g pin mux_ InitConfighrr);
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S32K144 GPIOs Lab: Read SW2(PTC12) input

- Expand the GPIO HAL component in the Components Window
- Drag and drop the GPIO_HAL_ ReadPins function in to main, an place it inside an

Infinite loop.

T, Compenents - 532K144_SDK_Lab _GPIOs 52 = 5 8 ~ = E

» [ Generator_Cenfigurations
» = 0bs
4 (= Processors
. G Cpu:S32K144_100
4 = Components
a U pin_muxPinSettings
s m fsl_port_hall:fsl_port_hal
H Pins_DRV_Init
s @ clockManl:fsl_clock_manager
Fi m gpicl:fsl_gpio_hal
M GPIO_HAL_WritePins
M GPIO_HAL_GetPinsOutput
M GPIO_HAL_SetPins
M GPIO_HAL_ClearPins
M GPIO_HAL TogglePins
[#3 GPIO_HAL ReadPins |
M GPIO_HAL_GetPinsDirection
| GPIO_HAL_SetPinsDirection

[ main.c &2

#endif

/* Write your code here */
/* For example: for(5;) §{ } */
CLOCK_SYS_TInit(g_clockManConfigsArr, FSL_CLOCK_MANAGER_CONFIG_CNT,
g_clockManCallbacksArr, FSL_CLOCK_MANAGER_CALLBACK_CNT);
CLOCK_SYS UpdateConfiguration(8U, CLOCK MANAGER POLICY FORCIBLE);
Pins_DRV_Init(NUM_OF_CONFIGURED_PINS,g pin_mux_InitConfighrr);
for (55

GPIO HAL ReadPins();|

}

" Don't write any code pass this line, or it will be deleted during code generation.

#ifdef PEX_RTOS_START

PEX_RTOS_START(); /* Startup of the selected RTOS. Macro is defined by the RTOS component. */

if
" End of RTOS startup code. /
" Processor Expert end of main routine. DON'T MODIFY THIS CODE!Il! ***/
for(ss) {

if(exit_code != @) {

break;

}
h
return exit_code;
" Processor Expert end of main routine. DON'T WRITE CODE BELOW!!! ***/
* End of main routine. DO NOT MODIFY THIS TEXT!!! **=*/
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S32K144 GPIOs Lab: Read SW2(PTC12) input

- GPIO_HAL_ ReadPins function receives one parameter:
- PORTX to read

- GPIO_HAL_ReadPins returns the value of the PIDR of PORTX
- Use an if statement as follows to read SW2(PTC12)

?Dr(;;j
1

if({GPIO_HAL ReadPins(PTC)>»>12==1)
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S32K144 GPIOs Lab: Turn on Green LED (PTD16)

- Expand the GPIO HAL component in the Components Window

- Drag and drop the GPIO_HAL_ClearPins function in to main, an place it inside the
If statement

- Drag and drop the GPIO_HAL_SetPins function in to main, an place it inside the
else statement

“. Components - 532K144 SDK_ Lab GPIOs 57 [0 (h 8B = = B

g main.c 23
#endif
*** End of Processor Expert internal initialization.

» [ Generator_Configurations
» = O5s
4 = Processors

) Q Cpu:532K144_100
4 = Components

4 Ui pin_mucPinSettings

. m fel_port_hall:fsl_port_hal
M Pins_DRV Init

* Write your code here */

* For example: for(;;) { } */

CLOCK_S¥S_Init{g_clockManConfigsArr, FSL_CLOCK_MANAGER_CONFIG_CNT,
g_clockManCallbacksArr, FSL_CLOCK_MANAGER_CALLBACK_CNT);

CLOCK_SYS_UpdateConfiguration(@U, CLOCK MANAGER _POLICY_FORCIBLE);

Pins_DRV_Init(NUM_OF _CONFIGURED_PINS,g pin_mux_InitConfighrr);

for(;;)
if{GPI0_HAL_ReadPins(PTC)>>12==1)

> :@J clockManl:fsl_clock_manager !

GPIO_HAL_ClearPins();
4 @ gpiclifsl_gpic_hal }
A GPIO_HAL WritePins 21“
M GPIO_HAL_GetPinsOutput GPIO_HAL SetPins();]
}

M| GPIO_HAL SetPins
GPIO_HAL _ClearPins

M GPIO_HAL TogglePins
M GPIO_HAL ReadPins

M GPIO_HAL_GetPinsDirection
M GPIO_HAL_SetPinsDirection
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S32K144 GPIOs Lab: Turn on Green LED (PTD16)

- Both functions receive two parameters:
-PORTXx to modify
- Bit mask

- In order to turn on/off the green LED, include the following parameters into the

Clear and Set functions
for(;;)
1
/* If button pressed*/
if(GPIO_HAL ReadPins(PTC)»»>12==1)

{
/* Turn ON green LED */
GPIO HAL ClearPins(PTD,1l<<16);

/* Turn OFF green LED */
GPIO HAL SetPins(PTD,1<<16);:]
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S32K144 GPIOs Lab: Build and debug the lab

- Click on the build icon to make sure that there a no compiler errors.

File Edit Source Refagto

il ENEIN

/e - - @[30~ e

[avigate Search Project Run  Processor Expert Window Help

Q-

|

- Configure the debug configuration start a new debug session

Window Help

EO'QE'Q'@E &

(ne launch histery)

Debug As 2

Debug Configurations... I

Organize Favorites...

Debug Configuretons

Crente, ge, and run configurati

1, Plugm ey not been regstered, Seme functionality mey not be wvadabile

[ - P~ Neme  hands-on_Debug
type f

o (1 Main # Statup| 5 Sowce| T Common | &8 O Awaveness
‘ [E] GDB Hardware Debuggng

= Scftware Regutrstion
« [T] GDB PEMicro bnterface Debugg

Please ltqliul your software to femove this message
| handi-on_Dabug PAM l % | Register now
T handz-on_Releaze
[¥] GOB SEGGER J-Link Debugging | | PEMitro interface Settinas
Launch Groe — ——
jj [Enenie interface | OpenSDA Embedded Debug - UsE Por v | Comnstie Hordware
! Fort USBL - OpenSOh (B6821661) ~ | | Retresn |
Select Device |  Vendor NXP Family: 53200 Torget: SI2K1A4F512M15
Core: &3] -
& te % Caed
Addeional Options
Emergency Kinetis Device Recovery by Full Chip Erase /| Use SWD protocel
Advanced Optaors
Haedware Interface Power Control (Voktage --> Power-Out Jock)
it poweer tO terges Regulstor Qutput Voltage Powsr Down Delay ™
off targes apon oftware esnt Power Up Delay ™
Terget Communication Speed
Debesg Shift Freg (K"
Delay aftes Reset end before communicating to target for o m
b 1 '
Fiter matched 7 of 11 itenns Ao
2 |

i

Quick Access

B | [EE.CC+] 45 Debug



S32K144 GPIOs Lab: Build and debug the lab

- In the debug perspective click the run icon to start the project.
- Press SW2 and the Green LED should turn on.

wech  Pioject Run  Processor Expert  Window

= & | e . N 1 5 HrO-Q- » X v ick Acce | B C/Ce (45 Debug |
5 Debug b o EmbSyzReg View 20 B

o [£] 532K084_SDK_Lab_GPI0s_Debug [GDB PEMicro Interface Debugging]

Pregect: (5320144 SDK Lab GPIOs) =» Arch: conexond Vendorn Freescale Ohepe S326144

& 5 S3K134_SOK _Lab _GPIOs.elf Register Hes Bn st bcoess  Addeess Descnption
. Threed 21 (Suspended : Beeakport) . APS-Lite B
= main]) ot main <50 0:1900 MSCM MSCM
wi G\Freescale)\S32_ARM vl 2\echipse\plugns' com. pemicro. debug gdbitag poe_2 4 4. 2016011 1648 wind3 2\ pegdbzerves_console DMA Enhanced i
w Atm-none-eabl-gdb wey Memary proc
wi Semihosting Console FIsE Hach Memer
DMAMUX DMA channe
CAN Fix Controll
Fim FlexTimes M
ADC Analog-to-D
LPsPL The LPSPIM
PDB Programmat
RC Cyche Redir
T4 | rose Drvne B
. +
o min g 2 Outline . R e
™ Coun
Y pin_mah
int main{void) ™ deckManl.h
{ ® " eit_code
ite ] . . e¥init ®  mam|voud)

#1Fded PEX_RTOS_IRIT
PEX_RTOS_INIT(); Initializat
#endif

% | crock_svs_Init{g_clockManConfigsarr, FSL_CLOCK MANAGER CONFIG_CNT,

g_clockManCallbacksarr, FSL
CLOCK_5YS_UpdateConfiguration(du, CL

K MANAGEN P

CLOCK MAMNAGER CA

LBACK_CNT);
FONCINLE);

Pins _DRV_Init(NUM_OF _CONFIGURED_PINS,g_pin_sux_InitComfigare);

for(;:)

: )
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S32K144 GPIOs Lab: Challenge

- Enable SW3(PTC13)
- Turn on RGB LED yellow when pressing SW3
-« Turn on RGB LED white when pressing SW2
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S32K144 GPIOs Lab: Quiz

- How many GPIO pins are in S32K144 100LQFP and 64LQFP?
- How many high current pins are in S32K1447?

- How much current can a high current pin supply?

PUBLIC

65

-

| 2 |



S32K144 CLOCKS




S32K144 Clocks Lab: Objective

- Task:
- Configure and Use System PLL as a Clock Source

- Learn:

- About the clock tree in S32K144

- How to create a new SDK project with S32DS.

- How to setup S32K144 in the following clock configuration
= Clock Source: PLL
= Core Clock: 50MHz
= Bus Clock: 25MHz
= Flash Clock: 25 MHz

- Target Modules:
- SCG — System Clock Generator
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S32K144 Clocks Lab: Resources to be used

- This lab will use the following components of the EVB:
- 8 MHz XTAL

XTAL S32K144
PIN

1 PTB7
2 PTB6

8MHz XTAL
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S32K144 Clocks Lab: Theory

 Clock source for the core:
FIRC (48MH2z)

SIRC (8 MH2z)

PLL (upto 112 MHZz)
SOSC (8 — 40 MH2z)

 PLL Flexible multiplier (16 — 47)
« PLL source is external oscillator

« By default, device clock is FIRC
« Core Frequency is 48 MHz

« Multiple clock source for peripherals

EXTAL

Fast
IRC

SCG

SCG_xCCR[SCS] SCG_xCCRI[DIVCORE]

{where x = R, V, or H)

PLL

IRC

PREDIV|—| Analog

VGO.CLK h—ghspu_cm

SCG_SLOW_CLK

CORE_CLK
|| o
) BUS CLK
SCG_xCCR[DIVBUS]
] FLASH_CLK

SCG_xCCR{DIVSLOW]

{SOSC is monitored,
SIRC is module clock)

o SPLL_CLK

FIAC_CLK

SCG_SPLLDIVISPLLDIV1]

SCG_SPLLDIV[SPLLDIVZ]
SCG_FIRCDIVIFIRCDIV1]

DIV

[ AV
SCG_FIRCDI; FIRCDIVZ]

SIRC_CLK

SCG_SIRCDIV[SIRCDIV1]
Diva

SCG_SIRCDI&{SIRCDNQ

XTAL

RTC

SCG_SOSCCFG[EREFS]
0sC
1— 3 o
| sosc {—|:

L—otio

SCG_SOSCDIV[SOSCDIV1]
SOSC_CLK l—“j[—|
DIV1

SCG_SOSCDIV[SOSCDIVZ]

SPLLDIV1 ACLK\
SPLLDIV2_CLK

Asynchronous
Peripheral
Sources

FIRCDIVi_CLK
FIRCDIV2_CLK

-

SIRCDIV1_CLK
SIRCDIV2_CLK

SOSCDIViI_CLK
SOSCDIV2_CLK

SCG_CLKOUT

N_SIM_CHIPCTLICLKOUTDIV]

SCG_CLKOUTCNFG[CLKOUTSEL]

CLKOUT

LPO32K_CLK

= 2

RTC_CLK |

PMC LPO128K_CLK
LPO
ATC_CLKIN |

SIM_LPOCLKS[RTCCLKSEL]

SIM_CHIPCTL[CLKOUTSEL]

LPO128K_CLK _|™

5
LPO32K CLK |
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S32K144 Clocks Lab: Theory

- Core clock: Clocks the ARM core.

- System clock: Clocks the Crossbar, NVIC, Flash controller, FTM and PDB, same as Core
clock.

- Bus clock: Clocks the Peripherals.

- Flash clock: Clocks the flash module.

- SPLL DIVx clock: Optional divided PLL source for peripherals.

- SIRC DIVx clock: Optional divided SIRC source for peripherals.

- FIRC DIVx clock: Optional divided FIRC source for peripherals.

- OSC DIVx clock: Optional divided System Oscillator clock for peripherals.
- LPO clock: Low power oscillator clock inside PMC.

- RTC clock out: Clock output from RTC.

- Clock out: Optional output clock source for external devices.
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S32K144 Clocks Lab: Theory

- For each power mode (HSRUN,RUN,VLPR) there are three dividers that are controlled
iIndependently:

-DIVCORE: Core Clock divider

-DIVBUS: Bus Clock divider

-DIVSLOW: Flash Clock divider
- Each of these dividers bit fields inside the Clock Control Register of each mode
- The source clock for each mode is selected with the SCS bits:

-FIRC
S I RC This register controls the system clock source and the system clock dividers for the core,

platform, external and bus clock domains when in HSRUN mode only. This register can

- P L L only be written using a 32-bit write. Selecting a different clock source when in HSRUN
requires that clock source to be enabled first and be valid before system clocks switch to
that clock source. If system clock divide ratios also change when selecting a different

- OSC clock mode when in HSRUN. new system clock divide ratios will not take affect until
new clock source is valid.

27.3.6 HSRUN Clock Control Register (SCG_HCCR) (view resource)

Address: 4006_4000h base + 1Ch offset = 4006_401Ch

8 )3?9?3?72!’«’."524:‘-322‘21L‘O1’J'E1."EII5'4|J1"’H 0 ¢ 8

DIVCORE DIVBUS DIVSLOW

Bect0 0 OO O0CO0CTY 1 00O0O0CO0CO0COCOI0ODODODODDODODODOCTDODTODODOOOU O 1
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S32K144 Clocks Lab: Theory

- HSRUN
- Core clock and System clock: 112MHz or less

- Bus clock: 56 MHz or less.
- Flash clock: 28 MHz or less.

- RUN
- Core clock and System clock: 80MHz or less

- Bus clock: 40 MHz or less.
- Flash clock: 26 MHz or less.

- VLPR:
- Core clock and system clock: 4MHz or less.
- Flash clock: 1MHz or less
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S32K144 Clocks Lab: Revisiting PCC Theory

- Modules can be individually turn on or off using the PCC module.
- Clock source for each peripheral can be selected from multiple sources.
- Before using a peripheral, turn on its clock.

to module

interface clock

to module
functional clock

PCC
Interface clock control
Chip- ific clock
Ip-specimc cloc W
[CGC]
Functional clock control (when available)
Bits 1| a0 20 2 o7 25 25 24 3 22 | 20 19 18 17 18
ROLPR e o PCS 0 ofFf  [External]
1
w x 1 clock 000
.........
Aaszat 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ] Clock option 1
001
Bits 15 14 13 12 14 10 g 8 | 7 & 5 4 3 2 1 B Clock option 2 010
A 0 Clockoption3 | | . |  ©—TT 1
FRAC PCD P 011 Divider ———
w Clock option 4 100 ----T---l
Hags
Clock option 6
ock option 110
Clock option 7 11
[PCS]
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S32K144 Clocks Lab: Revisiting PCC Theory
Bus interface Peripheral —
lock catil functional clock ments al
o Busci;t::aco = - e Additonal clocks maximum
Gated by [CGC] | Clocks controlled togaicies
of PCC by [PCS] of PCC
SPLLDIV2_CLK, :
LPUARTIO: FIRCDIV2_CLK, Maximum frequency
f ey L SIRCDIVZ_CLK == govemed by
SOSCDIVZ_CLK BUS_CLK
SPLLDIV2_CLK, -
LPSPI FIRCDIV2_CLK, Maximum frequency
e DR s SIRCDIV2_CLK = govemed by
SOSCDIV2_CLK BUS_CLK
SPLLDIV2_CLK, )
LPI2CO BUS CLK Y FIRCDIV2_CLK, Maximum frequency
2 o SIRCDIV2_CLK, — govemed by
SOSCDIV2_CLK BUS_CLK
Eﬁq%g:&g’gt& Y Maximum frequency
e S ke SIRCDIV2_CLK, = govemed by
SOSCDIV2_CLK BUS_CLK
Support 40 MHz from
0SC: BUS, CLK
must be >1.5x the
protocol clock; while
BUS_CLK SCheo
FlexCAN[0:2] SYS CLK Yes — T operation (when
SOSCDIV2_CLK | oo e ook s
selected 10
BUS_CLK) can be
done at 1:1 clock
frequency.
e
PGONa oLk | . CLK3K!,  |maximum foguency
LPTMR BUS_CLK Yes SIRGDIV2 GLK. | SIACDIV2 CLK, [govemed by
SOSCDIV2 CLk LPO1K_CLK BUS_CLK
SPLLDIVZ_CLK, _
LPIT BUS CLK Y FIRCDIV2_CLK, Maximum frequency
. = SIRCDIV2_CLK - govemned by
SOSCDIV2_CLK BUS CLK
CLK32K',
g s e B LPO1K_CLK =
PDB[0:1] SYS CLK Yes R — —
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S32K144 Clocks Lab: Initial Steps

- Create a new S32DS Project
- Add clock_manager to your project

OR

- Just use the Previous Project
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S32K144 Clocks Lab: Select SOSC configuration

- Inthe Component Inspector, select the Settings tab
- In the Clock sources -> SOSC_CLK->Frequency field write 8000000(corresponding to 8MHz)
- In the Functional Clock-> SOSCDIVx_CLK->DIV1 CLK select SOSC CLK/1

Settings | SIRC ARC RTC| SOSC SPLL! CLKOUT [ LPO: SIM TCLX | Trace | Clack Vatues Summary

Pesipherat Clacks

Clock Name Enable Interface Clock  Functional Clock Multiply  Divsde Frequency T
ADCD_CLK

ADCL QLK

CMPD_CLK

CRCO_CLX

DMAMUIXD CLK

EVMO_CLK

FlexCAND CLK

Functional clocks

Clock Name DIVI CLK {x=1) DIV1 CLK frequency DIV2 CLK (x«2) DIV2 QLK Frequency Description
SIRCDIVx CLK (e=1.2) SIC LKA SIRC_CLE/

FIRCOIVY CLX (x=1.2) FIRC_CLX/1

SOSCONVX CIX (x=12) SOSC_CIK

SPULDIVE CLK (x=1.2) SPLLCLKA

Imterface cocks

Clock Name RUN Freq in RUN Made VLPR Freq m VIPR Mode  HSRUN Frea in HSRUN Made  Descnption
SCS. QX FARC_CLK ! SIRC_CLK SPLLCLK

SYS.Gx FRC_CLK/1 SIRC_CEK/2 SPLL CLK/

BUS_ QLK HRC_CLK/2 SIRC_CLKA SPLL CLK/2

SLOwW CLK ARC CLK/2 SIRC CLK/M4 SPLLCLK/4

Clock sources

Clock Name Enable Reference Dvade Multipty Frequency Mamtor Descngition
SIRC CIX 20 MRz

FIRC_CLK -
SOSC_CLK Crystal osal 8000000 Dysabled
S CLK SOSC /1 W Disabled
LPO_CLK v 128 iz

PUBLIC | 76



S32K144 Clocks Lab: Select PLL configuration

Clock sources

Clock Name Enable
SIRC_CLK

FIRC_CLK

SOSC_CLK

SPLL_CLK

LPO_CLK

Go to Settings tab
In the Clock sources -> SPLL CLK->Reference select SOSC
In the Clock sources -> SPLL_CLK->Divide select /1
In the Clock sources -> SPLL_CLK->Multiplicity field select *25

Reference Divide Multiply  Frequency

8.0 MHz

48.0 MHz
Crystal oscillator 8000000
SOSC /1 ®25 /2 =100 MHz

128 kHz

Monitor

Disabled
Disabled

Description

Slow internal reference clock
Fast internal reference clock
System oscillator clock
System phase-locked loop

Low Power Oscillator
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S32K144 Clocks Lab: Select PLL configuration

- Go to Settings tab
- In the Functional clocks->SPLLDIVx_CLK->DIV1 CLK select SPLL CLK/1.
- In the Functional clocks->SPLLDIVx_CLK->DIV2_CLK select SPLL_CLK/2.

Functional clocks

Clock Name DIV1_CLK (x=1) DIV1_CLK Frequency DIVZ _CLK (x=2) DIVZ_CLK Frequency Description

SIRCDIVx_CLK (x=1,2) SIRC_CLK/1 8 MHz SIRC_CLK/1 8 MHz SIRC_CLK Divide x. (x=1,2)
FIRCDIVx_CLK (x=1,2) FIRC_CLK/1 48 MHz FIRC_CLK/1 48 MHz FIRC_CLK Divide x. (x=1,2)
SOSCDIVx_CLK (x=1,2) SOSC CIKA 8 MHz SOSC KA 8 MHz SOSC_CLK Divide x. (x=1,2)
SPLLDIVx_CLK (x=1,2) SPLL_CLK/1 100 MHz SPLL_CLK/2 50 MHz SPLL_CLK Divide x. (x=1,2)
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S32K144 Clocks Lab: Select PLL configuration

- Go to Settings tab
In the Interface clocks section select the following RUN configuration:
- System Clock Source: SPLL
- Core Clock Divide Ratio: SPLL_CLK/2
- Platform Clock Divide Ratio: SPLL_CLK/2
- Bus Clock Divide Ratio: SPLL_CLK/2
- Slow Clock(Flash Clock) Divide Ratio: SPLL_CLK/2

Interface clocks

Clock Name RUN Freq. in RUN Mode VLPR Freqg. in VLPR Mode HSRUN Freg. in HSRUN Mode Description
SCS_CLK SPLL_CLK | 100 MHz SIRC_CLK 8 MHz SPLL_CLK 100 MHz System clock
SYS_CLK SPLL_CLK/2| 50 MHz SIRC_CLK/2 4 MHz SPLL_CLK/1 100 MHz Core clock
BUS_CLK . SPLL_CLK/2| 25 MHz SIRC_CLK/1 4 MHz SPLL_CLK/2 50 MHz Bus clock
SLOW_CLK SPLL_CLK/2| 25 MHz SIRC_CLK/4 1 MHz SPLL_CLK/4 25 MHz Flash clock
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S32K144 Clocks Lab: Add Init and Update Configuration
functions

- Expand the clock_manager component in the Components Window

- Drag and drop the CLOCK_SYS_ Init function into main.

- Drag and drop the CLOCK_SYS UpdateConfiguration function into main.
- Include an infinite loop after these functions.

&5 Components - 532K144_SDK_Lab_Clocks 22 = 0
int main{void)
ST T ‘

: = Generator_Configurations _ i
> = 05s #ifdat PEX_RTOS INIT
: RTOS_INI
4 [ Processors
. &P Cpu:S32K144_100
4 (= Components
> Ui pin_muxPinSettings
4 £ clockManl:fsl_clock_manager a CLOCK_SYS_Init(g clockManConé igsare,
. B FSL_CLOCK _MANAGER _CONF IG_CNT
- B fsl_sim_hall:fs_sim_hal
> [l fsl_scg_hall:fsl_scg_hal
s @ fsl_pcc_hall:fsl_pec_hal ORCIBLE);
5 m fsl_smc_hall:fsl_smc_hal Pins DRV Iait{NUM OF COMFIGURED PINS,g pin_mux_InltConfighsr);
» = device specific

4 > Common
M CLOCK_SYS Init
M CLOCK_SYS_UpdateConfiguration g RN Clearfiny (P10, 1¢¢28)
M CLUCK_SYS_SetLonfiguration elsel
H CLOCK_SYS_GetCurrentConfiguration
A CLOCK_SYS_GetErrorCallback
A CLOCK_SYS_GetFreq

O.M\&
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S32K144 Clocks Lab: Add Init and Update Configuration

functions
- Inthe CLOCK_SYS Init function add the following parameters.
- g_clockManConfigsAurr,
- CLOCK_MANAGER_CONFIG_CNT,
- g_clockManCallbacksArr,
- CLOCK_MANAGER_CALLBACK_CNT
- Inthe CLOCK_SYS UpdateConfiguration add the following parameters.
- 0U,
- CLOCK_MANAGER_POLICY_FORCIBLE

CLOCK_S¥S Init(g clockManConfigsArr, FSL_CLOCK MANAGER CONFIG CNT,
g clockManCallbacksArr, FSL_CLOCK MANAGER CALLBACK CNT);
CLOCK_SYS UpdateConfiguration(@U, CLOCK MANAGER POLICY FORCIBLE);
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S32K144 Clocks Lab: Build and debug the lab

- Click on the build icon to make sure that there a no compiler errors.

File Edit Source Refagto

il ENEIN

/e - - @[30~ e

[avigate Search Project Run  Processor Expert Window Help

Q-

|

- Configure the debug configuration start a new debug session

Window Help

EO'QE'Q'@E &

(ne launch histery)

Debug As 2

Debug Configurations... I

Organize Favorites...

Debug Configuretons

Crente, ge, and run configurati

1, Plugm ey not been regstered, Seme functionality mey not be wvadabile

[ - P~ Neme  hands-on_Debug
type f

o (1 Main # Statup| 5 Sowce| T Common | &8 O Awaveness
‘ [E] GDB Hardware Debuggng

= Scftware Regutrstion
« [T] GDB PEMicro bnterface Debugg

Please ltqliul your software to femove this message
| handi-on_Dabug PAM l % | Register now
T handz-on_Releaze
[¥] GOB SEGGER J-Link Debugging | | PEMitro interface Settinas
Launch Groe — ——
jj [Enenie interface | OpenSDA Embedded Debug - UsE Por v | Comnstie Hordware
! Fort USBL - OpenSOh (B6821661) ~ | | Retresn |
Select Device |  Vendor NXP Family: 53200 Torget: SI2K1A4F512M15
Core: &3] -
& te % Caed
Addeional Options
Emergency Kinetis Device Recovery by Full Chip Erase /| Use SWD protocel
Advanced Optaors
Haedware Interface Power Control (Voktage --> Power-Out Jock)
it poweer tO terges Regulstor Qutput Voltage Powsr Down Delay ™
off targes apon oftware esnt Power Up Delay ™
Terget Communication Speed
Debesg Shift Freg (K"
Delay aftes Reset end before communicating to target for o m
b 1 '
Fiter matched 7 of 11 itenns Ao
2 |

i

Quick Access

B | [EE.CC+] 45 Debug



S32K144 Clocks Lab: Build and debug the lab

- Click on the build icon to make sure that there a no compiler errors.

File Edit 5Source Refagigr blavigate Search Project Run  Processor Expert Window Help
milhd @l@vm@vﬁﬁv é’v@v:ﬁ;vevggvﬁev \9\| LA @E‘Q"'v =N @vé ¥ (5 - - Quick Access %\|7§5\Debug

- Click the debug icon to start a new debug session

File Edit Source Refactor MNavigate Search Project Ru ssor Expert Window  Help
- Q|®'%',m@'ﬁﬁ'é}'@‘# 0~ -Q- \9\| - @EQ"'v ERLR R R R - Quick Access %\|7§$Debug
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S32K144 Clocks Lab: Quiz

- Which are the sources available for the core clock on the S32K144?
- What is the maximum core speed in S32K1447?

- What is the external oscillator range?
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S32K144 Interrupts




S32K144 Interrupts Lab: Objective

- Task:
- Use Periodic Interrupt Timer to Interrupt the Application at every 1 sec and toggle LED.

- Learn:
- How interrupts works on S32K144
-How to use the LPIT peripheral
-Set up an interrupt in S32K144 using SDK

- Target Modules:
-LPIT — Low Power Periodic Interrupt Timer
-PCC, PORT, GPIO
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S32K144 Interrupts Lab: Resources to be used

- In this lab we will be using the following components of the EVB:
- RGB LED

LED S32K144
PIN

BLUE PTDO
RED PTD15
GREEN PTD16

RGB LED
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S32K144 Interrupts Lab: Theory

Nested Vector Interrupt Controller (NVIC)
- Responsible for interrupt handling
- Supports vector table relocation
- Up to 240 vectored interrupts
- 111 interrupts available in S32K144

Asynchronous Wake-up Interrupt Controller (AWIC)
- Detect asynchronous wake-up events in stop modes

- Signal to clock control logic to resume system clocking

Inferrupts and
power control
< .

It
¢——————————————1—» Embeddad

‘ Trace
| Macrocell
‘ (ETM)
M | i
[ Data
Match
Breghpoin! l4—»  Protection «—» ‘A'a';‘,[f:z:'
FPa) (MPU
(FPB) Unit (MPU) {DWT)
“ B 4 4 _,
Ty Y . ‘ 4
T Serial-Wire f 2 [*
or JTAG AHB Instrumenation [ || ! Trace Port
Debug Port  <-{-» Access Port [*"™ BusMatrix  —» Traco Macrocell fe-f y‘-‘ Interface Und
(SW-DP or (AHB-AP) (IT™) H (TPIV)
S‘NJ-D;’D [

. 4 4L s [ ‘ <

‘ t !

' r I ! ‘ / v
Serial-Wire or [ = = ——r | Yince P
JTAG Debug v v Y |t CoreSight| aoelind

Interface ICode DCode Sysiem | ROM table | ‘ nerface
AHB-Lite AHB-Lite AHB-Lite PPB APB
instruction data sysiem gabug system
interface interface interiace nlertace

1 For the Codex-MAF processor, the cora includes a Floating Part Unet (FPU)
1 Oplicaal companent

- After clock restart, NVIC observes the pending interrupt and performs normal interrupt

Process

- Used during low power modes to generate an wake up signal
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S32K144 Interrupts Lab: Theory

What happens when an interrupt occurs in an ARM Cortex M47?

Interrupt service routine clears the

Interrupt request X Assertion of interrupl | interrupt request at the peripheral
—"\ reques! cause pending
status 1o be sat
i Entenng the interrupt handler cause
'Mw::::u o X "9 the pending status to be cloared

Processof mode
Thread Thread

\Enwnng the Interrupt handler cause

the active status (o beset

Interrupt active J l
status X
Processor operation (  Thread | I ki Interrupt Handler X | I L Theas )
Stacking & Eiiien Unstacking
Vector fetch i
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S32K144 Interrupts Lab: Theory

LPIT (Low power interrupt timer)

4 channels
Individual or chained channel operation
32 bit counter per channel
4 operation modes:
- 32-bit Periodic Counter
- Dual 16-bit Periodic Counter
- 32-bit Trigger Accumulator
- 32-bit Trigger Input Capture

LPIT Full Full Async Async
functionality  functionality  operation operation

BUS_CLK

PCC module

S — to module
Clock gase enable >

SOSCDIV2_CLK

SIRCDIV2_CLK

PCC_<module>{CGC]
{where 10 = ciock enablad)

R

001
010

FIRCDIV2_CLK

Reserved

Reserved

SPLLDIV2_CLK

Reserved

on to module
100

10t
110

111

PCC_<module>[PCS]
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S32K144 Interrupts Lab: Previous Steps

- Create a new S32DS Project

- Setup the clocks of the S32K144

- Setup GPIOs of the S32K144 to enable EVB LEDs and buttons
OR

- Just use the Previous Project
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S32K144 Interrupts Lab: Step - 1

Enable Clock of
LPIT & PORT
modules

Configure Port

Pin Functionality
Like Interrupt, Pull
resister, DMA etc

Interrupt

Configure Toggle
Requirements GPIO Pins
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S32K144 Interrupts Lab: Select LPIT Clock

In the Components Window select the Clock Manager component.

=, Components - 532K144_SDK_Lab_Interrupts 53 = 8
s ® v

» [= Generator_Configurations

s = O5s
4 = Processors

; Q Cpu:532K144_100

4 [ Components
» = Referenced_Components
. Ui pin mwePinSettings
> @J clockManl:fsl_clock_manager

; gpicl:fsl_gpic_hal
- [ Ipitl:fsl_lpit
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S32K144 Interrupts Lab: Select LPIT Clock

Go to Component Inspector.

Select the PCC tab

Check the initialize box for LPIT

Check the gate box for LPIT

Select the System Oscillator Clock Div2 as the clock source

Clock configuration 0
Settings ~_SIRC FIRC|RTC|SOSC| SPLL | CLKOUT | LPO | 5IM | TCLK | Trace | Clock Values Summary

Peripheral Clocks

Clock Name Enable Interface Clock Functional Clock Multiply  Divide Frequency
FTM2_CLK O] syscx OHz
FTM3_CLK O] syscx OHz
LPI2CO_CLK [ suscik 0Hz
LPITO_CLK BUS_CLK 8 MHz
LPSPIO_CLK ] BUS CLK 0Hz
LPSPI1_CLK ] suscx OHz
LPSPI2_CLK ] susck OHz
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S32K144 Interrupts Lab: Step - 2

PORT ‘

Configure Port

Pin Functionality
Like Interrupt, Pull
resister, DMA etc

Configure
Clocks

Interrupt

)

‘ Enable Clock of
LPIT & PORT
modules

Configure Toggle
Requirements GPIO Pins
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S32K144 Interrupts Lab: Add LPIT Driver

- Go to Component Library window.
- Select the Ipit in the Alphabetical tab.
- Double click Ipit to add to your project.

- Lpit component should appear on the component window.
<,.;m.w.wmo..c.:\-.m 2=n

Aphabeticl - Categones | Processon | Bosed Condigurations %_ C ompon ents - 532“144_5[}?:_'_3 b_Interrupts EE — E
b o Al repaorie * | Appleable to peoect  » |
Lot i i S srensiizd s 23l —

Component Component Repostoey Descnption s IE' % @

B L adde S32K144 5001 532 SOK Periphers Deiver for Analeg-to-Digtal Conmveter (ADC) [ E!? Gen Eratﬂ.r_c ﬂ.nﬁguratiung

B8 vlade_hal S3AK144_SDADL 5§32 SOK HAL for Analog-to-Digital Comvwrter (ADC HAL)

B Hl clock mamager S32K144_S0s) 532 SDK Puripherst Drver for Clock Manager (clock_manager [= Ef? 05

& flemp S32KI44_SDanL $32 SDK Periphers Drover for Comparster (cmpj

& f+_cmp_l S30K144_SDRDL 532 50K HAL for Comparstor {cmp) 4 (= Processors

B0 fsl_cre SRAKL48 SO0 532 SO¥ Penphersi Dever for Cyche Radundancy Check (CRC) .

= fal_cre_hat S3K144_SDRIL 532 5K HAL for Cyclic Redundsncy Check (CRC HAL) [ Q Cpu:532K144 100

. f3)_denamux_hal SA2K144_SDKm $32 SOK MAL for Direct Memory Access Mutplever (demamun) 4 E.? C om pﬂﬂ ents

ﬂ fsl_edmas S2K1 48 SO 532 SOK Peypherst Drver for Enhanced Direct Memary Access controller

B f5t_edma_hal S2K1ee_Soxnt $32 SOK MAL for Enhanced Direct Memary Access controberfedmal 3 [+ = Referenced_Com ponents

B fol_flasn S22K148 5D $32 SOK Penipherat Drover for Flash Memary (FLASH) : . . .

B3 fol_flescan 220144 SDEm $32 SOK Penpherat Drwver for Flexbie Comtrolier Ares Network (FlesCAN| [ @ FH M_MUX P In SEttI n g 5

. fsl_theecan_hal S32K144_sDuan 532 SOK HAL for Fienble Controlier Ares Network (FlexCAN HAL)

Bl el fieco_tal $32K144_SOKDL $32 SDK HAL fer Fledbie VO Heno) [ @J clockManl:fsl_clock_manager

15l tewo_uc S32K148_ D0 532 SOK Penphera Dowver Toc Jeter-lntegraned Circut over Flenle 1'O (FL - . - h El

GB 151 fewc_spr S32K148 SR 532 SOK Petiphera Dewver foc Seral Perphenl Interface over Fleshie VO [ —

u fsi_Am 5320144 S0x01 532 SOK Paripherad Dewver for HleaTimer Medule (FTV) T

. sl fim_hal 532144 _SDenl $32 SOK HAL for FeaTimer Madule [FTR HAL) '

B rat_geio_tal S32K144 _SDenL 532 SOK HAL fer General Purpese lagnt/Outpns (GPIO HAL)

S 1l intenupt_manages S32K144 SDD1 532 SOK Paripherad Driver foe Jeterropt Manager (ntesrupl_manager)

o fllin S32K144_SDDL 532 SOK Penipherad Drivet lor Local Inteeconnect Network (LIV)

& bl pie 5325144 _Spenl $32 SOK Paripherat Dewet for Low Power Inter Integrated Circut (LP2C)

Ll i Ly Solda coan) SIonp el ot - apn .
u ful it S32K144 _SDen) 532 SOK Peripherad Dever far Low Power Inteirapt Timer (LPIT)
TR TRt para s

& Il lpspi 532K144_SDKIL 532 SOK Paripherat Dewver (o Low Power Serial Derghacsl Intertace (LPSO0

B il iprpi het S32KL44_SDKDL 532 SOK HAL for Low Power Sensl Panphersl bnturface (LP5P1HAL)

L T S3TKI4E_SDa) 532 SOK Paripherst Deover for Low Power Tiener (iptme)

B filiptrre bl 5320144 _5DKD} 532 SO¥ HAL for Low Power Timer (gt}

= il tpuaet S32K144_SOKDL 532 SOK Penpherst Dever for Low Power Universal Asynchronous Recey.,

B il pusrt bt SIK1 44 _SOKNL 532 SOK HAL for Low Power Uinsversel Asyncheonocs Recerer/ Traramstt

&d sl _mpu SA2K144_SDan) 532 SOK Penpherst Driver for Memory Protection Usit (MPL)

B fstmpu_hat S32K144_SOx0L 532 SO% MAL for Memory Protection Ung control (MPY) 2
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S32K144 Interrupts Lab: Select LPIT Clock

In the Components Window select the Ipit

s, Components - 532K144_SDK_Lab_Interrupts 53 = 8
SN - T
> [ Generator_Configurations
y = O5s
4 = Processors
> G Cpu:S32K144_100
4 [ Components
> [ Referenced_Components
s U pin_mucPinSettings
s @J clockManl:fsl_cleck_manager
m gpiol:fzl gpio_hal

s :@J Ipitl:fsl_lpit
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S32K144 Interrupts Lab: Select LPIT Clock

Component name hpitl

- Go to Components Inspector. el —
- Check the Timer Run In Debug Mode box pm inered components

- Check the Interrupt enable box

- Inthe Time period [us] field type 1000000 counts for 1 sec. ~ Srmeemssems ons e o

Ipitl_ChnConfig0 ﬂ 32 bit periodic counter

< | il
Details for selected row:

Configuration 0 The LPIT clock frequency is 8000000 [Hz]!

Name Ipitl_ChnCaonfig0

Read only O]

Timer mode 32 bit periodic counter ~
Period units Microsecond unit hd
Timer period 1000000

Trigger source | External tgger T
Trigger select Channel 0 -

Reload on trigger []
Stop on interrupt  [C]
Start on trigger

Channel chain

O
[
Interrupt enable
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S32K144 Interrupts Lab: Step - 3

Build an Application

PORT ‘

Configure Port

Pin Functionality
Like Interrupt, Pull
resister, DMA etc

Configure
Clocks

‘ Enable Clock of
LPIT & PORT
modules

Interrupt

)

Configure Toggle
Requirements GPIO Pins
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S32K144 Interrupts Lab: Generate the code

- To generate the code for the configuration select, click the generate code icon #
In the Components window.
- Wait for the code to be generated.

T Components - 532K144_50K_Lab_Interrupts 23

= O
= ;b = | Generating code l nful=) '#J‘

> = Generator_Configurations

. = 0Ss @W Generating code - pin_mux component
4 [~ Processors “0"

. 4 Cpu:532K144_100 =
4 (= Components

|

» [= Referenced_Components

» gk pin_muxPinSettings

s @] clockManl:fsl_cleck_manager
) % gpiolifsl_gpio_hal [ Always run in background
. Ipitl:fsl_lpit

[Run in Background] { Cancel ] [ Details >>
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S32K144 Interrupts Lab: Open the main.c

- In the project window double click the main.c file to open it

[ Project Explorer &3 — {fﬂ e - O

A 5;5 532K144 5DK_Lab_Interrupts: Debug
> [t Includes
- A Generated_Code
- [ Project_Settings/Startup_Code
- 2 SDE
4 [ Sources
| [€] main.c
A include
> = Debug
. [ Documentation
» = Project_Settings
’% ProcessorExpert.pe
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S32K144 Interrupts Lab: Install LPIT interrupt

- In the Components Window go to
Components-> Referenced Components->interrupt_manager
- Exapnd the interrupt_manager component

- Drag and drop the INT_SYS InstallHandler function. Placed it after the
Pins_DRV _Init function in main.c

@ main.c &g
5. Components - 532K144_SDK_Lab_Interrupts 33 = 0 VOLAT1LE 1INT EX1T_cOode = 4}
‘b B - /* User includes (#include below this line is not maintained by Processor Expert) */
s [= Generator_Configurations J*1
» = OSs \brief The main function for the project.
4 [ Processors \details The startup initialization sequence is the following:
>-$Cpu:s32|<144_100 * - startup gsm routine

4 [~ Components S main()

4 [ Referenced_Components i;Tt main(void)

{

{* Write your local variable definition here */

[ INT_S¥S _InstallHandler

INT_5Y5_EnablelRQ
[ INT_SYS_DisablelRQ
[ INT_S¥S_EnablelRQGlobal
[ INT_S¥S_DisablelRQGlobal
[ INT_S¥S_SetPriority
M INT_SYS_ClearPending
M INT_SYS_SetPending
M INT_SYS_GetPending
M INT_SYS_GetActive

- Ui pin_muzPinSettings

s @J clockManl:fsl_clock_manager

> m gpicl:fel_gpio_hal

» 60 Ipitl:fsl_Ipit

"* Processor Expert internal initialization. DON'T REMOVE THIS CODE!!!

#ifdef PEX_RTOS_INIT

#endif
/*** End of Processor Expert internal initialization.
CLOCK_S¥S Init(g_clockManConfigsArr, FSL_CLOCK MANAGER_CONFIG_CNT,
g clockManCallbacksArr, FSL_CLOCK_MANAGER_CALLBACK_CNT);
CLOCK_SYS UpdateConfiguration(@U, CLOCK MANAGER POLICY FORCIBLE);
Pins_DRV_Init({NUM_OF CONFIGURED PINS,g pin mux_InitConfigArr);
INT_SYS_InstallHandler();|

for(;;)
i

}

/* Write your code here */

PEX_RTOS_INIT(); /* Initialization of the selected RTOS. Macre is defined by the RTOS component. */

m



S32K144 Interrupts Lab: Install LPIT interrupt

- Inthe INT_SYS InstallHandler function add the following parameters:
- LPITO_IRQn,
- &LPIT_ISR,
- (isr_t )0

/* Install LPIT ISR as LPIT interrupt handler */
INT 5¥5 InstallHandler(LPIT@ IRQn, &LPIT ISR, (isr t *)8);
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S32K144 Interrupts Lab: Install LPIT interrupt

- Create a new function named LPIT ISR and placed above main

void LPIT_ISR(void)

‘\brief The main function for the project.

‘\details The startup initialization sequence is the following:
* - startup asm routine

- main()
&

int main(wvoid)
/* Write your local variable definition here */

J*** Processor Expert internal initialization. DON'T REMOVE THIS CODE!!! ***/
#ifdef PEX_RTOS_INIT

PEX_RTOS _INIT(); /* Initialization of the selected RTOS. Macro is defined by the RTOS component. */
#endif
/*** End of Processor Expert internal initialization. xR/

CLOCK_S¥S_Init(g_clockManConfigsArr, FSL_CLOCK MANAGER_CONFIG_CNT,

g _clockManCallbacksArr, FSL CLOCK MANAGER CALLBACK CNT);
CLOCK_S¥S_UpdateConfiguration(@U, CLOCK MANAGER FOLICY FORCIBLE);

Pins_DRV_Init(NUM_OF_CONFIGURED_PINS,g pin_mux_InitConfighrr);

/* Install LPIT_ISR as LPIT interrupt handler */
INT_SYS_InstallHandler({LPIT@ IRQn, &LPIT_ISR, (isr_t *)@);

for(;;)
{
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S32K144 Interrupts Lab: Initialize LPIT

- Expand the Ipit component in the Components Window

- Drag and drop the following functions in to main, place them after the INT_SYS InstallHandler function
- LPIT_DRV _Init
- LPIT_DRV_InitChannel
- LPIT_DRV_StartTimerChannels

Z5. Components - 532K144_SDK_Lab_Interrupts &3 = B8 Ent main(void)
S /* Write your local variable definition here */
» = 05s -
4 (= Processors S*** Processor Expert internal initialization. DON'T REMOVE THIS CODE!!!l *%%/
. 6§ Cpuw:S32K144_100 #ifdef PEX_RTOS_INIT
4 (= Components PEX_RTOS_INIT(); /* Initialization of the selected RTOS. Macro is defined by the RTOS component. */

#endif
'#** End of Processor Expert internal initialization.
CLOCK_SYS_Init(g_cleckManConfigsArr, FSL_CLOCK MANAGER_CONFIG_CNT,
g_cleockManCallbacksArr, FSL_CLOCK MANAGER_CALLBACK _CNT);
CLOCK_SYS_UpdateConfiguration({@U, CLOCK MANAGER POLICY FORCIBLE);

» = Referenced_Components
» Ui pin_muxPinSettings
> @J clockManl:fsl_clock_manager
y m gpiol:fsl_gpic_hal
4 @J IpitL:fsl_lpit

> fzl_lpit_hall:fsl_lpit_hal
LPIT_DRV_Init

Pins_DRV_Init{NUM_OF_CONFIGURED_PINS,g pin_mux_InitConfighrr);

/* Install LPIT_ISR as LPIT interrupt handler */
INT_S¥S_InstallHandler(LPIT@ IRQn, &LPIT_ISR, (isr_t *)@);
LPIT_DRV_Initi{FSL_LPIT1,):
—DhV_Stop imerenanners LPIT DRV InitChannel(FSL _LPIT1,);
[ LPIT_DRV SetTimerPeriodByUs LPIT DRV _StartTimerChannels(FSL LPIT1.);
A LPIT_DRV_GetTimerPeriodByls for(;;)
A LPIT_DRV_GetCurrentTimerls
M LPIT_DRV_SetTimerPeriodByCount
A LPIT_DRV_GetTimerPeriedByCount
M LPIT_DRV_GetCurrentTimerCount h
I LPIT_DRV_GetInterruptFlagTimerChannels
M LPIT_DRV_ClearInterruptFlagTimerChannels -

m

LPIT_DRV InitChannel
—
LPIT_DRV StartTimerChannels
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S32K144 Interrupts Lab: Initialize LPIT

In the LPIT_DRV_Init function add the following parameters:..
- INST_LPIT1,
- &lpitl_InitConfig
- Inthe LPIT_DRV _InitChannel function add the following parameters:.
- INST_LPITL,
- 0’
- &lpitl_ChnConfig0
In the LPIT_DRV_StartTimerChannels function add the following parameters:..
- INST_LPITL,
- (1<<0)
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S32K144 Interrupts Lab: Clear LPIT Flag in interrupt

Expand the Ipit component in the Components Window
Drag and drop the following function into LPIT_ISR:

-LPIT_DRV_ClearinterruptFlagTimerChannels

In the LPIT_DRV_ClearInterruptFlagTimerChannels function add the following parameters..
- LPIT1,

- (1<<0)

5. Components - 532K144_SDK_Lab_Interrupts 32 , ; Elv Vo i d L FI-I T_I 5 R [: VO i Ij :I

. £ 0Ss A {

4 (= Processors [

- @ CpusiK144 100 LPIT_DRV_ClearInterruptFlagTimerChannels(FSL_LPITL, (1 << @));]
4 (= Components - - -

> = R:feren:ed_Components

- Ui pin_muxPinSettings

s @J clockManl:fsl_clock_manager

> m gpiol:fsl_gpio_hal
a ) Ipitl:fsl_lpit }'
s ‘@ fsl_lpit_hall:fsl_lpit_hal

M LPIT_DRV Init

M| LPIT_DRV_Deinit

M| LPIT_DRV_InitChannel

M LPIT_DRV_StartTimerChannels

M LPIT_DRV_StopTimerChannels

M| LPIT_DRV_SetTimerPeriodBylUs
M LPIT_DRV_GetTimerPeriodByUs
| LPIT_DRV_GetCurrentTimerls

M| LPIT_DRV_SetTimerPeriodByCount
M| LPIT_DRV_GetTimerPeriodByCount
M LPIT_DRV_GetCurrentTimerCount

M| LPIT_DRV_ClearInterruptFlagTimerChannels
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S32K144 Interrupts Lab: Toggle Green LED (PTD16)

- Expand the gpio_hal component in the Components Window
- Drag and drop the GPIO_HAL_ TogglePins function into LPIT ISR
- Add the following parameters:

-PTD
- (1<<16)

T5. Components - 532K144_SDK_Lab_Interrupts &3 = O . .
void LPIT_ISR(void)
= ‘b B - —_
+ = Generator_Configurations { .
. B 08s LPIT DRV ClearInterruptFlagTimerChannels(FSL _LPITL1,{1 << @));

4 (= Processors GPIO HAL TogglePins(PTD,(1<<16));
- 4 Cpu:S32K144 100 1
4 = Components
> [ Referenced_Components
> Ui pin_muxPinSettings
s @J clockManl:fsl_clock_manager
4 m gpiol:fsl_gpic_hal
M GPIO_HAL_WritePins
M| GPIO_HAL GetPinsOutput
H] GPIO_HAL_SetPins
GPIO HAL ClearPins
H] GPIO_HAL TogglePins,
M| GPIO_HAL_ReadPins

M| GPIO_HAL_GetPinsDirection
H] GPIO_HAL_SetPinsDirection
> @J Ipitl:fsl_lpit
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S32K144 Interrupts Lab: Build and debug the lab

- Click on the build icon to make sure that there a no compiler errors.

File Edit 5Source Refagigr blavigate Search Project Run  Processor Expert Window Help
crucelsds - pEde-e-e-k-0-0-ar e e ¢ Do EB@E -5l -wa-o- QuickAccess || 8 | [EEGTEEE) 4 Debug

- Click the debug icon to start a new debug session

File Edit Source Refactor MNavigate Search Project Rug

g ul@v‘%'.m@'&"f'@‘*ésflﬁv‘agv%v N B s Do BEE-5-wco- Quickhceess | 2 | [EGEEE) 4 Debug

ssor Expert Window  Help
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S32K144 Interrupts Lab: Build and debug the lab

- In the debug perspective click the run icon to start the project.

- Green LED should toggle every 1 sec.

Debug - 532X1484 SDK Lab_Interrupts/Soee

-
© Oebug
4 [T S32K144 50K Lab Interrupts Debrug |GDB PEMito Intertace Debuggng]
& Y S84 SDE_Lab fntesrupisof
4 F Theead 21 [Suspended - Braahpoint)
= ) ot enaineST D048
Wi CAFreescale\S32_ARM VI D\ eclipie! plugnd com pemicrodebug, gdtitag pre 244 1008111648 wi
Wi am-none-eabi-gdb
Wl Semihezting Conscle
£ manc
% CLOCK SYS_Init(g_clockiunlontIgaarr, FSL CLOCK MANAGEN CONFIG_CMT,

fmams - 532 Dwsgn Saucho for ARM

St r fetscinr  Mawigas eargh B 1 8 Procesnr Expart  Window

g_clockiunCallbacksarr, FHL_CLOCK_MANADER CALLBACK CHT);
CLOCE_5¥S_UpdateConfiguration(0U, CLOCK MOMAGER POLICY.

Plne_0aV_Init({MM_OF CONFIGURED PINS,q pin_mux_InitCenfigi=r);
OFIU_MAL_SetPins[PTD, (3¢<D]1<13|1¢cin));

ISR a5 uF te t handle

INT_S¥S_Installdandler (LPITO_
_Inde(fse_LPivy Rlpit
al _InitCrannel(7SL_LP:
PIT_DRY_StartTiserChannels

» SPIT_ISR, (Lsr_t *)8j);
_InitConfig);

,0,8] 1_Cholonfigd);

ITL (L << N

pogdbiserver_consolie

Pecject: [S320144_SDK_Lab Ioterupts] =» Arche contec-md Vendos: Fresseate Chige S32K148

Reguster Hes 8n

AFS
MSCM
DAA
Y
FIFE
DOMARAX
CAN
™
ADC
LPsh
POS
R

LOeT.

L

U Cpuh

U pr_mush

U cdockManl h
U gitlh

® ' nr code

o LPIT_ISRivesd)
- maniveud)

EmbSysReg View 20

Access  Address

PUBLIC

CiCre (32 Dobug |
P3=

Description

e Briddge

MSCM

Enhanced dirset rmemory access co
Manery protection unit

Flash b
DA chantel multiplesor

Fles Controler Ares Network modu
FlesTamer Module
Analog-to-Owptsl Converter

The LPSPI Memory Map/Pegeter O«

mordy Iaterface

Progaammanie Delyy Bock

Cyche Regundan
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S32K144 Interrupts Lab: Challenge

- Blink LEDs to generate White colored light every 100 ms.
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S32K144 Interrupts Lab: Quiz

- Which module is responsible for MCU wakeup in stop modes?

- How many LPIT channels are available?
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