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S32 Software Development Kit (SDK)

Non-Autosar Software package

Automotive Grade: SPICE/CMMI
compliant, MISRA 2012

Graphical-based configuration
Compatible with Eclipse & other IDEs
Supports all S32K MCU Families
Supports multiple toolchains
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S32 SDK = Architecture SW Quality Class

Class B

Class C

Driver
Examples

SBC AMMCLIib
Processor

Expert Ul
Config files

Applications

Class D

Features
* Integrated Non-Autosar SW Production-
grade software
; * Graphical-based Configuration
Safety_ & || Timers SoC * Layered Software Architecture
Security Clocks D
ETM Interrupts * Documented Source Code and Examples

EIM LPIT Power * Integrated with S32 Design Studio and other
ERM LPTMR Pins IDEs

RTC GPIO . . _
,\CAES Wislele FLASH Start-up/ * Featuring various Middleware

CSEC EWM DMA Compiler * FreeRTOS integration
TREVER linker files  Multiple toolchains supported

~ Headers " Several examples and demos
Hardware
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NXP S32 Design Studio IDE www.nxp.com/S32DS

- Free of charge

- Unlimited code size - |
Traditional Approach New Development Environment
- Eclipse based environment

- GNU compiler & debugger integrated

- S32 SDK integrated (graphical configuration)

- Processor Expert integrated (automatic code
generator)

- Can use with 3" party compliers & debuggers

Proprietary

(IAR) via Connection Utility Tools

- Supports S32K and Power Architecture (MPC)

products
- Not a replacement for NXP’s CodeWarrior IDE

- Not intended to compete with premium 3" party
IDES
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NXP & 39 Party IDEs — Performance/Price Map

$10K

$5k

$500

Price

v Free of charge
v" No code limit

v' Processor Expert Integrated
>

New S32 Design Studio
(NXP)

Capability / Features
NG
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S32 Design Studio @ www.nxp.com/S32DS
ﬂ‘ Downloads

{fbrales 1) .( $32DS_v1.3 (includes SDK v0.9.0) |

Automotive Math and Motor Control Library Set * Su p po s S32K144 MCU J ON47T
w Automotive Math and Motor Control Library Set &. O N 57 U m aS k SetS J

Hardware & Tools

« S32DS v1.2 (includes SDK_v0.8.2)

IDE - Debug, Compile and Build Tools (2)
] * Supports S32K144 MCU, ON77P

$32 Design Studio for ARM® v1.2 - Windows/Linux(REV
12)

mask set only (early silicon for
alpha customers only — not

available to mass market
customers)

@ HTML _195B S320S-ARM-1.2 2016-04-19 00:00:00

1.3)

re

\

é

0 $32 Design Studio for ARM v1.3 - Windows/Linux(REV
;

S22 Design-Siludiafon ARl haofullnintiognied S22 S DIGEARWA.S.0 AR,

Debug in new project wizard, updates to SEGGER and P&E debug plug-ins and
new device support for S32K144 v2.0. See Release Notes for additional
information on new features and defect

@ HTML 198B S32DS-ARM-1-3 2016-11-25 16:57-00
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S32 Design Studio — graphical configuration environment

| €/ s - 532 Dunign Shuddio for ARM

[ ———

| Me it Soonce Nefectmr MWengee Sesch Aot i ecom Gpen - Wndie  Hele

) viemosPinterings

PRl B A PR AR arE R B2 B R R R T SN RS S et ack hcees | T SOK detautt 45 Oebuy [FEGICe | @ Processer Expen
15 Preject Explorer 11 E%ly =0 £ me & Cereponent bupector - pe_max 11 O C erota Libas @Amwcd ) & == 0 CFEowm anee & Ltake t B ik -
o 25 S3KU4_SOK Leb Clocks ek -—. : : s s
Q"MG Rowting . Functional Properties | Methods | Settings An putfine is not svaeidable, )
o Tciudes Wiem Made Optiens Generste Repon
o Genersted_Code & Calagsed Py i Configursble Sigraks HIM Rapest
| S Puojecs_Settings/Sartup_Code £ Shom Only San HIML Rapest

D SK | Pass ) | i \ { |
Y E,Wm ADC| CAM| OMP| ©AW ©REQD| FIM| GPID| (TAG|® LPIC|®LPSR © LPTMR W LPUART  Platfim * PemetdndGrousd | W ETC & SWD| & TRGMUX
g maing = T QO CONLIIIE SeHCTHin, of thve ot Feuing 1 peopheral type LFLC —
® l!fdum Sy ( - - i Selactad PrwSignal Nama
o Debug « CAN0
o Decumenation Receiver hput No pint reuted Iyt
> Peogect_Settimgs Tramemater Output No pint eyt P |
D) Procenabapent.pe - Cant
5 SIK344_SOK_Lab_GPIOS | Recenes npin Nopin routed it
2 SHXI SO L : Trarumater Octput Ne pin reuted Dzt
- .
Pacorer npu No pin mutedt Inpus ‘
Trarimater Output Ne pint souted Ditwnit
| % Components - SI2K144_SOK Lab_Clocks 11 | = 3
E2a -
o Generator_Configuratons
& 05
* i Processors
@ CpusuKs 10
« [> Comgonents
D prmecindetting
- ) doaManl £4_clock manager
* Povenn & Twks (@ Console T3

44+ @5

Al2B-m3-=n0
COT Buid Comsele ($32X144_SOK_ Lo, Clocks)

Finlihed bullding: ../Generated Code/clockMant.c
Finlihed bullding: ../Generated Code/pln_sux.c

Bullding target: S32K144 SOK_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™
Finlshed bullding target: S32Xiss SOw Lab Clecks.elf

16:00L 165 Bulld Finished (took §5.785%es)

x

Updates ae svaniatle 4o your seftware
J Chick to review 303 nstall updates

W | Set up flemde nshem
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S32 Design Studio — graphical configuration environment
- Pins configuration_

42

Q Component Impector - pin e 51

J

Routing - Funchonal Properties | Methods | Settangs
View Mode Optiony
@ Collapped Pimy Show Ordy Configursble Signels
ADC CAN CVP WM C RLEXIO FTM GRIO.  JTAG | M LPRC M LPSPL © |PTMR M LPUART  Platformy © PowerAndGeound ¥ RTC
Signals 1—.,'“: COTRMNG Seheciion OF the pm 100hng for peopherl Type '_"L.",j
« CAND
Recerer Input No pm routed
Toaeamitter Output No gin routed
« CAN1
Recener Input No pio reuted
Trasartter Output No pin recited
- CAN2
Recener Input No pin reoted
Traramitter Output

No o routed

Bask | Advanced | L

Generats Repent
;H'IM( iopcni
SWD » TRGAMUX

Selected Pin/Sigral Name
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S32 Design Studio — graphical configuration environment

... Processor view

Project Exolom g . ! & Procenase

2 BL Debug

8 Genente Cede [ Sehoct Pachage & 2 O £ Outine

= Components - il - 33

_::a;

g
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S32 Design Studio — graphical configuration environment

| Dew fur ARM - —agndﬂ‘
. Components librar |
s ., ponents y P
Prujeat Explanrs | maing ) Component Inspecter - pin_mx ) Components Library & [ = =800 ) Outtine
‘ 3144 K La ook
¥ Binane X Alphabetical . Categories | Procenson Bcard Configurations RS ——
x 5 ¢ |M repostones ~| apphcabie to propes ~|
‘ﬂ v O Companent Component Repository Descripticn A
holt &8 12 ade 32144 S0k 532 50K Penpheral Dever for Ansleg-to-Digital Converter (ADC)
’ = B f<2_adc_hal S32X144_SOKDI $32 SDK HAL for Anelog-te-Digtal Conmverter (ADC HAL)
' 0 a2 clock manages S3Ix144_SONDL 532 SOK Penphessl Deiver fer Clock Manages {chock manager)
: & f_cmp S32K144_SOKDL 532 SDK Penphessl Drives for Comparator (cmp)
B 2 cmp hat S32¢144_SOKOL 432 SOK HAL for Compantor (cmp)
ﬂ fs crc S3IKI44_SO%0L §32 SOK Peripheral Dewver for Cychic Recumdancy Check (CRC)
Bl to_cic bl S32K144_SOKDL $32 SOK HAL for Cyclic Redundancy Check (CRC HAL) =
1 ‘_' o% Lk GO . ff_drmamu_hal SAXX144_S0KDL 532 SOK HAL for Diwect Memory Access Multiplesr (donsmu)
K144 SOK Lab Intesrust . d_edma 3244 _S0kDL £32 SDK Penpheral Duivet Tor Enhanced Direct Memory Acces controfler
| NSRS ' B f=2_edma_hal 53144 SOKOL 532 SOK MAL for Enhanced Drect Memary Access controlles{edma)
B 1o fiash S32%144_S0KOL £32 SOK Petiphecsl Detver for Flash Memary (FLASH)
K foi_fiencan SIK144_SORDL $32 SOK Peripheral Derver for Flevible Controtler Ares Netweork (FHedCAN)
[ 1 Pexcan hat S37K148_SOKDL $32 SOK HAL for Fiesble Centrolier Atts Network (FlesCAN HAL)
Bl f4_feno_hal S32K144_SOKDL S32 SOK MAL for Flenble L'C (Flexio)
u o Mexis ide S32¥144_SOwnL 532 SOK Peripherst Dervet Toe Inter-Integrated Circut over Flegiie VO (Fl.
@l o flexio_p S3A144_SOkDL $32 SOK Penpheral Deiver for Seral Peripheral Interface aver Flesble VO (.,
o e S32K144_SOKTL 537 50K Periphetal Deiver for FlesTimer Modkbe (FTM)
| B ft_frm_ha! S3IK144_SDKOL 532 SDK MAL for FlexTemer Module (FTM MaL)
E Bl 1. gpie_hat S32K143_50K01 537 SDK HAL fot Ganensd-Puepose Input/Output (GPIO HAL)
conponenty 2184 SPE Lab Cioce ! f<i_intermupt_manager SI2144_SDRDL $32 SOK Penpheral Dewver for Interrupt Manager (Interrupt_manages)
» @ & i fin S32K144_S0KDL 532 SOK Peripherat Detver Tor Local Intercennect Network (LIN)
» st - E f_lpide S3IK144_SORDL $32 SOK Penpheral Detver for Low Power Intes-Integrated Cirout (LPRC)
. FolIpide_hal S37K144_SOKDL 532 SOK HAL for Low Power Inter-Intagrated Circuit LPRC HAL)
o < lpnt 32144 _SOKDIL £32 SOK Peripheral Diiver for Low Power Intermupt Tamer (LPIT)
= [ F g et S32KI44_SOKD] $37 SOK HAL for Lew Power Interrupt Tirmar Module {LPTT HAL)
| ot lpspi S48 SOK0L S22 SOK Penphenl Derver for Low Pawer Serial Penphesal Inteface (LPSPI)
N e g L - o _Ipspi_hel 532144 _SDK0L 532 SDK HAL for Low Powes Serisl Pecpiwral Interface (LPSPT HAL) <
Q) vocianl il glod mansge Filter on for S32K144_100 (S32KI144_SDK_Lab_Clocks)
(N
efpin sux
locky. olf ¥ 4 " N " .
0 ut wlt
i Finlshed tonk " Updates Avallable

Updetes st svadatiie lorynur softawe

K Lo reoven and Iatall upcaty

,_.
|
|
|
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S32 Design Studio — graphical configuration environment
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S32 Design Studio — graphical configuration environment
Seme Component inspector

Q Comgponent Inspector « lpuart] vy

Propertses - Methody Events

Basic |Advanced
Comporent mame Pusl

Dence LPUARTO
Compermnt version  S32K144_SOKDL
Conligueations _ Shared camponents | Inherfted compenents

State structure pame lpuart] State

Configurationn fist 1 (o)
= Configurstion  Name Type Read only configuration  Baud rate Pecity mode  Stop bats Bits per char
0 v Ipuartl_InitConfigd  Ipuart_ e 1 J 600 Disabled 1 L]

&




S32 Design Studio — graphical configuration environment

el Ls : “ dv waantl . : !
Code generation
* Preject Eeglorer | - | ¥ =0 o] maine @ Compenant inspector - puartl &) Componeres Litwary & fpuanl.c =0
4 % S32K184 SDK Lab Clocks: Uxlisg . his sompnent setule b4 generatst by Procavtar Sxpert, Oo net sstify 44 -
o Bosnes i
s} Includes PR, friw . o It
& B Genersted Code .o Z', o
o dockManl
[ clockMant &
g Cpuxc
@ Cpuh **  Saditagrovp ipusctl_semdule sartl module decusentat
8l
o pe_msc ‘X paart

N pe_mah
& Progec_Settings Stantup_Code
LR

a 0 Sewcen

_sinclude “logarei

Ip ture
const lpsart user_config t lpusrtl InitContigd « (
@ mang «DaudRate - G20,

stion seru

& nclude parityMode « LAUART ARATTY DIS4BLED,

< Debug STopBItCount « LAMRT ONE STO® BIT,
— DHitComntPerChar = LRWAT 8 BI7S _PER JR4R,
~ Documentation

B
o Pezject_Settings \

) Processabrpert pe

2SI _SOK Lab_GPIOs: O | Delver rtate stiwctore
‘_. SIINIA4 SDK_Lab Irkerrupte lgusrt state t lsusrti State;
€ lsuart
) 9
iz flls was cated b oty Expmrt 0.1 (0522
~ ® Framssale S22 acies uf gl
- il - .. . Ldas sdevaaes ~ ‘s 4 Aavian
)i . )
£ cacabdanl s chock -
30 ustlfil Jpusa l
an
- a _ | 1 ' _ " "
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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

Target debug

CEREX B3>~

|t}rpefilter text |

[t ]| GDB Hardware Debugging
a [C| GDB PEMicro Interface Debugging
|[c] test_Debug |
[ ] test_Release
[t ]| GDB SEGGER J-Link Debugging
@ Launch Group

Mame: test_Debug

f Main . %F Debugger} E= Startupw Ee Sourcew IS Cﬂmmorq @5 gs Awarenﬁsw

Project:

test

Browse...

Specify the number of additional ELF Files you wish to program: 0 |Generate ELF Fields ]

C/C++ Application:

Debug/test.elf

Build (if required) before launching

Variables... ”Search Prqject...” Browse... ]

Build configuration: |Use Active

7]

() Enable auto build
@ Use workspace settings

() Disable aute build
Configure Workspace Settings...
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Hands-on — Blinking LED




S32K144 Blinking LED: Objective

- In this lab you will learn:
- About the GPIOs structure in S32K144
- How interrupts works on S32K144
-How to create a new SDK project with S32DS.
-How to set a pin as output/input with SDK
-How the use the LPIT peripheral
-Set up an interrupt in S32K144 using SDK
-Blink an LED every 0.5 sec using the LPIT interrupt
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S32K144 Blinking LED: Resources to be used

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

LED S32K144 PIN

BLUE PTDO
RED PTD15
GREEN PTD16

RGB LED
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S32K144 Blinking LED: 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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PTD1

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

PTD1

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



S32K144 Blinking LED: Theory

- Each I/0 is multiplexed with different functionalities

- 1/O functionality is selected with PORTX 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

Pin Control Register n (PORT_PCRn)

PUBLIC
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S32K144 Blinking LED: Theory

- 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

- GPIOXx->PDIR. Input register

- GPIOx->PIDR. Input disable register
- GPIOx-> PDDR. Data Direction register

-
| 2 |
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S32K144 Blinking LED: 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 Blinking LED: Theory

Cu\x M4 procassor
| |

Interrupts and V“":":j T . i | =
ower control | Vecton rex-Mdéor | [z
< e #  Interrupt e ortex- MAF "'7' +—»  Embedded
| Controller othoass0r core o Trace
(NVIC) Macrocell
' > (ETM)

NVIC (Nested Vector Interrupt Controller e
( . . p . ) '1 : v : : v ‘ i
- Responsible of interrupt handling Tonens | [ wensy | [ 00
- Supports vector table relocation o | | v [ | e
- Up to 240 vectored interrupts : — Z =y = |

* Senal-Wie
- - - or JTAG AHB Instrumentation [ | Trace Port
= 1 1 1 I nte rru ptS aval Iab | e I n 832 K144 Debug Port = J‘ Access Port [*™  Bus Matrix - Trace Macrocell ; ‘vui Interface Unt
(SW-DP or (AHB-AP) (ITM) ™ (TPIU)
SWJ-DP) |
? Aaas ‘ : i
v X N [ | ‘
Serial-Wire or | i — 1 =S
JTAG Debug v v ¥ |t CoreSight Trwce Port
Interface iCode DCode System | ROM table ‘ Inlerface

AHB-Lite AHB-Lite AHB-Lite PPB APB

Asynchronous Wake-up Interrupt Controller (AWIC) mion g Kl N
- Detect asynchronous wake-up events in stop modes |
- Signal to clock control logic to resume system clocking
- After clock restart, NVIC observes the pending interrupt and performs normal interrupt process
- Used during low power modes to generate an wake up signal

1 For the Cedex-MAF processor, the cora includes a Floating Port Unt (FPU)
1 Opticaal companent
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S32K144 Blinking LED: 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 Blinking LED: 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

PCC module

BUS_CLK [W] to module'

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

R

SOSCDIV2_CLK

001
SIRCDIV2_CLK %0
FIRCDIV2_CLK
= on to module
Reserved 100

Reserved ot

SPLLDIV2_CLK
110

Reserved 41

PCC_<module>[PCS]
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S32K144 Blinking LED: Create New Project

« New S32DS Project . ° E=aa=n
New $32DS Project
- Create a new S32DS Project :
Create Mew 53205 Project
» Debug - Blinking_LED/Sources/main.c - 532 Design Studio for ARM broi
— = =~ g - roject name:
File | Edit Source Refactor Navigate Search Project Run ProcessorExpert FreeRTOS Window Help e I
inking
New Alt+Shift+N » | == New S32DS Project
Open File... < New S32DS Project from Example Use default location
Location: | CAUsers\B46399\workspace5320513. develop\BlinkingLED Browse...
EIf S32D% project LLbra:}r prqject
Processors : TeolChain Selection:
~ New 532DS Project - . (ESNEaE™ type filter text Core Kind . ToolChai
ore Kin ame oolChain
New S32DS Project for S32K144 | 4 (= l:!mslga Eiﬂm I [ Cortex-M4F Standard 53205 toolchain for ARM -

Select required cores and parameters for them. T L Farnily MACS Do

[» (= Family 532V

[> (= Family KEA
Project Mame BlinkingLED
Core Cortex-M4F
Library IEWL vl Description :
/O Support INo vo 'l GCC toolchain is selected -
FPU Support | Teolchain Default - |
Language ’C ,]
SDKs $32K144_SDK_gcc ()
Debugger IPE Micre GDB server VI —
@ Next » Finish | | Cancel @ < Back Next > Finish
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S32K144 Blinking LED: Configuring pins

- Select the pin_mux component in the Components window

t=. Components - BlinkingLED &3 - B = 08

: = Generator_Configurations
» = O5s
4 [ Processors
) Q Cpu:532K144 100
4 [~ Components
- |4 pin_muxPinSettings

PUBLIC | 28



S32K144 Bli

nking LED: 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 Blinking LED: 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__

Fin 0 Ne pin routed No 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 Blinking LED: Add LPIT Component

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

Ipit component should appear on the component window.

Adding the Ipit component will automatically add clock _manager and interrupt_manager components

5y % Components Library &3
Alphabetical . Categories | Processors | Board Configurations =, Components - BlinkingLED &% s ®m T = O
» = Generator_Configurations
T ISDK_RELEASE_VERSIGN_ID . = OSs
Component Compenent Repository 4= pmcCESSDSr;EKlM 100
& interrupt_manager SDK_RELEASE_VERSION_ID " P Cpu: -
) 4 [ Components
= lin SDK_RELEASE_VERSIOM_ID PR e P i emeeepepe—r—s
22| LinStack SDK_RELEASE_VERSIOM_ID = N P
& Ipize SDK RELEASE VERSION ID - ) cleckManl:clock_manager
- u . s inthanl:int t
Ipi2c_hal SDK_RELEASE VERSION_ID - %'”mu;:mg;;:”‘: _Tansoe
&) Ipit SDK_RELEASE_VERSION_ID | ’ m“; e
Ipit_hal SDK_RELEASE_VERSION_ID ’ 5 e
= Ipspi SDK_RELEASE_VERSION_ID N e
lpspi_hal SDK_RELEASE_VERSIOM_ID
) Iptmr SDK_RELEASE_VERSIOM_ID
(il 1ptmr_hal SDK_RELEASE_VERSIOM_ID
= lpuart SDK_RELEASE_VERSIOM_ID
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S32K144 Blinking LED: Peripheral Clocks

- When adding a component to project, the clock_manger component enables the appropriate
peripheral clocks.

.
Clock Config . Callbacks| Shared components | Inherited compﬂnentq

Clock configurations

# Clock configuration

0  clockManl InitConfigd | .. |

Details for selected row:

Clock configuration 0

1

‘Settings "_SIRC| FIRC| RTC| SOSC| SPLL| CLKOUT | LPO| SIM| TCLK | Trace| Clock Values Summary |

Peripheral Clocks

Clock Mame Enable Interface Clock  Functional Cleck  Multiplhy Frequency
FTM3_CLK (] Files SRl 0H:
LPI2CO CLK g ELE CLE SIRCORG CLE 0 H=z
LPITO_CLK BUS_CLK SIRCDIVZ_CLK 8 MHz
LPSPID_CLK ] Iodoo i =z
LPSPIL_CLK [ Frdore- SIRCORG LK 0Hz
LPSPI2_CLK 1 Frd—re SIRCDRG CLE 0 Hz
LPTMRO_CLE £l Frioeee A =z

p
Clock Config . Callbacks | Shared components | Inherited components}

Clock configurations _ 1

# Clock configuration

0  clockManl InitConfigd | .. |

Details for selected row:

Clock configuration 0

'Settings _SIRC| FIRC| RTC| SOSC| SPLL | CLKOUT | LPO| SIM| TCLK | Trace | Clock Values Summary |
Peripheral Clocks
Clock Mame Enable Interface Clock  Functional Clock  Multiply Divide
PDBL CLK [ Sys clic
PORTA_CLK BUS_CLK
PORTB_CLK BUS_CLK
PORTC_CLK BUS_CLK
PORTD_CLK BUS_CLK
PORTE_CLK BUS_CLK
TRICO_CLK 1) EOSCLK
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S32K144 Blinking LED: LPIT Configuration

In the Components Window select the Ipit component

5. Components - BlinkingLED &3

» [ Generator_Configurations
¢ = O5s
4 = Processors
) Q Cpu:532K144_100
4 [ Components
4 [~ Referenced_Components
> @J clockManl:clock_rmanager
> ﬂ’] inthanl:interrupt_manager
- U pin_muePinSettings
; m gpicligpic_hal
. ) Ipitl:lpit

S %A Y= O

PUBLIC

33



S32K144 Blinking LED: LPIT Configuration

Configurations . Shared components | Inherited components

Go to Components Inspector.

Global configuration

- Check the Timer Run In Debug Mode box 2 Timer R nDebug oce
® ChECk the Interru pt en a.ble bOX Channel configurations list B 1
- Select Microsecond unit as period unit A Readony __ Jive: moc

lpitl_ChnCenfigd “ 32 bit periedic counter

In the Time period field type 500000 counts for 0.5 sec.

i | 11}

Details for selected row:

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

Mame Ipitl_ChnConfig0

Read only [

Timer mode 32 bit pericdic counter =
Pericd units Microsecond unit -
Tirner pericd 500000

Trigger source External trigger -
Trigger select Channel 0 -

Reload on trigger 7]
Stop on interrupt [
Start on trigger [
Channel chain [

[ Interrupt enable |
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S32K144 Blinking LED: 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.

%5 Components - Blinking_LED 3 =E-] C= = - | Generating code =0 '#J

: [ Generator_Configurations — : -
= 08s |.0,' Generating code - pin_mux component

4 = Processors
. G Cpu:S32K144 100
4 = Components

|

4 [ Referenced_Components
: ﬂ’] inthanl:interrupt_manager B
- [ cleckManl:clock_manager ("] Always run in background
- U pin_mucPinSettings
- |13 IpitLilpit [Run in Background] { Cancel ] [ Details > >

» m gpicl:gpic_hal
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S32K144 Blinking LED: Application Code

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

[ Project Explorer 53 = {.‘1==§;.| e - O

4 |[=5 Blinking_LED: Debug
» -ﬁ? Binaries
> [nil Includes
- 2 Generated Code
. 2 Project_Settings/Startup_Code
- 2 SDK
4 2 Sources
> @ main.c
[E-?clude
» = Debug
» {2 Documentation
» = Project_Settings
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S32K144 Blinking LED: 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.

© 5. Components - BlinkingLED &2 E % & Y= O ] main.c [k| Ipitl.h ] Ipitl.c [] Ipit_driver.c [h| 532K144.h [€ *main.c &3
+ = Generator_Cenfigurations ‘\brief The main function for the project.
> (= O0S5s ‘details The startup initialization sequence is the fellowing:
4 [= Processors * - startup asm routine

. @ Cpu:S32K144_100 * - main()
4 = Components
4 [ Referenced_Components
4 [0 clockManliclock_manager
s m sim_hall:sim_hal
| s m scg_hall:scg_hal
! > m pec_hall:pec_hal
! > m pmc_hall:prnc_hal
s m smc_hall:z=mc_hal
+ [ device specific

= int main(void)

1

/* Write your local variable definition here */

S*** Processor Expert internal initialization. DON'T REMOVE THIS CODE!!! *%%/

#ifdef PEX_RTOS INIT
PEX_RTOS_INIT(}; /* Initialization of the selected RTOS. Macro is

#endif
J*** End of Processor Expert internal initialization.

EEN

4 [ _common

H CLOCK_SYS_ Init

M CLOCK_SYS_UpdateConfiguration
M CLOUCK_SY5_setContiguration

M CLOCK_SYS_GetCurrentConfiguration
M CLOCK_SYS_GetErrorCallback

H CLOCK_SYS_GetFreq

: ﬁ’] inthtanl:interrupt_manager

/* Write your code here */

[* For example: for(a:y [ 1 */
CLOCK_SYS Init();

CLOCK_5YS UpdateConfiguration();

S*** Don't write any code pass this line, or it will be deleted during code generation
J*¥*¥* RTOS startup code. Macro PEX _RTOS START is defined by the RTOS component. DON'T M
#ifdef PEX _RTOS START

PEX RTOS_START(); /* Startup of the selected RTOS. Macro is defined

#endi-F o . . q
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S32K144 Blinking LED: 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 Blinking LED: 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

5. Components - Blinking_LED 3

» [ Generator_Configurations
¢ = OSs
4 = Processors
) Q Cpu:532K144 100
4 [= Components
4 = Referenced_Components
. 24 intManl:interrupt_manager
- [ clockManl:clock_manager
4 Ui pin_muxPinSettings
: m port_hall:port_hal
> gpic_hall:gpic_hal
M| PINS_DRV Init |

- ) lpitl:lpit

[ *rnain.c 22 | [n| Ipitl.h [g] Ipitl.c || Ipit_driver.c [n] 532K144.h

J*** End of Processor Expert internal initialization.

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

£

/* Initialize and ccnfigﬁ’e clocks */
CLOCK_SYS Init(g clockManConfigsArr, CLOCK MANAGER CONFIG_CNT,
g _clockManCallbacksArr, CLOCK MANAGER CALLBACK CNT);

CLOCK_SYS_UpdateConfiguration(@U, CLOCK MANAGER_POLICY FORCIBLE);

/* Initialize pins */
PINS DRV Init();

J*¥** Don't write any code pass this line, or it will be deleted during code ger
J¥** RT0S startup code. Macro PEX _RTOS START is defined by the RTOS component.
#ifdef PEX _RTOS START

PEX_RTOS_START(); /* Startup of the selected RTOS. Macro is
#endif
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S32K144 Blinking LED: 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 Blinking LED: 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 52
. Components - Blinking LED 52 %@ VO ;..:??i;ﬁ;iif-_Zhihlai?afi.'[’.ffiﬁ?—fii-.i?ii?iiﬁﬁence is the folloving:
i t g::eratur_l:onfiguratiuns - n;an—L).p asm routine

int main(void)
1

" Write your local variable definition here */

4 (= Processors

. 4 Cpu:s32K144 100

4 { Components!
4 (= Referenced_Components /*** Processor Expert internal initialization. DON'T REMOVE THIS CODE!!! ***/
#ifdef PEX_RTOS_INIT

4 g0 intManliinterrupt_manager PEX_RTOS_INIT(); /* Initialization of the selected RT05. Macro is defined by the RTOS component. */
A INT_SVS InstaliHandler | sendif
H] INT_SYS_EnablelRG /*** 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);

] INT_SVS_DisablelRQ
I INT_SYS_EnablelRQGlobal
I INT_5V5_DisablelRQGlobal
] INT_SYS_SetPriority
] INT_SYS_GetPriority

Pins_DRV_Init({NUM_OF CONFIGURED PINS,g pin mux_InitConfigArr);
INT_SYS_InstallHandler();|

for(;;)
i

}

/* Write your code here */

m



S32K144 Blinking LED: Install LPIT Interrupt

- Inthe INT_SYS_ InstallHandler function add the following parameters:

-LPITO_ChO_IRQn,
- &LPIT ISR,
- (isr_t )0

/¥ Install LPIT handler */
INT S¥5 InstallHandler(LPIT@ Ch@ IRQn,&LPIT ISR,(isr t *)@);
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S32K144 Blinking LED: 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 Blinking LED: 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

t5. Components - Blinking_LED &3 s ® Y= 08 [ *main.c 2
> (= 0Ss
4 [~ Processors

. 4 Cpu:S32K144_100

g_clockManCallbacksArr, CLOCK _MANAGER _CALLBACK CNT);
CLOCK_SYS_UpdateConfiguration(@U, CLOCK MANAGER POLICY FORCIBLE);

/* Initialize pins */
PINS_DRV_Init(NUM_OF CONFIGURED_PINS, g_pin_mux_InitConfigdrr);

5
."4 = REFEFEHC.éd_CDmpDHEHtS
» ﬂ] inthanl:interrupt_manager
s @J clockManl:clock_manager
- Ui pin_muxPinSettings

/* Install LPIT_ISR as LPIT channel 1 interrupt handler */
INT 5¥S InstallHandler(LPIT® Ch& IRQn, ZLPIT ISR, NMULL);
/* Initialize LPIT */

LPIT DRV _Init();
4 ) Ipitl:lpit /* Initialize LPIT channel 1 */
- Ipit_hall:lpit hal LPIT_DRV _InitChannel();
LPIT DRY Init /* Start LPIT channel 1 */

LPIT DRV Deinit

M| LPIT_DRY InitChannel

] LPIT_DRY StartTimerChannels
LPlT_DR‘-f_StDpﬁmerChannels
M| LPIT_DRY SetTimerPeriodByUs

FEl | ATT MDDV C etk Timn melaeimaATem Ma B Al a Dl -

LPIT DRV StartTimerChannels();

m

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

PEX_RTOS5_START(); /* Startup of the selected RTO5. Macro is defined by th
#endif
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S32K144 Blinking LED: Initialize LPIT

In the LPIT_DRV _Init function add the following parameters..
- INST_LPITL,
- &lIpitl_InitConfig
« Inthe LPIT_DRV_InitChannel function add the following parameters:.
- INST_LPIT1,
-0
- &lpitl_ChnConfig0
In the LPIT_DRV_StartTimerChannels function add the following parameters:..
- INST_LPITL,
- (1<<0)
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S32K144 Blinking LED: 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

- Inthe LPIT_DRV_ClearinterruptFlagTimerChannels function add the following parameters..
-FSL _LPIT1
-(1<<0)

4 ) Ipitl:lpit
- Bl Ipit_halL:Ipit_hal
| LPIT_DRV Init
IH| LPIT_DRV_Deinit

I LPIT DRV InitChannel void LPIT_ISR(void)

A LPIT_DRV_StartTimerChannels { .

B LPIT DRV StopTimerChannels LPIT_DRV_ClearInterruptFlagTimerChannels{INST_LPIT1, (1U << @));
M| LPIT_DRY SetTirmerPeriodByUs

M| LPIT_DRV SetTimerPeriodInDualléModeBylUs }'

| LPIT_DRV_GetTimerPeriodByls

H] LPIT_DRY_GetCurrentTimerls

IH] LPIT_DRY_SetTimerPeriodByCount

M| LPIT_DRV SetTimerPeriodInDualléModeByCount
| LPIT_DRV_GetTimerPeriodByCount

H] LPIT_DRY_GetCurrentTimerCount

LF'IT&G etlnterruptFlagTimerChannels
I% LPIT_DRV_ClearlnterruptFlagTimerChannels I
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S32K144 Blinking LED: Toggle Green LED (PTD16)

- Expand the gpio_hal component inside pin_mux, in the Components Window
- Drag and drop the GPIO_HAL_ TogglePins function into LPIT ISR

- Add the following parameters:
-PTD
- (1<<16)

T Components - Blinking_LED & = \b B ¥ = O

» [= Generator_Configurations

L o e void LPIT ISR(void)
. 4 Cpu:S32K144 100 1

'''''''''''''''''''''''''''''' LPIT DRV ClearInterruptFlagTimerChannels(FSL LPIT1,(1 << @));

4 (= Referenced_Components GPIO HAL TogglePins(PTD,(1<<16));
- &ff| intManl:interrupt_manager }.
» @J clockManl:clock_manager
a Ui pin_mux:PinSettings
> m port_hall:port_hal
4 m gpio_hall:gpic_hal
M GPIO_HAL WritePin
M| GPIO_HAL WritePins
H] GPIO_HAL_GetPinsOutput
] GPIO_HAL_SetPins
GPIO HAL ClearPins
I GPIO_HAL TogglePins |
M| GPIO_HAL_ReadPins

i GPIO_HAL_GetPinsDirection A ¥ 4
[ GPIO_HAL_SetPinDirection PUBLIC 47 4\




S32K144 Blinking LED: Build and debug the application

- 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 Blinking LED: Build and debug the application

- In the debug perspective click the run icon to start the project.
- Green LED should toggle every 0.5 sec.

-
© 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,

Debug - 532X1484 SDK Lab_Interrupts/Soee

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.

EmbSysReg View 20

L Ac

U Cpuh

U pr_mush

U cdockManl h
U gitlh

® ' nr code

o LPIT_ISRivesd)
- maniveud)

cess  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

B * "
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S32K144 Blinking LED: Challenge

- Toggle Green LED every 100 ms.
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02.

Hands-on — Secure CAN




S32K144 Secured CAN: Objective

- In this lab you will learn:
- About the features of the FlexCAN module on S32K144
- About the features of the CSEc module on S32K144
- How to configure FlexCAN peripheral for both Rx & Tx
- How to initiate a CAN communication between two S32K boards
- How to use the CSEc driver to encrypt/decrypt the messages (AES)
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S32K144 Secured CAN: CAN Theory

- Full implementation of the CAN FD & CAN 2.0 B F D
- data field bitrate up to 8Mbps

- Flexible mailboxes (0/8/16/32/64 bytes data length)

- Listen-Only mode capability

- Programmable Loop-Back mode supporting self-test operation
- Programmable transmission priority scheme

- Independence from the transmission medium

- CRC status for transmitted message

- Full featured Rx FIFO with storage capacity for 6 frames

- DMA request for Rx FIFO

- Programmable clock source to the CAN Protocol Interface, either bus clock or crystal oscillator
- 100% backward compatibility with previous FlexCAN version

- 3 FlexCAN instances
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S32K144 Secured CAN: CAN Theor

......................................................................................................

Peripheral Bus Interface

Clocks, Interrupts Address, Data

Bus InterfaceUnit Message
Registers Buffers
(MBs)
Controller
Host Interface RAM
Tx Rx
Arbitration Matching

Protocol Engine

CAN Transceiver

CAN Bus

/

Access to and from the internal interface bus
(clocks, address and data buses, interrupts,
DMA and test signals)

Embedded RAM dedicated to the FlexCAN

Message buffer selection for reception and
transmission (arbitration and ID matching
algorithms)

Serial communication on the CAN bus (RAM
access requests for rx and tx frames, rx
messages Vvalidation, error handling)
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S32K144 Secured CAN: CSEc Theory

- Cryptographic Services Engine (CSEc) — comprehensive set of
cryptographic functions (SHE)

->10 general purpose keys

-AES-128, CBC, ECB, CMAC

- Sequential, Parallel, and Strict Boot mode

- AES-128 CMAC calculation and authentication

- Pseudo random number generation (PRNG) and true random
number generation (TRNG)
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S32K144 Secured CAN: Resources

- S32K144 — FlexCAN signals & pins

_HREQ/LPI2C1_SCL/FTM1_FLT1/HDPIN—g2 §PTE1 P[6] e PTE4 P[6]
PTMRO_ALT3/FTM3_CH6/LPUART1_CTS73 S PTE2 PI[6] SBC CAN_RX
FTM2_FLTO/TRGMUX_IN6/ACMPX_OUT {5 <KPTE3 P[€]

M2 CHZWIO D6/EWM_OUT 5 1 =736 PTES P[6]
/FTM2_CH3/CAND_TXIFXIO_D7/EWM_IN—&7 — J\/\/—Z SBC_CAN_TX

CANO S32K 144

Signal PIN

TX PTE5S

RX PTE4 CAN

Connector
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S32K144 Secured CAN: Hands-on Preview

- Secured CAN communication between two S32K144 boards:
- Message encryption at tx, decryption at rx — selectable through user buttons (blue LED on)

- Toggle red/green LED when command successfully received (decrypted)

Optionally encrypt the
message before sending
Press both buttons to
enable encryption

i
T sakuanoa
X

Press one of the two EVB'Q].OO RX

buttons to send atoggle
LED command

CAN BUS

Toggle LED if received
command is correct

o/
CAN

RX EVB-Q100 *

Receive and optionally
decrypt the message
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w CfC++ - 532K144 CAN_MASTER_Example/Generated_Code/canComl.c - £

S32K144 Secured CAN: Importing demo applications

- Import ‘flexcan_encrypted’ example provided with the SDK:
- File->Import->General->Existing Projects into Workspace->Select root directory

- Select:

{DS _InstallationFolderN\S32DS\S32SDK_S32K144 RTM_1.0.0\examples\S32K144\demo_apps\flexcan_encrypted
- Make sure ‘Copy projects into workspace’ is checked, so the SDK example remains clean

Edit Source Refactor Mavigate Search Project Run  Process

Mew Alt+Shift+N »
Open File...

Close Ctrl+W
Close All Ctrl+Shift+W
Save Ctrl+S
Save As...

Sawve All Ctrl+Shift+5
Rewvert

Move...

ﬂ Rename... F2
Refresh F5
Convert Line Delimiters To »
Print... Ctrl+P
Switch Workspace 3
Restart

I-l- Import...

g Export..

Properties Alt+Enter

».‘

= Import

| B

Select

Create new projects from an archive file or directory.

Select an import source:

type filter text

N\

=

4 (= General

) Existing Proj'ects'into Workspace |
L, File System
[T] Preferences

(= C/Ce+

= Vs

(= Git

(= Install

(= Processor Expert
(= Remote Systems
(= RPM

(= Run/Debug

(= 532 Design Studio
==, Tacke

m

Cancel

= Import

Import Projects

Select a directory to search for existing Eclipse projects.

| o

@ Select root directory:  CANXPAS3205_ARM_v1.3_EmbeddedWorld' - Browse...
() Select archive file: Browse...
Projects:

» | [7] flexcan_encrypted (C:\NXP\S32D5_ARM_v1.3_EmbeddedWorld\S3 [ Select Al ]

1| 1 3

Options
[7] Search for nested projects
I Copy projects into wurkspacel

[ Hide projects that already exist in the workspace
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S32K144 Secured CAN: Master/Slave

- The main.c file contains the application code
- MASTER/SLAVE macros must be defined appropriately

[ main.c &2

f* Use this define to specify if the application runs as master or slawve */
#define MASTER
/¥ #define SLAVE */

/* Definition of the TX and RX message buffers depending on the bus role */
#if defined(MASTER)
#define TX MAILBOX (1UL)
#define TX M5G_ID  (1UL)
#define RX MAILBOX (@UL)
#define RX M5G_ID  (2UL)
#elif defined(SLAVE)
#define TX MAILBOX (@UL)
#define TX MSG_ID  (2UL)
#define RX_MAILBOX (1UL)
#define RX_MSG_ID  (1UL)
#endif
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S32K144 Secured CAN: Build and debug

- Press the generate code button
- Build the application
- Debug on target

I T O O
BT Components - flexcan_encrypted 52 = O « C/C++ - flexcan_encrypted/Sources/main.c - $32 Design Studio for ARM

=) = File Edit Source Refactor Navigate Search Project Run Processor Expert
= Generator_Cenfigurations ‘ o g = (3 & | - Q_ a5 \e\| & '[_c:]‘ v &5~ L,cf > &
> = OSs
4 [ Processors
. 4 Cpu:S32K144_100
4 = Components

» [ Referenced_Components
Ui pin_muxPinSettings

- ) clockManl:clock_manager
B m gpicl:gpic_hal )
» @ canComl:flexcan Window _Help

> B sbc_ujallf91:sbc_ujall6s ,Eﬂ - gg - i% - g [B' ‘C,:un - o

s EJ cseclicsec

(] |1 flexcan_encrypted debug_rarm pemicro
[t] 2 csec_keyconfig Debug_RAM PEmicro
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S32K Technical Support — Communities

hittps://community.nxp.com

S32K Community
- https://community.nxp.com/community/s32/s32k
- Note: Includes SDK related topics

S32 Design_Studio IDE Community

- https://community.nxp.com/community/s32/s32ds
-Includes S32DS related topics

Design Studio

MEOENT CONTENT

o MPCSETALG controfer not Tound In 206 sign Studio
2nowes ano

PUBLIC | 61



https://community.nxp.com/
https://community.nxp.com/community/s32/s32k
https://community.nxp.com/community/s32/s32ds

S32K Technical Support — NXP Support Ticket /

TIC (Technical Information Center)
« http://nxpcommunity.force.com/community/ CommunityContactSupport

X PRODUGTS SOLUTIONS SUPPORT  ASOUT Q | (v {

- Log-in with your NXP_ Communities username and
password
- If new user, please register. If no verification email is

received, please check your spam folder. Email is
sent from engineers.corner@nxp.com

- Enter your support CASE
- All fields are mandatory
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Thank you

nxp.com/S32K
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