18 Fl MPLAB® Harmony v3 F1 MPLAB fRASFC & 2% :
(MCC) £ PIC32CM Lsx S4Bl |-l 35—z iz e a3 MICROCHIP

ikl

MPLAB® Harmony v3 & — AN RHESL, Bafss B BARAE MBI i, HrhaFEsMgE (PLIB) « BT &
GiR% IR =J5 )% . MPLAB fUASEL & % (MPLAB Harmony Configurator, MCC) £ —# 3T B H /- Atifl
(Graphical User Interface, GUD T H, AIEAMEREAIEE MPLAB Harmony 8- R, MCC /& MPLAB X 4
HIT R (Integrated Development Environment, IDE) it

AR B 5 BLAEH MCC 5 MPLAB Harmony v3 [ & FB R 7E 3L T Arm® Cortex®-M23 Y11 PIC32CM LSx #.
FHL_E A B N R . %N RS 1 PIC32CM LSx B HL_EJE T TrustZone® 2 4 Thk. %N R
AT R, AATEAENE T PIC32CM LSx B pl b 22 AN R 22 e IX AT H 78 38440 1 RIS BEIR S5 A

S PR MR T 2R . ZN AR T B ER TN U LED, FFE/ES TN G LITE) LED PJ#ul 2. fEAR R

H, A MPLAB Harmony v3 (UL IR MCC T L& MIE L il E .

LAREYALRE

o G, H TV LED (BRIMNEBL R, P H 5l IR E %4 .

o A SEIPIHER (Real-Time Clock, RTC) PLIB, H T @ WiRkE LED Vi,

o AEAMNEFWEEE S (External Interrupt Controller, EIC) PLIB, JHT7EFF 3% T i 5 e D)4 =

ez BB AL

+ k%4 SERCOM (BCE A USART) k%4 HEAFE Vi IM (Direct Memory Access, DMA) PLIB, H T LED
PNk RTENLE PC _EIATHI COM (H A7) i 11 &k b F FE 5 b

o B2 A HGI I CUSART 51 5776 A 22 4 B AR PR BUCEOR B R i FT e 280 ), T 5 SR A7 2 om dE AT il

e
f&o


https://www.microchip.com/mplab/mplab-harmony

BRI AT creve ettt ettt ettt bttt a ettt a ettt R et et A A b b AR At et ARt te s A ettt A et b s A e et e b s R At et s R e et et e Rt e s et e ant et s s et et enaseetesasaes 1
1. T PIC32CM LS60 MCU Bl S — AN T B DX BLHFRIT o vevreereeeisiessissssissssisssssssss st ssssssssssssssssssssssssssssssssssssssssssssnees 3
1.1, QKT MPLAB Harmony V3 HITH H c.oieierninisesssssssessssessssssssssssssssssssssssssssssessssessssessssesssssssessssessssessns 3
1.2, FRINANTEEE MPLAB HarmMONY ZH ..ot ssissssssssssssssssssssssssssssessssessssessssssssssssesssessssesss 5
130 AR ottt bbbt R R bbbt bbbt 1
14, B R R IMNEIZ AT H oot sttt bt st bbbt b e bt ettt bbbt naes 1
1.5, BRI HFEF AT ENTEZZATIH oottt ettt ettt sae sttt bbbt se s s nae 14
106, T i TR I T R T oottt ettt ettt ettt ettt ettt b et et ana et et a et et s s et ssanans 15
1.7, SRS B AT IR TR oottt bbb a bbbttt bbb nans 16
2. BB E e A bbb a A b A A et bttt b e b s et s e bans 17
B R TT Heet ettt bR R AR RS A bR b bR A s s s s s s bbbt ns 18
IMHCIOCIID 5 /Bt ettt e bbb bbb bbbk kbbb ekt e bbbttt bt st e s e enenenen 19
IMHCTOCIID PAITH ...tttk b et b bt b b bt s bbbttt b et eb b b et sttt ene 19
P A B IR SS vttt ettt bbb bbb e a bbb A a e R bR A A a bbbt a e 19
T S ettt bbb AR e A AR bR bbb AR st e e ae bbbt 19
MiICrOChID B AR BD BRI T BE . evev ettt sttt sttt s s s bbbttt s bbb nsesnnses 19
TEIERTH oottt ettt a A A e A s et A bR e b e ettt a e e s et sttt nee 19
T et eeevereeee et ettt ettt sttt ettt Rt a Attt a At R At e bR At et A At t e A et s s et e s s e et et sana et et ee et et s e antene 20
BB TEIR ZR oottt ettt et a et b a ettt a At et ettt ettt a et ettt es e aenas 21
A ERAE A TR ZE TR F vt veeree ettt bbbttt bbb bbbt a e e ettt b e bbbttt b e b e bbbt st tns 22

@ MICROCHIP



1.  ZT PIC32CM LS60 MCU B —NA[{E X M R

AT 3 PAR A BE A T AL -

MPLAB X IDE v6.20

MCC #iff v5.5.0

MPLAB XC32 v4.35

MPLAB Harmony v3 %% : csp v3.18.2
PIC32CM LS60 Curiosity Pro #¥-fii T Af

AR B EA RE TEA RERRA,  tn] TR AR

1.1 6JEET MPLAB Harmony v3 TR H
FEEET MPLAB Harmony v3 IR H , 15708 LR 5 IR Ak

1.
2.

5.

M Start (JF46) g5 HZ) MPLAB X IDE.

7t MPLAB X IDE #, #.:f File (3CfF) 591 New Project Gl H) =it New Project
o

7E New Project & 1AM 3 ik 1) Steps CGE#E) R il Choose Project GEFIH) .
#E4 ] Choose Project J& I 7 i -

a. Categories (Z4) : i%#% Microchip Embedded (Microchip Cl&3 T.H) .

b. Projects (JiH) : i$ Application Project(s) (N HfEFHH) .

K] 1-1. Choose Project

ﬁ New Project X
Steps Choose Project
1. Choose Project Q_ Filter:
v
Categories: Projects:
imw| |Microchip Embedded Application Project(s)
i--[) Other Embedded rebul EX; LOadabie Image) Project
i Generic (& User Makefile Project

@ Library Project

Description:

Creates a new application project. It uses an IDE-generated makefile to build your project.

|| Finist Cancel Help
Hifi Next (F—%) .

6. TEAMISiFid, Hd: Select Device GRS .

7.

7t Select Device J& £ T Device (#3144 HEH, ##ANBGERESF PIC32CM5164LS60100.
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https://www.microchip.com/mplab/mplab-x-ide
https://www.microchip.com/en-us/tools-resources/configure/mplab-code-configurator
https://www.microchip.com/mplab/compilers
https://github.com/Microchip-MPLAB-Harmony/csp
https://www.microchip.com/en-us/development-tool/EV76R77A

& 1-2. Select Device

€ New Project X

Select Header Family: All Families v

3 Compiler :
N bt Nare o] Device: | Prcsacmsie4ss0100 «|

- (Optional) Add Project Tool: No Tool ~ | [ show All

FEEE
§
g

< Back Add Another Project Next > Finish Cancel Help

8. Hiifi Next.

9. EAMSHALF, #id Select Compiler GEF4iiFES) .

10. 7£ Select Compiler T H, i I XC32 & WiFR, SR GEPEW T Fron g ifas 124 .
& 1-3. Select Compiler

ﬂ New Project

Select Device Cpmpiier Toolchains

L "Prog
L.XC32 (v4 21) [C \Program Fules‘l"lm*ocfup\xcaz\w 21\b|n]

il
§
£

Finish Cancel Help

< Back Add Another Project |

11. Hiti Next.
12. fELE M SHiRiH, #idi Select Project Name and Folder GR35 H & FRAISCHEIE)
13. fE4{l] Select Project Name and Folder J& 4 T i H:

- Project name (WIH##) : #iA pic32cm_Is60_cpro.

- Project Location (IiHAZE) : Hidfi Browse... (X¥...) #&Hl, REEEF
C:\microchip\h3\Tech_Briefi\firmware.
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& 1-4. Select Project Name and Folder

ﬂ New Project

‘ Select Project Name and Folder

Steps

1. Choose Project

2. Select Device Project Name: Dic}Zu'n_IsﬁU_cDrul

3. Select Header

5 Project Location: C:¥microchip\h3\Tech_Brief\firmware Browse
= Folder e Project Folder: nicrochip‘h3\Tech_Brief\firmware \pic32cm_ls60_cpro.X

7. (Optional) Add Project

[] Overwrite existing project.
Also delete sources.
Set as main project
[} Open MCC on Finish
[[] Use project location as the project folder

Encoding: 150-8859-1 v
X IDE
\/'v
< Back Add Another Project Next > Finish Cancel Help

14. ¥.i; Finish (520 LUE3 MCC.

HE: BOAEOLN, B3 MCCRr Ak Tl H i B E0H .

15. f£ 35 MCC 21, &7~ Configuration Database Setup (it & ## B ) &1, Bl URIE T
B A A8 2514 (Device Family Pack, DFP) #l Cortex . F HLE4H-82 I britE (Cortex
Microcontroller Software Interface Standard, CMSIS) 4%, fEAERF, {FHERINKE.

16. MCC #HEPBAEH 6 DR+, W ERTR.
A 1-5. MPLAB® AL AL & 2% 7 1

File Edit View Mavigate Source Refactor Production Debug Team Tools Window Help

&1 |

I el @ poxnseowo

TE T B DR L QB @ 0 = H e

Projects | Files
MCCv55.0

ProjectRes... Gen | Im. | £ @ (@]

¥ Libraries

Resource Manageme... x| @ || startPage x| MPLABX Store x| Kitwindow x| ProjectGraph x

LR mae—)

. u
» Hamony Project Resources

Device Resources ‘ 2 Content Manager

¥ Libraries

» ) Harmony Peri

Device
Resources

Project

Graph

ipheral Library
PM

_Is60_cpro_NonSecure - Das... x | Navigator |
2 g tz_getting_started_pic32cm_Is60_cpro_NonSecure a
95 Project Type: Application - Configuration: pic3|

& | g devce

= G PIC32CM5 164560 100

f 1 3 Checksum: Blank, no code loaded
- “fB CRC32: Hex fie unavaiable

@ |- Packs

@ PIC32CM-L5_DFP (1.1.162)
.. @ CMSIS (5.8.0)
= Compller Toolchain

view: |Root

Configuration
Options

T %C32 (4. 21) [C:Program FiesWicrochip) v

| output

1.2 #NFECE MPLAB Harmony ZH44

| notifications [MCC] | News |

=

B MCC A inffEC & MPLAB Harmony 2044, %508 DL 25 B 1k .

1. £ MCC & I, #ii; Project Graph (JiHED .

2. f£ Plugins Gififf) THizlZk (1.5 FRIZAEA ) o, i%#% Clock Configuration (IFHHECE) .
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3. BJEHTIT Clock Easy View (I BHfEILALIED &1, %A HNET MCC . il BN 2GR EN
48 MHz.

1-6. Clock Easy View 7 [

Oscillators Controller XOSC ‘GOLK Generator 0 Main Qock
—
16 MHz Internal oscieM 0SC16M £63 GOLKD
Oscillator +4.0 > o »
e J 4,000,000 Hz DFLLULP cPy
DRLLULP
DFLL48M 48,000,
- O 8,000,000 H3
FOPLL DIV1 v
48,000,000 Hz GaKD o
OSCULP3
XOSC3X 1=
GCLK_IN[0] s Peripheral Clock Selection
/( GOLKL
— S — - DFLL48M sax K
Digital Fraquency Locked Loop (DFLLULP) O p—— T Peripherals
DRLWLP Goke
Peripheral Clock
X0SC GOKGenerator1 ] Configuration
0SC16M o
)
DFLLULP
DFLL48M
- £33 GQLK1
15 ts FOPLL
OSCULP3X OPAMP
XOSC3X ~
11
32,768 Hz b
oscieM o woTt
1,024 Hz
0SCULP1K
OSCULP3K
XOSCIK L e
1,024 Hz
XOSC3

4. f£ MCC ff) Device Resources (fF55U) &7 &, WKIk#idi Harmony > Peripherals > SERCOM
(Harmony > #pi5% > SERCOM) DUEIFIETH K «

5. @i RN SERCOM3. [t n] W22 5] SERCOMS3 #1 FERS B 7R %) Project Graph % 1.

IDevice Resources I (Z Content Manager

» Harmony

> Input

» Libraries
AC
ADC

4
v
]
[a]
o
=

) SERCOMO
") SERCOM1
() SERCOM2

() SERCOM4
() SERCOMS

e A LR IR R RE 7 IR BN Device Resources > Harmony > Peripherals (C331F% 5 >
Harmony > #M&) FIFTA M.

6. 7E Project Graph & Hff1Z6fUl F /i, 1%4#% SERCOM3 Peripheral Library (SERCOM3 41k
B .

7. 1E4if] Configuration Option JE LTI o, AT A R ACE LLKE LED D)HusE 4T ENE A AT #2065 L.
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a. X Receive Pinout (2511 ECS) , M FHFIRFEFE SERCOM PAD[1], HARSHARHERIA
WH, WREFR.

1-7. MPLAB®fRHiYic & %% ——SERCOM3 fit & & K

KitWindow x| StartPage x| ProjectGraph x| ‘ Configuration Options

x *
X TROME ¢ [pge: EE
E-SERCOM3
- CEREORE =-Select SERCOM Operation Mode |USART with internal Clock
peripheral Library Peripheral Library Operating Mode Non-blocking mode
MEMORY - 2c Receive Enable (%)
SPI ~Transmit Enable %]
Frame Format USART frame
B UART _ —_— e
Peripheral Library Baud Rate in Hz 115,200 -4
Parity Mode No Parity +
Device Family Pack (DFP) ~Character Size 8Bits
Stop Bit Mode One Stop Bit
PM Start-of-Frame Detection Enable []
Peripheral Library 3 3
{Receive Pinout
Transmit Pinout
Enable Run in Standby
CMSIS Pack

M Plugins i H %1% #i%#% DMA Configuration (DMA it &) .

7£ DMA Configuratin XHEHES, #.d Add Channel CGZINEIE) JHACE DMA i#iE 0 4 B FE P42
X 1) A 255 2] USART TX i f7as. SRR, DMA #2130 1 F P & X 9 25844 i 2

T
USART JAxZz X .
& 1-8. DMA i &
1 DMA Configuration - X
Active Channels List Use Linked List Mode
Channel Number Trigger DMA Channel 0 Settmgs
DMAC Channel 0 SERCOM3_Transmit Enable Interrupt
Trigger Action One Beat Transfer per DMA Request v
Add Channel Remove Selected Channel
Source Address Mode Increment Address After Every Transfer v
Destination Address Mode | £i 4 2 i ece Mode o
Beat Size 8-bit bus transfer v

10. 7t Device Resources ~, i EIF Harmony > Peripherals > RTC (Harmony > #}% > RTC) . il
BEAIN RTC, BEJG TSR] RTC #F /TN INE Project Graph & HHt, 4 500 Z#b7 A4 — IR H i
¢I%ﬁ0
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& 1-9. RTC PLIB it &

Kit Window x| StartPage x| ProjectGraph xl : Configuration Options x
=l
E-RTC
=Hardware Settings
NVMCIRL ,SERCO”S } Generate Frequency Correction 4P1 []
Peripheral Library Peripheral Library i
MEMORY 12¢ ~~RTC Count Sync Enable M
spr Tamper Detection Configuration
EVSYS UART = RTC Operation Mode 32-bit Counter with Single 32-bit Compare v
Peripheral Library [=-RTC MODE 0 Configuration
E-Enable Interrupts ? M

Periodic Interval 0 Interrupt Enable [
Periodic Interval 1 Interrupt Enable [
PM » X RTC i Periodic Interval 2 Interrupt Enable [
! L‘::y l;_:;:v Periodic Interval 3 Interrupt Enable [
Periodic Interval 4 Interrupt Enable [
-Periodic Interval 5 Interrupt Enable [
-Periodic Interval 6 Interrupt Enable [
-Periodic Interval 7 Interrupt Enable []
-|Cnmpar9 0 Interrupt Enable E-I
O

- Qverflow Interrupt Enable
RTC Prescaler DVI v

Compare Value 0x|200
Clear on compare Match [

#-RTC EVENTS configuration

P

M. TR RIER T, B BIF Harmony > Perjpherals > E/IC (Harmony > 4} > EIC) &
12, 3Bk AN EIC, BJE AT AEER] £/C 4444 C 4 INE] Project Graph & .

& 1-10. {fi it EIC #iE 12

KitWindow x| StartPage x| MPLABX Store x | 53 tz_pic32cm_Is60_cpro_NonSecure.mc3 x| G Options x
X CTEORE | |puns: v a&
EHEIC
NVMCTRL | E1C Clock Source selection Clocked by ULP3X + |
Peripheral Library Non Maskable Interrupt Control []

MEMORY Enable EIC Channeld
Enable EIC Channell
Enable EIC Channel2

Peripheral Library Enable EIC Channel3
Enable EIC Channel4
P ey Enable EIC Channels
™R 2 Enable EIC Channel6
Enable EIC Channel7
Enable EIC Channel8
Peripheral Library Enable EIC Channel9
Enable EIC Channel10
Enable EIC Channel1l
SERCOM3 I Enable EIC Channel12 I
Peripheral Library Enable EIC Channel13
Enable EIC Channel14
Enable EIC Channel1s

RTC

Qoooooooooooo

ooog

13. #i5 EIC Peripheral Library (EIC M%) , SRJG /I Enable EIC Channel12 (ffifi¢ EIC J8I& 12)
TR N B s BT .
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& 1-11. MPLAB®/UHS I & 28 ——EIC PLIB il B

~~Enable EIC Channelll LJ
El Enable EIC Channel12 E-I
=-EIC Channel12 Configuration
- Security mode SECURE v
-[Enable Interrupt %
~Enable Event Qutput O

~External Interrupt12 Detection Clock | Edge detection is dock synchronously operated
"lExtemaI Interrupt12 Edge Selection Rising edge detection + |

~-Enable Debounce ]

|Enable filter El

14. )\ Plugins %% #1i%#% Arm TrustZone for Armv8-M (Armv8-M [¥] Arm TrustZone) , #RJEki#r
SRR P B 22 X BRI FF 22 X 77 i e B

& 1-12. Arm® TrustZone® /7% # Hic B & [

FLASH (524288 Bytes ) DATA FLASH( 16384 Bytes) SRAM( 65536 Bytes )

0x0 0x0

\/

AS
RS

0x3d5e0

ANSC

0x40000 7

APPLICATION

ANS
RNS

0x4000

0x80000

e WRAAAE S B R AT AR AT O W DU AR OR B B A A o WA EE T SO B AR e (B
[

A DU R AN B SRR G B AP 3, 7 0I5 System (R%0) , AR5 1B T BERR kB I 404
ARy REAT R
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& 1-13. {#i [} System HEAT /70 25 il &

— —— = Device & Project Configuration
X ; ) i E-PIC32CMS5164LS60100 Device Configuration
Peripheral Library Peripheral Library :
MEMORY +~Note: Set Device Configuration Bits via Programming Tool

Fuse Settings
-Arm@ TrustZone® for Armvs-M
=-Memory Configuration

IAppIicatinn Non-Secure Callable size | 10,784 Bytes v|

- Boot Non-Secure Callable size 0 Bytes v
|Bpplication secure size 262,144Bytes - |
Data Secure size 16,384 Bytes v
--Boot Protection size m
~RAM Secure size 32,768 Bytes v |

#-Project Configuration
#- Cortex-M23 Configuration
#-Ports

N FEFE AR 24w (Application Non-Secure Callable, ANSC) 77k %8 K/ AR IR AE it 25 1) 75 5K
IR, P R R AR 5 E A AR

15. M Plugins %1% $1i%& % Arm TrustZone for Armv8-M, $RJ5 1T 4 i &5+i% - SERCOM3 fil
DMAC HEAE AR A hhist. it ), HERIBUEA S M aR ARt

& 1-14. SERCOM3 Al DMAC #M&TC B

B! Arm TrustZone for Armv8-M -

Peripherals

Mix-Secure Peripherals

¥¥: SERCOM3 1 DMA #MEERC E N AR 2 44t . XA Rl dE %2 mT A (Non-Secure
Callable, NSC) APl Mz 4= HFE 3R LED PI3idiR, PUMELE PC _LigfT #4786 L3 EN LED
Pl

16. M Plugins 5% #1$TJf NVIC Configuration (NVIC Bt&) , #AJ5¥ DMAC_0 J@i& % hE 2 4.
& 1-15. NVIC it & (DMAC_0 W NIEZ4)

15 DMAC_0 (DMA Channel 0) 3

<
>
v
o

NON-SECURE b
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17. M\ Plugins %|Z& #1477 Pin Configuration (5|IACE ) & A E 751, BT FR:
& 1-16. SERCOM3 5| JHIfiC &

Pin

Number PinID Custom Name Function Mode Direction Latch PulUp  PulDown Drive Strength  Security Mode
68 PB20 SERCOM3_PADO v | Digital | High Impedance nfa O |mnoRMAL | MON-SECURE
69 PB21 SERCOM3_PAD1 v |  Digital High Impedance nfa [J | NORMAL v | NON-SECURE v

& 1-17. JF <A1 LED 5| Al &

Order:  Pins v Table View Easy View
:I:mber Pin ID Custom Name Function Mode Direction Latch PulUp  PullDown Drive Strength  Security Mode
58 PC18 Available v| Digital High Impedance v | Low O O NORMAL v | SECURE v
I 59 PC19 LEDO GPIO v Digital Out v High NORMAL v | SECURE v
I ) PC20 EIC_EXTINT12 v |  Diaital High Impedance nja [l [ | NoRMAL | secure v
— — - w—
61 pc21 Available v| Digital | HighImpedance v | Low [} [0 | NoRMAL | SECURE v

1.3 AR

i B 4% 5, Hidi Resource Management [MCC] CEIEEFIIMCCD , X5 #. Generate (ZEf) i

Wi,
I
& 1-18. A4 AR
Projects Files Resource Management [MCC] x =
Project Resources I Generate I import... || Export || @ || (
v Libraries
» Harmony
¥ System
) System

e AR S SRS e s N E) 32 A2 MCC Harmony T H . 1575, AR T, 4wt
SEIFIHER (RTC) o APEBrhirssdiles (EIC) F1 PORT #h & AR s 4 & B SO 22 H b, st
SERCOM3 (fE25 USART) Fil DMA A& A s A B SCHEE AR e A0 H e kA, MCC b7 40 H
AR &0 H R AR main.c U

W MCCERAL T —NETURE SUE ISR 44, WERANE PR I, 0 A 1 i SCA 44 BRI maain. c.

14 BNABEFZEMNNEIZENE
BT RRGEAT SRR, IR AT SRR

1. TP REW A main.c SAEFFRMLCT R A7 24 . /£ main () AR SYS_Initialize
(NULL) BRECH AN LA R ARSI A £ 500 ms L 344 (1) RTC F b3 AR P
RTC Timer32CallbackRegister (rtcEventHandler, O0);FIEFXFF4% TSR EIC [FIHF4F
WHFEF EIC CallbackRegister (EIC_PIN 12, sw0O eventHandler, 0);, BARWITFAIR:

RTC Timer32CallbackRegister (rtcEventHandler, O0);
EIC_CallbackRegister (EIC_PIN_12, sw0O_eventHandler, O0);
sprintf ( (char*)uartTxTempBuffer,

WhAXFAxKAxKAX* Printing Toggling LED rate
*************\r\nn) 2

readUartTxStatus = true;

2. WIAnTARSAT, DAEEM R SR B P 2 J5 ) RTC_Timer32Start () ; BR¥.
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B 1-19. 5 II1SE A% PP 22 48 LA ] < A B AR P
int main ( void )

nt32_t msp_ns = *((uint32_t *) (TZ_S
latile £

ptr_void NonSecure_ ResetHandler;

SYS_InltlallZE ( NULL ).

RTC_Timer32CallbackRegister (rtcEventHandler, 0);
EIC CallbackRegister (EIC_PIN_12, swO_eventHandler, 0);

sprintf ( (char*)uartTxTempBuffer, ' . . . Printing Togg
readUartTxStatus = true;

|rTC Timersastart(): |

3. JEMAE main () BRECZ AN LA AR R ST X 22 A ANBEA M 1] o 2 AL PR Y o

static void sw0O_eventHandler (uintptr_ t context)

{

changeSamplingRate = true;

}

static void rtcEventHandler (RTC_TIMER32 INT MASK intCause, uintptr t context)
{
if (intCause & RTC_TIMER32 INT MASK CMPO)
{
isRTCTimerExpired = true;

}

4, 1f securebpp () BEH, TLZETHK main () BEZ RN HEFZE, ULEHP T iR -
FIIF #4218 500 ms. 1s. 2s il 4s (AN [E#E Z ) LED.
: £ main () RECZAMINZ R L

void secureApp (void)
{
/* Basic Functionality: Demonstrates an LED toggle, i.e. LEDO toggles when
* the switch SWO is pressed on a timeout basis and prints the LED toggling
* rate on the serial terminal.*/
if (printLedToggleRate == true)
{
memset ( (char*)uartTxTempBuffer, 0x00, 100);
sprintf ((char*)uartTxTempBuffer, "***x**x¥x4x¥x+x printing Toggling LED rate
‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k***\r\n") 8
printLedToggleRate = false;
readUartTxStatus = true;
}
if (isRTCTimerExpired == true)
{
isRTCTimerExpired = false;
memset ( (char*)uartTxTempBuffer, 0x00, 100);
sprintf ( (char*)uartTxTempBuffer, "Toggling LED at %s rate \r\n",
&timeouts[ (uint8 t)tempSampleRate] [0]);
LEDO Toggle();
readUartTxStatus = true;
}
if (changeSamplingRate == true)
{
changeSamplingRate = false;
if (tempSampleRate == SAMPLING RATE 500MS)
{
tempSampleRate = SAMPLING RATE_1S;
RTC_ Timer32CompareSet (PERIOD 1S) ;
}
else if (tempSampleRate == SAMPLING RATE 1S)
{
tempSampleRate = SAMPLING RATE 2S;
RTC_Timer32CompareSet (PERIOD_2S) ;
}
else if (tempSampleRate == SAMPLING RATE 2S)
{
tempSampleRate = SAMPLING RATE 4S;
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RTC_Timer32CompareSet (PERIOD_4S) ;
}
else if (tempSampleRate == SAMPLING RATE 4S)
{
tempSampleRate = SAMPLING RATE 500MS;
RTC_ Timer32CompareSet (PERIOD 500MS) ;
}
else
{
}
RTC_Timer32CountersSet (0) ;
sprintf ( (char*)uartTxTempBuffer, "LED Toggling rate is changed to %s\r\n",
&timeouts[ (uint8 t)tempSampleRate] [0]);
readUartTxStatus = true;
}
}

AIMCA AR A BB B L B S S0, I UANE RTC BB A
W AESCIEIT SRS INZZ 4, DAL SO P A £ o K SR AE (0 2L

#include <stdio.h>
#include <string.h>

#define PERIOD_500MS 512

#define PERIOD 1S 1024
#define PERIOD 2S 2048
#define PERIOD_4S 4096

FER G SRS JE B A S A BL.
PAT AR 75 I Al a5, X b B (RS e B2 PR o ) SR A R e AT LA BE X

static volatile bool isRTCTimerExpired = false;

static volatile bool changeSamplingRate = false;

static volatile bool printLedToggleRate = false;

static const char timeouts[4][20] = {"500 milliSeconds", "1 Second", "2 Seconds", "4
Seconds"};

volatile bool readUartTxStatus = false;
uint8 t uartTxTempBuffer[100] = {0};

typedef enum

{
SAMPLING RATE 500MS
SAMPLING RATE 1S
SAMPLINGiRATE72S
SAMPLING RATE 4S

} SAMPLING RATE;

o
w NP O

S~ S~ S~ S

static SAMPLING RATE tempSampleRate = SAMPLING RATE 500MS;

5. fEnonsecure entry.c Xff (fiF Source Files > trustZone CJFCF > trustZone) ) sizEib
TR AT RE, DB AIEZE 4 R R R U7 10 R SR 224 B AR T«
TE: MR A AR AR A8 I B R AR

bool _ attribute_ ((cmse_nonsecure_entry)) readUartTxData(uint8_t *lcluartTxBuffer)
{

bool localSecureUartStatus = readUartTxStatus;

if (localSecureUartStatus == true)

{
memset ( (char*) lcluartTxBuffer, 0x00, 100);
memcpy (lcluartTxBuffer, uartTxTempBuffer, strlen((const char
*) &uartTxTempBuffer([0])) ;
readUartTxStatus = false;
}
return (localSecureUartStatus);

}

void  attribute ((cmse nonsecure entry)) secureAppEntry(void)

{
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secureApp () ;

}

AN CL R ARRS Fr B AL B S S, #2248 main. ¢ U SEIRIN) SecureApp()ek )AL & A A
PSR .

#include <stdint.h>
#include <stdio.h>

finclude <stddef.h> // Defines NULL
#include <stdbool.h> // Defines true
#include <stdlib.h> // Defines EXIT FAILURE

#include <string.h>

extern uint8 t uartTxTempBuffer[];
extern volatile bool readUartTxStatus;
extern void secureApp (void) ;

1.5 «I%fh HERERMEEEZEIE
fEmain () T SYS Initialize () F, ¥I0LANACK RN [HH FHAR L BRRE T .

DMAC ChannelCallbackRegister (DMAC CHANNEL 0, usartTxDmaChannelHandler, O0);

2. fEmain () BREC TSI CVEN B F AR

static void usartTxDmaChannelHandler (DMAC TRANSFER EVENT event, uintptr t contextHandle)
{
if (event == DMAC TRANSFER EVENT COMPLETE)
{
isUSARTTxComplete = true;
}
}

3. BBk sys Tasks () ; BRECAAF B AL TG, DIFE while fEFRH IR 4 N R 7 HEN 224 Th
G
while ( true )
{
if (readUartTxData (nonSecureUartTxBuffer) == true)
{
/* Maintain state machines of all polled MPLAB Harmony modules. */
DMAC ChannelTransfer (DMAC CHANNEL 0, nonSecureUartTxBuffer, \
(const void *)&(SERCOM3_REGS—>USART_INT.SERCOM_DATA), \
strlen ((const char*)nonSecureUartTxBuffer));
}
secureAppEntry () ;
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B 1-20. 70N FE 7 1248 AMAR 2 40 N IR P i\ 22 2 D) fig

int main ( wvoid )

{

SYS_Initialize ( NULL );

DMAC_ChannelCallbackRegister(DMAC_CHANNEL_O, usartTxDmaChannelHandler, 0)4
while ( true )
{

if (readUartTxData (nonSecureUartTxBuffer) == true)

DMAC ChannelTransfer (DMAC_CHANNEL O, nonSecureUartTxBuffer, \
(const wvoid *)&(EZ?CDM37?3G5->USART71NT.SERCOMiDATA), \
strlen((const char*)nonSecureUartTxBuffer));

}

|secureAEEEntrz()g|

NI UL AR Fr B AL JE 224 madn . o SO HS 0 Sk SO A AR B B

#include <stdio.h>
#include <string.h>
#include "trustZone/nonsecure_entry.h"

static volatile bool isUSARTTxComplete = false;
static volatile bool isUSARTRxComplete = false;
static uint8 t nonSecureUartTxBuffer[100] = {0};

4. ff nonsecure entry.h XM (1T Header Files > trustZone ) s hnbL F AR, DU {EH
extern SHET 7 I NSC R M AE 22 45 N A2 7 U o) AN R 22 4 B HFR P o
e MIBR AR BB ARAD FE i LA R ARHS

extern bool readUartTxData(uint8 t *lcluartTxBuffer);
extern void secureAppEntry(void) ;

B 1-21. I AR 22 4 I FHRE P i AR SR 22 4 B R 1) 42 JR) NSC

#ifndef NONSECURE_ENTRY H_

#define NONSECURE_ENTRY H

extern bool readUartTxData(uintf t *lcluartTxBuffer);
extern void secureAppEntry(void);

#endif

1.6  FwiFFmENHER
1. PIC32CM LS60 Curiosity Pro i T H A3 KR A ik AUifi#S (EDBG) #AT K. ¥ “Type-A 24
k% micro-B” USB £k 453%E 428 PIC32CM LS60 Curiosity Pro P4 T. 2. _E ¥ micro-B i USB i
HEAT AN
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B 1-22. fEf%E

MICROCHIR «

o
13
a
H
>
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Q
=
Q

2. ¥Aew e HEEANEDH, )5 M Project Properties (I H J@ ) H ik 8 5508 i S A A
(v4.35) .

E J -
3. il {{5 (Clean and Build GiRRIFS ) Ebr) , HERIFGIETH .

- B
4. bl ™ | (program the Device CHEEEME) BRI AR AT

17 DB BRI B AT 28 b 5%

1. YN 9w BT e gm ey, #1797 PC _EH Tera Term 1. E.. ##% Serial Port (H 4T3 ) Ffk
baud rate CJFeZ) wEHN 115200.

2. % PIC32CM LS60 Curiosity Pro ¥4 T H A I f¥) RESET 41, LED BRK:LL 500 ms (133 R 14,
JEEARF IR N SWOTF RIS, LED YISk kB 1. 2s il 4s.

& 1-23. #4174 L F) LED PIHuE =

M COM38 - Tera Term VT
Eile Edit Setup an!rcl Window Help

tc
econds rate
ed to 1 Second

a. M AT B LED YIS R EEAE TFORRR S T Mo A 2B AR, rD S EIPEAE T A4 1 LEDO 1
Ik SEES AP L
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2 BETH
A% MPLAB Harmony v3 13 215 8., 1575 Microchip B¥k: https://www.microchip.com/
mplab/mplab-harmony #1 microchipdeveloper.com/harmony3:start

o HRIZWHMELZEAEE, WA YouTube #iliE I/ Microchip & N R #H):
www.youtube.com/watch?v=5wQJYHnSzPM

o HXREMNHARFNEZEE, 2L https://github.com/Microchip-MPLAB-Harmony/
reference_apps.

* A% PIC32CM LS60 Curiosity Pro 1Fft TR LR %45 %, 12 W https:/
microchipdeveloper.com/harmony3:secure-boot-application-on-pic32cm-Is60

+ PIC32CM LS60 Curiosity Pro 34k T. 24

© HK32 AR T RINE Z(E R, S0 https://www.microchip.com.cn/
newcommunity/Uploads/202404/6620805f4a70b.pdf
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3. AN

i~ B——2024 %E 4 H
ARRAAL & DL S

kY

T

1. 2T PIC32CM LS60 MCU G288 —AN vl {7 X S A2 7

2. ZHEBH

A~ A——2023 £ 9 H
R SCRE IR UE ARAS

b L

PROr T R AREYUR T Sk AU

BT B LR RA

W T EA 1.1, AT MPLAB Harmony v3 B35 H 125
%,

FEHTE -1 B 120 B -3, 1.4, BN IR 24
T H AE 1-5,

W T ET 1.2, SINAIEE MPLAB Harmony Z04FH (1125 3% .
BT 1-6. 1130 18 1-14 F1E 1415,

TEHTE -7, B 19 ME 112,

TR T FAT 1.4, KRR B IR I E 22 AT PP IR
BT FA 1.5, F N R AR AN B R e AT H R B IR
T T 1-20.

WInT M E R
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