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217 Harmony B2
MICROCHIP Step 1: BﬁE&%?H’Jgi

MPLAB X IDE v3.

File| Edit View Mavigate Source Refactor R

¥ MewProject.. Crl+Shift+N

9 MewFile... Ctrl+N

Open Project... Ctrl+Shift+0
Open Recent Project »
Import »

Close Project

Close Other Projects

Close All Projects

Open File...

Open Recent File b

Project Groups...
Project Properties

Save Ctrl+5

Save As_.

Sawve All Ctrl+Shift+5
Page Setup...

Print... Ctrl+Alt+Shift+P

Print to HTML...

Exat
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MICROCHIP Step 2 BERREZEARIRE] “32-bit MPLAB Harmony Project”

-
ﬁ Mew Project

i

Steps

Choose Froject

1. Choose Project
2.

), Filter:

Categories:

Frojects:

Y Ml icrochip Embedded
)0 Other Embedded
-2} Samples

(o 22-bit MPLAE Harmony Project

b Standalone Project

(o Existing MPLAE IDE v8 Project

(5 Prebuilt (Hex, Loadable Image) Project
(5 User Makefile Project

(54 Libracy Project

Description:

MEPLABE Harmomny Project Wizard

= Back

Finish Cancel | [ Help
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MICROCHIP

Step 3 :

217 Harmony B2

s EHarmonyRAs %iﬂ’%ﬁ R ~ MCU32

B4 Mew Project

i

Steps

Name and Location

1. Choose Project
2. HName snd Locahton

Harmony Path:

Froject Location:

Froject Manme:

Froject Path:

Configuration Name:

Device Family:

Target Board :

Z hmdcrochipiharmonyy 202 00

Zhmdcrochiphharmonyy 202 00bappsipic3Zc

labl

Z hrmdcrochipiharmonyyZ 02 00bappsipic32ricilabl irmwareilabl X

default

4l - Target Device: | PIC32ME4T0ES12H

FIC 320 H 470 Curinzsity Development Board

Mote: Pres: "Help" button for additiomal informmation.

&

[

< Back et =
| <Baek |

Finish || Cangel || Help
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MICROCHIP Step 4 : IhEEIIHarmony HEMEZE

MPLAB X IDE v3.

.

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

ha LD et W D2 E - D oo
Projects & | Files | Classes || StartPage |94 MPLAB X Store  %| MPLAB® Hermony Configwator® 38|

EI@ labl L[ [P | 58Pcoo- 2 -
" Header Files i | — | | E | E
ﬁ' Imnportant Files

Options* | Clock Diagram % | Pin Diagram % | Pin Seftings %

.. Linker Files MPLAB Harmony & Application Configuration
G- fF] Source Files - & pplication Configuration

: £

ﬁ Libraries ---Ha.mmn}r Framework Configoration

[ Loadables - BSP Configurstion

fi1- Third Party Libraries
ri-Device & Project Configuration
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277 Harmony B2

Step 5 : MHC — Clock Diagram

StrtPage %[ MELABX Store | MPLAB® Hormony Configurator* 5

L [P | BPe) |2 O

Optigns*| Clock Disgram X | Pin Disgram. % | Pin Settings |

-

ROTRIM (M}

TUN

LPRC

FRCDIV
DIV_2

LPRC

Secondary Oscillator
(soscC)| 32,768/%] Hz

Oscillator

31250 Hz

|
| |
| |
i |
REFCLKO |
. Feu | 8000000 Hz

06 MHz gﬁmﬂz Fozr |
| To:SPI/125 |
FPLLIDIV FPLLMULT FPLLODIV | |
lDW_z vl lMUL_24 v] [DIV_l vl |
| posc | |

| (Selected from FNOSC) l Auto-Calculate l | Auto-Calculate
| e e — |

Primary Oscillator
(Posc) | 5000001 s .
96000000 Hz
SYSCLK
o osc1 >
¥ l > TDIntErnaI sooo00O Hz e 96000000Hz | Fsys
I T Fe e r Peripheral Bus Clock |
Enable FRC |
1 T s Poscmon > |
| B, 3000000 Hz
C2 el 48000000 Hz |
FRC/16 |
£ 1

500000 Hz |
FRC FRCDIV, : FPBDIV |
Oscillator g Postscaler Hr PBDIV |
8 MHz typical 1000000 Hz | = ‘DIV_z | lnw_z vl |
' |
' |




£17 Harmony B2
MICROCHIP Step 5 : PIC32MX470 CLK HiiE

"usB PLLG) - - - -
| | USB Clock (48 MHz)
| [ . |uFn
| | div x | PLL x24 div 2 |
| UFIN = 4 MHz UPLLEN UFRCEN
! UPLLIDIV<2:0> USBPLL (96 MHz), |
L = - = f—
REFCLKI g—-— ROTRIM<8:0>
POSC —| (M) OE
FRC —»| |
LPRC — =
el - - — - — — Soso REFCLKO
| FPLLI (i.e., FIN) System PI F'-'-l PBCLK —»| [™|F2X (N * 513
4 MHz = Fin =5 MHz SYSCLK —|
| Fveco | System PLL |
| — PLL | RODIV<14:0> To SPI
(N)
| FPLLIDNV<2:0> | ROSEL<3:0>
| COSC<2:0> PLLMULT<2:0> |
| (gﬂ — Eggé) |  XTPLL, HSPLL,
| | ECPLL, FRCPLL
Primary Oscillator PLLODIV=2:0>
(PDSC) -, —-r-————— =4
@ OSC1 —
< . Fosc Peripherals
To Ints | Posc (XT, HS, EC) Postscaler | = = = =
o Interna . HS, "
L(TAI.. | RF(@ Lj Logic div x PBCLK (TPB)
=ReM |
— Enable FRC
- Rsth | PBDIV<1:0>
Cim MV ’
2 4) div 16 '—‘
oscz2 |-—( div 2 H FRC/186
To ADC CPU and Select Peripherals
FRC
Oscillator Postscaler SYSCLK
8 MHz typical FRCDIV
FRCDIV<2:0>
TUN=5:0=
LPRC
Oscillator 31.25 kHz typical LPRC
Secondary Oscillator (Sosc)
SOSCO .- - - - .. 32.768 kHz
Sosc TOOSC<2:0>
SOSCEN and FSOSCEN
Clock Control Logic
sosclt C " "¢ FSCM INT

Monitor FSCM Event
I
NOSC<2:0>
COSC<2:0>
FSCMEN<1:0> OSWEN
WDT, PWRT

Timer1, RTCC
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MICROCHIP Step 5 : PIC32 Curiosity board - CLK

RBI  AN25/RPD2/SCK1/RD2 —2
BO AN24/RPD1/RD1 :_ ____________ :
: H C33 :
SOSCO/RPCI4/TICK/RC14 —2 4 v3 12pF :
SOSCIRPCI3/RC13 |—+ I 5 32768k >—||| E
RPDO/INTO/RDO i I} C34 :
RPD11/PMCSI/RDI1 —2— RD11/VBUS_FAULT ! 12pF DNP |
RPDI0/SCLIPMCS2RDIO —¥—RPDWOSCLT>
RPDY/SDA1/RD9 car
A13/RBI0  RPDS/RTCC/RDS8 |
vss 41 1 e J_xz 18pF
0SC2/CLKORC15 ¥ 0sc2 NG M TZOMHZC:az ‘——I:—
OSCI/CLKIRC12 32—  OSC1 = : . I )
VDD 38 18pF
D+
D- +33V
VUSB3V3 3> T
VBUS
USBID/RPF3/RF3
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217 Harmony B2

MICROCHIP Step 5 : BEEFEERFERIER] - 2GR
Primary Oscillator o FRCPLL
(POSC) 20,000,000 { Hz QSC POSC

0 Hz v PRIPLL
AD._. SOSC
To Inte

Loic LPFRC
V L FRC/16
)Eg D FRCDIV

OFF FNOSC | PrIPLL )

11



@ 17 Harmony BZE
MICROCHIP Step 6 : BREAL LIEER

System PLL

Fru
240 Ml

FPLLIDIV FPLLMULT FPLLODIV

DIV 2 MUL_24 DIV_1

(Selected from FNOSC) ' Auto-Calculate |

POSC

12



e\

#1717 Harmony HZ

MICROCHIP Step 7 : SRELRF TIEHEERB120MHz
2 Auto-Calculate SPLL Dividers L-?_E-J

Desired System Frequency 120,000,000 = Hz

PLL Input Frequency 20000000 Hz

Best Achievable Frequency 120000000 Hz

% Error 0 %

l Apply J | Cancel |




@ 217 Harmony B

MICROCHIP Step 8 : AL TIESER K120MHz

i

|
|
i
™ Fx Fueo Feo |
| 5 MHz ﬁ 120 Mthnm
|

| FPLLIDIV FPLLMULT FPLLODIV

| DIV_4 MUL_24 DIV_1

|
POSC |
|

| (Sefected from FNOSC) Auto-Calculate

14



e\

MICROCHIP

217 Harmony B2
Step 9 : FrEUSB T{ESE F48MHz

USB PLL USB PLL USB PLL
n UFIN N
4 MHJ'.-
DIV_4 UPLLEN UFRCN UPLLIDIV
-8 B UPLLIDIV UPI1FN UFRCEN
I 7 S [ —— - - N S .
1 DIV_12 I;E. ______________ I - | OFF [ __ — Ev;e;l’ﬁ ——————————————
| uss pLL |
| |
| |
| | USB Clock (48 MHz)
-, ----————————— q
| | n Reference Clock
UFIN | | |

| | UPLL |
| 4 MHz | | 96000000 Hz |
| UPLLIDIV UPLLEN UFRCEN | | REFCL;%OOOOO T |
| . B | | .000,000] |
L | POSC

—— T = = = = = = = = — = — - 02 |

| FRC—————

15
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MICROCHIP

EC -
a U,

s :I'IIII n.’.'l

G
|

RST

cs

SCK

MISO

MOSI
+3.3VU

DEBUG

W~y
mie

PWR S

R78%E MR79

Y- ¢
GND REZLU?EJ GND

3.3V 5V

mikro
BUS
PUM
INT
RX

™

SCL
SDA
+5V

EL

MicrocHIP
Curiosity
PIC* MX470

p)GND

=8 D2
HNR35 |CSP HDR

.

217 Harmony B2

Step 10 : PIC32 Curiosity board

AN PHN
RST INT
CsS RX
sck @) T
MISO SCL
MOSI SDA
+3. 3V R77EBR76 +5U
GND RaoL]JR&;GND

3.3V 5V
PWR SEL

: LED
REEH'E .
R70E’E

LED]1 = Iul C36
LED2 mmaxr7 C
LED3u-nR
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#17 Harmony B

Step 10 : PIC32 Curiosity board -> GPIO g

MICROCHIP
™
R71 )
ANV Red K] LED1 Reaient >
330R D{Z{
R72 ®
A Green m LED2 REG/LEDZ >
330R D&
R73 A
AN Yellowm LED3 RE7/LED3 >
330R 3.3V
= USER LEDs
R66 R67
CREE LED 10k 10k
+3.3V
LED4 I g
RE8 RD6/SW1 5
6 A
) VAN RB2/LED B
Blue “—u 510R
P — S2
R69 MCLR ]
5 A e
B VWA RB3/LED G ——C24 MCLR
Green “—u 510R DNP
R70
4 A A RB10/LED_R SW =
Red <Y 1k )

CREE CLX6A-FKB
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e mp T - s Dm Gn ome el Ceprme  mm e
1 RES Available ﬁ nia & Analog (& & =
2 RES BSP_LED 2 LED_AH Ot I Low ] B Digital [l B [l
3 RET BSP_LED 3 LED_AH Ot Il Low ] B Digital [l B B
4 RGE Available Iin . ] Analog | ] [}
5 RG7 Available Iin . ] Analog &l ] ||
6 RGaE Available Iin . ] Analog &l ] =
7 MCLR 5¢ In e ] Drigital &l ] ||
8 alet] Available In A ] [ Analog | ] =
] (=] In ] i 0 Diigital [ 0 0
10 VDD In ] na 0 Diigital o 0 0
i1 RES 1USB_VBUS_SWITCH VEUS Ot Il Low | 0 Diigital o 0 0
12 RE4 Available In ] na | Analog | | =
13 RE3 Available In ] nfa 0o Analag 0o 0o 0
14 RE2 Available In ] s & Analog (& & [}
15 RE1 BSP_BMS4_WAKELP GPIO_OUT Ot I Low ] B Digital [l B [l
16 RED BSP_BMG&4_RST GPIO_OUT Ot Il Low ] B Digital [ B [l
54 RD& 5 BSP_SWITCH_1 SWITCH In | Low ] Digitsl [ ]
55 RD7 5V BSP_STBY_RST GPIO_OUT Out [ Low | 0 Digital | 0 0
56 VCAP In | wa 0 Digital | 0 0
57 VDD In | wa 0 Digital | 0 0
58 RFO 5Y Available In | wa 0 Digital | 0 0
59 RF1 5Y Available In | wa 0 Digital | 0 0

&0 RED 5Y BSP_RGE_LED_RED LED_AL Out [ Lew | 0 Digital | 0 0
&1 RE1 5Y BSP_RGE_LED_GREEN LED_AL Out [ Lew | 0 Digital | 0 0
52 REZ BSP_RGE_LED_BLUE LED_AL Out [ Lew | [l [ Digith | [ [ [l
83 REZ 5Y Available In | wa 0 Digital | 0 0
&4 RE4 BSP_LED_1 LED_AH Out [ Lew | 0 Digital | 0 0

18
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MICROCHIP

Console Service Software
Abstraction Block Diagram

Application

Middleware

Console Service

Device Drivers

Peripheral Library

Application

v
Debug Service j
v

( Command Processer j ( File System Service

v

v

Systemn Conscle Core

v

SE-COC Console

v

LFSE Device Diiver

v

O Ry W

LSE PLIB

v

:

LART Console

v

&

UART Driver

v

:

LART PLIB

v

:

Starter Kit 1/0

v

:

MPLAR X IDE

-’ &) S ey W

19
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MICROCHIP

Generate “Console system service”
Step 1 : Harmony Framework Configuration
-> System Services -> Console

Options | Clock Disgram % | Pin Disgrem % | Pin §

MPL AR Hanmony & Application Confiznration
[+ Application Configuration

|_‘i_|---Ha.nnony Framework Configuration

- Blutooth Librery

(33 Bootlnader Library

--ClassEl Safety Libracy

(47 Crypiographis (Crypto) Library
--Decu:u:ler

--DIivers

i Graphics Stack

(47 Math Library

i1 MPLAB Harmony Netvorking
--Operah'ng Swstemn & batraction Layer (OSAL)
--Periphsra.l Library

(4} Sample Module

l_‘—]System Bervices

--Cnm.mon

- Clack

---Device Control

---Pu:urts

--Cnm.mand

fi]--Cnm:ule

[ Use Consale Swstem Service™
f-Debug

DA

-File Sustern

f-Intermpts

- Frand o
r-Fest
H-RTCC

[
[
[
£
[-Mesmge
£
[
[

E} worstemn Bervices

. L ommon

.--Cln:nclr.

---Devin:e Comtrol

 Fors

--Cu:unm&md

é--CDns::nle

E =[] Use Console System Service?
felect Service Mode DYNAMIC -
----- Overide STDIO?
. Number of Console Instances - (1-2 |1
----- Eelect Peripheral For Conzsole Instance |88 R0
- Tae TART Instance |0
----- Fead TAET Buffer Queue 3ize (1-128) 1
- Write TART Buffer Queue Bize (1-128) |64

20



: Generate “Console system service”
Step 2 : Harmony Framework Configuration
MICROCHIP -> Drivers -> USART

Options* | Clogk Diagram X | Pin Disgram. X | Pin § - USART

- Bootloader Libary = [7] Use USART Drriver?

#-ClassB Sefety Libeey b Driver Implementation | DYHAMIC -

@ Coplogphic (Coypto) Libey Intermupt Mode

[+}-Decoder

LD [] Bte Model Support
o S Read \Write Model Support
E-Camera e Buffer Quene Support
mACME ] Mumber of USART Driver Instances |1
gLODEC Number of USART Driver Clients |1
o T
[o-ENCH 241600 = TEART Driver Instance 0
(- ENC28T60 ~UEART Module IDV TTRART ID 1 -
[#-Flash -.Band Fate 115200
[-12C ~UBART Interrupt Priocity | INT_PRIOEITY _LEVELI -
[-128 ..
wIc ~USLRT Interropt Sub-pricrity INT_SUBFRIORITY_LEVELD
[ VM wOperation Mode | DEV_USART _OPERATION MODE _NOEMAL -
-0C o [] Wake On Start
[-FMF ~ [] Anto Band
B-RICC - [ Stop InTdle
[]-Sample
.5D Card Band Rate Generator Clock 42000000
[-3F1 -~ Line Control | DEY_USART LINE CONTEOL _BNONEl «
[-SP1 Flash Drivers --Handshake Mode |DEV_USART HANDSHAKE NONE -
-SRAM - Trangrmdt Cneve Size (10

T
-imes - Receive Quene Size | 10
[+ Touch
£ TSART Tranzmit DML Bupport
[ [7] Use USART Driver? Eecedve DMA Suppoit

G- Wi-F ~Power State | SYS_MODULE_POWER_EUN_FULL -




: Generate “Console system service”

Step 5 : Harmony Framework Configuration
MICROCHIP > Pin Table

J4 J5 J6
% ~— ANAIRBA —RITAM R AN pwm S R38R (AN14IRPB1&—— %
o “—CRPEIRST —r WA 5— RST INT —3 AL RPD1/INT »—« g
g ~—(RPDAISST »—pas-MW\ip T €S RX —3 ra— W\ar RPF1/UTRX — " 2
3 ¥ —<RPD2ISCKT—pg5 R = SCK X —5 ras W\or RPFOIITX —~ <
7 = —CRPD3/SDI —p W\ =— MISO  SCL —% S TINAAG (RF'D‘]OISCL:I>>:‘” b
& =—RPD5/SDO1 ANV =— MOSI  SDA —5 AN RPDO/SDAT— =
g 1 g 33V 45V —5 -5
= e +33V GND  GND Y = =

| mikroBYS | |
= =

J9 J10 J11
% ~—ANA1/RBIA gg AWVER LA pwm S ig; AMR RPDB -
& ~—RPB15/RST. RET ‘W\,OR 5 RST INT —% R55 'W\,OR RPDO/INTO >— = 5
3 »— RPGIISS2 >— =AM — C8 RX —3 A RPBY/UZRX>— 3
& +—RPGBISCK2)—pas VWV SCK TX 29 AA CRPE5/U2TX o— = =
% ~—RPG7/SDI2 AR 3 MISO  SCL —2 ROLAANE RPF5/SCL2 — = &
pli R62 AAYOR 6 11 R63 0R e
& =—RPG8/SDO2 AN =— MOSI  SDA —& A RPF4/SDA2— =
ar- ' g 33V 45V — ~8
LandE- -] oo

+3.3V GND GND +3V
| mikroBLJS | —-r
€

-

MikroBUS HDRs

IL 1 [0 CAC LA
Search Results |0utput |I.|PLAB®HarmonyConiigurator’
Output| Pin Table x|
T - . 5| 5
e s wlal2|z alolazle 2| g ala|e wlalelzlalolzalalallal@|@]e]ale5
O|lg|o o Bleld|glm|o|&|&8| & DD +slalclclglgd|ladla|lglalc|lclalalg|ldl8lg ol | &
| || E|lr | m|le|ld|wm|ld|d|d|lb|lElalalrle|lg|lf|lw|lel|led|le|le|leg|le|lw|le|lw|=|@d|A|ls|E|B|B]/
Module Function 21|22 | 23| 24 | 25|26 |27 (28|20 )30 3132|3334 3530 37|38 | 30|40 |41 |42 |43 |44 |45 |46 |47 |48 |49 |50 |51 |52 53| 54|55 5 a0
TRD32
MRE
TART1 WX
(USART_ID_1) U1CTS
TIRTE
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LED Hb5% K

Step 3 : B SPEVES
MICROCHIP p 3 : EEE M BSPHIEE
CREE LED os
+3.3V =
T LED4 R71 Red \f/l LED1
P RES AP K| RE4/LED1 >
6 VWA RB2/LED B D5
Blue s 510R R72 N
ANV Green |1 LED2 REG/LED2 >
R69 130R N
* 2 @ VWA RB3/LED G D6
Green ™ PR R73 Yenow\?; LED3
A ) Rw?» RB10/LED R .__ggl\{ - R
Red “C%n 1k
CREE CLX6A-FKB USER LEDs

23



MICROCHIP

LED E&

Step 1:

B é]ﬂt
o X
=
5

b

vold BSP_LEDOn{EZF_LED led)
{

1f{led_active_level_map[led] == BEP_]

i
PLIE_PORTS_PinSet( PORTS_ID_O,

'

else

{

FLIE_PORTE_PinCleas{ PORTE_ID_O,

vold BEP_LEDOFF{EEF_LED led)
{

LED_ACTIVE_HIGH)

led_port_channel_map[led],

ifiled actiwe_level map[led] == BSP_LED ACTIVE HIGH)

{

PLIE_PORTS Pinlear({ PORTS_ID_0, led_port_charmel map[led],

i

else

i
PLIE_PORTS PinSet{ PORTS_ID 0,

led port_channel map[led],

led_port_channel map[led],

led_port_hit_pos_map[led] 3;

led_port_bit_pos_map[led] 3:

led port_hit_pos_map[led] ;

led port_hit _pos_map[led] )

24



e\

MICROCHIP

LED R K BRI EA
Step 1 : bsp.h BYR=,

tvpedef enun

d

ESF_LED 2 = [
BSP_LED 3 = 1,
ESF_ROE_LED (REEN = 2,
BESP_ROE_LED BLIE = 3,
ESF_ROE_LED RED = 4,
BSP LED | = 5

+ BSP_LED:

E

statlc const PORTE_BIT _POE led_port_blt_pos_map[] =
{

PORTS_BIT POS_6A,

POETE_BIT POE_T,

PORTS_BIT POS_3,

PORTS_BIT _POR_2,

PORTS_BIT _PO&_10,

PORTS_BIT _POS_4

25



LED 5% 5 B ]

MICROCHIP Step 1 : main.c A BSP_LEDON() / BSP_LEDOff()

#include <stddef lo fr Defines NULL
#include <stdhool b ff Defines tme
#include <stdlib be ! Defines EXIT_FalLURE

#include "svstem/comnonssvs_madule. k" // 3YS function prototvpes
#include "hsp k"

int main { vold )

i
f* Inltialize all MPLAR Harmony modules, including applicationis). */f
AVE_Initialize { NIULL };

while { tre )
{
f* Maintaln state wachines of all polled MPLAR Harmeony modules. *f
BSP_LEDOn{ BESF_LED_1};
BEP_LEDCn({BSP_LED_2);
BSP_LEDOn{ BSF_LED_3);
BEP_LEDCff{BSP_LED_1);
BSF_LEDO{f(ESP_LED 2):
B3P_LEDCE{f{BIP_LED_2);

BSF_LEDOn( BSF_RGE_LED_RED)
BSP_LEDOn( BSF_RGE_LED_GREEN);
ESF_LEDOn{ BSF_RGE_LED ELUE);
BSP_LEDO{ {( BSP_RGE_LED_RED);
BSF_LEDO f(BSP_RGE_LED GREEN):
BSF_LEDO f{ESP_RGE_LED _BLUE);

BYE_Tasks ( J;
1
/* Execution should not come here during normal operation */
return ( EXIT_FAILUEE 3;

26



@ Generate “Console system service”
MICROCHIP Step 2 : app.c -> APP_Tasks

3317 t nr:

char myBuffer[] = "message”;

case APP STATE SERVICE TASKES:

{
nr = SYS CONSOLE Write( SYS CONSCLE INDEX 0, STDOUT FILENQO, myBuffer, strlen(myBuffer) );
1T (nr != strlen(myBuffer))
{
}
appData.state = APP _STATE_IDLE;
break;
}

case APP STATE IDLE:

break;

27



@ Generate “Console system service”
MICROCHIP Step 2 : app.h -> APP_STATES

typedef enum

{

APP_STATE_INIT=0,
APP STATE SERVICE_TASKS,
APP_STATE_IDLE,

} APP_STATES;




@ Generate “Console system service”

MICROCHIP Step 8 : 4F:E ~ (T

VT COMG - Tera Term VT

| = | B ||

File Edit Setup Control Window KanjiCode Help

29



MICROCHIP
Thank You

Any Questions?
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