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Class Objectives

* When you finish this course, you will be able to:

* Be familiar with MPLAB X IDE and Harmony 3
* Understand how to configure and use the
SAMD?21 series peripherals.
* There have two level course included.
* Major course : General study of basic features.
* Appendix : Advance features and appendix.
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Major Course (1/3)

®SAMD21 ARM Cortex-MO0+ Microcontroller Introduction
O®VIPLAB® X IDE, MHC and Development Tools Introduction
®SAMD21 EVB APP045 v4.20 Introduction
®Getting Started with First Project
ELabO First Project
® VIPLAB® Harmony Configurator (MHC) Interface introduction
@Study Advanced Features
®PORT 1/0 Architecture
SHLabl PORT Output
HLab2 PORT Input and Output
®Timer/Counter, TC Architecture
HLab3 TC Timer Method Polling
HLab4 TCs Timer Method Polling
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Major Course (2/3)

O®NVIC Architecture
HLab5 TC Timer Method Interrupt Callback
HLab6 TCs Timer Method Interrupt Callback
@Study Advanced Features
®Clock System Architecture
ELab7 System Clock XOSC32K
HLab8 System Clock DFLL48M
®
®Pin Multiplexer (PINMUX)
@®SERCOM - UART Architecture
ELab9 SERCOM - UART Tx Polling
ELab10 SERCOM - UART TxRx Interrupt Callback

ELab11l SERCOM - UART TxRx Interrupt Callback with myprintf
®
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Major Course (3/3)

®High Speed ADC Architecture
HLab12 ADC Polling Software Trigger
@

®ADC Interrupt Callback and Pin Scan
»ADC Pin Scan
ELab13 ADC Pin Scan
@
@

®TCC — PWM Architecture
HLlab14 TCC NPWM
HLlab15 TCC NPWM ADC Duty Control
HLlab16 TCC NPWM Auto Duty Control

@
®SERCOM-SPI (OLED SSD1306)
HLab17 SERCOM - SPI SSD1306 OLED
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Appendix (1/3)

CIMPLAB® Harmony Key Concept
CdHarmony Installation and General Setup in MPLAB X IDE
COHarmony Framework Help and Examples

COHarmony Framework Content Manager
u
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LITimer/Counter Operation Mode
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SAMD21 ARM Cortex-MO+
Microcontroller Introduction
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ARM'’s history

* ARM, previously Advanced RISC Machine, is a family of reduced instruction set computing
(RISC) architectures for computer processors. Arm Holdings develops the architecture and
licenses it to other companies, who design their own products that implement systems-on-
chips (SoC) and systems-on-modules (SoM).

* SoftBank complete acquisition of ARM Holdings on September 5, 2016 (GMT) for a total
acquisition price approximately USD 31.0 billion or JPY 3.3 trillion.

* SoftBank confirmed on June 4, 2018 that Arm Limited agreed sell a majority stake in its Chinese
subsidiary Arm Technology (China) Co., Ltd. Under the terms of the Transaction, Arm will sell
51% of its equity interest in Arm China for USD 775.2 million to the Direct Investors.

* On 13 September 2020, it was announced that Nvidia would buy Arm from SoftBank for $40
billion, subject to regulatory approval, with the latter acquiring a 10% share in Nvidia.

SoftBank
ARM

Arm decided to create “Arm China” Joint Venture

Hi( )PU
Multiple

e @Mlcnocmp

arm

Largest single
shareholder



https://en.wikipedia.org/wiki/Reduced_instruction_set_computing
https://en.wikipedia.org/wiki/Instruction_set
https://en.wikipedia.org/wiki/Central_processing_unit
https://en.wikipedia.org/wiki/Arm_Holdings
https://en.wikipedia.org/wiki/System_on_a_chip
https://en.wikipedia.org/wiki/System_on_module
https://www.youtube.com/watch?time_continue=65&v=6jPlyWC-b18
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ARM core MCU/MPU brief

Embedded Application

— Cortex-A15 3.5 DMIPS/MHz
AR7_A Cortex-A9 2.5 DMIPS/MHz
Yy Cortex-A8 2.0 DMIPS/MHz
Cortex-A7 1.9 pMmIPS/MHz

1.25 DMIPS/MHz
m — Cortex-A5 1.58 pMIPS/MHz

ARM11

ARMv6

TrustZone

ARMv4
1.1 DMIPS/MHz ARMV7-R Cortex-Rx [ Dsp | 2.16 DMIPS/MHz
[ U | TOM ]
ARMV7E-M Cortex-M7 %] 2.14 pmIPS/MHz
ARMv8-M % 1.5 pmips/MHz
ARM7 [_FPU__ |
ARMV7E-M Cortex-M4 1.25 DmIPS/MHz
ARMV3 [ DsP__|
0.9 DMIPS/MHz ARMV7-M Cortex-M3 1.25 pmips/MHz

ARMv6-M Cortex-MO0+ 0.93 pmips/MHz

ARMV6-M Cortex-MO0 0.84 pmiPs/MHz
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ARM core MCU/MPU success

Cortex-Al5
PS-Vista Cortex-A9
8765 Cortex-A8
Cortex-A7
HMI Amazon Echo

Cortex-A5
digial dashboard -_—
= | Cortex-M7 Microsoft Surface
. = ' Google Chromebook
WINCE PND Cortex-M33
L Cortex-M4
‘ Amazon Dash

Cortex-M3
(loT Clients)

Raspberry Pi B+ iPhonel

ARM11

Smart Phone

Medical

= Cortex-IVi23
Feature  ipog Cortex-IV1I0+
Phone Cortex-IVI0

Fitbit

Arduino MO Pro

/4

Mi Band

Smart door locker
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Microchip ARM Core Products

Embedded Application

e < =
Legacy Current Automotive
\ - LY r

Cortex-A9

Fow-AR
ARMITL —— SOM
Cortex-A7 SAMASD
Cortex-A5

DDR2
Cortex=RKx

N
SAME7 SAMS7 SAMV7
& wros DS
PILERSIVISS

Gortex=ivls -

Cortex-M23

Cf).r.. J J\j

SAMASD PMICY Flash

EEPROM ENET PHY

SAML10 SAML11
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Microchip Cortex-M MCU Series

* Microchip 32 Bits (ARM core) MCU include below series :
* Cortex-MO+
* SAMDO09/SAMD1x
* Low pin count, high c/p.
* SAMD2x
* Rich peripheral.
* SAMC2x
* Support 5V and CAN bus.
* SAML2x
* Lowest power consumption and peripheral.
* SAMDAX
* Automotive certificated.
* Cortex-M3, Cortex-M4 (Legacy)
* SAM3x, SAM4x, SAMG5x.
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Microchip Cortex-M MCU Series (cont.)

* Cortex-M4 (New generation)
* SAMD5Xx
* Support float point FPU, crypto engine, USB, low power.
* SAME5x
 FPU, crypto engine, USB, Ethernet, CAN-FD, Low power.
* Cortex-M23
* SAML1x
* Very low power, support TrustZone.
e Cortex-M33 (Coming soon)
* SAMDG6X
* High performance, support TrustZone.
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Microchip Cortex-M MCU Series (cont.)

* Cortex-M7
* SAMS7x
* High performance, rich peripheral.
* SAME7x
* Ethernet support, CAN-FD support.
* SAMV7x
* Ethernet support, CAN-FD support, automotive certificated.
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SAMD21 Block Diagram

* The SAMD21 is a series of low-power microcontrollers using
the ARM® Cortex® MO+ processor (Cortexv6-M)

* Maximum frequency of 48MHz and reach 2.46 CoreMark®/ MHz -

* All devices include
. . . _ MEMORY
intelligent and flexible Co:l-t::;rm 56KB Flash
peripherals, Event System ’ 32K SRAM
fc::r |nt.er-per|pheral m e
signaling, and support for 3 x RC OSC. USB FS Device
capacitive touch button, HLLALILE L 6 x SERCOM

. DFLL 48M PTC

slider and wheel user ST,

interfaces RTC
WDT EVENT SYSTEM 3x 24bTMR
16 x EINT 5x 16b TMR
CRC32 12b ADC

POR 52x 10 10b DAC
BOD 2x AC
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Architecture

e Cortex MO+ is Von Neumann architecture, RISC

CORTEX-MO+
PROCESSOR
Fmax 48 MHz

« | | 256/128/64/32KB

o E NVM

m D

S g NVM
CONTROLLER [

Cache

™ TRA

32/16/8/4KB

RAM

SRAM

CONTROLLER

| \7@

DMA

HIGH SPEED
BUS MATRIX
S S S
ZaN N 0N
@ S AV
AHB-APB AHB-APB
BRIDGE B BRIDGE A
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Architecture

* Cortex M0O/MO+ Von Neumann

Cortex-M0+ Components Cortex-M0O components
Cortex-MO processor

Optional debug

Cortex-M0+ Processor

i v Nested -
Optional Debu esle
Interrupts » Nested J Optional =Interrupts: » Vectored Cortex-M0 Bre:l;gomt
Vectored Cortex-M0+ Breakpoint & ~ptiona Interrupt =P processor (=P .
. Micro Trace watchpoint
Interrupt | «mepp processor < $ Watchpoint Buffer -  Controller core unit
Controller core Units (MTB) (NVIC)
P (NVIC) t I
3 3 I Optional Optional
Wakeup . Debugger P
Optional Optional Interrupt Bus matrix =y interface il Dgt;ur? (’Bc::)ss
Wakeup Memory Debugger | Controller (WIC) 4
Interrupt Protection interface |~ 1 *
Controller Unit (MPU)  /
(WIC) ) AHB-Lite interface to system Serial Wire or JTAG debug-port
Optional
Debug
I Bus matrix A(;CG;-S Figure 1-1 Cortex-M0 implementation
(]
A A
A
M O t' I (0] t" |
L ptiona ptiona
AHBt;";e |{1E:?nrface single-cycle Serial-Wire or JTAG
s 1/0 port debug port

Figure 1-1 Cortex-M0+ implementation
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Architecture

e Cortex M3 Harvard

Cortex-M3 processor
. Optional
> Dﬁgfga' «—> NVIC | P'DGC;ZSD' &> Embedded |e
Trace Macrocell
. . Optional
Optional Debug Optional Memory . :
hERg Access Port protection unit Ser_lal Wire >
viewer
A I I A
DE:;DSTI Optional Data
patch watchpoints
Y t t Y
Bus matrix
. SRAM and
Code Interface peripheral interface
4 A

v v

Figure 1-1 Cortex-M3 implementation @MICROCHIP



Architecture

ARM Cortex-M instruction variations
A Cortex Cortex Cortex Cortex Cortex Cortex Cortex Cortex Cortex Cortex
rm Core Mo?] MO+L] M1 m30] M4/6] M7l Mm23(] m33('7] M35P M55
) 9 9 9 10 10 10 ARMv8-M ARMv8-M ARMv8-M
ARM architecture ARMvE-MET | ARMVE-MET | ARMVE-MET | ARMV7-MITOT | ARMV7E-MI1O1 | ARMV7E-MITO] T e e | Armv8.a-M
Baselinel '®] Mainline('®] | Mainlinel!®!
Computer architecture Von Neumann | Von Neumann | Von Neumann Harvard Harvard Harvard Von Neumann Harvard Harvard Harvard
Instruction pipeline 3 stages 2 stages 3 stages 3 stages 3 stages 6 stages 2 stages 3 stages 3 stages | 4tob stages
Thumb-1 instructions Entire Entire Entire Entire Entire Entire
Thumb-2 instructions Entire Entire Entire Entire Entire Entire
Multiply instructions
. Yes Yes Yes Yes Yes Yes
32x32 = 32-bit result
Multiply instructions
. Yes Yes Yes Yes Yes Yes
32x32 = 64-bit result
Divide instructions
. . Yes Yes Yes Yes Yes
32/32 = 32-bit quotient
Saturated instructions Yes Yes Yes Yes Yes
DSP instructions Yes Yes Optional Optional Optional
Single-Precision (SP) . . . . .
) . . Optional Optional Optional Optional Optional
Floating-point instructions
Double-Precision (DP) X
. o . Optional
Floating-point instructions
Half-Precisions (HP)
TrustZone instructions Optional
Co-processor instructions
Helium technology

Interrupt latency
(if zero-wait state RAM)

16 cycles

15 cycles

23 for NMI
26 for IRQ

12 cycles

12 cycles
14 worst case

15 no security ext | 12 no security ext

27 security ext 7?7 security ext

https://en.wikipedia.org/wiki/ARM_Cortex-M
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0x00000000

0x20000000

0x20008000

0x40000000

0x43000000

0x60000000

0x60000200

O0xE0000000

OXFFFFFFFF

SAMD21 Memory

* Up to 256KB Flash and 32KB SRAM

AHB-APBA

Undefined

Reserved

AHB-APBB

AHB-APBC

Undefined

Reserved

| Private Peripheral Bus, PPB

0x40000000
PACO
0x41000000
PM PAC1 X
SYSCTRL
SOLK DSU PAC2
NVMCTRL EVESYS
EDT PORT
SERCOMn
RTC
DMAC TCCn
EIC
use TCn
Reserved mTB ADC
Reserved
Reserved

0x42000000

System Control Space, SCS

System Timer, SysTick

Nested Vectored Interrupt Controller, NVIC

System Control Block, SCB

Micro Trace Buffer, MTB
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Part Number

SAMD21G 18 A - AU T

Product Family Package Carrier
SAMD = General Purpose Microcontroller No character = Tray (Default)
Product Series T = Tape and Reel
21 = E%r[tﬁﬁ IJ\r/I%JéBCPU Basic Feature Set Package Grade
Pin Count U = -40 - 85-C Matte Sn Plating

E = 32 Pins (35 Pins for WLCSP) F = -40 - 125:C Matte Sn Plating

G =48 Pins (45 Pins for WLCSP)

J =64 Pins Package Type
Flash Memory Density A=TQFP
18 = 256KB M = QFN

17 = 128KB U =WLCSP
16 = 64KB C =UFBGA
15 = 32KB

Device Variant
A = Default Variant

B = Added RWW support for 32KB and 64KB memory options
C = Silicon revision F for WLCSP35 package option.
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MPLAB® X IDE, MHC and
Development Tools Introduction
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All in One Development

MPLAB® X IDE

* New generation integrated Development Tools, Support PIC, dsPIC, AVR, CEC and SAM
Series MCU/MPU, Provide Plug-in function to extend more advance function. Java
Based, Cross platform, Current version is v5.50.

'3 MPLAB X IDE v5.50 - APP045-3 : default

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

hap il ) defankt TR ERZR R R R-Q T Tove W How do [?
| Projects * | Files | Services W || SurtPage *| Kit Window x 2B 20 - APP045-2 : default - O X
|5 & APPO45-3 |
+ g Header v Navigate Source Refactor Production Debug Team Tools Window Help
@ 1 . [ — — = —
e MPLAB c\M.cnocmp 15 @  fiaut T B % b B % B 25 e ke 8 srwn I @ 5 B
igtmdabl;s j : IDE B | Services 2 |[ Start Page *| B maine =] Kit Window = | B definitions.h_*| PO
LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW Souen | Hiooy B B-H- O EFBE|P e em| = -
23] € [ R Rk ol s ok o ok koo sk ok ok ok oo ks ok kol s sk sk o ok o el sk o ok ok o ok s ok oK A
PROJECTS MY MPLAB® X IDE 24 [ #include <stddef.h> // Defines NULL
=+ Open Sample 25 #include <stdbool.h> // Defines true
ticn - Configaration: default # Create New Recent Proj... Microchip Login 26 #include <stdlib.h> // Defines EXIT_FAILURE
# Import Legacy . - - - ™
| o 2] #include <stdio.h>
* Import Prebuilt # Lab7_DRV_USART Already Registered? New to Microchip? N N
——  mAPPIS2Demo : 28 #include <string.h>
29 #include <stdint.h>
E | 30 #include "definitions.h” // SYS function prototypes
1rd *| Navizator all 3
¢ Lab1_SYS_TIME_D
X Dos o ot on: SLMDC LT ol : Application - Configuration: default 32 void MyTC_init(void);
SMenors e : 33 void MyUSART_init(void);
) @ Date 32,768 LL:XUXU:':V\& PROGRAMMING References & Featured Links 7].3:21\1&1% 34 void MyADC_init(void);
i Q;‘.‘; Yo nl CENTER » Errata » Technical Articles and White Papers 35
T 9 roddct Selection Fools 8y Dirsct from Microchip [orF @028 36 void TC3_overflow(TC_COMPARE_STATUS status, uintptr_t context);
Program Used: 0 (Ox0) Free: - -
A Do Tool mUb ol RpeLSomce £ RIC 37 void TC4_Overflow(TC_COMPARE_STATUS status, uintptr_t context);
osmamo | [C:“’(‘;i‘a’“ il (‘852)“;"‘““3‘] 38 void USART5_Transmit( uintptr_t context );
n Image: Optimization: goe O1 g+ . N .
Workstation - cpp - HPAZ035 day(s) - 39 void USARTS_Receive( uintptr_t context );
merved Programz 262144 - Used 17838 40 void ADC_Complete(ADC_STATUS status, uintptr_t context);
% Showe On Startup TSN O 12 (0x48000) bytes 41
& @)Noifctions Q Seaich Revls (3 Outont @) T o Fo 1% 42 volatile uint8 t TC3_IsOverflow = @;
=" ;;'91'2(0;8’;00) iy‘:g' 138 O 43 volatile uint8 t TC4_IsOverflow = @;
5% 44 -
Program Used: 17,338 (0x45AE) Free: 2770 < >
E»xnmg Tool , ouat * =
Kits = APP045-2 (Build. Load. ..) * EDBG * ‘

Q'\ MICROCHIP



AVR/SAM Series Development

Atmel Studio 7 = Microchip Studio

* New generation integrated Development Tools, Support AVR, SAM Series MCU/MPU,

Current version is v7.0.2542.
* The GCC compilers already include support AVR/SAM series.

EJ start Page - Microchip Studio Advanced Mode "X Quick Launch (Ctrl+Q P - B x
File Edit View VAssistX ASF Project Debug Tools Window Help

S| Q- |BEe | 5 R E®@E-.

Getting started
Getting started

Upgrade to MPL 8D D Micros =of more FOR AVR™ AND
Recent Open START Conl | SAM DEVICES

Download Microcheeereay -
Download documentation
Open Microchip Production Center

Keep page o) after project load
¥ Show page tartup

Ready
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Official Site Download Page
www.microchip.com/mplabx

' @MMF Products Solutions Tools and Software Support Education About OrderNow Q 2 B

Tools and Software / MPLAE® X IDE

Downloads and Documentation Ecosystem
Features Documentation Debug Features

MPLAE X IDE only supports computers with processors designed with the Intel® 64 architecture.

Download
MPLAB X IDE Windows 14 May 2021
MPLAB X IDE Linux 14 May 2021 Download
MPLAE X IDE OSX 14 May 2021 Download
MPLAR X IDE Release Motes 14 May 2021 Download

Go to Downloads Archive

@ MICROCHIP


http://www.microchip.com/mplabX

Tools Installation

* You can download development tools from below link.
http://www.microchip.com.tw/RTC/RTC_DVD/

®
icrochip Em ~ AR ERIRER
AS\MicrocHiP

Dec. 11, 2020

Microchip Focus Product Selector Guide (July 2019) Link
Analog and Interface Product Selector Guide (June 2019) Link
Treelink Analog and Interface Products Presentation (June 19 2019) Link

Microchip&Z (www.microchip.com.tw)

Microchip=E (www.microchip.com)

Microchip Product Selector and Advanced Parts Selector (www.microchip.com/maps)
Microchip #7 ESample =258 (www.microchip.com/samples)
Microchip£F o4+ K FHEE T 5 88 5 (MicrochipDIRECT) (www.microchipdirect.com)
Microchip£Z _FCode Examples (www.microchip.com/CodeExamplesByFunc.aspx)
Microchip On Line Application Design Center
Microchip On Line Application Notes

MPLAB® X IDE

MPLAB® IDE v8.92
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http://www.microchip.com.tw/Data_CD/

Programmer/Debugger

ICD4 (Part No. DV164045)

* The MPLAB® ICD 4 In-Circuit Debugger/Programmer is Microchip’s fastest, cost-
effective debugging and programming tool for PIC®, dsPIC®, AVR, SAM and CEC flash
microcontrollers.

* Features
* Full-Speed Real-Time Emulation
* Target voltage of 1.20V to 5.5V.

* Can supply up to 1A of power to the target
* Overvoltage/ Over-current protection
* Supports multiple breakpoints,

stopwatch and source code file debugging

* Selectable pull-up/pull-down option to the
target interface

@ MICROCHIP


https://www.microchip.com/en-us/development-tool/DV164045

Programmer/Debugger
PICkit 4 (Part No. PG164140)

* The MPLAB® PICkit™ 4 In-Circuit Debugger/Programmer allows fast and easy
debugging and programming of all PIC®, dsPIC®, AVR, SAM and CEC flash
microcontrollers.

* Features

* Matches silicon clocking speed.
Target voltage of 1.20V to 5.5V.
Can supply up to 50mA of power to the target.
Minimal current consumption at <100uA from target.
Portable USB-powered and RoHS-compliant.
8-pin single in-line header.
Backward compatible for demo boards, headers and target systems using 2-wire JTAG and ICSP.
Option to be self-powered from the target (2.7V to 5.5V).

@ MICROCHIP


https://www.microchip.com/en-us/development-tool/PG164140

Programmer/Debugger
MPLAB SNAP (Part No. PG164100)

* The MPLAB® SNAP In-Circuit Debugger/Programmer allows fast and easy debugging
and programming of most PIC®, dsPIC®, AVR, SAM and CEC flash microcontrollers.

* Features
 Affordable performance o
Matches silicon clocking speed
Target voltage of 1.20V to 5.5V
Portable USB-powered
CE and RoHS-compliant
8-pin single in-line header
Backward compatible for demo boards,
headers and target systems using 2-wire JTAG and ICSP

@ MICROCHIP


https://www.microchip.com/en-us/development-tool/PG164100

Programmer/Debugger
Debug Adapter Board (part No. AC102015)

* The Debug Adapter Board Gives ICD 4 / PICkit 4 cable compatibility with Atmel-ICE,
Power Debugger and J-Link style connectors.
It supports JTAG, SWD and ICSP
protocols in multiple connector formats.
* Package Contents
* Debugger Adapter Board
* Cable, FEMALE FLAT RIBBON IDC CONNECTOR, 15CM
* Cable, FEMALE FLAT RIBBON IDC CONNECTOR, 12CM
* 8 CONDUCTOR MODULAR CABLE, 6"
* Cable, HCSD Dual Row Socket IDC Assembly 14pin (7 ea) 10"
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https://www.microchip.com/en-us/development-tool/AC102015

Programmer/Debugger

Atmel-ICE (Part No. ATATMEL-ICE)

* Supports programming and debugging all Cortex-M based SAM, AVR and UC3 based
parts
* Programming/ Debugging AVR/SAM MCU/CPU over JTAG, SD, PDI, SPI, TPl and aWire etc.
* Target operating voltage range 1.62V to 5.5V
* ITM serial trace support on Cortex-M based SAM MCUs
* Supported in Atmel Studio, IAR, Keil and more

* Any IDE that supports the CMSIS-DAP protocol
can support Atmel-ICE

3 different editions
* USD 71.99 - Low cost PCBA only
* USD 114.99 - Basic edition with most common cables
* USD 160.99 - Including all cables and adapters
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https://www.microchip.com/en-us/development-tool/ATATMEL-ICE

Programmer/Debugger
Power Debugger (Part No. atpowerdebugger)

* Simultaneous debug & power measurement
* Debugging over CMSIS-DAP
* Extended to support SWO trace, same as Atmel-ICE
* Two independent channels for power
measurements
* Channel A for high accuracy, lower currents
* Channel B for higher currents with lower resolution
* CDC virtual COM port
* DGI for streaming application & power data
* Open specification, docs provided
* Provides target power, 1.6 — 5.5V,

up to 100mAStatus LEDs for debugging & target supply
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SAMD21 EVB APP045 v4
Introduction
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APP0O45 v4 Features

* On board SAMD21G18A 32Bit ARM Cortex MO0+ Microcontroller
* Support plugged MPLAB SNAP external programmer/debugger
* Onboard USB CDC Virtual COM Port and Power Current Monitor
* Multiple Power Supply Source

e Support Li-on Battery, boost and charger

e 2 X Buttons, 3 x LEDs

* 1 x 12C Temperature Sensor

* 1 x12C EEPROM with Unique ID

* 1 x 12C Accelerometer

* 1 x MicroSD Socket (SPI interface)

* 1 x SPI OLED (128 x 64, SSD1306 Compliant)
* 1 x Potentiometer, Analog Temperature Sensor and Buzzer

* 1 x Capacitive QTouch® Slider & Buttons with Driven Shield

* 1 x mikroBUS™ Click Board Socket

* 1 x Arduino® Shield Socket (Arduino MO Pro board Compliant)
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APP045 v4 Overview

SD Card Socket /'—‘ Li-Polymer Battery
Reset Button { MCP9800AS (12¢) |
SWD /ICD / ICSP | - [24AA025E64 (120) |
PIC16F1455
USB Virtual COM G-Sensor
PAC1720 { SAMD21G18A
Current monitor - E3 4 1 Buzzer
LEDs N “Hi =08 MicRocHP a2l ¢ K v e
| ar vm'a%%g, Moo VICP73831T
Native USB g g ‘ AT TR e Battery Charger
DC Jack (9~12V) . mg;imﬂ A ;{._ - g 1 mikroBUS Shield
MIC2877 { Arduino Shield
Boost Regulator
1 User Buttons
MIC29300
LDO Regulator - |__Driven Shield |
LDO Regulator 32K Crystal
Power Switch
Potentiometer | _

c\ MICROCHIP



APPO045 v4 Programmer and Debugger

[_MPLAB PICkit4 | MPLAB SNAP Li-on AA Battery

\MPLAB |
Pl < 4

AV INE T D L

NooeOo0OO ‘D uuooooooou uo%g oou

\ XZX : . - 28
A MicrocHIP e haaaa o - BT ETIRER 6o

A 1L LENLAD

MICRDCHIP
APPD45S v4
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APPO045 v4 Block Diagram

CDC USB
bcuse [ peseriass oo Micro 5o
o’ L r 128x64 Card Socket
Power Monitor
9~12V | 1 |
(mic29300 | [ mic2877 ) 12C} . 33ve UART SPI 12C
3.0A LDO Boost PAC1720 = \
\__Regulator \__Regulator [ Power R':i:;if,r% / \
p " - . Monitor J*
MCP1826S MCP7381T T sense |
LDO Battery Resistor VBAT ¢ SAMD21G18A
Regulator Charger =2 1 ARM Cortex-MO0+
. J - J ; AADC
-~ _ 3
< o < > <
&7 USB - / MCP9700A
Native USB 4
Temperature
Sensor y
PTC 1 GPIO | PWM
-
LEDs Buzzer VR
Buttons Potentiometer
/

v3y=id i AS\MicRocHIP




Getting Started with First Project
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LabO First Project

* Try to create your first project to use MPLAB X IDE.
* Learn how to use edit, build, project manager, debug and programming
functions.

*How to Start ?
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LabO Create Project
Step 1

* Open MPLAB X IDE, firstly.

B3 MPLAB X IDE v3.50 - o

X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Qe Search (Ctrl+]
Rl R =23 »-%2-% B @K 2 & Howdol?
Projects » Files | Services B | StartPage x cl

XI1D
&

MPLAB @ MICROCHIP
v LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW

PR MY MPLAB® X IDE
MPLAB X IDE * Open Sample

N Recent Projects Microchip Login

* Import Legacy
[ DOUble CIiCk! ] * Import Prebuilt :: :::;; F(l(‘(;M SPI_OLED.SS... Afl;e“ady ‘I‘lf\gislcred? New to Microchip'{

= APPOIS 3 ——
t Open # Lab7_DRV_USART_SingleClient... _

# APP052_Demo REGISTER NOW
LOGIN Forgot Password?

# Lab5_SYS_COMMAND_CustomC..

# Lab7_DRV_USART_SingleClient...

# SAMES54.CAN

PROGRAMMING # Lob1_SYS_TIME_Delay References & Featured Links
EENTER #® InfraredThermo
» Errata » Technical Articles and White Papers v
Notifications | Search Results = Output x =
@
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LabO Create Project
Step 2

» Select to File » New > Project or Click icon T |

B3 MPLAB X IDE v3.50 = 2
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q- Search (Ctrl+])

pal =L X “R-BZRHILREBR-QAP O 2 B CI® HowdoD?

Projects x| Files | Services Bl | Start Page x dalsio

@ MICROCHIP

COVER | MY MPLAB® X IDE | WHAT'S NEW

Ed MPLAB X IDE v5.50
File Edit View Navigate Source Refactor P

R @
i i
- % Microchip?
‘# CI i C k .now to enjoy the benefits of sof_tj«vare update alerts and easy software
e ng, lic and account viewing.
jects = | Fil Servi =
 Projects iles ervices

MY MPLAB® X IDE

STER NOW

# Lab7_DRV_USART_SingleClient...
# SAME54-CAN

PROGRAMMING §8 Lo SY S TIME_Deley References & Featured Links
CENTER #® InfraredThermo

» Errata » Technical Articles and White Papers

Notifications | Search Results | Output x
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LabO Create Project
Step 3

» Categories : Microchip Embedded
* Projects : 32-bit MPLAB Harmony 3 Project

&3 New Project X
Steps Choose Project

1. Choose Project Q Filter:

%

Mlcrochlp Embedded] Pro 32-bit MPLAB Harmony 3 Project ]

&) Microchip Embedded .
-0 Ot;:::(l:i;lpbedlzez ¢ Q Standalone Protect }\t
A & Existing MPLAR IDE v8 Profect -
# Samples & Prebuilt (Hex, Loadable Image) Project

& User Makefile Project

& Library Project

& Import START MPLAB Proiect
& Import Atmel Studio Project

Description:

MPLAB® Harmony Project Wizard

J] Next l,

< Back Next > Finish Cancel Help
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LabO Create Project
Step 4

* Assign Harmony 3 framework directory
* Framework Path : C:\HarmonyFramework_PLIB

&3 New Project X
Steps Manage Framework
1. Choose Project _
2. Framework Selection Use the Content Manager tool to download or configure a local framework.
3. Project Settings
4, Configuration Settings Launch Content Manager
{ C:\HarmonyFramework_PLIB }
Framework Path: C:\HarmonyFramework_PLIB E::

QConvert to Relative Path for Configuration

oo (a0

()
| Next |

< Back Next 1; Finish Cancel

Help
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LabO Create Project
Step 5

* Location : C:\Exercises\LabO_First_Project
* Folder :Lab0_First_Project

* Name :LabO _First Project
* Path : C:\Exercises\LabO_First_Project.X\Firmware\Lab0_First_Project.X

&3 New Project X
Steps Name and Location
1. Choose Project - AExerciseslL . - [ . . b . . ]
> Framework Selection Location: C:\Exercises\Lab0_First_Project . C:\Exercises\LabO_First_Project
3. Project Settings . . - -
4, Configuration Settings gece Lab0_First_Project [ La_bO_F'rSt_ProleCt ]

Name: Lab0_First_Project Auto generated ]

Path: C:\Exercises\Lab0_First_Project\firmware\Lab0_First_Project. X Auto generated ]

Show Visual Help

{ Wait a while after click Next }

< Back [ Next > Einish Cancel Help .
| ﬁ\ MICROCHIP




LabO Create Project
Step 6

* Name : default
* Device Family : ATSAM
* Device Filter

Target Device : ATSAMD21G18A

: ATSAMD21G18A

B4 New Project

Steps

Configuration Settings

Choose Froject
Framework Selection
Project Settings
Configuration
Settings

ERNTR X

Mame: el Don’t change

Device Family: ATSAM v Tarpet Device: ATSAMDZ21G184 -~
Device Filter:  |ATSAMDZ1G12A .

{ Auto selected ]

| nput: ATSAMD21G18A |

=how Visual Help

()
| Finish |

< Baclk Ilext = Finish ! Cancel Help
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LabO Create Project

Step 7

* Select Harmony Configurator window type if first time to execute MHC after install.
Please select to Standalone mode

2 Window Manager Selection Dialog

Select from one of two MPLAB Harmony Configurator window management modes:

el

B B R T e v 204 N B -

[ g

ok

# MHC Content 1s contained 1in its own window.
@ Robust docking system.
# Full menu bar and toolbars.

® Contexp=—— *
x[ Select Standalone ]

f  Select Standalone [j

# MHC Content 1s embedded into existing MPLABX tabs.
® Uses MPLABX docking system.
® Single MHC-specific menu bar item and toolbar.

Select Native

MNote: This selection can be adjusted in the MPLABX Tools->Options->Harmony menu.
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LabO Create Project

* Help for Select Native Mode

2 Native Window Manager Quick Tour X

| MHC control Menu | [ MHC Global Toolbar |
13! MPLAB X 1DE =lolx]

Ele Edit View Mavigate Source Refactor Production Debug Team Tools Window Help Q-
- 2 | Bag - - - - -

[FERESDEF 7% b5 -Q 50 fef

Projects | Files | Services | Active Compon... || =] [ProjectGraph |

x E-Device Family Pack (DFP)

Harmony Core - Device: ATSAME7NQ21B

CMSIS Pack CMSIS Pack ‘- Release Information: {'date’; '2018-02-09
) |

Configuration Options I Help | [=]

4 |

alfits

Notifications | ‘Output - Configuration Loading Error I Console I

test?2-Dash... | GFXinialze... | AvaiableCo.. | EI
Tl [=Rarmory Datanas IMTG]T CoPT Credre componenty Peripneral USARTZ 10 = &U89) :I
<Harmoty Database-[Info]: CS5P: Peripheral [USBHS id=1123%2] is not supported in MCC
Info C5P: Peripheral [UTMI id=11300] is not supported in MCC

Board Support Packages (BSPs) |30 oitinaieitanre

C5P: System Peripheral [WDT id=6080]

Gra h\.CS <Harmoty Database-[Info C5P: System Peripheral [XDMAC id=11161]
p <Harmoty Database-[Info Loading System Services for ATSAME7OQZI1E
Harmon <Harmoty Database-[Info]: Loading Pin Manager for ATSAMETOQ21B
y <Harmotty Database-[Info]: Load Module: BSP
In L.It <Harmony Databasex[Info]: BSP: Load SAM E7FO Xplained
p <Harmony Databasex[Info]: BSP: Load SAM E7FO Xplained uUltra

Ll'brarl'es <Harmony Databasex[Info]: Load Module: Harmony Dr'iver:s & System Services
<Harmony Database»[Info]: create component: USART Driver

Peripherals <Harmony Database=[Info create component: MEMORY Driver
<Harmony Database»[Info]: create component: S5T26 Driver

TOOlS <Harmony Databasex[Info]: create component: SDHC Driver

<Harmony Databasex[Info]: create component: TIME System Service
<Harmony Databasex[Info]: create component: FS System Service
<Harmony Databasex[Info]: create component: I2C Driver

<Harmony Databasex[Info]: create component: SPI Driver

<Init>=[Info]: Startup tasks complete.

|  IUnderstand | |

I Understand
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LabO Create Project
Step 8

* Wait a while to launch Harmony Configurator.

¥4 MPLAB X IDE v5.50

f Edit MHC View Navigate irce Refactor Productic ebug T Hel Q- Search
Badal® k" default v iF 8% - -R-B-QUQE e o0 @ 0 Hwd D an B 501 [
Projects *  Files  Sexvices @ | KitWindow * SurtPage * i

& Lab0_First_Project_
+ @ Heados Files

£ @ Important Files

i} @) Linker Files

¥ @ Source Files

+ @ Libraries

c\ MICROCHIP

O &@ Losdables LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW
-~ <
LabO_First_Project- | Navigator | © = Launching MPLAB® Harmony Configurator MY MPLAB® X IDE
54 |78 Lab0_Farst_Propct_ ~ ) 4
[ '8 Project Type: Apphication - Coaft Path: C:\HarmoenFramework)
= P Device Generating Configuration Database
" @ ATSAMD2IG18A , 2 .
# Checksam: Blask, 2o code los O HTPOIL Loy
w :
- @ Packs * Import Prebuilt o APPO4S2 Already Registered? New to Microchip?
& SAMD2I_DFP (30.23)
& CMSIS (5.0.1) » APPO45.2
¥ Compler Toolchaia = APP2025 MEGA4809 z :
§ XC3R (v2.10) T e —
& Production Image: Optimazats Output
- @ Memory Kits * Configuration Loading Error *
© Usage Symbols disabled. Click Kit Board: Atmel Embedded Debugger [SN: ATMLO000001478080275| A
& Data 204,912 (0x48000) bytes
& Program 294,912 (0x42000) t
4 Debug Tool v
< > S
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LabO Create Project
Step 9
 Select DFP and CMSIS. (Use default is fine)

2 Configuration Database Setup X

Configure Device Family and CMSIS Pack Paths:

DFP: Mev _pa.cks".h[icroch.ip"SAMDil_DFPBA.l15W2la5aﬂMTSAMD21G13$.atM| J =y

CMSIS: Mev_packsbarm\CMRISS.7.0 =)
| Click launch and wait a while | | Leusch Cancel
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LabO Create Project
Step 10

 Harmony Configurator interface show up, let’s come back later.

2 MPLAB Harmony Configurator - default - m| X
File Generate Tools Utilities Window
) D ) | ipos Framework: C\HarmonyFramaworkh
(] Available Components = EF | (] Project Graph = FF 1| |(] Confignration Cptions = F
+ x‘ﬁ@@ﬁ’|m| View: Eoot ~| (B
i+ Peripherals & Systam
[ T00|S NVMCTRL - Device & Project Configuration
Peripheral Library - Cortex-MO+ Configuration
LB - Parts
i Clack
- Interrupts (NVIC)
- DMA (DMAC)
- WDT
[ Pac

(] Available Compenents | (] Cenfiguration Cptions | (] Help |

(] MNewrs -

> |

[o 1. [00O 01, 2020] X2C package v1.0.1 update

o 2.[00 27, 2020] *2C package v1.0.0 update

o 3. [00O 27, 2020]  Aerospace package v3.1.0 update

o 4. [00 20, 2020] MHC package v3.4.0 update now available

o 5.[00 20, 2020] CSP and Core packages v3.7.1 update now available

N N N
A I Iy

(] Consele | (] News

Welcome to the MPLAE Harmony Configurator!
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Lab0 Generate Code

Step 11
e Click =5 =i to Generate Code.

‘2 MPLAB Harmony Configurator - default

File Generate Tools Utilities Window

r P P | Pl [ Click )

[l Active Components Gﬁte Code

X ZRER4+

[] Project Gra
X TR

2 Generating Project...

Task Type Remaining Tatal
File Markup

File Copr

Libraries

Settings

ole=|olwlo

Source Paths

/\\m%

Generating file: DHarmonyFramework_3.3.0%ev_packs\armiCMSIS\S, 4,00 CMSIS\DSP Inclodearm_commen_tables.h

Please Wait..,

2 Generate Project

1. Confipure Generation Settings

[ Generate Settings
Merge Strategy [USEE_ALL

(Monse over a property for detailed help)

2. View Warnings

Type Description

3, Click Generate
Drefanlt linker seript 15 added to the project. D1{

Generate ]custom linker script,

Cancel
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MPLAB X IDE Interface

* Return to MPLAB X |DE, let’s g0 through its interface. (The version of modules might be different to yours.)

4 MPLAB X IDE v5.50 - Lab0_First_Project : default — X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help |Q- Search (Ctrl+1)
LI s Y LY B e = s

Projects | Files

Services = |[Fit Window x| Start Page = [& main.c | T v

& Important Files

5
Linker Files @ MICRDCHIP
Sonrce Files

B confe X IDE
S L - LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW

[ Loadables

PROJECTS MY MPLAB® X IDE

# Open Sample
Lab0_First_Project - Dashboard | Navigator = # Create New

22 7 Lab0_Furst_Proect iroori] Recent Projects Microchip Login
) i %g Project Type: Application - Configuration: default TG Eqaty
[5] | Device ® Import Prebuilt ab8_System_Clock DFLL48M_Closeloop Already Registered? New to Microchip?
g ATSAMD21G18A B T N
2| togt) Checksum: NA ab6_TCs_Timer_Interrupt_Callback
® | gy CRCI: 0x0SHEAT # Lab132_ ADC_Window_Monitor
(=gl Packs

- @@ SAMD21_DFF (3.4.116)

- g CMBIS (5.40)

- F Compilar Toolchain

- NCE2 (301 [CoProgram FilasWlicrochip'we32%3.011bin]
- Production Image: Optimization: gee O1 g++ O1

- Device support information: SAMD21_DFP (3.4.116)

REGISTER NOW

5 @ Memory PROGRAMMING References & Featured Links
- Data 32,768 (0x8000) bytes CENTER
- 0%
Diata Used: 32 (0x20) Free: 32,736 (x7FEQ) =N » Errata » Technical Articles and White Papers
£ Program 262, 144 (0x40000) bytes INSTALL MORE » Product Selection Tools » Buy Direct from Microchip
0% nLI~IAC TP o o oo
Program Used: 816 (0x330) Free: 261,328 (Dx3FCDO) Search Results | Output - Lab0_First_Project (Clean, Build, ...) x| =
[ #§ Debug Tool ) - - ~
@ Snap: BURIBI0T6017 Info: Loading file: ./..\src\config\default\ATSAMD21G18A.1d
@ SWD (2.000 MHz)
1405 Debug Resonzces BUILD SUCCESSFUL (total time: 1s)
B Program BP Used: 0 Free: 4 Loading code from C:/Exercises/Solution/Lab0_First_Project/firmware/Lab0_First_Project.X/dist/default/production/Lab0_First Project.X.production.hex...
8 Data BP Used: 0 Free: 2 Program loaded with pack,SAMD21_DFP,3.4.116,Microchip
O Data Capture BP: Mo Support Loading completed
.0 Unlimited BP (3/W): Disabled v
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MPLAB X IDE Interface

* Project window.

| Projects “r Files T SeIViCEeS
=-&& Lab0 First Project

" Header Files
ﬁ' Important Files
-EF Linker Files
EEI sonrce Files

: " config

E‘ Libraries
H-EF Loadables
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MPLAB X IDE Interface

 Dashboard window. (The version of modules might be different to yours.)

Lab0_First_Project - Dashboard > Navigator |
22 |%g Lab0_First_Project

@) °g Project Type: Application - Configuration: defanlt

[+ Device

g ATSAMD21G18A

-~ Checksum: WA

~E8 CRC3Z2: 0xC330EAZD

g Packs

- SAMDZ1_DFP (3.4.116)

-l CMEIS (0.4.00

£ Compiler Toolchain

- EC32 0301 [CProgram Files\Microchiphuc 323,01 bin]
- Production Image: Optimization: goc 01 g++ O1

®© =

Lab0_First_Project - Dashboard * | Navigator
22 |?g Lab0_First_Frogect
) i %g Project Type: Application - Configuration: default

= Efg‘ﬁgmmm% -G Device support information: SAMD21_DFP (3.4, 116)
2] bost Checksum: NA M
©@ | g ORI 0CSHEAT E}ﬁ BIMOLY

5 Packs = Data 32,768 (030000 bytes

- @@ SAMD21_DFF (3.4.116)
- g CMBIS (5.40)
- F Compilar Toolchain
- NCE2 (301 [CoProgram FilasWlicrochip'we32%3.011bin]
- Production Image: Optimization: gee O1 g++ O1
- Device support information: SAMD21_DFP (3.4.116)
=& Memery
)53 Data 32,768 (0x8000) bytes
. 0%

= 0% |

= Frogram 262,144 (0400007 bytes
. %

=% Debug Tocl
~ @D Snap: BURIE3076317

-9 WD 2.000 MHz)

=13 Debug Resources

-0 FProgram BF Used: 0 Free: 4
-0 Data BF Used: 0 Free: 2

-0 Data Capture BF: Mo Support
-0 Unlimited BE (S Disabled

[ #§ Debug Tool
@ Snap: BUR123076917
- SWD (2.000 MHz)
=} Debug Resources
O Program BP Used: 0 Free: 4
-0 Data BP Used: 0 Free: 2
O Data Capture BP: Mo Support
.0 Unlimited BP (3/W): Disabled
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MPLAB X IDE Interface

* Source code and Output window.

Kit Windowr x| Start Page = |3 pajn.e x

CABxercises\Solution\Labd First Projpetfimware\scmain o
Souce | Histoy MEB-B- QR FZE|Fe|oom|eF #
29 ~e
30 // TODO ©.01
31 uint32_t i = @;
32 uint32_t x = @;
33
54 // sk sk s ok ok sk sk sk sk sk e sk ok sk sk sk sk sk sk sk ok sk sk sk ok sk ok sk sk s sk sk sk sk sk sk sk sk sk sk ok sk Sk s sk sk sk sk sk sk sk sk sk sk sk s sk sk sk sk sk sk sk ke sk sk sk sk sk sk ok ke ok sk ok sk ok
36 // 3k sk e ok ok e o 3k sk sk e sk ok e sk 3k ok sk o s ok ke sk sk ok sk ok sk ok ke sk sk ok sk ke ke ok sk sk sk ok sk Sk sk ok sk sk sk ok sk Sk sk ok Sk sk sk ok sk Sk sk sk Sk sk ke sk sk Sk sk sk sk ok ok ok sk ok ok ok
36 // Section: Main Entry Point
39
40 int main ( void )
41 = {
42 /* Initialize all modules */
43 SYS_Initialize ( NULL );
44
45 while ( true )
46 {
47 /* Maintain state machines of all polled MPLAB Harmony modules. */
48 SYS_Tasks ( );
A€
Search Results Output - Lab0_First_Project (Clean, Build, ...) = =
~
Info: Loading file: ./..\src\config\default\ATSAMD21G18A.1d
BUILD SUCCESSFUL (total time: 1s)
Loading code from C:/Exercises/Solution/Lab0_First_Project/firmware/LabQ_First_Project.X/dist/default/production/Lab0_First Project.X.production.hex...
Program loaded with pack,SAMD21_DFP,3.4.116,Microchip
Loading completed
v
< >
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LabO Project Properties
Step 12

* Now we need do some settings
in project properties :

* Click on Dashboard or
Right click on project and
select to Properties.

o

[ click

)

B4 MPLAB X IDE v5.50- LabO_First_Project : default
File Edit View Navigate Source Refactor Production Debug Team T

1T % b5

Eit Window = | Start Fage

7 ) @ [
Projects x Files @ Services =
= ﬁ Labl_First Froject B

Right click New

+-I& Importan as

- Linker File !
& Source Files ]
" config

E" Loadables

| Lab0_First_Project -

2 “_g Labl First Proje
g Project Type:
— g Device

g ATSAMI—
4 Checksum
~@@ CRC32:0
—-a Facks

-~ i B AMDZ2] _Drr
- g CMEIS

©@H =

E}"}j‘ Compiler Toolchain

Add Existing Item...

Add Existing ltems from Folders.

New Logical Folder

Locate Headers

Add ltem to Important Files...
Export Hex

Build

Clean and Build
Clean

Batch Build...
Package

__Set Configuration

Copy Paths
Explore Path...

| Properties

Properties [

40
A

|| \Bercises\Sottion\Lak0)_Firs

” Histary | | [

// TOD
uint32
uint32

xx EE £
xx EE £
s /] Sec
!/f EE
!/x e s s

int ma
=
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LabO Project Properties

Step 13

* Select Connected Hardware Tool
 CMSIS

- SAMD21_DFP

* Compiler Toolchain

: Snap-SN: BURXXXXXXXXX

:5.4.0
:3.5.132

APP045 Ov2 Mv3 Mva

: XC32 (v3.01) [C:\Program Files\Microchip...]

B4 Project Properties - LabL_First_Project

=t o Conf: default>
2 Snap AN

a2 Loading
[ conf: [default] ]
¢+ 7 BmAmg
= @ ¥C32 (Global Options)
----- o xe3l-as
----- o xedd-geo
----- o wedP-ptt
----- o xe32-1d
""" @ xc3dd-ar

0 Code Coverage

Manage Configurations...

Categories: Configuration
¢ @ Cieneral Family:
""" 2 File Inclusion/Eaxclusion A1 Families

Connected Hardware Tool:

Snap-SN:BURXXXXXXXXX

Packs:

Please confirm device again

ATSAMD21G18A

R

ATSAMDZ1GISA

Supported Debug Header

Mone

Py

w | []Show All
% [ Snap-SN:BURXXXXXXXXX ]

Compiler Toolchdin?
=HC32

4 ARM

\' 3-5-132

= S ("CMSIS h
S SAL -5.4.0
SAMD21_DFP

S XC32 (v3.01) [C:\Program Files\Microchip\xc32\v3.02\bin]

[ XC32 [Install Latest version]
{ - XC32 (v3.01) [C:\Program F...]

[ Click OK to finish Project Properties ] OK

Cancel

Apply Unlock

Help
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Project Reparse

 MPLAB X IDE build-in project parse function to provide code completion and track

function etc..

* In some case, project unable to parse immediately, you must manually reparse project.

Projects "‘| Files Sexvices

=63 Lab0_First_Project
ﬁ Header Files
ﬁ' Important Files
i3 Linker Files
Eﬁﬁ Sonree Files
ﬁ config
il o c
E' Libraries
BB Loadables

Kit Window "‘] Start Page = | = main.c "|

Sonrce | History '@| ="

AR E RGPS 0 B

Lab0_First_Project--- "| Navigator

gz '“3 Lab0 First Project

& """ "*8 Fromct Type: Application - Co
& E}@ Dievice

— | gl ATSAMD2IGIRA

D] [/ HFFkskokskokhok ook ook ok ook sk sk ook ook sk sk ok sk ok sk ok ok o
] kR sk ok sk ok ks ok o ok ok ok s ok sk ok sk s ok s ok sk ok ok o o

// Section: Included Files

Cannot find include file <stddefh=.
For extra info hold Ctrl and move mouse over include directive

{Alt-Enter shows hints)

#include
#include
#include
#include

OB & B

<stddef.h>
<stdbool.h>
<stdlib.h>
"definitions.h"

e ok o ok % of
e ok ok ok % of
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Project Reparse
* Right click on project, select Code Assistance » Reparse Project.

B3 MPLAB X IDE v5.50 - LabO_First_Project : default
File Edit MHC View Navigate Source Refactor Production Debug

Nl & D@ et v S
Projects * Files Right click ] = it Window "‘| >tart Page
E'ﬁ Lab0_First Frogect = rr i | fen =)
" Header Edé B MNew ?
ﬁ' [mporta m o
#8 Linker Files Add Existing Item..
=-[& Soures Files Add Existing Items from Folders...
" config Mew Logical Folder
o maiﬂ-'ﬁ Locate Headers
0 Libraries Add Item to Important Files...
- Loadables

:__"_'—-———______
.
[Code Assistance i [_Reparse Project |

Code Assistance )‘ Reparse Project [ !
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Lab0 Add Code
Step 14

* Add below code segment to main.c

/[ TODO 0.01
uint32_t i = o;
uint32_t x = 0;

int main( void)
SYS linitialize(NULL);
while( true )
SYS_ Tasks();

/ TODO 0.02
for( i = @ ; i < 2000000 ; i++)
{}

X =X+ 1;

}

return ( EXIT_FAILURE);
by

ﬁ\ MICROCHIP



LabO Build Project

Step 15

* Click Icon Eﬁ or press F11 to build your project.
* Compile result message will show to output windows.

E3 MPLAB X IDEV5.50 - LabO_First_Project : default — O x
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help [Qr Search (Cul+Ty
AEEE e R Y LY H- e =

Projects = | Files | Services | = |[Rit Window = | Start Page = | main.c x P
=+ Lab0_First_Project ChBrercises\SclutioniLab) Fist Profctfimwarsiscimaing

5 Header Files
[ Important Files
Linker Files
Source Files

config
= 2

[ Libraries
[T Loadables

45 while ( true )
46 {
47 /* Maintain state machines of all polled MPLAB Harmony mot
Lab0_First_Project - Dashboard * | main() - Navigator = 48 SYS_Tasks ( );
2% |?g Labl)_First_Project ~ 49
[P g Project Type: Application - Configuration: default N
= g Device 50 // TODO ©9.02
@ ATSAMD2IGIZA 5 s _ . 3 . 3
5 oo A _I for( 1 =0 ; i < 2000000 ; i++)
| LB CRCIZ BhCSIEAL 52 {}
— N | 53 X =x+1;
y
Data (SRAM memory) consume >4 )
Bhl
Program (Flash memory) consume || -« v
< >
A
éaﬁe;ﬁ; i Search Results | Output - Lab0_First_Project (Clean, Build, ...) x| =
. (5 Data 32,768 (0x8000) bytss 7| Info: Loading file: ./..\src\config\default \ATSAMD21G18A.1d A
N . .
“® = Data Used: 32 (0x20) Free: 2,736 (0%7FE0) BUILD SUCCESSFUL (otal time: 15) | Bujldl Status ) ) .
. 1 Program 262, 144 (0x40000) bytes Loading code from C:/Exercises/Solu e/Lab0_First Project.X/dist/default/product
0?% Program loaded with pack,SAMD21 _DFP,3.4.116,Microchip
: Program Used: 816 (00330) Free: 261,228 (0x3RCDO) Loading completed
=] #§ Debug Tool v ~ S
: > M
e A8\ MicrocHip




APP045 Ov2 Mv3 Mva

Lab0 Programming Project
Step 16

* Click Icon

to build and program firmware to EVB.

T B DT

Build
Clean and Build

Build and Programming

Debug Project

* Different Programmer SN of your project while programming.

&3 Snap not found X

Snap SN: BURXxxxxxxxx is currently connected. Would you like to use this Snap instead?
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Lab0 Debug Project

Step 17

 MPLAB X IDE provide a lot of debug window, select the Debug

Debug Team Tools Window Help
BF Debug Project (LabO_First_Project)

Discrete Debugger Operation
Finish Debugger Session

-]

Pause
Continue

Step Over

Step Into

Step Out

Step Instruction
Run to Cursor

Reset
Set PC at Cursor
Focus Cursor at PC

2@ SIEERER ©

Stack

Toggle Line Breakpoint
New Breakpoint...

€ New Watch..
New Runtime Watch...

Disconnect from Debug Tool
Run Debugger/Programmer Self Test
Hardware Tool Emergency Boot Firmware Recovery

Shift+F5

Ctrl+Alt+8
F5

F8
F7
Ctrl+F7

F4

Ctrl+F8
Ctrl+Shift+F8
Ctrl+Shift+F9
Ctrl+Shift+F10

AL IR ER

[ Stop Debug |

[ Pause Debug |—
| Reset -

| Continue ;

| Step Over |

| Step Into |
| Step Out l

[ Run to Cursor |}

[ Set PC at Cursor |

[Focus Cursor at PC}
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MPLAB® Harmony Configurator (MHC)
Interface introduction
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MHC interface

* Notice ! If you already close MHC, please open it through below steps.
* Select to Tools » Embedded » MPLAB® Harmony 3 Configurator

Analysis
| Embedded

Embedded
Licenses
Packs

e

Tools Window Help |

1 MPLAB® Harmony 3 Configurator |

>
3y 2 MPLAB® Harmony 3 Content Manager
>-Z  MPLAB® Harmony 3 Configurator

= MPLAB® Code Configurator v4: Open/Close

 Select Harmony Framework location path.

Should select this

[ Use the Path setting with Project ]/

(Use the Path setting in MPLAB X IDE}~"

2 MPLAB Harmony Launcher X

Active Project Information:

Mame: default

1Reconfigure Path setting

of Project]

Select an option to use for the launch paths for the MPLAB Harmony Framework tool suite:

Reconfigure Paths

nnnnnnn

() MPLABX Path - The framework path that is stored with MPLABX (configured threugh Tocls->Cptions->Harmeny)
I Harmeny Fath: C:\Harmen; yEramevror k I

Diefault Lannch Action: PIomptFor{Path in MPLAB X IDE] [ click Lun

(Configurable through Tools->Cptions->MPLAE Harmon v)
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MHC interface

 Select DFP and CMSIS. (Use default is fine)

2 Configuration Database Setup X

Configure Device Family and CMSIS Pack Paths:

DFP: Mev_packs\MicrochipSAMD21_DFP\3 4.116%amd 2 1a%td A4 TSAMD21G 184 atdf] J &

CMSIS: Mev_packstarm\CMSIS\S 7.0 ‘ =y
[ Click launch and wait a while ] Launch Cancel
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MHC interface

* Now let’s walk through MPLAB Harmony Configurator (MHC).

2 MPLAB Harmony Configurator - default

File Generate Tools Utilities Window

O

X

Framework: C\HarmonvFrameworkh

{] Available Components o FF 1
+

#- Peripherals
#-Tools

[ Available Components * |

(] Frogect Graph

X CRERE4 | &

NVMCTRL
Peripheral Library
MEMORY

WView: Root v

Device Family Pack (DFP)

[] Configuration Sptions
=R

=3

E-5
B

ystem

t-Ports

H-Clock
f-Interrupts (NWVIC)
i DMA (DMAC)

e W DT

B
B
B
B
B
B
B

7 PAC

#-Device & Project Configuration
#- Cortex-MO+ Configuration

(] Configuration Options | (] Help |

[ Mews

>

[o 1.[00O 01, 2020] X2C package v1.0.1 update

o 2.[00 27, 2020] X2C package v1.0.0 update

o 3.[00 27, 2020] Aerospace package v3.1.0 update

o 4.[00 20, 2020] MHC package v3.4.0 update now available

o 5.[0O0O 20, 2020] CSP and Core packages v3.7.1 update now available

L N S N AN Qﬂ

[ Console | (] MNews

Welcome to the MPLAR Harmony Configurator!
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MHC interface

* Available Components. (Modules you could add-in project)

Class use simplify version Harmony Framework (1.16 GBytes)

[Available Components]

(] Available Components o g5 O (] Available Compenents o Ff £

+ + —
- Available Components

- Peripherals =R Fempherals [ G ]

- Tools “AC

~ADC

-DAC

-DSU

EIC

PM

"RTC

- SERCOM

"TC

"TCC

= Tools

- STDIO

Available Components]

(] Awailable Components ® (] Awvailable Components ® |

IS RS\ MicrocHIP




MHC interface

* Available Components. (Modules you could add-in project)

Full downloaded version of Harmony Framework (28.6 GBytes)

[Available Components]

(] Available Components (] Available Components = ~
+
i " [ Available Components
- Audio = Audio [ Expend
- Bluetooth + Decoder
-- Board Support Package "+ Driver
¥ Bootloader "+ Encoder

* Templates

I Bluetooth

+ Driver

o Ir _ + Templates

..

£ L|brta ries —- Board Support Packe
- Peripherals |

e ) ) - Default Board (BS}
#-Third Party Libraries

-- Graphics
[ Harmony
= Input

1

1

=1 Bootloader

't Tools - Bootloader

#-Touch ~I Graphics

Eu LY. ¥ O P - . W
- [ Mienlawe

Available Components] <

T

(] Available Components » (1 Available Components ™.

S g\ MICROCHIP



MHC interface

* Active Components. (Current modules in project)

* Configuration Options

. 5
[ Configuration C'ptionsl Conflguratlon Optlons

=

X ZCRER4+

(1 Active Components | Active Components

CMSIS Pack

Device Family Pack (DFP)
EVSYS

NVMCTRL

Please enlarge window
to see Active Component §

[ Active Components

(]

= System ~
--De\-'ice 2 Project Configuration

[i}-CDr‘tex-MD+ Configuration

--SysTick

-Ports

E-Use PORT PLIE 7

E-Clock

[ij"C|DCk Source Configuration

--EIMHZ Internal Oscillator Configuration

--External Crystal Oscillator Configuration

--32Khz Internal Oscillator Configuration

--32Khz External Oscillator Configuration

--DFLL Configuration

--Fral:tiunal DPLL {(FDOPLL) Configuration

H-Generic Clock Generator (GCLK) Configuration

H-Synchronous Clock Configuration

#-Peripheral Clock Configuration

t-Clock Frequencies

nterrupts (MVIC)

H-Enable Reset Wector Interrupt

[ e WO e SO ey IO =

#-Enable Non-maskable Interrupt Interrupt
t#-Enable Hard Fault Interrupt

#-Enable Supervisor Call Interrupt
+#-Enable Pendable Service Interrupt
#-Enable System Tick Timer Interrupt

DO e OO e SO e DOUON e OO e O =

#-Enable Power Manager Interrupt v

< >

Available Compeonents | [ Active C-:\:L mponents

&\

(] Cenfiguration Options | (1 Help
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MHC interface

* Project Graphic. (Project function block diagram)

(0 Project Graph = & O
X ICRERE4 | /| View: |Root v

Device Family Pack (DFP) ADC SERCOMS SD Card (SPI)
Pariph bra Peripheral Library Driver
UART

2 Core Service

ry
Peripheral Library 2 SYS_TIME
Peripheral Library
TC3
Core

SERCOM4 Instances -=—+ FILE SYSTEM
Peripheral Library —_— Instance O System Service
Peripheral Library o G 5
Harmony Core Service ™R SPI SPI ore Service

o RTOS } DRV_MEDIA DRV_MEDIA
VY

Core Service © TC4 L SYS FS < &

Peripheral Library
MVMCTRL T
Peripheral Library

MR
MEMORY TGS
Paripheral Library
TMR

Drag and Drop 4 between modules
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MHC interface

Easy View Configuration

* Tools (Easy View Configuration)

File Generate

2 MPLAB Harmony Configurator - default
- (ool J 9

TEUIS Utilities Window

) = P WADCCDHﬁQUHtiDH [

ADC Configuration
will not shows in a new project

|

(] Active Comp

Clock Configuration

DMA Configuration

Event System Configuration
NVIC Configuration

Pin Configuration

1

arriy Favk (uUrr)

Easy View Configuration Tools will shows
depend on what peripheral you already added-in.

[]
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MHC interface

Easy View Configuration

* Tools : Pin Configuration

2 MPLAB Harmony Configurator - default - X
File Generate Tools Utilities Window
[ D P | 55 Framework: D:AHarmonyFramevworlk_3.3.04
[ Active Components = F 3| |(] Pin Settings = B# 8 * ||(] Pin Diagram = B0 x
x ‘ CRER 4 COrder:  Pins ~ Table View [~ Easy View Unavailable ~
CMSIS Pack Fin ) . . Available
Device Fa m”y Pack (DFP} Kumber Pin ID Custom Name Function Mode Direction Latch Pull Up Pull Dowmn Assigned i =
EVSYS 1 PACD Avaiiable v| Digital | Hehim.. ~|  Lew O O |« =50
2 PAD1 Available | Digital | HohIm.. ~| L. [l ] DERRAR0ZHARYY
NVMCTRL L S, = = Ao O0ETm am
3 PAD2 Available w| Dugital | Herm.. ~| Low P il
3 a03 Avaiat D = l 0 L — — e B B v f o
= gttal | A . o = = @ 4B4TA645444 3424140393637
5 GNDANA Digital High Im.... Low O ] Paco 11 %0 vDDIo
6 VDDANA [Diiiall High Im. .. L. PAOL O 2 350 GNDIO
= - L | PAO2 O3 20 pazs
7 PEOS Avalable v|  Digital | HehIm.. ~|  Leow O O Pans O3 330 pass
8 PEOY Avalabl ~ i HghIm... ] ] GNDANA O 5 32 B PA23
EE Wil | Faiitn Lew = = VDDANA 06 areampoiclea 310 PAZ
9 PAOS Available v|  Digital Hgh Im... L O O] PROZ E? 30% PAZ1
: = = = = PEOO O 8 200 Pazn
10 PAQS Available Dlg?wl High Im... Low O O i 2 E peio
1 PADE Availzble ~ | Digital HghIm... Low L L PAQS E 10 27% PALE
12 PaOT Available v|  Digial | Hohim.. ~ | Low ; ; ;ﬁg? i %é % i Ei%g
13 PADS Available ~|  Dagital HighIm... Low [ [ 131415161718192021222324
14 PAD3 Available v Digital HghIm... ~ Low O ] O T e
15 PATD Available ~|  Digital HighIm... ~ Low O ] %%%i%%gi%gzg
16 PALL Available v| Digital || Hohim.. ~| Low [ ] ““‘“‘“‘Q%mm““““‘“‘
17 VDDIO Digital High Im.... Low ] [l
18 GNDIO Digital | HghIm... Low ] ]
19 FBI0 Available ~ Dhgital High Im... Low D D v
20 PB1l Available ~ Digital High Im... Low E E vll< =
(1 Active Components ™, (71 Project Graph | (1 Pin Settings (1 Configuration Options | (1 Help | [] Pin Diagram
(] Pin Table =0 x
== ! (@]
Paclass: JICETE NG zlz|a|z|8|3]2|e|z|alels 2|22z 8|8 2|z | 2l ol |2le|s| 5| 25 |alalal5|s B |8 g la|s|B5 B |8 |E 2|5 ||z
(2|22 |z 2|F|2|2|22 2222 |20 |Z|a|lal== = =2=2=2=2 222z elalad|f|@|< |z B g <l<ala
(o0 O o0 - R R NN o 0 o - 0 - o - o R I 0 o 0 o N N R - R R R o R A o AR R R o - ™
Module Function Tl2]34|5|6(7|8(0|10)11[12]13[14[15]|16(17|18[19 (20|21 |22|23|24(25|26|27 |28 |29(30|31(32|33|34(35|36(37(38|30(40|41(42]|43|44|45(46|47 (48
GCLE_I05 ~
GCLE_I06
GCLE_I07
GPIO GPIO
125 F=0
[25_MCED
129 MK e

J (1 Console 1 &
‘Welcome to the MPLAB Harmeny Confignrator!
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MHC interface

Easy View Configuration

* Tools : Clock Configuration

=5

XOSC

Oscillators Controller

oscam

8 MHz internal L)

> FOPLL et
Oscilitor gy &

PAL Main Clock
[FRE... v OsCULPI2K
0sCa2K 48,000,000 Hz

GCLKO

» CPU
48,000,000 Hz

XIN G

. — XOSC3K
[ 000,0004]
XoU

GELKUNGO] | 1=

CRYSTAL v 5

*/[fm

Fractional Digital Phase Locked Loop (FDPLL) |:|

XOSC32K

Peripheral Clock Selection
xos¢ GOLK Generator1 || sa

an oscam sak
s i) sake

GCLK DPLL

Gak
OSCULPR2K: Gaks N

» Peripherals
osca2K GOKe

XOSC3K. s 5 Peripheral
GCLKIN{1] sak ’7 Clock —‘

GCLks i

0% |

Clock
Source

i ! GOLK DAL
|GCLKO v E

DAL

48,000,000 Hz

GCLK input Output (10)

k

I [ cakiopd
| GCLK 10 Confi.. |

GCLK_INp
"

0sca2K

XOSCIK

32 KHz Oscilltors Contraller GCLK_IN[O]

..52I( High Accuracy, 0sER2K GOLkL
2 ternal Oscillator

32K Ultra Low Power oscuLpK
Internal Oscillator — >
32,768 Hz
XOSC32K
32K Crystal Oscillator
o L]

osCeM v

|CRYSTAL >
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MHC interface

Easy View Configuration

* Tools : NVIC Configuration

| I
(] NVIC Ssttings =X
Vector Number Vector Enable i,;limy Handler Name
-15 Reset (Reset Vector) -3 | Reset_Handler
-14 kableTnt (Mon-maskabi f) 2 | MonMaskableTnt_Handler
-13 HardFault (Hard Fault) -1 | HardFault_Handler
-5 Svcall (SuperVisor Call) 0 | SVCall_Handler
= PendsV (Pendable Service) 0 | PendSV_Handler
=i SysTick (System Tick Timer) J fo | SysTick_Handler
o PM (Power Manager) I:‘ & ~ | PM_Handler
1 SYSCTRL (System Controller) I:‘ = ~ | SYSCTRL_Handler
2 WDT {Watchdog Timer) I:‘ 3 | WDT_Handler
3 RTC (Real Time Counter) I:‘ 3 ~ | RTC_Handler
4 EIC {External Interrupt Controller) |:| 3 | EIC_Handler
5 MNYMCTRL {Mon-Volatle Memory Controller) |:| 3 | NVMCTRL_Handler
6 DMAC (Direct Memory Controller) |:| 3 | DMAC_Handler
7 USE (Universal Serial Bus) |:| 3 | USB_Handler
8 EVSYS (Event Systems) |:| 3 | EVSYS_Handler
9 SERCOMO (Serial Communication Interface 0) I:‘ 3 | SERCOMO_Handler
10 SERCOM1 (Serial Communication Interface 1) I:‘ 3 | SERCOM1_Handler
11 SERCOM2 (Serial Communication Interface 2) I:‘ 3 | SERCOM2_Handler
12 SERCOM3 (Serial Communication Interface 3) D 3 | SERCOM3_Handler
13 SERCOM4 (Serial Communication Interface 4) D 3 s | SERCOM4_Handler
14 SERCOMS5 ({Serial Communication Interface 5) D 3 ~ | SERCOMS5_Handler
15 TCCO {Timer [Counter for Control Applications 0) D & ~ | TCCO_Handler
16 TCC1 {Timer [Counter for Control Applications 1) D & ~ | TCC1_Handler
17 TCC2 {Timer [Counter for Control Applications 2) I:‘ = ~ | TCC2_Handler
18 TC3 (Timer /Counter 3) I:‘ = ~ | TC3_Handler
19 TC4 (Timer [Counter 4) I:‘ 3 | TC4_Handler
20 TC5 (Timer [Counter 5) I:‘ 3 | TC5_Handler
23 ADC (Analog-to-Digital Converter) |:| 3 | ADC_Handler
24 AC (Analog Comparators) |:| 3 ~ | AC_Handler
25 DAC (Digital-to-Analog Converter) |:| 3 ~ | DAC_Handler
26 FTC (Peripheral Touch Controller) |:| 3 | PTC_Handler
27 125 (Inter-IC Sound Controller) |:| 3 | 125_Handler
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MHC interface

Easy View Configuration

* Tools : ADC Configuration [ ADC Configuration ]

will not shows in a new project

O8CEsyVew | ==

ADC Configuration

Input to scan Scan start off set

b B o &

GCLK
start Event (4 - Hardware Triggar Pin Scan Ry D
Prescaler
Flush Evant [— |Peribheral clock divided b... V|
E |SW Trigger
Conversion Trigger Left-aliznad result
Automatic Window Comparison T Result Interrupt

12-bit result

Result Aegistar
B -
Analog Input | 1,024 11 Result Event
b— WINMON Interrupt
@_
AnaluglnputE 512 &

Internal Ground 1£2 VDDANA (0., ™

EVENT

!

Mo windew mode (def,,,
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MHC interface

Easy View Configuration

* Tools : Event System Configuration

1 [] EVENTO Easv View

Event System Manager

Channel Configuration Channel Settings

Channel Ervent Crenerator Event User Remeve
MNumber Statns  Ready Channel Path Selection: SYNCHECHOUS
Event Edge Selection: Mo _EVT _CUTFUT
Enable Event Detection Interrupt:
Enable Owerrun Interrupt:
Add Channel

User Configuration

UZER Channel Mumbar Remove User

Add User

-%I:I'x
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MHC interface

Easy View Configuration

* Tools : DMA Configuration

[ DMA Settings

=X
Active Channels List [ Use Linked List Mode
Channel Mumber Trigoer .
Channel Settings
Trigger Action: ione Block Transfer Fer DRA Request
Source Address Mode: Increment Address After Every Transfer

Destination Address Mode: | Increment Address After Everv Transfer

Eeat Size: 2-bat bus transfer

Add Channel Remove Selected Channel
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Study Advanced Features

The main course of this section will stop here, if you want challenge
advanced features or more exercise, please click below link for slides in
Appendix.

® MIPLAB® Harmony Key Concept

®Harmony Installation and General Setup in MPLAB X IDE

®Harmony Framework Help and Examples

®Harmony Framework Content Manager
[
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PORT I/O Architecture
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PORT Block Diagram

* Please refer to the block diagram, this is the concept for programming model.
The real and detail block diagram please refer to the following slide.

* DIR: use to determine in or out. 0 for input, 1 for output.

* OUT: set output drive
value for Output pins.

* IN: reaction logical
level from Input pins.

Pxn

DIR[i]n

’

X : A,B etc..

n :0,1,2, etc..

/ : Register Offset
DIRn : O=Input, 1=Ouput

OUT[i]n

IN[i]n
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PORT Block Diagram

« SAMD21G18A PORT Block Diagram

PERIPHERALS

PORT

Peripheral Mux Select

Port Line

l/O
PADS

Digital Controls of Analog Blocks

Analog Pad
Connections

ANALOG
BLOCKS
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Register Access

AHB-APB Bridge B

0x41000000
0x41002000
0x41004000
0x41004400
0x41004800
0x41005000
0x41006000
0x41007000

PAC1

DSU

NVMCTRL

PORT

DMAC

USB

PORTA

DIR

DIRCLR

DIRSET

DIRTGL

ouT

OUTCLR

MTB

Reserved

PORTB

DIR

DIRCLR

DIRSET

DIRTGL

ouT

OUTCLR

0x41004400
0x41004404
0x41004408
0x4100440C
0x41004410
0x41004414
0x41004418

0x41004480
0x41004484
0x41004488
0x4100448C
0x41004490
0x41004494
0x41004498

Register Summary
from datasheet

T

0x00

0x01

0x02

0x03

DIR

7:0

15:8

2316

31:24

0x04

0x05

0x06

0x07

DIRCLR

70

15:8

23:16

31:24

0x08

0x09

0x0A

0x0B

DIRSET

70

15:8

23:16

31:24

0x0C

0x0D

0x0E

0x0F

DIRTGL

7:0

15:8

2316

31:24

0x10

Ox11

0x12

0x13

ouT

70

15:8

23:16

31:24

0x14

0x15

0x16

0x17

OUTCLR

7:0

15:8

2316

31:24
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Register Access

* There are two way to access Register:
* Access by Register Pointer
*(__10 uint32_t *) (0x41004400U) = OX55; /* 0x41004400U : PORTA DIR */
*(__10 uint32_t *) (0x41004480U) = 0X55; /* 0x41004480U : PORTB DIR */

* Access by Pre-defined Struct
PORT_REGS->G ROUP[O].PORT_D'R - 0X55; /* Group[0] : PORTA Register Set */
PORT_REGS->GROUP[].].PORT_D'R - 0X55; /* Group[1] : PORTB Register Set */

atsamd21gl8a.h port.h
#define PORT_REGS ((port_registers_t*)0x41004400) typedef struct
{
port.h I0 uint32_t PORT_DIR;

IO uint32_t PORT_DIRCLR;
IO uint32_t PORT_DIRSET;
IO uint32_t PORT_DIRTGL;

typedef struct
{ /* Port Module */

port_group_registers_ t GROUP[GROUP_NUMBER];
} port_registers_t; } port_group_registers_t;

@ MICROCHIP



Atomic Bits Manipulation

* Some register provide <reg>CLR, <reg>SET , <reg>TGL register for atomic bits
manipulation.

* This register manipulated without doing a read-modify-write operation
by using below

Invert Bits
* <reg> Toggle (<reg>TGL) e
<reg>SET
* <reg> Clear (<reg>CLR) <::Z>CLR Clear Bits
Y
<reg> Set (<reg>SET) <reg> —> reg

 Setting the manipulation register bits corresponding to the base register will set the
bits to 1, clear to 0 or toggle.
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Atomic Bits Manipulation

reg 0 0 0 1 0 1 0 0
regSET 1 0 1 1 1 0 1 0
v v v v
reg 1 0 1 1 1 1 1 0

reg 1 1 1 0 1 0 1 1
<~
regCLR 1/0|1 11010
v v v v
reg o|1|0|0|0|0|O0]1
regCLR : corresponding bits clear to 0
reg 1 1 0 1 0 1 1 1
<~
regTGL | 1 |0 |1 |0 |1 |0 |10
v v v v
reg 0 1 1 1 1 1 0 1

regTGL : corresponding bits toggled
(0->1, 1->0)

regSET : corresponding bits setto 1
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Lab1l PORT Output

* Try to control LED1(PA20) continues toggle.
(period around 500ms ~ 1S).
* You can use register pointer or pre-defined struct to access PORT.

*How to start ?
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Check Schematic

3.3V <
3.31-": LEDI H Green m4?ﬂ T?i:-l-\ :G}TD
FDN337TN
PA20/PWM(TCCO0.6) PA20
(I'D AN 100K A A A _LOOK IG}TD

LED1 PA20
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Lab1l PORT Output

Step 1

e Add code segment to your main loop

// TODO 1.01
uint32_t i = o; [ Access by Register Pointer ]

int main (void)
SYS |Initialize (NULL );

/[l TODO 1.02
*(__TO0 uint32_t *)(0x41004400U + 0x08U) = 0©x00100000;

while( true ) Period Control
{ _ . P
for (i=0;i<2000000 ; i++)

{}
/[l TODO 1.03
*(__I0 uint32_t *)(0x41004400U + 0x1CU) = ©x00100000;

}
}

@ Program firmware to target board
then observe resulit.
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Lab1l PORT Output

Register Description

0x00100000

3322 2222 22221111 1111 11

(Hex)

0000 0000 0001 0000 0000 0000 0000 0000 b (Binary)

1098 7654 3210 9876 5432 1098 7654 3210

/[ TODO 1.01
uint32_t i = 0;

int main (void)
SYS_Initialize ( NULL );
// TODO 1.02

while( true )
for (i=0;i<2000000 ; i++)
}{/}TODO 1.03

by

LED1 Pin PA20

*(__I0 uint32_t *)(0x41004400U + OXO8U) = 0x00100000;

*(__TI0 uint32_t *)(0x41004400U + OX1CU) = 0x00100000;

0x00
0x01
0x02
0x03
0x04
0x05
Ox06
0x07
0x09
Ox0A
0x0B

0x1D
Ox1E
O0x1F

DIR

DIRCLR

DIRSET

OuUTTGL
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Lab1l PORT Output

Step 2
e Modify code segment to your main loop
/[ TODO 1.01
uint32_t i = o; [Access by Pre-defined Struct]

int main (void)
SYS |Initialize (NULL );

/[ TODO 1.02
PORT_REGS- >GROUP[@] .PORT_DIRSET = 1<<20;

while( true ) Period Control
{ e

for (1=0;1<2000000;i++)
{

/[l TODO 1.03
PORT_REGS->GROUP[0] .PORT_OUTTGL = 1<<20;

}
}

@ Program firmware to target board
then observe result.




Pin Configuration using MHC

* If you already close MHC, please open it through below steps.
* Select Tools » Embedded » MPLAB® Harmony 3 Configurator

Tools Window Help |
Analysis , 1 MPLAB® Harmony 3 Configurator |
[ Embedded Embedded 3y 2 MPLAB® Harmony 3 Content Manager
Licenses > -2 MPLAB® Harmony 3 Configurator
Packs = MPLAB® Code Configurator v4: Open/Close

* Following MHC reopen steps reviews.

2 MPLAB Harmony Launcher X

Active Project Information:

Mame: defanlt
2 Configuration Database Setup

Select an option to use for the Bunch paths for the MPLAB Harmony Framework tool suite:
Confizure Device Family and CHELE Pack Paths:

® MPLAB Harmony Project Path - The framework path that is stored with this MPLAE Harmeny
O MPLABX Path - The framework path that 13 stored with MPLARX (configured through Tools-=Options-=Harmony) CMEIS: Mev_packsbarmiCHEIH5 7.0

Harmonv Path: Cihmicrochip'Har monyFramework_3.3.1.0_20190704\

Reconfigure Paths : §
DFF: .\.dev_packs\.Mmmch.tp'\SP.MDZl_DFP\B.4.1lﬁ\samd.Ela\abif\ATSAMDElGlBA.abiﬂ

Lannch Cancel

Defanlt Lannch Action:  |Prompt For Path Selection (Thi.., ~ [ CI.
ick Lunch ] - - -
[ Click launch and wait a while ]

{Confignrable throngh Tools-=Cptions->MPLAR Harmony)

s

e
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Pin Configuration using MHC

* Return to Harmony Configurator.
* Select Tools » Pin Configuration

2

= MPLAB Harmony Configurator - default
File Generate Tools Utilities Window

| P P Clock Configuration
DMA Configuration

i Comp Event System Configuration
XERm NVIC Configuration

B CMSIS F Pin Configuration

""" Device |:'n:4|||||'],|r FaCk |(UTTr) %
-~ EVSYS
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Pin Configuration using MHC

* Docking three Pin Configuration windows as below.

2 MPLAB Harmony Configurator - default* - x

File Generate Tools Utilities Window

Framework: C\Jsers\L62407 DesktopiLab0_First_Projects. . \Harmony3h

[ Active Components = B 1| (] Bin Settings = Bf (1 % | |(] PinDiagram =0 %
X TRER4+ Cnder | Pins » Tabls View | [2] Essy View Avsilable ~
[- CMSIS PECK Fin PinID i : Fi Mods Directi Latch Pull Ty FPull I & ! ﬁ Z,
R N in ustom Hame unction ode rection atc D own = ]
Device Family Pack (DFP) Humber 1= 1 I -
EVSYS 1 PADD Available | Dizitl | HighImpedance |  Low O o o~ EEZE00 % P ﬁ 28R
NVMCTRL 2 PaDL iz v Dbl | HighImpedance | Low ] ] OEEEEEREAERES
System 3 PADZ Available v Digital High Impedance Low O O O 484746454443424140393837
Y 4 PAO3 Available w || Digital High Impedance ~ | Low O O PAOD 1 ki ¥DDIO
= PAOL 2 35 GNDIO
5 GNDANA Digital High Impedance Low panz Oz 3¢ [0 Pazs
6 VDDANA Digital || High Impedance Low pan: O4 330 PAX4
GNDANA El 32 PAZ3
7 PBOS Available w | Dizital High Impedance ~ |  Low O O YODANA O & ATSAMD21G18A 31 P42
2 PEO2 7 El PaZl
3 PEOY Available || Digittl || High Impedance | Low O O o O & ol
3 PAD4 T . X O O P . .
Pl
10 PADS Pln settlng [ Lov O O i Pln Dlagram
11 PADS AVATaDTE T DIEnEr [ HIGn IMpegance I Low O O P4 T PETE
12 PADT Available w Digital High Impedance Low O O 121415161718102021222324
- g g g
13 PADS mzilable | Digial | HohImpedance | Low O O O
g g gajale poga g gl
14 PADS Available w | Digitel High Impedance ~ | Low O O EEEE a EpmznEs
L]
15 PALD Available | Digittl || HahImpedance «| Low O O
16 PALl Available | Digitl | High Impedance | Low O O
17 VDDIO Digitl | High Impedance Low
w
< - ) > v
[] Available Components | (7] Active Components (7] ProjectGraph | (7] PinSettings (] Configuration Options | (7] Help | [ Fin Diagram
(] Pin Table =B %
o q =
Peckage: TQFP4B o Al ol g ola = al|lSla
%SSS%G‘3%588%3%2:9%2:Eﬂ:ﬂfifﬂiﬁgﬁﬁﬁgﬂﬁﬁﬁﬁﬁggﬂiﬁgg
ﬁﬁ&ﬁDEEﬁﬁﬁﬁﬁﬁgﬁﬁgOEEﬁﬁﬁﬁﬁﬁﬁgmmmmmmogﬁﬁmmmoegmmﬁﬁ
Module Funeting 1 20 3|45 |6 | 7|8 |9 (101112 |13 |14 15|16 17 (18 )19 |20 (21 |22 | 23 |24 |25 |26 |27 | 28 |20 |30 | 31 |32 |33 | 34 | 35|36 ) 37 |38 )30 | 40 |41 | 42 | 43 | 44 | 45 | 46 | 47 | 48
AC_ATNO (ol
AC_AIN1
AC_AINZ
AC
AC_AINZ P 0 T b I
AC_CMPD in a e
AC_CMPL
ADC_AIND
ADC_ATNT
ADC_AINIO ©
(] Conmle | (7] Wews (7] Pin Table

Welcome to the MPLAB Harmony Configurstor! @ MICROCH'p



Lab1l PORT Output
Step 3

* Pin Table configure. (Enable or Disable Pin)

[] Fin Table PA20 | |
e D D
Fackage: ' TQFF4S clalalelzlgl2lzx|lelels|el2gls83
ol QT = (RO BV B o N o I o . o R o . o R o B o I o I o (O o .
I = I I B B I T ' T W Y W - - T T T T T T
Module Function BlI7 |18 1920 |21 |22 | 23| 24 |22 |20 |27 |28 |20 130 | 31 | 32| 33
GCLE 27
GPIC GFIO i
GPIO 125 F50 Click m_
T B AT | | | | Avatiable
[] Fin Table
e o | o ﬂ—-l
Package: |TQEP4S | v Clalale|z|elszlelelszlele s 885
ol QT T == (RPSO BPO S o E  E o  o C BS o I
IR o= I B R B O Y Y W - - T T (e (TR T Y
Madule Function BII7 18| 1920021 |22 123 |24 | 25|26 |27 |28 | 29| 30| 31 | 32| 33
GUCLE 107
ORI GFIo
125 S0 | Green is Enable
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Lab1l PORT Output
Step 4

* Pin Setting. (Pin Function Setting)

(| Pin Settings = F &
Crder:  Pins o Table View Easy View
;1]1 b Fin IO Custom MName Function Mode Direction Latch Full Up  Full Down
u]llu Bl rELr | HVanauc . LA1E1LAL I Laas W | Leeaia | L1 | L1
| I
7 . ., pole v| Digital | HighL.. | . i ol [
: Pin Function Settin
- PA20 |i Double Click to Edit |- T Digial | Foni. 2EHNg =
29 PAZD ] [ GPIO_PA20 GPIO v| Digital |HghL.. ~| Low ] ]
30 PAZL Available ~v | Digital HighT... Lo [] []
. Fos T T = ﬁa D
Always remember press [Enter] =ty
after t‘o lnPUt any value In MHC Function bode Cirection Latch Full Up  Full Down
Tl]l'.I.UEl' rHLy Avanaue w LAZIEL |t o Lo | L1 L1
27 PA13 LED1 Available v[ Digital 1 Ou r ] ]
25 PA19 Available ~|  Digital g | =—mom [] []
29 PAZD LED1 GPIO v| Digital [ Out v] [ Lats
30 PAZ1 Available w | Digital HighL.. v Lo ] []
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Lab1l PORT Output

Step 5

* Pin Diagram. (Hardware design reference)

(] Pin Diagram =0 %
[Tnavailable ~
Available
Assigned @ =

“ DESQ%EF o
It I et
Tt ety
. DOommEmEEEEEE
D 424746454443424 140303837
Faop O 1 3w @ VDDIS
Fa0l O 2 35 @ GNDIS
Fa0z O 3 34 @ PA2S
Fanz O 4 33 [0 FAZd
GRNDANA E 5 32% FAZ3
VDDANA RO aTsaMD21Glsa 31 F Pa2 PA20 (LED1)
PROO O 2 (200 LED1 )
Fand O o
Fans O 10 27 0 PALS
Fa0n O 11 26 0 PALT
Fao? O 12 25 [0 PALG

<

-

1214151617 183192021222324

[ S S S )

P e B A e e

juafail
Il =
=5

(1 Configuration Cptions

(] Help | [ Fin Diagram
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Lab1l PORT Output

Step 6
e Click =5 =i to Generate Code.

‘2 MPLAB Harmony Configurator - default

File Generate Tools Utilities Window

\ D D) | EPods] [ Click )

[] Active Components Gﬁte Codel| Ll Fregest Gra
X CRER4 X | m

2 Generating Project...

Task Type Remaining Tatal
File Markup

File Copr

Libraries

ole=|olwlo

Settings

/\\m%

Source Paths

Generating file: DHarmonyFramework_3.3.0%ev_packs\armiCMSIS\S, 4,00 CMSIS\DSP Inclodearm_commen_tables.h

Please Wait..,

2 Generate Project

1. Confipure Generation Settings

[ Generate Settings
Merge Strategy [USEE_ALL

(Monse over a property for detailed help)

2. View Warnings

Type Description

3, Click Generate

Drefanlt linker seript 15 added to the project. Dl{ G e ne rate ]custom linker script.

Cancel
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MHC GPIO Macros

Plib port.h

/*** Macros for LED1 pin ***/
#define LED1_Set()

#define LED1_Clear()

#define LED1_Toggle()

#define LED1_Get()

#define LED1_OutputEnable()
#define LED1_InputEnable()
#define LED1_PIN

(PORT_REGS->GROUP[0].PORT_OUTSET = 1 << 20)
(PORT_REGS->GROUP[0].PORT_OUTCLR = 1 << 20)
(PORT_REGS->GROUP[0].PORT_OUTTGL = 1 << 20)
(((PORT_REGS->GROUP[0].PORT_IN >> 20)) & 0x01)
(PORT_REGS->GROUP[0].PORT_DIRSET = 1 << 20)
(PORT_REGS->GROUP[0].PORT_DIRCLR = 1 << 20)
PORT_PIN_PA20

Plib port.c
void PORT _Initialize(void)
{

}

/************************** GROUP 0 Initialization *************************/

PORT_REGS->GROUP[0].PORT_DIR = 0x100000;
PORT_REGS->GROUP[0].PORT_OUT = 0x100000;

/************************** GROUP 1 Initialization *************************/

ﬁ\ MICROCHIP
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Lab1l PORT Output

Step 7

e Modify code segment to your main loop

/[ TODO 1.01
uint32 t i = 0;

int main (void) ,— PORT initialization already done here

SYS Initialize (NULL );

Comment out this line

// TODO 1.02
//PORT_REGS->GROUP[@].PORT_DIRSET = 1<<20;

while( true )

for (i=0;i<2000000 ; i++)
U

/[ TODO 1.03
LED1_Toggle();

}

@ Program firmware to target board
then observe result.




MPLAB X IDE Shortcut key

« MPLAB X IDE Provide a few shortcut key to enhance your performance.

* Ctrl + Alt + \ : Show All Code Completion
(Alternative shortcut : Ctrl +\, Ctrl + Alt + Space)

* Ctrl + Mouse Left Click : Open Macro (Code Trace)

* Alt + Left : Backward (Code Trace)  Options x
. B & B e & 05 Q

® Alt + Shlft + F : COde FO rm at G:r;al EEJI Fonts & Colors Kp Embaddad T:aﬁ Appdeince PES M1s<:§;eous

([ J

Ctrl + Shift + C :Toggle Comment ¥ (et | [,

Search: Search in Shorteuts:
Zoom Text Cu AlHMOUSE WHEEL DOWH W ) her ~
AlMOUSE_WHEEL _UP "
® M Ore ? Make Caller Current Al+PACGE_DOWN ... Debu
® Nake Callee Current Al+PAGE UP ... | Debu,
Forvrar d A+RIGHT .. |Other
. Variables Alt+Shift+ ] oo Window/Debu,
° T I O t K m Watches [Alt+Shiftr2 ... [Window/Debn
OO S > p IO n S > ey a p Call Stack Alt+Shif1+3 .o Window/Debug
Breakpoints A lt+Shift+5 | Window/Debn,
Sessions Alt+Shaft+6 .o [Window/Debug
Threads AltHShift+7 o Windowr/Debu,
oooooo Alt+Shafi+8 ... [Window/Debng
Debuggin, Alt+HShift+0 oo Window/Debu,
Annotations Cycling Alt+Shaf i+ LT
clect Previons Element Al+HShf - COMMA oo |Other
Dock Alt+Shft+D .| Window
Iove Lineds) Down At +Shaft+DOWN o |Other
Mowe Insertion Point to Bottom A lt+Shift+END ... | Other
Full Screen Alt+Shift+tENTER o Window
Format AL+ Shift+F . | Souree
Clean and Build Main Project Alt+Shafi+F11 .. |[Project o
Walidate Fila ++5hift+FQ AL
Export... Import... Apply Cancel Help
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Lab2 PORT Input and Output

* Based on Labl, Try to add LED2(PA21) continues toggle
(Period around 500ms ~ 1S).

* Get BT1(PA14) status then use to control LED3(PA17).

Pressed -> LED3 Light
Released -> LED3 Dark

eLet’s go!
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Check Schematic

3.3V 2
3.3V
3.3V , ,
3 3l LEDI H Green AL /;‘\ Tt
10K - ‘ J_ﬂ_ FDN337N
P?Ls- PA20PWM(TCC0.6) . ppog
/EINT1, D AN ALK 100Ky
W
‘ BT2 3.3V , ,
[IH 3.3V} LED2 H Green AN AL /JE!—J) |GND
:[ FDN337N
oD PA2IPWM(TCCO.7) _ pp9q —T—
PA20 aD AN ALK ! A A A 100K |GND
PA21 /
3.3V , ?
bA17 3 3] LED3 Green AN AL /J-'E,_J-\ lGND
FDN337N
BT1 PA14 PA17/SCK SCL(S1.1)PWM(TCC2.1. TCCO.7) —J
PA17 ] ]
BT2 PA15 ) AAA 100K | 100Ky

@ MICROCHIP



APP045 Ov2 Ov3 Mva

Lab2 PORT Input and Output
Step 1

* Pin Table configure. (Enable or Disable Pin)

) B EE |PA14 PA15 PA17 PA20 PA21
i ) [T (r9 R .
Package: TQFP48 E ololalnldd]lelod]e|an]|od]| o alax
AEEIRE R G B HEEE E B FF:
Madule Function 1211920 |21 |22 123 124 |25 126127 12812030 31 32
GCLE_[OY
GPIC GPIo ol o o L 1o
GPIO Click
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Lab2 PORT Input and Output
Step 2

* Pin Setting. (Pin Function Setting)

ja IF‘in mettings
Order:  Pins . Table Wiew Easy Wiew
Il:‘}fmber Fin D Custom Mame Function Mode Direction Latch  Full Up  Pull Down  Drive Strength

22 PAL3 | Available Nt Digital High Impedance ~| Low |:| |:| MORMAL o
- | PA14 pars | BT1 &y 1 crio v| Digital [1n In [V) Lew [] [] NORMAL v
| PA15 pa1s | BT2 | sm | 10 v| Digital | In |v] Low ] ] NORMAL ~
25 PALE Available o Digital High I ~ | Lowr [] MORMAL o
- | PA17 az | LED3 (3 GPIO «| Digital [out |Out|.) Low ||/LOW NORMAL >
B PA1S Available W Cigital High Impedance | Low [] [] MORMAL e
28 PA1S Available £ Digital High Impedance | Low |_| |:| MORMAL R
PA20 PAZ0 LED1 LED1 GPIO v| Digital o |OuUt| )Y Low |/LOW NORMAL >
- | PA21 paz1 | LED2 ["iep; GPIO v| Digital |ou |[Out]|~| Low ]| LOW NORMAL ~
31 PAZ2 Available W Cigital High Impedance | Low [] [] MORMAL e
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Lab2 PORT Input and Output

Schematic Describe

* Get BT1(PA14) status then use to control LED3(PA17).
Pressed -> LED3 Light , Released -> LED3 Dark

if ( BT1 _Get() ) LED3_Clear();

else LED3_Set();
3.3V
e
10K 3,31.1 LED3 H Green AN 470 /J':%ftl-\ :G}:D
PAl4 PA17/SCK SCL(S1.1)PWM(TCC2.1. TCCO0.7) EJ FDNSITN
‘EINT14 PA17
——1D PA14 0D AN ALK ! 100K 4 .
is =+ B11 LED3 Light : PA17 = 1
T T LED3 Dark : PA17 = 0
Press : PA14=0

GNDGND Release : PA14 =1 M
ICROCHIP



Lab2 PORT Input and Output

Step 3
e Click =5 =i to Generate Code.

‘2 MPLAB Harmony Configurator - default

FiIE' GE"ETEItE TDDIS UtilitiES Wiﬂd{]w 1. Configure Generation Settings

2 Generate Project X

[ Generate Settings
| ] :;l":
L - EC} : o

.-n;; ode | [ Click ] Merge Strategy [USER_ALL v
[] Active Components Gmte Codel| Ll Fregest Gra

X CmER4e X omi

(Monse over a property for detailed help)

2. View Warnings

Type Description

2 Generating Project...

Task Type Remaining Tatal
3, Click Generate

i@le Markup

‘1_%‘)9 Cop, Default linker seript 15 added to the project. Dt Generate costom linker seript.
Libraries

Settings .
Source Paths

/\\m%

Cancel

Generating file: DHarmonyFramework_3.3.0%ev_packs\armiCMSIS\S, 4,00 CMSIS\DSP Inclodearm_commen_tables.h

Please Wait..,
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Lab2 PORT Input and Output

Step 4

e Add code segment to your main loop

uint32_t i = 0;
int main (void)

SYS_Initialize ( NULL );

while( true)
for (1=0;1<2000000; i++)
s
// TODO 2.01

LED1_Toggle();
LED2_Toggle();

/[ TODO 2.02
if ( BT1_Get() ) LED3_Clear();
else LED3_Set();

¥

}

@ Program firmware to target board
then observe resulit.
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Lab2 PORT Input and Output

Button Response Discuss

e Button Response Time Issue ?

The software delay will influence the polling interval.
Try to change coding style to state machine mode.

while( true )

{}

LEDs_Toggle();

LED_Light();
else
LED_Dark();

for (i =0; i <2000000 ; i++)

if ( Button_Detected() )

while( true)

if (i++ > 2000000 )

i g
1=0;

LEDs_Toggle();
}

if ( Button_Detected() )
LED _Light();

else
LED Dark();

@ MICROCHIP
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Lab2 PORT Input and Output

Step 5
e change coding style to state machine mode

uint32_t i = 0;
int main (void)

SYS |Initialize (NULL);

while( true )
if (i++ > 2000000)
i
i =0; How about current LED toggle speed after
// TODO 2.01 change to state machine flow control ?
LED1_Toggle();
LED2_Toggle(); Why ?
// TODO 2.02
if ( BT1_Get() ) LED3 Clear();
) else LED3 Set();

@ MICROCHIP



Timer/Counter, TC Architecture
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SAMD21 Timer/Counter

* The SAMD21 Timer/Counter, TC module consists 3 function Counter, Compare and
Capture.

* The counter can be set to count events, or it can be configured to count clock pulses.
The counter, together with the compare/capture channels, can be configured to
timestamp input events, allowing capture of frequency and pulse width.

* |t can also perform waveform generation, such as frequency generation and pulse-
width modulation (PWM).
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TC Block Diagram

« SAMD21G18A TC Block Diagram

BASE COUNTER
_______ nt

'COUNTER = OVF/UNF

i clear (INT Req.)
3 load CONTROL

direction LOGIC
.................................................... ERR
" (INT Req.)
A A Top
h
T — HE
=
[
Compare / Capture
CONTROL
LOGIC

v WOx Out

WAVEFORM
GENERATION =
v match MCx
= | (INT Req.)
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SAMD21 Timer/Counter

* Please refer to the block diagram, Just a concept. The real and detail block diagram
please refer to the following slide.

* Clock into TCx after prescaler. Comparator continuously compares the values of TCx

and CCx.

Asserts a into the interrupt request when equal, and resets

TCx to zero.

* You can fill a value
to CCx to determine
period you want.

Interrupt  Equal
Request

>

Reset

CCx

|

v
Comparator

Prescaler

e count < + J—— ck_Tcx APB

1:1
1:2
14
1:8
1:16
1:64
1:256
1:1024

Match Pulse-Width Modulation (MPWM), 16Bit, Up count
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Timer/Counter

* TC provide 4 difference operation mode for Timer, Counter and Compare.
This training only force on MFRQ mode. It’s easy to use.
if you want to know more, please refer appendix Timer/Counter Operation Mode.

* Normal Frequency Generation (NFRQ)
toggled on each compare match

* Match Frequency Generation (MFRQ)
toggles on each update condition

* Normal Pulse-Width Modulation Operation (NPWM)

toggles on each match & update condition

* Match Pulse-Width Modulation Operation (MPWM)

toggles on each match & update condition

@ MICROCHIP



Docking MHC windows

* Return to Harmony and docking windows as below.

2 MPLAB Harmony Configurator - default - X
File Generate Tools Utilities Window
] [P | sEHcod Framnewark: C:\Tzers\62407DeskinpiLab_First_Project,. \. \Harmony34
[ Active Compoments = FF 53| (] FinSettings = FF ] % | |(] Configumtion Options |
X OoORE®E4e Onder [Pins . Toble View | [ Basy Viewr B @
-~ CMSIS Pack Bin . . ! & System
: b BinID Custom Nams Function Mode Direction Lach ~ FullUp  FullDown :
] unber Device & Project Configuration
Active Components | : meie | o ghimsetee | 0 0 | O || conenne contouraton
o NVMCTRL 2 PADL Available ~ Digital High Impedance ~ Low O O Ports
Systemn 3 PAD2 Available ~| Digital || HighImpedance ~| Low O O Clock
4 PAD3 Available ~ | Digital High Impedance ~ | Low [m] J Interrupts (NWIC)
5 GMDANA Digital High Impedance Low DMA [DMAC)
AT c— F0 6 VDDANA Digitl | High Impedance Low WoT
T o 7 FE0E Auilabl Digital | Hioh Imned. Low ] O pac
. .
8 PBOS Low [m] O
o = Lin Setting N 0 | O Configuration Options
- Bluetooth 10 PAOS Available « || Digial | tighImpedance ~| Low O O g p
- Board Support Packages (BSPs) 11 PADG Available « || Digial | tighImpedance ~| Low O O
A 'I bl c t 12 PADT Available ~ || Digial High Impedance ~ | Low O O
val a e omponen s 13 PADB Available ~ Digital High Impedance Low O O
T
Harmony 14 PADS Available ~| Digill | HighImpedance ~ | Low O [
- Input 15 PALD Available ~| Digill | HighImpedance ~| Low O [
- Libraries 1% PALL Available ~| Digill | HighImpedance ~| Low O [
Parinh | 17 vDDIO Digital High Impedance Low
eripherals . p— Eorw — - T he
- . " < >
Third Party Libraries v
< > (7] ProjectGraph | (7] Pin Sefiings [] Configuzation Options | 7] Help | (] Pin Disgram
(] Pin Tble - B %
| o : o
Fackage: | TOFP4E a5 alg olo = ol 8 E"‘
ssssgagsgsgsgsezEEE:ﬁ::2E:Eziigﬁiﬁgﬁsaﬁgﬁgﬁaigss
zlE| |2 f|a|lelz[| & 2|22 2|2|F(E|B|B|&|2|F| 2|22z z[2|2]|s|2|&|E|B|B|2|E8|2|&|E|E|=|=|8|8
Module Function 12|z fafs |6 |7 |e|ofto|n|z|1z|14|15|16|17 18|19 (20|20 |22 23|24 |25 |2 |27|28 |20 |20 |31 |32|33|24 35|36 37|38 |39 4041 |a2|a3|4a|45]46|47 48
AC_AIND “
AC_AINL
AC_AINZ
AC
AC_AIN3
. PinTable |
AC_CMPL | J
ADC_AIND
ADC_4IN1
ADC_AINIO -
(] Console | (] Hews | (] P Tabls

Welcome to the MPLAE Harmony Configurator!
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Add TC Function using MHC

* Find TC3 component in Available Components window.
* Double click TC3 to add to Active Components window.
* Click ‘ X  could remove component from Active window.

(1 Active Components

XERER4+

=& O

~ CMSIS Pack

- Device Family Pack (DFP)
~EVSYS

~ NVMCTRL

(] Awailable Components

4

-AO

Remove Component

#EIC

Available Components

w125
& PM
@ RTC TC
# SERCOM
2 TC -TC3

Double click

# TCC

1

[] Active Components

=Y §al X

== O

¥:SIS Pack

Active Co

mponents

[] Available Components

+

-0

FELC

i 125

& PM

W RTC

i SERCOM
= TC

-~ TC5
® TCC
H-Tools
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TC Configuration Options Example

P

Show User Manual Entry

Display Mode

~\Wavefor

- Counter

~Compare

AR Compare Period s 100000.0 usg ¥***
—~Enable One-Shot Mode []
~Invert Output Wolo] []
~Invert Output Wo[1] []
~Enable Period Interrupt |:|

~Enable Compare Match 0 Interrupt |:|
~Enable Compare Match 1 Interrupt |:|
F-Events

- Sleep Configurations
e RUN during Standby |:|

(] Cenfiguration Options = O]
(=] [+
E-TC3
Value different to default | coumerode  Souwierim Bhitmode
- Select Prescaler Prescaler: GCLE_TC/R256 -
Wl" Change to green C0|Or kT ﬁ TC CTRLA PRESCALER
= Opera 1 H
. e ———— Right click the value

could Clear User Setting

(] Configuration Cptions

(] Help
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TC polling
Interface Routines

void TC3_Timerlnitialize( void );

void TC3_TimerStart( void );

void TC3_TimerStop( void );

uint32_t TC3_TimerFrequencyGet( void );

void TC3_Timerl6bitPeriodSet( uintl6_t period );
uintl6_t TC3_Timerl6bitPeriodGet( void );
uintl6_t TC3_Timerl6bitCounterGet( void );

void TC3_Timerl6bitCounterSet( uintl6_t count );
bool TC3_TimerPeriodHasExpired ( void );
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TC Interrupt Flag Event

* The TC has the following interrupt sources:

* Overflow/Underflow (OVF)
Counter overflow/underflow

* Match or Capture Channel x (MCx)
Compare match or capture

* Capture Overflow Error (ERR)
New capture interrupt occurs while interrupt flag is set.

* Synchronization Ready (SYNCRDY)
Read/Write synchronization ready.

* How to polling TC overflow interrupt flag status ?
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TC Polling Code Example

TC Timer Method (MPWM Mode) Overflow Polling Example

TC3_TimerStart();

while( true )

{
if (TC3_TimerPeriodHasExpired ())

{
LED1 Toggle();

}

—Rg

bool TC3_TimerPeriodHasExpired( void )
{

bool timer_status;

TC3_REGS->COUNT16.TC_INTFLAG = timer_status;
return timer_status;

timer_status = (bool) ((TC3_REGS->COUNT16.TC_INTFLAG) & TC_INTFLAG_OVF_Msk);
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Lab3 TC Timer Method Polling

* Try add TC3 to replace software delay for control LED1(PA20) to continues

toggle.
* The TC3 setup to Timer Mode (It’s implemented by MPWM 16-bit mode),
and setup the Timer period to 100ms.

eLet’s go!
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Lab3 TC Timer Method Polling

Step 1

* Find TC3 component in Available Components window.
* Double click TC3 to add to Active Components window.
* Click ‘ X could remove component from Active window.

(1 Active Components =E O
X ZRER4

~ CMSIS Pack

- Device Family Pack (DFP)
-~ EVSYS

~ NVMCTRL

(] Awailable Components =8

Remove Component

4

=i | Available Components

w125

@ RTC TC
# SERCOM
2 TC -TC3

~TCs Double click

- TCC a

[] Active Components

=Y §al X

== O

¥:SIS Pack

Active Co

mponents

[] Available Components

+

-0

EEIC
w125

® PM

W RTC

i SERCOM
= TC

-~ TC5
® TCC

- Tools
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Lab3 TC Timer Method Polling

Step 2

(] Confignration Options = £ )
[=] [#]
F-TC3
-~ Counter Mode Counter in 16-bit mode < 16-bit mode
-Select Prescaler  Pressaler GCLE_TC256 +  |GCLK _TC/256
o HEFFTIm e pacolution is 533333333333 porrtE System ClOCk - 48MHZ
=-Operating Mode | Timer  « Timer
E—— One second counts of system clock :
~Enable One-Shot Made ] 4810001000 counts
~Timer Period Unit milizcond | |_millisecond | One second counts after Prescaler :
= Time | 00| 100 ms | 48000000 / 256 187,500 counts
- w0 - Timer Count 100ms counts for LAB3 target :
-~Enahle Timer Period Interrupt El
- 187500 / 10 18,750 counts
E-Sleep Configurations
--Run during Standby [

" (] Help | (] Configuration Options
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Lab3 TC Timer Method Polling

Step 3
* Click =5 2=/ to Generate Code.

‘2 MPLAB Harmony Configurator - default

FiIE' GEHEI’EtE‘ TDDIS UtilitiES WindDW 1. Configure Generation Settings

2 Generate Project X

:n;_d [ C I i C k ] Merge Strategy [USER_ALL v

[l Active Components Gﬁte Code

X ZRER4+

[ Generate Settings
| ] ::l":
L - EC} : o

[] Project Gra
X TR

(Monse over a property for detailed help)

2. View Warnings

Type Description

2 Generating Project...

Task Type Remaining Tatal
3, Click Generate

i@le Markup

‘1_%‘)9 Cop, Default linker seript 15 added to the project. Dt Generate costom linker seript.
Libraries

Settings .
Source Paths

/\\m%

Cancel

Generating file: DHarmonyFramework_3.3.0%ev_packs\armiCMSIS\S, 4,00 CMSIS\DSP Inclodearm_commen_tables.h

Please Wait..,
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Lab3 TC Timer Method Polling

Step 4

e Add code segment to your main loop

|nt main (void)
SYS Initialize ( NULL );

// TODO 3.01
TC3_TimerStart();

\%Vh”e( true ) /— Period Control
// TODO 3.02

if ( TC3_TimerPeriodHasExpired() )
{

}

)
}

@ Program firmware to target board
then observe result.

L

LED1_Toggle();




APP045 [v2 Ov3 Mv4

Lab4 TCs Timer Method Polling

* Try add TC4 to replace software delay for control LED2(PA21) to continues

toggle.
* The TC4 setup to Timer Mode (It’s implemented by MPWM 16-bit mode),
and setup the Timer period to 50ms.

*Let’s go!
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Lab4 TCs Timer Method Polling

Step 1

* Find TC4 component in Available Components window.
* Double click TC4 to add to Active Components window.
* Click ‘ 2 could remove component from Active window.

(1 Active Components = &8

Remove Component

XomEmE+4
- CMSIS Pack

- Device Family Pack (DFP)
~ NVMCTRL

System

(] Available Components =58

4

= e« | Available Compo

nents

- I12S

© RTC TC
i SERCOM

B TC -TC4

TS }S
B TCC Double click

# Tools

(] Active Components

=08

 ERER 4
1 IS Pack
----- Device Family Pack (DFP)

""" EVSYS
""" NVMCTRL

Active Components

(] Available Compeonents

+

=& O

T USU

- EIC

125

i PM

# RTC

W SERCOM
-~ TCS
# TCC

#- Tools

@ MICROCHIP



Lab4 TCs Timer Method Polling

Step 2
1 | | 1
(] Comfignration Options = O
=]
=-TC4
~Counter Mode | Counter in 16-bitmode 16-bit mode

- Select Prescaler | Presaler GCLK_TCA5% . |GCLK_TC/256
- *EEETImer resolution 1s 5333,33333333 no****

System Clock = 48MHz

E-Operating Mode | Timer  « Timer One second counts of system clock :
= Timer 48,000,000 counts
~Enable One-Shot Mode U - One second counts after Prescaler :
it i :| ms"(')'sn‘:?Td ' | 48000000/256 187,500 counts
- Timer Period o= T 50ms counts for LAB4 target :
~Enahble Timer Period Interrupt @m 187500 / 20 9,375 counts
[#-Evwents

E-Sleep Configurations
--Run during Standby [ ]

" (] Help | | Configuration Options
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Lab4 TCs Timer Method Polling

Step 3
* Click =5 2=/ to Generate Code.

‘2 MPLAB Harmony Configurator - default

File Generate Tools Utilities Window

r P P | Pl [ Click )

[l Active Components Gﬁte Code

X ZRER4+

[] Project Gra
X TR

2 Generating Project...

Task Type Remaining Tatal
File Markup

File Copr

Libraries

Settings

ole=|olwlo

Source Paths

/\\m%

Generating file: DHarmonyFramework_3.3.0%ev_packs\armiCMSIS\S, 4,00 CMSIS\DSP Inclodearm_commen_tables.h

Please Wait..,

2 Generate Project

1. Confipure Generation Settings

[ Generate Settings
Merge Strategy [USEE_ALL

(Monse over a property for detailed help)

2. View Warnings

Type Description

3, Click Generate
Drefanlt linker seript 15 added to the project. D1{

Generate ]custom linker script,

Cancel
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Lab4 TCs Timer Method Polling

Step 4

e Add code segment to your main loop
int main (void)

{
SYS_Initialize ( NULL );

TC3_TimerStart();
// TODO 4.01
TC4_TimerStart ();

while( true)

Period Control
{... /
/[ TODO 4.02
if ( TC4_TimerPeriodHasExpired() )
{ L
} LED2_Toggle(); w— LED1 Toggle by TC3 Timer
_______ sgle by TC4 Timer

}

@ Program firmware to target board
then observe resulit.




NVIC Architecture

Nested Vector Interrupt Controller Architecture
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Nested Vector Interrupt Controller

ARM°® Cortex"MO+

* NVIC provides an interface between interrupt sources (peripherals and external pins)
and the core.

* The priority (Level 0 ~ 3) for each interrupt source is programmable, Level 0 is highest
priority.

Cortex-MO+

* Each interrupt lines has connected
to one peripheral instance and
have one or more interrupt flags.

* An interrupt request is generated Systick
from the peripheral when the
interrupt flag has been set and the corresponding interrupt is enabled.
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Natural Priority

* If two pending interrupts share the same priority, priority is given to the interrupt with
the lowest exception number
(lowest interrupt vector address).

Offset

0x40+4n

0x48
0x44
0x40
0x3C
0x38

0x2C

TC3 (18)
TC4 (19)

Exception number IRQ number Vector
16+n n IRQn
18 2 IRQ2
17 1 IRQ1
16 0 IRQO
15 -1 SysTick, if implemented
14 -2 PendSV
13
12 Reserved
1 -5 SVCall
10
9
. AN
7 Reserved
6
5
4
3 -13 HardFault
2 -14 NMI
1 Reset
Initial SP value

0x10
0x0C
0x08

Each peripheral has been
assigned to one of
Vector table and based
to address 0x00000000

0x04
0x00

Peripheral Source MNVIC Line

EIC NMI - External Interrupt Controller

NI

PV — Power Manager 0
SYSCTRL — System Control 1
WDT — Watchdog Timer 2
RTC — Real Time Counter 3
EIC - External Infermupt Controller 4
NYMCTRL — Non-Yolatlie Memory Controller ]
DMAC - Direet Memory Access Condroller B
USE - Universal Serial Bus 7
EVSYS — Event System 8
SERCOMD - Serlal Communication Interface 0 9
SERCOM1 — Serlal Communication Interface 1 10
SERCOM2 — Serial Communication Interface 2 1"
SERCOM3 — Serfal Gommunication Interface 3 12
SERCOMA — Serial Communication Interface 4 13
SERCOMS — Serfal Gommunication Interface 5 14
TCCO — Timer Counter for Control O 15
TCG1 — Timer Counter for Control 1 18
TCC2 — Timer Counter for Control 2 7
TC3 — Timer Counter 3 18
TC4 — Timer Gounter 4 19
TCS — Timer Counter 5 20
TCE — Timer Counler 6 21
TC7 — Timer Counter 7 | 22
ADC — Analog-to-Dighal Gonverler 23
AC — Analog Comparator | 24
DAC — DigitaHo-Analog Converler 25
PTC — Peripheral Touch Controller | 26
12S - Inter IC Sound 27
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SAMD21G18A IVT Define

Interrupt.c

Iy

attribute  ((section(".vectors")))

const DeviceVectors exception table=

/* Configure Initial Stack Pointer,
.pvStack = (void*) (& stack),

.pfnReset Handler = ( void
.pfnNonMaskableInt Handler = ( void
.pfnHardFault Handler = ( void
.pfnSVCall Handler = ( void
.pfnPendSV_Handler = ( void
.pfnSysTick Handler = ( void
.pfnNVMCTRL_Handler = ( void
.pFNSERCOM5_Handler - ( void
.BfnTCCZ Handler = ( void
.pfnTC3_Handler = ( void
.pfnTC4_Handler = ( void
TpanDC_Handler = ( void

using linker-generated symbols */

Reset Handler,
NonMaskableInt Handler,
HardFault Handler,
SVCall Handler,
PendSV_Handler,

SysTick Handler,
NVMCTRL_Handler,

X ¥ X %X ¥ X ¥

*

SERCOM@_Handler,

TCC2_Handler,
TC3_TimerInterruptHandler,
TC4 _TimerInterruptHandler,

*

N N N N N N N N N N NN

ADC_Handler,
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ISR Function Example

* So, You need Implement ISR (Interrupt Service Routine) by yourself like below ?

plib_tc3.c
#include "plib tc3.h"
void TC3 _TimerInterruptHandler( void )
{
TC_TIMER_STATUS status;
status = (TC_TIMER_STATUS) (TC3_REGS->COUNT16.TC_INTFLAG);
/* Clear interrupt flags */
TC3_REGS->COUNT16.TC_INTFLAG = TC_INTFLAG_Msk;
// Getting starter add your code here now. !?
}
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Now ? Hands-on Lab ?

NO
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Callback Function

* MH3 module provide the interrupt mode driver.

* All flag and event handling by MH3 interrupt interface routine automatically, user just
focus on application. It’s more powerful and easy to understand than operating a NVIC
ISR function directly.

* The interrupt mode provide “callback” function to hook up your customer function to
specific interrupt source and event.

* For Example,
You can hook the LED toggle callback function in TC overflow event. Callback function
will be executed automatically while TC overflow event has occurred.
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TC Callback Hook Example

{

LED_Toggle();
}

TCn_TimerStart ();

if( status & TC_INTFLAG_OVF_MST'

void TCn_TimerExpired(TC_TIMER_STATUS status, uintptr_t context) | <

Callback

Hook (Register)

TCn_TimerCallbackRegister (TCn_TimerExpired, (uintptr_t )NULL );

{

}

/* Register callback function */

TCn_CallbackObject.context = ¢

TCn_ CallbackObject.callback = callback;

text;

Application
\ System

void TCn_TimerCallbackRegister( TC_TIMER_CALLBACK callback, uintptr_t context ) \‘

Function Pointer

/* Timer Interrupt handler */ /\

void TCn_TimerlInterruptHandler ( void ) Int-e'rru:_p’t
{ /
TC_TIMER_STATU Sstatus;
status = (TC_TIMER_STATUS) TCn_REGS->COUNT16.TC_INTFLAG;
/* Clear interrupt flags */
TCn_REGS->COUNT16.TC_INTFLAG = TC_INTFLAG_Msk;
if( TCn_CallbackObject.callback != NULL )
{
TCn_CallbackObject.callback( status, TCn_CallbackObject.context );
}
}
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MHS3 Interrupt Example

* Enable Interrupt in TC configuration windows.
Only one click !

|
(] Confignration Options i ﬁ =
(=] [+
E-TC3
~Counter Mode Counter in 16-bit mode -

-~ Salect Prescaler | PFrescaler: GCLE_TCA258 -
- *¥FF*ETimar resolution is 5333.33333333 n5****
-l-Operating Mode | Timer

ITl

Check Interrupt Enable

= Timer
- Enable One-Shot Mode ]
~Timer Period Unit millisecond
= Time 100-=
- Timer Period 18,750 2
~Enahble Timer Period Interrupt
#-Everts %ﬁ r

E-Sleep Configurations
“-Run during Standby [

" (] Help (] Configurstion Options
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NVIC Priority Settings in MH3

* Open NVIC Settings windows in Tools » NVIC Configuration.

Tools Utilities Window

Clock Configuration
DMA Configuration

NVIC Configuration
Pin Configuration

Event System Configuration

Py

TC3 (Timer/Counter 3)

(] NVIC Settings

WVector Number Vector Enable Eélzrlty Handler Hame
-15 Reset (Reset Vector) -3 - | Reset_Handler
-14 NonMaskableInt {Non-maskable Interrupt) 2 - | NonMaskableInt_Handler
-13 HardFault (Hard Fault) =il | HardFault_Handler
-5 SV Call (SuperVisor Call) 0 | sycall_Handler
=) PendSy (Pendable SerVice) 0 | PendsV_Handler
= SysTick (System Tick Timer) [] |o | SysTick_Handler
0 PM (Power Manager) |:| 3 ~ | PM_Handler
1 SYSCTRL (System Controller) |:| 3 ~ | 5YSCTRL_Handler
2 WDT {Watchdog Timer) |:| 3 ~ | WDT_Handler
3 RTC (Real Time Counter) |:| 3 “ | RTC_Handler
4 EIC (External Interrupt Contraller) |:| 3 “ | EIC_Handler
o [ ] ——

TC4 (Timer/Counter 4)

L
11 SERCOM2 (Serial Communication Interface 2] I:‘ 3 | SERCOM2_Handler

12 SERCOM3 (Serial Communication Interface 3) I:‘ 3 | SERCOM3_Handler

13 SERCOM4 (Serial Communication Interface 4) I:‘ 3 s | SERCOM4_Handler

14 SERCOMS (Serial Communication Interface 5) I:‘ 3 s | SERCOMS_Handler

15 TCCO (Timer/Counter for Control Applications 0) I:‘ 3 | TCCO_Handler

16 TCC1 (Timer/Counter for Control Applications 1) I:‘ 3 | TCC1_Handler

i7 TCC2 (Timer/Counter for Control Applications 2) D 3 | TCC2_Handler

18 TC3 (Timer/Counter 3) 3 | TC3_TimerInterruptHandler
15 TC4 (Timer/Counter 4) 3 | TC4_TimerInterruptHandler
20 TCS5 (Timer/Counter 5) i 3 | TC5_Handler

23 ADC (Analog-to-Digital Converter) D 3 o | ADC_Handler

24 AC (Analog Comparators) l:‘ 3 | AC_Handler

25 DAC (Digital-to-Analog Converter) l:‘ 3 | DAC_Handler

26 FTC {Peripheral Touch Controller) l:‘ 3 | PTC_Handler

27 125 (Inter-IC Sound Controller) l:‘ 3 ~ | 125_Handler
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TC Interrupt

Interface Routines

void TC3_Timerlnitialize( void );

void TC3_TimerStart( void );

void TC3_TimerStop( void );

uint32_t TC3_TimerFrequencyGet( void );

void TC3_Timerl6bitPeriodSet( uintl6_t period );

uintl6_t TC3_Timerl6bitPeriodGet( void );

uintlé_t TC3_Timerl6bitCounterGet( void );

void TC3_Timerl6bitCounterSet( uint16_t count );

void TC3_TimerCallbackRegister( TC_Timer_CALLBACK callback, uintptr_t context );

One new function than polling mode.
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Lab5 TC Timer Method Interrupt Callback

* Try to configure TC3 to use interrupt callback method.
LED1 will toggle in Timer Callback while Timer Period Expired interrupt.

* Modify TC3 Timer Period to 1 second in MH3 for easy observe the toggle.

* Modify code segment in main() and follow below sequence.

* Firstly, remove Timer polling LED1 toggle from main loop.
* Secondary, Create a TC3 Timer Callback function for LED1 toggle
* Finally, hook(register) up TC3 Timer Callback function to TC3 Timer Interrupt event.

*Let’s go!
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Lab5 TC Timer Method Interrupt Callback
Step 1

* Configure TC3 Period to 1 second and Enable Period Interrupt in configuration.

(] Configurstion Options - 40|
(=] [+
E-TC3
Counter Mode  Counter in 16-bit mode « 16-bit mode

Select Prescaler  Prescaler: GCLK_TCN024 « | GCLK_TC/1024
**E*Timer resolution 1s 21333.3333333 nS****

= Operating Mode Timer Timer

=-Timer
Enable One-Shot Mode O
Timer Period Unit milizcond + | millisecond
= Time | 1,000=] 1000 ms |

Timer Period 4575 2 | Timer Count How to calculate count 46875 ?

Enable Timer Period Interrupt L%heck Interrupt Enable

# Events

= Sleep Configurations
Run during Standby []

" (] Help (] Configuration Options
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Lab5 TC Timer Method Interrupt Callback

Step 2
* Click =5 2=/ to Generate Code.

‘2 MPLAB Harmony Configurator - default

File Generate Tools Utilities Window
r P> P) | @@Pcosc] (click )

[l Active Components Gﬁte Code

X ZRER4+

[] Project Gra
X TR

2 Generating Project... X

Task Type Remaining Tatal
File Markup

File Copr
Libraries
Settings
Source Paths

ole=|olwlo

/\\m%

2 Generate Project

1. Confipure Generation Settings

[ Generate Settings

Merge Strategy [USEE_ALL I

(Monse over a property for detailed help)

2. View Warnings

Type Description

3, Click Generate

Drefanlt linker seript 15 added to the project. D1{ G e ne rate ]custom linker script.

Cancel

Generating file: DHarmonyFramework_3.3.0%ev_packs\armiCMSIS\S, 4,00 CMSIS\DSP Inclodearm_commen_tables.h

Please Wait..,
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Lab5 TC Timer Method Interrupt Callback
Step 3

Q Add code segment to your main loop

// TODO 5.01

void TC3_TimerExpired(TC_TIMER_STATUS status, uintptr_t context)

{
if( status & TC_INTFLAG_OVF_Msk )

LED1_Toggle();
}

int main (void)

{
SYS |Initialize ( NULL );

/| TODO 5.02

TC3_TimerCallbackRegister( TC3_TimerExpired, (uintptr_t )NULL );
TC3 _TimerStart();

while( true )

{..
}
}

0 Program firmware to target board
then observe result.
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Lab6 TCs Timer Method Interrupt Callback

* Try to configure TC4 to use interrupt callback method.
LED2 will toggle in Timer Callback while Timer Period Expired interrupt.

* Keep TC4 Timer Period as 50ms in MH3 that we did in previous Lab.

* Modify code segment in main() and follow below sequence.

* Firstly, remove Timer polling LED2 toggle from main loop.
* Secondary, Create a TC4 Timer Callback function for LED2 toggle
* Finally, hook(register) up TC4 Timer Callback function to TC4 Timer Interrupt event.

*Let’s go!
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Lab6 TCs Timer Method Interrupt Callback
Step 1

* Enable Period Interrupt of TC4 in configuration windows.

(] Contigursion Opions -0
=l [+
= TC4
Counter Mode ~ Counterin 16-bitmode 16-bit mode
Select Prescaler Prescaler: GCLK_TC256 + | GCLK_TC/1024

****Timer resolution is 5$333.33333333 nS****

= Operating Mode Timer Timer

= Timer
Enable One-Shot Mode O
Timer Period Unit milizcond | millisecond
= Time | 502 | 50ms

Timer Period %275+ | Timer Count How to calculate count 9375 ?

Enable Timer Period Interrupt I%éheck Interrupt Enable

# Events

= Sleep Configurations
Run during Standby []

I (] Help (] Configuration Options

c\ MICROCHIP



Lab6 TCs Timer Method Interrupt Callback

Step 2
* Click =5 2=/ to Generate Code.

‘2 MPLAB Harmony Configurator - default

File Generate Tools Utilities Window
r P> P) | @@Pcosc] (click )

[l Active Components Gﬁte Code

X ZRER4+

[] Project Gra
X TR

2 Generating Project... X

Task Type Remaining Tatal
File Markup

File Copr
Libraries
Settings
Source Paths

ole=|olwlo

/\\m%

2 Generate Project

1. Confipure Generation Settings

[ Generate Settings

Merge Strategy [USEE_ALL I

(Monse over a property for detailed help)

2. View Warnings

Type Description

3, Click Generate

Drefanlt linker seript 15 added to the project. D1{ G e ne rate ]custom linker script.

Cancel

Generating file: DHarmonyFramework_3.3.0%ev_packs\armiCMSIS\S, 4,00 CMSIS\DSP Inclodearm_commen_tables.h

Please Wait..,
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Lab6 TCs Timer Method Interrupt Callback
Step 3

Q Add code segment to your main loop

[/ TODO 6.01

void TC4_TimerExpired(TC_TIMER_STATUS status, uintptr_t context)

{
if( status & TC_INTFLAG_OVF_Msk )

LED2_Toggle();
}

int main (void)

{
SYS |Initialize ( NULL );

/| TODO 6.02

TC4_TimerCallbackRegister( TC4_TimerExpired, (uintptr_t )NULL );
TC4_TimerStart();

while( true )

{..
}
}

0 Program firmware to target board
then observe result.
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Study Advanced Features

The main course of this section will stop here, if you want challenge

advanced features or more exercise, please click below link for slides in
Appendix.

®Timer/Counter Operation Mode
®

0 o

0
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Clock System Architecture
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Clock System

* Review previously section, SAMD21’s clock system provides clock sources to the
Generic Clock Controller - The available clock sources are XOSC, XOSC32K, OSC32K,
OSCULP32K, OSC8M,DFLL48M and FDPLL96M -

* The bus clock can be enabled and disabled in the Power Manager(PM) include CPU
Clock(GCLK_MAIN) -

0.4-32MHz
32.768kHz
8MH:z
32kHz
32kHz
48MHz
96MHz

SYSCTRL
XOSC
XOSC32K
OSC8M
OSC32K
OSCULP32K
DFLL 48M
FDPLL 96 M

N[1]
N[2]

PM

CPU

» GCLKGEN[8] —

' Peripherals

c\ MICROCHIP



Clock System Block Diagram

Generator 1 can be used
as a common source
for all other generators

|\

—

GCLK provides nine
Generators that can
Provide a wide range

—

The Generator 0
is always the

direct source of the

DFLL48M_REF peripheral is for
DFLL48M close loop
reference clock source,
maximum clock is 33KHz

Multiplexer 0

GCLK_PERIPHERAL

DFLL48M Reference

GCLK_PERIPHERAL

Peripheral 1

Multiplexer1 *® ®

GCLK_PERIPHERAL

Multiplexer m
\

except Generator 1. / of clock frequencies. GCLK_MAIN signal.
¥ /
SYSCTRL v W GCLK_MAIN %} PM CLK CPU_ CPU
XOSC w CLOCK CONTROLLER

XOSC32K m ’Z|CLK;;AHB CLK_APBx

0SC8M - I | Aws

—— ' | aveare

AHB-APBx
0SCULP32K o
> DFLL 48M ) % o
FDPLL 96M = \W Multiplexers provide the
AR Y Vv vV ¥ Clock to the peripheral modules,

as the number of Peripheral Clocks
depends on how many peripherals
the device has.

Peripheral m
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Clock Setting Use MH3

* Open Clock Easy View windows in Tools > Clock Configuration.

Wiew

< Tools Utilities Window

xosc
Oscillators Controller P ——
OSC3M
. 8 MHz Internal L] oscam ) {@}
Oscillat
b Clock Configuration . o
- - OSCULP32K GOLKD
- DMA Configuration e 00000 72 000,00 1%
t T H 5000000 i = — = DIVl -
Event System Configuration e uTE— R -
. . CRYSTAL  ~ St
. NVIC Configuration
' Fractiona| Digital Phase Locked Loop (FOPLL) [
- - - XOSC32K i
Pin Configuration o BT G NG
GOLK DRLL FOPLL e GeLK
FOPLL & goka
XOSC s e e GOLK3
" - OSCULPI2K e S
Auto osczk 32,768 HzCLS
0% [x08c. ’
— Colculate {@f‘ XCSCK 506 Peripheral
1= saie Clock
Clock GCLK_IN[1] o
Source S Digital Frequency Locked Loop [DFLL 48Mhz) eaws
GCLKO v 4[?
DAL
caiib 48,000,000 Hz .
o o xose etk Genemorx gy [ JOLE 2
En il CLE 3 GOLK Input Output (10)
i) CLE £ BOLK_IN[x]
FOPLL
CLES  cax
= DAL R
& ! CLE 6 b
OSCULP32K
e CLE7 —> GCLE 10 Coni. .
‘CLK 8
XOSC3K
32 KHz Oscilltors Contraller saLINe] 1K ‘
szx igh Accura osEK QK1 |
ko 32,768 Hz
32K UltraLow Power GRCFuK
32,768 Hz
xosc 3

CPU

]
32K Crystal Oscillator
1k L]

CRYSTAL ™

——————» Peripherals

[ sasiopd
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Clock Setting Use MH3

 Default clock setting of new project (DFLL48M open loop).

(1 Clock Easy View

X0SC
Oscillators Controller
. oscam
B MHz Internal oscam =7 i@}
Oscillator
DAL Main Clack
CSCULP22| GOLKO o o U
sk 48,000,§00 Hz 1 48,000,000 Hz
XIN (3 acta
X . HOSC3K " DIVI o
8000000k & aakml ... |
CRYSTAL ~ i DFLL y Peripheral Clock Configuration >
Fractional Digital Phasa Locked Loop (FDPLL) D | GCL|{ Mumpl e’ ‘er | Peripheral Enable Source Peripheral Clock Frequency
XOSC32K
Clock S [T GOLKD Perphos Cocciskecton SERCOM2_CORE [l GCLKO v - ~
Source Gak SERCOM3_CORE O GCLKO v -
GCLK_DPLL FOPLL Oscam =
GCLED v = — > O -
p— ) i SERCOM4_CORE LI GCLED M
. = e SERCOMS_CORE O GCLEOD v -
o — PSR GeLKL ] < _ - SYSCTRL_DFLL48 L] GCLEO v -
W Peripherals Gm_ 48 MH
Auto GOLKS =
ofs] [xosc.. ~ Calculate o o I - ~ z
B XOSCIK : TC3, Tecz GCLKD v 48,000,000 Hz
Clock S Ny ™ — Qleste TCa,TCS M locLkn - 48,000,000 Hz
Source Digital Frequency Locked Loop [DFLL 42Mhz)| £ais W || o
GCLKD v %?Gmgnm DELL  ~ b u ] 48 MHz
- Seasi —
wDT GCLKO ~ - v
Calib 48,000,000 Hz —
@ » x0sC GOk Genermmrs ez [ FCLE 2 Close
'pENL
\_Ll'n - ¢ o !
CLK 4
Open FoALL
= < CLE 5
e foiird CLE 6 [ s iong
OSCULP32K
—
== CLK 7 GCLE I#0 Confi...
CLK 8
XOSC3K
32 KHz Oscillstors Controller GELK_INO]
Wi sccuraogl o san GCLK ? CLK_CPU
gy ntermal Osolator * O30 v DFLL Generator 0 g CPU

32K Ultra Low Pc DSCULF3ZK
ra Low Power

Internal Oscillator 32,768 Hz I 9553’_)';{
st Ol l o XOSC32K GCLK
o L]

GCLK_PERIPHERAL WMultiplexer
CRYSTAL ~ SYSCTR'. -

!

c\ MICROCHIP



Clock Setting Use MH3

* For Example : Internal 32k RC -> GCLK Generator 1 -> TC3

Lﬂ Clock Easy View

Oscillstors Controller s ] ;iﬂj;sumumw T
. 0SCEM
8 MHz Internal oscam =R &
Oscilitor e i
DAL Main Clack
OSCULP2| GOLKD n s
CPU
0SC32K 48,000,400 Hz 45,000,000?&
AN B s HoscaK DIV1 -
8300‘0030'[” GOL_INO]
CRYSTAL ~ s | Peripheral Clock Configuration b
Fractional Digita| Phase Locked Loop FDPLL) D | GCLl : Mum p' e’ ‘er | Peripheral Enable Source Peripheral Clock Frequency
ek XOSC32K s aoko Feripheral Clock Selection SERCOM2_CORE : GCLED ~ - ~
Source Soikl SERCOM3_CORE ] GCLED v -
‘GCLK_DPLL] FDPLL Oscam r— —
GCLEO  ~ E > — o . SERCOMA_CORE ] GCLKD -
- e SERCOMS_CORE | GCLEO  ~ -
== s 0 DAL i — 1 SYSCTRL_DFLL48 GCLEO o =
SECLEERIC ' P> Peripherals
Auto osc2K 32,768 HzELKS m’- 320768 Hz
Of% [XC8C.. v Calculate A I
B KOS T Tc3, Tec2 ~  |goLKl -~ 32,768 He
. GELK N1} - o Clock TC4, TCS ] GCLKD v 48,000,000 Hz
Source Digital Fraquency Locked Loop (DFLL42Mhz) Sard = N
L e 0SC32K _ GCLKO | | 48 MHz
wor [] |ocLko - = v
Calib 48,000,000 Hz B
ron X0sC BCLK Generstor x (x=2-8) D’Sﬁij Close
oseaM b GOLCING] |
=i CLK 4 —
CLK 5 e
DAL N
CLE 6 I B ceond
OSCULP32K L "
T CLE 7 GCLE 1/0 Confi...
CLE &
XOsC2K ‘
GCLK_INO]
— CLK_CPU
e Ot o S DFLL 48M > CPU
32,768 Hz
32K UltraLow Power ORCRPIK
32,768 Hz 0OSC32K
Y
\ o pio)s ) )
] XOSCIK _/ﬁ 9.:) C:)z_}{ GCLK
32K Crystal Oscillstar Multiplexer
ks L SYSCTR'. GCLK_PERIPHERAL
CRYSTAL ~
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Clock Setting Use MH3

* For Example : External 32.768K -> Generator 0 -> CPU & TC3

(1 Clock Easy View '

KOSC 4
Oxcillaters Controller yeiek
. ostam
8 MHz Internal oscam = &
Oscillator *
DAL Main Clock CLK CPU
OSCULP32K GOLKO n >
CcPU
osca2k 32,168 Hz 7 32,768 Hz
le B e XOSCK ~ DIVl >
8.000.00§6UT & o 15
CRYSTAL = o XOSC32K Peripheral Clock Configuration X
XOSCI2E v i LK
FractionsIDigitz| Phess Locked Loop (FDPLL ] | Gc Mumpl er | Peripheral Enable Source Peripheral Clock Frequency
XDSC32K ]
Clock it [ErTa—— cako SERCOM2_CORE ] GCLED  ~ - ~
Source saK SERCOM3_CORE [l |GCLko ~ -
GOLK_DRLL] FOPUL oscam L
GCLED  ~ » p— & cak SERCOM4_CORE LI GCLED  ~ -
= e Gk SERCOMS_CORE O GCLED  ~ =
oi= o= — S o, _ SYSCTRL_DFLL48 [ GCLKO > -
W& Peripherals ] ~
Auto oseEzk 015 B 32.768 HZ
Ol (Xo3C.. ~ Calculate . I =
& XOSC3K T TC3, Tec2 GCLED 32,768 Hz
Flik GLK_IN[] = sao TC4, TCS vl GCLED 32,768 Hz
Source Digital Frequency Locked Loop (DRLL 43Mhz) SOk || N
GCLEO v = . B | 32,768 Hz
> wor O |acLko  ~ = [v
calib 48,000,000 Hz .
o - xosc GCLK Generstor (r=2-8) [ /CLK 2 Close
per e CLE 2 ‘GELK input Output(10]
3 GOLK_INx]
st SLEA &
CLE 3 GOk
1= DAL ™,
& CLE 6 s B a0
‘OSCULF32K
—>
T CLE 7 GCLE 140 Confi..
CLE &
XOSCIK ‘
32 KHz Oscill stors Contraller GELK_INO]
[] ? CLK_CPU
32K High Accuracy, asck GeLk1 GCLK !
yrerna Oscillator B » 05CEM v DELLEABIVI Generator 0 > CPU
32K Ultra Low Pt OsCULPI2K
e — NSCATK
1708 iz OSC52Z2K
Y Y
a2 B4 oz XOSC32K GCLK

32K Crystal Oscillator

32,768 Hz Multiplexer
\/

I XOSC32K CRYSTAL SYSCTRL GCLK_PERIPHERAL
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Lab7 System Clock XOSC32K

* Try to change main clock from default source to external 32.768K.
* Setting XOSC32K then enable it, first.

* Connect XOSC32K to Generator 0.

* Connect TC3, TC4 to Generator 0.

eLet’s go!
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Lab7 System Clock XOSC32K

Step 1

XOSC32K

32 KHz Oscillators Controller |

XIN32 B—
¥ouT32 B—

32 KHz Cscillators Controller

32K High Accuracy

OaC32K

Internal Osdllator

L

32K Ultra-low Power
Internal O=cillator

CSCULFI2ZK

>
32,768 Hz

XOSC3I2K

A

32K Crystal Oscillator

S Check M 1J
CRYSTAL

>
32,768 Hz
| 32,768 Hz |
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Lab7 System Clock XOSC32K

Step 2

GCLK Generator 0
= \ ok ceermoro b | Always be Checked
OECEM
FOPLL {55 Main Clock
e e
OSCULP3ZK A
oscazk 4“ 32,768 Hz ﬂ
XOSC3K | 32,768 Hz | DIV >
GCLK_IN[O] =
GCLKL

XDSCEZK v

XOSC32K

sy

CPU

»
32,768 Hz
| 32,768 Hz |

ﬁ'\ MICROCHIP



Lab7 System Clock XOSC32K

Step 3

Peripheral Clock Selection

GCLKD

GCLEL

GCLE2

GCLK3

GCLES

GCLEG

GLLEE

GCLEF

GCLKED

ﬁiph&ral Clock Selection

Feripheral
Clock

Click

— Peripherals

Peripheral Clock Configuration

Peripheral Clock Configuration

Peripheral Enable Source Peripheral Clock Frequency
SERCOM2_CORE [] GCLEO  ~ -
SER.COM3_CORE [] GCLEO  ~ -
SERCOM4_CORE [] GCLED - -
SERCOMS_CORE [] GCLKO v -
SYSCTRL_DFLL43 [] GCLED  ~ -
|:| AT LN - -
1 | GCLKO 32,768 Hz |
TC3, TCC2 GCLED o~ 32,758 Hz I
. GCLED v 32,768 Hz I
[ | GCLKO 32,768 Hz
L] GCLKD =
WDT [] GCLED  ~ -

—Dy
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Lab7 System Clock XOSC32K

Step 4

e Configure GCLK Generator 0 to output clock.

GCLE_IM[x]
.

GCLK Input Output (10)

oy

GCLK Input Cutput [10)

-«

GCLEx

<
I

B4 sak 1o

P

GCLE I8 Confi..,

%

Click

SYSCTRL

XOSC32K

- PA14
Gene::oro '_|Z|

Y

GCLK_PERIPHERAL

GCLK 1/0 Configuration

GCLK I/O Configuration

Generator Cut In Frequency(Hz) 4]

.ITLIJOL% . 32,768 Hz |

[ 0 Cut 1| 0 32768
1 In I@ 0 W]
2 In 0 )
3 In 0 0
4 In 0 o
3 In 0 0
& In 0 )
7 In 0 0

Close
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Lab7 System Clock XOSC32K

Step 5

APP045 Ov2 Ov3 Mva

* Please disable BT1(PA14) GPIO pin function firstly and then reassign PA14 as GCLK_100

output pin.

O Pin Table e —|PA14 (GCLK_100) |
Package: TQFP48 EESE:EEE:QEEMEBEEE
slEl Sl E R RS Al sl Sl e e S e ]S
Module Function 12|13|14[15[16[17]18|19|20|21|22|23 |24 |25|26 |27 |28 29
EIC_NMI 5 .
GCLK_100 GCLK_I00 — I\: Click Enable
GCLK_Io1
GCLK_I02
GCLK_I03
oK GCLE_I04
GCLK_IOS
GCLK_IO6
GFIO B 1 Click Disable
GPIO GFIC I
[2S_FS0 S
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Lab7 System Clock XOSC32K

What’s changed if to change main clock from 48MHz to 32.768KHz ?

* Let’s check TC3 configuration to see the difference after change the clock source.

Configuration Options ] Help

(=] [+

E-TC32

-~ Counter Mode Counter 1n 10-bit moda -~
-Select Prescaler  Prescaler: GCLE_TC/1024

~****Timer resolution i4 21333.3333333 ngfr e

= Operating Mode | Timer e
- Timer

Configuration Options ] Help

(=] [+]

E-TC3

~Counter Mode  Counter in 16-bit mode -
~Selact Prescaler  Prescaler: GCLE_TC/1024
~**#*Timer resolution is{31250000.0 ng*** 4
- Operating Mode | Timer e

Ii:l--Tirner

E-Sleep Configurations
- Run during Standby |:|

~Enable One-Shot Mode []
~Timer Period Unit millisecond
=+ Time 1,000 -3 {
- Timer Period 46,275 2 || Timer Count
- Enahble Timer Period Interrupt EI r
F-Events

Clock Source : DFLL4ASM

E-Sleep Configurations
- RUR during Standhby |:|

~Enable One-Shot Mode ]
~Timer Period Unit millisecend
= Time 1,000 -3 {
- Timer Period 221 Timer Count
- Enable Timer Period Interrupt EI r
F-Events

Clock Source : XOSC32K
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Lab7 System Clock XOSC32K

What’s changed if to change main clock from 48MHz to 32.768KHz ?

* Let’s check TC4 configuration to see the difference after change the clock source.

Configuration Options ] Help

(=] [+

=TC4

~Select Prescaler  Prescaler: GCLE_TC/256

-~ Counter Mode Counter 1n 10-bit moda -~

L

~****Timer resolution i4 5333,.33333333 ngfr e

= Operating Mode | Timer e

Configuration Options ] Help

(=] [+]

E-Sleep Configurations
- Run during Standby |:|

- Timer
~Enable One-Shot Mode []
~Timer Period Unit millisecond
=+ Time 305 {
- Timer Period 2,375 2 1| Timer Count
- Enahble Timer Period Interrupt EI r
F-Events

Clock Source : DFLL4ASM

B-TC4
~Counter Mode  Counter in 16-bit mode -
~Selact Prescaler  Prescaler: GCLE_TC/256
~***Timer resolution is{ 7812500.0 ng**** |

- Operating Mode | Timer e

E-Sleep Configurations
- RUR during Standhby |:|

=-Timer
~Enable One-Shot Mode ]
~Timer Period Unit millisecend
E-Time S02 {
- Timer Period 21 Timer Count
- Enable Timer Period Interrupt EI r
F-Events

Clock Source : XOSC32K
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Lab7 System Clock XOSC32K

Step 6
e Click =5 =i to Generate Code.

‘2 MPLAB Harmony Configurator - default

FiIE' GE"ETEItE TDDIS UtilitiES Wiﬂd{]w 1. Configure Generation Settings

2 Generate Project X

[ Generate Settings
| ] :;l":
L - EC} : o

.-n;; ode | [ Click ] Merge Strategy [USER_ALL v
[] Active Components Gmte Codel| Ll Fregest Gra

X CmER4e X omi

(Monse over a property for detailed help)

2. View Warnings

Type Description

2 Generating Project...

Task Type Remaining Tatal
3, Click Generate

i@le Markup

‘1_%‘)9 Cop, Default linker seript 15 added to the project. Dt Generate costom linker seript.
Libraries

Settings .
Source Paths

/\\m%

Cancel

Generating file: DHarmonyFramework_3.3.0%ev_packs\armiCMSIS\S, 4,00 CMSIS\DSP Inclodearm_commen_tables.h

Please Wait..,

c\ MICROCHIP



Lab7 System Clock XOSC32K

Step 7

e Comment out BT2(PA14) related GPIO code segment.

int main (void)

SYS Initialize (NULL );

while( true )
/[ TODO 7.01
// if ( BT2_Get() ) LED3_Clear();
// else LED3_Set();

}

}

@ MICROCHIP



Flash Access Time and Wait State

* The SAMD21 main flash Random Read time around 40nS. That means you must adjust
Wait State to proper value if main clock over than 24MHz. The actual value shows in
below, it will depend on system supply voltage.

MHz

NVM Wait States Maximum Operating Frequency
1.62Vto 2.7V 0 14

1 28

2 42

3 48
27V10363V | 0 24 || CPU_CLK = 32.768KHz |
VDD =3.3V| = plib nvmctrl.c

MHC will auto adjust proper
NVM Wait State.
(In case of 3.3V voltage supply only).

void NVMCTRL_Initialize(void)

NVMCTRL_REGS->NVMCTRL_CTRLB =
NVMCTRL_CTRLB_READMODE_NO_MISS_PENALTY |
NVMCTRL_CTRLB_SLEEPPRM_WAKEONACCESS |

» NVMCTRL_CTRLB_RWS(0) |

NVMCTRL_CTRLB_MANW_Msk;

ﬁ\ MICROCHIP



APP045 Ov2 Ov3 Mva

Lab7 System Clock XOSC32K

Clock Output
Arduimo UNO Socket
PA1l 7
PALD 3 g‘l}%
PAOS 9 Do
PAO9 10
l 1 W PA14 (D4)
PAIS 12 D5 PWM
PA20 13 :)G/PWM
PA21 14 I)? ----

— BBy g @ M|CROCH P



APP045 [v2 Ov3 Mv4

Lab7 System Clock XOSC32K

Clock Output

r-1044.202s
@:437.729s

AU
050us
CH1 1F #4 #4

2?5n

5.56 MHz

PA14 (D4)

T | el RS\ MicrocHIP



Clock source from DFLL48M

* There are 2 different mode for DFLL48M clock source

* Open Loop : | Project Default Use
Clock turning from fix calibration value by manufacturer.

* Close Loop :
Clock turning from external oscillator or crystal.

Close Loop
SYSCTRL GCLK
Open LOOp DFLL 48M Generator x
SYSCTRL SEEK Calibration
DFLL 48M Generator x
x SYSCTRL — ~
| Calibration | XOSC32K Generator
N turning from fix calibration value .
by manufacturer , Multiplexef 0
turning from external
oscillator or crystal \ CCLK_PERIPHERAL
DFLL48M Reference

ﬁ\ MICROCHIP



Lab8 System Clock DFLL48M

Close Loop

Configure DFLL4A8M(Close loop) as source of main clock(GCLKO).

* Enable XOSC32K clock source.

* Enable GCLK Generator 1 and assign XOSC32K as source of it.
* Enable DFLL48M and assign GCLK1 as source or it.

* Select Close Loop calibration of DFLL48M.

* Click Auto Calculate to generate multiplier factor of DFLL48M.

 Assign DFLL48M as clock source of GCLK Generator 0.
* CPU wait state will auto judge by MHC.

eLet’s go!
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Lab8 System Clock DFLL48M

Overview

: XOSC
Oscillators Controller T
n oscam
8 MHz Internal oscam ==
Osciliator I —>
| et DAL Main Clock
FRE... v oscmmi P _ _
> »
0sC32K 47,972,352 §z 47,972,352 Hz
) ~ XINBG— Ao X0SC3K DIVI v
L 8,000,000% Crystal Oscialitor P DIVlI V]
XOUTRH— ) Lr =
CRYSTAL v san
\DFLL EE Ei
Fractional Digital Phase Locked Loop (FOPLL) [ Dacichacal Clack figuati
X0SC32K At e s P -
sai0 Peripheral Clock Selection
SC'D ck XOsC GCLK Generator 1 Peripheral Enable Source Peripheral Clock Frequency
ource
GeLRD GCLK_DPLL] FOPL oscam S smeomzcore | [ [GCLEO ] - ~
- GCLK1 s —
X0sC i .
e DAL o0 DFLLAS 32,768 Hz
GOLKL {
OSCULP22K GOLKS cvoro o GOLEL - S2,75
Auto osCazK 32,768 HzSXLKS Peripherals l;‘ GOLED ~ -
~ Calculate {S} RS GCLKS SYSCTRL_FDPLL3K L GCLED hd —
T —— i ‘ 1= TC3, TCC2 [v] GCLED » 47,972,352 Hz
GOLK_IN[Z; = car » TC4,7C5 L [GcLRo v 47,572,352 H
GOLKE
‘ [\ Sacon XOSCPK ~| 48 MHz
—— o DAL = i
v | K
G CLKI Calib 47,972,352 Hz ng_a_z_KJ m
Closed ;/ xosc 0Lk Genartor x (x2-8) [_CLK 2 [ o]
ose e LCIEKES GCLK Input Output (10)
oScEM 205 GCLK_IN[x]
FOPLL CLK 4 -—
CLK 5 GoLke
5 DAL N
=~ CLK6 I ] cak o
OSCULF32K s
L ?
gz CLK 7 | GCLK 10 Confin. |
2K0SC | o
GOLK_INO] |
u, High Accuracy osck Gak1 GCLK ? CLK_CPU CPU
antemal Osdillator’ = ~ DFLI. 48M Generator 0 [ “

32K Ultra Low Power OSCULP32K g
32,768 Hz
'ﬁ XOSC32K GCLK

x Multiplexer
e
32,768 Hz SYSCTRL GCLK PERIPHERAL
SYSCTRL DFLL48

32K Crystal Oscillator
&

|CRYSTAL v/
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Lab8 System Clock DFLL48M

Setup Steps Overview

- XOSC
Oscillators Controller GOLK Generator O
B oscam
8 MHz Internal y osceM FoRiE
L = CLK_CPU
DAL Main Clock -
[ERE-ST ™ OSCULPBZd coLko _ .
» » CPU
0SC32K 47,972,352 §z 47,972,352 Hz
XOSCIK
2 DIV1 v
I i
‘ Crystal Oscialitor SNl
|CRYSTAL san.
Fractions| Diital Phase Locked Loop (FOPLL) [ Raspheslclosconiioumai
Clock X0sC32K Sai0 {77\ Peripheral Clock Selection
5 X0sC Peripheral Enable Source Peripheral Clock Frequency
ource
SCLRO <! GOLK_DFLL L oscam S SERCOM2_CORE 0 JocLko ~ - ~
L GCLK2 SERCOM3_CORE ] GCLE0  ~ -
_XO@C DAL GCLK3 SERCOM4_CORE ] GCLEO v —
—_ SERCOMS_CORE [] GCLEO v .
OSCULP32K GOLKa 5 SYSCTRL_DFLL4B ] GCLEl v 32,788 He
Auto ‘ osCa2K 32,768 HzELKS T SYSCTRL_FDPLL L] GCLEO -
= =
Calculate {,é} e GAKE i SYSCTRL_FDPLL32C L GCLED =
m | TC3,TCC2 [v] GCLED  ~ 47,972,352 Hz
Clock aal s - CIOCk' ) > TC4, TCS [v] GCLED v 47,972,352H
Source > = TCCZ:S;CCI 0 ggtig - -
i XOSC32K v = = -
|GCLK1 v S woT [] |GCLko  ~ - v
GcLKl 47,972,352 Hz l‘Qsc_azl‘
S X0SC 60K Generstor x (x=2-8) [ /CLK 2
0se peT & CLK 3 GCLK Input Output (10)
‘ - %0 GOLK_IN[x]
DFLL48M Close — Click || |= CLK4 <—H—‘
a1 | cakulate i : GOLKx
; | 14645 o L ; ™ [ cax ol &
OSCULP32K = -
-— ) GCLK I/0 Confi... I GCLK o t
{ l.t
32K osc s Lﬁ GCLK /0 Configurat pu X
GOLK_IN[O] | f
B vgh acuracy s cas wew_wos | GCLKO : Out |
i}lntemal Oscillator N £ > 0 COut
1 Ot il
=1 GQCLK1:Out
32K Ultra Low Power OSCULP32K @ 3 In * u
Internal Oscillat i
nterna Cil or 32,768 Hz 4 In 0 0
5 In 0 0
& In 0 0
XOSC32K ~ = — ° °
R 2anCre—*=1 Oscill 32,768 Hz

|CRYSTAL v
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Lab8 System Clock DFLL48M

Step 1

XOSC32K
Xou

32 KHz Oscillators Controller

32 KHz Os=cillators Controller

32K High Accuracy

OSC32K

Internal Oscillator

3

OSCULP32K

32K Ultra Low Power
Internal Oscillator

>
32,768 Hz

XOSC32K

32K Crystal Oscillator /('

CRYSTAL v

>
32,768 Hz

32,768 Hz
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Lab8 System Clock DFLL48M

Step 2

pARC

GCLK Generator 1

OsCamM

N

FOPLL

DAL

OSCULPI2K

OEC32K

HOECIK

GCLK_IN[1]

GCLE Generator 1 \/

HLRLEE

GCLKL
—

32,768 Hz

32,768 Hz

X0OSC32K

%@
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Lab8 System Clock DFLL48M

Step 3

Clock
Source

I\ GOLK_DAL:

Digital Frequency Locked Loop (DFLL 48Mhz) |

Digital Frequency Locked Loop (DFLL 48Mhz) \/

GCLK1 E 9T DAL
L
GCLK1 \/ 47,972,352 Hz
47,972,352 Hz

5
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Lab8 System Clock DFLL48M

Step 4

XOSC

GCLK Generator 0

oscem

\ GOK Gererstord  N//]

FOPLL

[ohe:
cO3a
e

DAL

OSCULP32K

0sC32K

GCLKO

XOSC3K

GCLK_IN[O]

GCLK1

iy p——

47,972,352 Hz

@

Main Clock

""" e CLK_CPU
n 47,972,352 H; S
DIVl v~ 47,972,352 Hz
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Lab8 System Clock DFLL48M

Step 5

GCLK Input Output (10)
GLLE Input Cutput [10)
GCLK_IN[x]
< <
GCLKx
> b A GCLK 1/0 Configuration
[ GCLE I#2 Confl., ] GCLK I/O Configuration X
% Click
nerator InfOut _ In Frequency(Hz) 47972352 |
|° 0 Omt Out @ 47972352
TN TR —
3 ;“ - ) 32768
i [}
4 In 0 0
X 5 In 0 0
N : = [, :
v 7 In 0 0
SYSCTRL
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Lab8 System Clock DFLL48M

Step 6

* Please disable GPIO PA15 pin function firstly and then reassign PA15 as GCLK_101
output pin.

(] Pin Table — — (= |PA15 (GCLK_IO1)
Package: TQFP48 sl=gl8le|=lal=|5|5tesl2 =27
ol il = e I I R S B S S
Module Function 150161718 | 19| 20|21 | 22|23 |24 |25 |26 |27 | 28| 20
EIC_NMI
GCLE_I00 (2) . _
GCLK_I01 e &/ N Click Enable
GCLE_I02 wiﬁ
GCLK_I03
2Eb GCLK_I04
GCLK_IOS
GCLK_IO6
BED SRR T Click Disable
GPIO GPIO L\,@
125_FS0
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Lab8 System Clock DFLL48M

What’s changed if to change main clock from 32.768KHz to DFLL Close Loop ?

* Let’s check TC3 configuration to see the difference after change the clock source.

Configuration Options ] Help =
=

E-TC3

~Counter Mode  Counter i 16-bit mode -
~Selact Prescaler  Prescaler: GCLE_TC/024
~*#xTimer resolution ig 31250000.0 nS***{
- Operating Mode | Timer r

=-Timer
~Enable One-Shot Mode []
~Timer Period Unit millisecond
= Time 1,000 -3 h
- Timer Period 22 21| Timer Count
- Enable Timer Period Interrupt |+ [
F-Events

E-Sleep Configurations
- Run during Standby |:|

Clock Source : XOSC32K

Configuration Options ] Help

(=] [+]

E-TC3

~Counter Mode  Counter in 16-bit mode -
~Selact Prescaler  Prescaler: GCLE_TC/1024
~* 4 Timer resolution is{ 213456284153 ng***
- Operating Mode | Timer e

E-Sleep Configurations
- RUR during Standhby |:|

=-Timer
~Enable One-Shot Mode ]
~Timer Period Unit millisecend
E-Time 1,000 -3 {
- Timer Period 46,242 2 || Timer Count
- Enable Timer Period Interrupt EI r
F-Events

Clock Source : DFLL4ASM

@ MICROCHIP



Lab8 System Clock DFLL48M
What’s changed if to change main clock from 32.768KHz to DFLL Close Loop ?

* Let’s check TC4 configuration to see the difference after change the clock source.

Configuration Options ] Help = Configuration Options ] Help =
(=] [+ (=] [+
=-TC4 =-TC4
~Counter Mode  Counter i 16-bit mode - -~ Counter Mode | Counter in 16-bit mode
-Select Prescaler  Prescaler: GCLE_TC/256 - Select Prescaler  Prescaler: GCLE_TC/R256
- HEEETImer resalution isI 7812300.,0 ngtrrr | - HEEETImer resalution i5|5336.4[l?10383 nS"l***
- Operating Mode | Timer E-Operating Mode | Timer — w
Iél--Timer Ii:l--Tirner
~Enable One-Shot Mode [] ~Enable One-Shot Mode ]
~Timer Period Unit millisecond ~Timer Period Unit millisecend
= Time 503 h - Time 505 |
" Timer Period & = | Timer Count  Timer Periad 0,360 7 || Timer Count
- Enable Timer Period Interrupt |+ [ - Enable Timer Period Interrupt EI r
F-Events F-Events
E-Sleep Configurations E-Sleep Configurations
Fun during Standhby |:| Run during Standhby |:|
Clock Source : XOSC32K Clock Source : DFLL48M
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Lab8 System Clock DFLL48M

Step 8
e Click =5 =i to Generate Code.

‘2 MPLAB Harmony Configurator - default

FiIE' GE"ETEItE TDDIS UtilitiES Wiﬂd{]w 1. Configure Generation Settings

2 Generate Project X

[ Generate Settings
| ] :;l":
L - EC} : o

.-n;; ode | [ Click ] Merge Strategy [USER_ALL v
[] Active Components Gmte Codel| Ll Fregest Gra

X CmER4e X omi

(Monse over a property for detailed help)

2. View Warnings

Type Description

2 Generating Project...

Task Type Remaining Tatal
3, Click Generate

i@le Markup

‘1_%‘)9 Cop, Default linker seript 15 added to the project. Dt Generate costom linker seript.
Libraries

Settings .
Source Paths

/\\m%

Cancel

Generating file: DHarmonyFramework_3.3.0%ev_packs\armiCMSIS\S, 4,00 CMSIS\DSP Inclodearm_commen_tables.h

Please Wait..,
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Lab8 System Clock DFLL48M

Step 8

e Compiler and programming to your EVB to check the result.

int main (void)

SYS Initialize (NULL );

\iw‘ No code need to change or modify.

/[l TODO 7.01
// if ( BT2_Get() ) LED3 Clear();
// else LED3 Set();

}
}

ﬁ\ MICROCHIP



Flash Access Time and Wait State

 MHC will auto adjust proper NVM Wait State, also.

plib nvmctrl.c
void NVMCTRL_ Initialize(void)

{

NVMCTRL_CTRLB_RWS(1) |

Vpp range

1.62Vto 2.7V

2.7V to 3.63V

VDD = 3.3V

NVMCTRL_REGS->NVMCTRL_CTRLB =
NVMCTRL_CTRLB_READMODE_NO_MISS_PENALTY |
NVMCTRL_CTRLB_SLEEPPRM_WAKEONACCESS |

NVMCTRL_CTRLB_MANW_Msk;

NVM Wait States

Maximum Operating Frequency Units

14
28
42
48
24

MHz

0
1
2
3
0
1

48

| CPU_CLK = 48MHz ||
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APP045 Ov2 Ov3 Mva

Lab8 System Clock DFLL48M

Clock Output
Arduino UNO Socket
PA1l 7
PAI0 S g‘l}%
Pjigg I g D2 PA15 (D5)
D D3/PWM PA14 (D4)
PA14 |11
PALS 12 ,[)};‘ | WM
PA20 13 :)G/PWM |

“::f':'-'::"?‘: O @ M|CROCH lp



APP045 [v2 Ov3 Mv4

Lab8 System Clock DFLL48M

Clock Output

PA15 (D5)

PA14 (D4)

4 ; ggu : e\:n\_
st

& X1 8 g s oY
e s ant 4 s
Y 3, - }\;):
(m: m‘g ) o AL A G A
: - e St PR e
wal © 2y ¥ . o
oCHIP ? . )
MRS 438, % 0% - , ‘
) . ;
% ’
-

T RS\ MicrocHIP



Pin Multiplexer (PINMUX)
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What’s PINMUX ?

PORT

Peripheral Mux Select

PERIPHERALS

l/O
PADS

Digital Controls of Analog Blocks

Analog Pad
Connections

ANALOG
BLOCKS
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What’s PINMUX ?

* Each pin is by default controlled by the PORT as a general purpose 1/0 and
alternatively. It can be assigned to one of the peripheral functions group.

IO Pin

PA14

PA15

Supply

VDDIO

VDDIO

EXTINT[14]

EXTINT[15]

Function Groups (A~ H)

nnnu
c D E | F | c | H

pAc | sERcom(2)3) | sercom-aLT | Tc#mce

SERCOM2/ SERCOM4/ = TC3/WOI[0]
PAD[2] PAD[2]

SERCOM2/ SERCOM4/ = TC3/WO[1]
PAD[3] PAD[3]

TCC

TCCO/
WO[4]

TCCO!
WO[5]

AC/ GCLK

GCLK_IO[0]

GCLK_IO[1]

Pin Name
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PINMUX PLIB Analysis

main() @ main.c

SYS_Initialize ( NULL );

0x30 | PMUXO0

[ PMuUX |

PMUXO[3:0] PMUXE[3:0]

SYS_Initialize() @ initialization.c

0x3F | PMUX15 |
0x40 | PINCFGO

PMUXO (ODD) PMUXE (EVEN)

PMUXO[3:0] PMUXE[3:0]

PORT _Initialize();

PINCFG

PORT _Initialize() @ plib_port.c

OxbF |PINCFG31

PORT_REGS->GROUP[0].PORT_DIR = 0x120200;
PORT_REGS->GROUP[0].PORT_OUT = 0x200;
PORT_REGS->GROUP[0].PORT_PINCFG[14] = 0x3;
PORT_REGS->GROUP[0].PORT_PINCFG[15] = 0x3;

PORT_REGS->GROUP[0].PORT_PMUX[7] = 0x77;

DRVSTR PULLEN INEN j|PMUXEN

DRVSTR PULLEN INEN | PMUXEN
INEN [PMUXEN

‘L PA14 (GCLK_l00) INEN = 1 (Button)

| PA15 (GCLK_101) INEN = 1 (Button)

PMUX[7] : PA15, PA14
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PINMUX PLIB Analysis

mn—llnnn C

= I I N :
mmm mmmmmmm sercom-ALT | Tcl)Tce ac cox

PA14 (7) PA14 | VDDIO | EXTINT[14] SEFI;%C[)Qr\i‘IQI SE;%C[)zl-iMf TC3/WOI[0] \TNc{r;“[z ‘GCLK_|O[0] “ GCLK_I0[0]
16 PA15 (7) PA15 VDDIO EXTINT[15] SEFI:!\%([;I\;IZJ' SEFI;(E)C[);]M! TC3IWO[1] :’MC&! GCLK_IO[].] I GCLE_IO[1]
PORT _Initialize() @ plib_port.c
PORT_REGS->GROUP[0].PORT_PMUX[7] = 0x77; PMUX[7] : PA15, PA14
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APP045 Ov2 Ov3 Mva

PINMUX Configuration Example

2 MPLAB Harmony Configurator - default* - O X
File Generate Tools Utilities Window
LINE 3 fjtb_:d Framework: C:\HarmenyFramevrork)
[ Active Components = F 51| (] Fin Settings = 9 1 % | |[] Pin Diagram = %
x | OJEER+ Crder: | Ports ~ Table View Easy View Assigned % z, "
Z0 B
CMS'IS PaCk' Pin Fin 1D Custom Mame Function Mode Direction Latch P §§i§58§§a§§§
Device Family Pack (DFP)|| Kymber SlaRRIS SRS R
EVSYS 12 PAD7 Available w | Dagital High Impedance ~ | Lowr ~ - AEAARERRaansa
-~ NVMCTRL 13 PAaDS Available w | Dagital High Impedance ~ |  Low Pa00 O 1 4847404443424 140393837 36 0 YDDIO
- System 14 PAD3 Available | Digital | High Impedance ~ | Lowr PADI E 2 35 % GNDIC
~TC3 15 PA10 Available - D%g%tal High Impedance ~ | Lowr gig% 0 3 %g il Eiﬁ
- TC4 16 Pal1 Available w | Dagital High Impedance ~ | Lowr GNDANA E 3 32 % PAZ3
21 PA12 Available | Digital | High Impedance ~ | Lowr VDDAN‘% 0 ? ATSAMDZLG18A %é il E%%%’
2 PA13 Available w| Digital | HighImpedance ~| Low PEOO O & 20 0 LEDI
— .i' pPag4 09 28 0 PAL9
< > 23 PA14 GokIoo | Digital | 1In na PADS E 10 o7 % PALR
24 PA1S GCLK_I01 Digital | 1 I PADS O 11 26 H LED3
o I = 2 Dlgl 1 = L’j 2 Pa07 O 12 550 PAlS
+ 25 PALS Available w 1o1ta. High Impedance O 13141516171819202 1222324
26 PA17 LED3 GPIO w | Dagital | out ~w | Low g
Peripherals 27 PA13 Available w D%g%tal High Impedance ~ | Lowr §¢§i%§§5%2§|§|
Tools 23 PA1S Available v | Digital | HighImpedance ~| Low mmmmgwﬂ«ﬂ«mmMM
29 PA20 LED1 GPIO w || Digital | out ~ | Low g g
30 PAZ1 LED2 GPIO w|  Diagital | out w| Low
— W L
- . el T R P ) (R .
< > < >
(] Project Graph (7] Pin Settings (1 Configuration Cptions | (] Help | (] Pin Diagram
(] Pin Table =0«
Package: | TOFP4E tz]3]4]o|wfufw|z]]is]e]2n|22]23]24]25]2 |27 [28|20| 3031|3233 34|30 | 4145|4647 48| 7 | 8| 19| 20|57 |38
A B
Module Function ol 213141567 & a0l 1201314151617 (1819 (20|21 22|23 |24 (25 |27 |28 |30 (31| 2| 2| & |9 |10|11 |22 23
~
GCLE_1C1
GCLE_I02
GCLE_IC3
GCLE GCLE_104
GCLE_ISS
GCLE_I6
GCLE_IOT
GFIO GPLS
125 _F=0 ©
(] Console | (] MNews | (] P Table
Welcome to the MPLAR Harmony Confizurator!
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SERCOM - UART Architecture
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SERCOM! Introduction

* Serial Communication Interface, SERCOM be configured to support a
number of modes :

* 12C
* SPI _I m— —
* USART : RS232, RS485, IrDA e L —
* There are up to six instances ) N
of the serial communication

interface SERCOM peripheral.

* The SERCOM serial engine consists of a transmitter and receiver, baud-
rate generator and address matching functionality. It can use the internal
generic clock or an external clock to operate in all sleep.
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SERCOM! Introduction

* Pin Multiplex

PAD[0] PAD[1] PAD[2] PAD[3] PMUX

SERCOMO

SERCOM1

SERCOM2

SERCOM3

SERCOM4

SERCOM5

/0 6 O 0O6 O 0 o O 6 0O o6 0O

YDDCORE

oyl RESET N

(3] (o} = o

af|la]|2] |2

(aly ey ey N
I~

V8 \/DDIN
P8 GNDIO

41 R
N PA27
<l P23
il rc22

43

36 Ilﬂﬂiﬂi!lllll

PAOO i

o)
@ s E
MicrRocHIP o
6 A 31 | PA22

10 7 |

PA0S JRK PEll PA17 |
PA07 R 25 EXB

) N N ) o

_\_\

clvd
Sivd
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SERCOM! Introduction

* Pin Multiplex in Harmony (Clear)

(] Fin Table
Package: TOFP4Z -

Module

Function

1|2|3 | 4 | 9|10|11|12|13|14|15|16|21|22|23|24|25|26|2?|28|29|30|31|32|33|34|39|41|45|46

47|48|?|8|19|20|37|38

A

B

0

1

2

3

4

5

b

7

8

9

10

11

12

13

14

13

16

17

12

19

20

21

22

23

24

25

27

23

30

31

2

3

8

9

10

11

22

23

SERCCMO_FADO

SERCOMO_PADI

SERCOMOD

SERCOMO_PADZ

SERCOMO_FADS

SERCOMI_PADO

SERCOMI_PAD]

SERCOMI

SERCOMI_FADZ

SERCOMI_PAD3

SERCOMZ_FPADO

SERCOMZ_FADI

SERCOMZ

SERCOM2 FPADZ

SERCOMZ_FPADS

SERCOM3_FPADO

SERCOM3_FADI

SERCOM3

SERCOMS_PADZ

SERCOMS_FPADS

SERCOMA_FADD

SERCOMA_PADI

SERCONM4

SERCOMA_PADZ

SERCCM4_FAD3

SERCOMS_FPADO

SERCOMS_PADI

SERCOMS

SERCOMS_FADZ

SERCOMS_FPAD3
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SERCOM! Introduction

* For 12C
* Fast Mode (400kHz)
* Master or slave operation
* SMBUS compatible
* Wake on address match
* For SPI
* Up to 24Mb/s
* Supports all four SPI modes
* Full-duplex operation

* Single data direction mode frees
unused MISO or MOSI pin

* For USART
* Up to 24Mb/s
* Half-/Full-duplex operation
* Sync and Async operation
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What’s UART ?

* UART : Universal Asynchronous
Receiver Transmitter.
* The module data exchange
through serial communication.
* The data formatting include
1 start bit,
5 to 9 data bits and
1 or 2 stop bits.

Start Bit Data

Ready W 100us TPos 10.00% S 2 MHZ
@:—1.54 . § | | : | | | 48OKH
A R e S S A CH‘I Eﬂﬁﬁ
51 5L|S = 19417 48HZ ] 002515
e e By E S e R R
! : 5225 US
. ——  ———
e e
1 O T O I O W WO
“|'|ijooooolijo |
T — - | w 5 i OO R SSSRONN SUSSROR USSR SO
UART Transmlt Example
’A’(0x41), 19200 bps
|
|

1 1
<=
Stop Bit
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SERCOM - USART

* Supports serial frames with 5, 6, 7, 8 or 9 data bits and
1 or 2 stop bits, Parity Check, RTS and CTS flow control.

* Full-duplex operation, RS-232, RS-485 and IrDA Supported.
e Buffer overflow and frame error detection.

* Internal or external
SOLK *
clock source for %F
Baud Rate Generator
asynchronous and

CTRLA MODE -12-116
SynChronous »  TXShift Register | TxD
operation.
XCK
CTRLA.MODE »  RX Shift Register  |———{ | RxD
—®  Status RX Buffer
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Add SERCOM Function using MHC

* Find SERCOM component in Available Components window.
* Double click SERCOMS5 to add to Active Components window.

[ Active Components =B [ Active Componen ACtive components
XEuum¢ XCRE®e
- CMSIS pack 0 | CMSIS Pack
-~ Device Family Pack (DFP) g |- Device Family Pack (DFP)
~EVSYs 0 . EVSYS
~NVMCTRL % NVMCTRL
..... System
AL | | I system | SERCOMS
-TC4 % . TC3
..... TC4
[ Awvailable Compeonents = :ll (1 Awailable Components =H O
4 e +
pM Available Components — X
@ RTC @ RTC
= SERCOM = SERCOM
- SERCOMO - SERCOMO
- ggiggm SERCOM ~ SERCOM1
- - SERCOM2
~sercoms | = SERCOMS - SERCOM3
- SERCOM4 - SERCOM4
..... Ea TC
Double click © TCC
F- Tanle e
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SERCOM USART Polling

Configuration Options Example

(] Configarstion Options = [ 5
=] (=
= SERCOMS
- Select SERCOM Operation Mode | USART with intemal Clock
~Dperating Mode Elocking mode ~
~Receive Enable
~Transmit Enable
~Frame Farmat USART frame v
~Baud Rate in Hz 115,200 12
~Parity Mode No Panity
~Character Size 8 Bits

- Stop Bit Mode
—Receive Pinout

~Transmit Pinout

Cne 3top Bit -
SERCOM PATI[3] is uzed for data reception -
PAD[2] = TxD; PAD[3] = XCK w

~Enable Run in Standby [

" [] Configuration Options | (] Help
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APP045 Ov2 Ov3 Mva

APP045 SERCOM USART Schematic

%0 [
= 3 e
= Wy
Z gz
Zlel= s
“E|2 1 b
alzlz o 2| B [=a] =)
AW [75] [¥5) M 24 FaM [=H 12
| 4 BS3 P16F-TX
[ 4 BS54 S:E P16F-RX
~—_| T
Il el [T Rad Edal (o] o =1 K=t [==] [l A
/
e
STERL O
AL A A L:
=
VDDIO %
GND _%4
T PAD2 BA2S ?
—— PA03 PA24 —5
('5— GNDANA PA23 —ﬁ
= VDDANA PA22 _%0
— | PBO8 PAZL ==
——| PB09 PA20 —5=
o PAO4 PA19 _:T
T PAOS PAIS —5=
1.,,— PAODG PA17 —:_.\
CDC USB P16F-RX SERCOMS5 PAD2 = PAO7 ~ PAIG ===
PIC16F1455 SAMD21 XSS = g QS Ty
SRR R R
P16F-TX SERCOMS5 PAD3
""‘|*.|'|'l"‘r|\5|F“'~ [=a] Fanl Fame] Ll D | L3R b
~~~~~~~ (o] k) [al] ko] [}
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SERCOM USART

PINMUX Configuration Example

 SERCOM allow limited alternate pad index assighment.

* Forexample: PB22as SERCOM5_PAD2
PB23 as SERCOMS5_PAD3

__Ec___Rer _Aoc | A PTc_ Dac_ sercow?)®) sercowar Toimec tcc com  Aci ooi

a7 PBZ; | PB22 || VDDIO | EXTINT[E] SEF:CDC[);]W T“HSMEE(I:OT"\‘;'EIII)AD[Z] | T
sz3 PB23 || VDDIO | EXTINT[7] SERCOMS/ SERCOMS/PAD[3] GCLK_IO[1]
PADI[3] wory |

—

(J Pin Table — -0
olof58) detldalolad | | |
Package: [TORPS & 8/5(3/4|2|8]%|=|5PB22 (SERCOMS5_PAD2)
ol e A |0 =) al =)
Moduls Function 31|2|33)34 35|36 |37 32| xPB23 (SERCOMS PAD3)
SERCOM4_PAD3
SERCOMS_PADO
SERCOMS_PADI
SERCOMS SERCOMS_PAD2
SERCOMS_PAD3 "
SERCOMS5 SYSCTRL_XIN
| e i 1
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SERCOM USART

PINMUX Configuration Example

* Remember arrange pads function in SERCOM module.

* For example: SERCOMS5 PAD[2] as USART TXD (PB22)
SERCOMS5 PAD[3] as USART RXD (PB23)

Configuration Ophons
Ll
=]

- SERCOMS

= Select SERCOM Operation Mode | USART with internal Clack

- e

~Receive Pinout

-~ Transmit Pinout

[

SERCOM PAD[] iz nzed for data reception -
PAD[E] = TuD; PADI[3] = HCK o

N\

J

~Enable Run in Standby []

{Operating Made Elocking mode  ~ Operating Mode is used for Blocking mode
~Receive Enable

~Transmit Enahble

~Frame Format USART frame ol

~Baud Rate in Hz 115,200 1=

~Parity Made No Parity

~Character Size B Bits « : :

- Stop Bit Made Ome Sop Bt o SERCOM PAD[3] is used for data reception

SERCOM PAD[2] is

(] Configuration Options | (] Help

used for data transmission
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SERCOM USART Polling

Interface Routines

void SERCOMS5_USART Initialize( void );

bool SERCOM5_USART SerialSetup( USART_SERIAL_SETUP * serialSetup,
uint32_t clkFrequency );

bool SERCOM5_USART_Write( void *buffer, const size_t size );

bool SERCOMS5 USART_TransmitterisReady( void );

bool SERCOMS5_USART_TransmitComplete( void );

void SERCOMS5_USART_WriteByte( int data );

bool SERCOMS5 USART_Read( void *buffer, const size _t size );

bool SERCOMS5_USART_ReceiverlsReady( void );

int SERCOMS5_USART_ReadByte( void );

USART_ERROR SERCOMS5_USART_ErrorGet( void );

uint32_t SERCOMS5_USART_FrequencyGet( void );
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SERCOM USART Tx Polling Code Example

{

}

int main (void)

SYS_|Initialize ( NULL );

while( true )

{

SERCOMS5_USART_Write( "Hello world!\r\n", 14 );
}
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Terminal Console Software

* Tera Term is a terminal console software.
(https://ttssh2.0sdn.jp/index.html.en)

* Select COMxx: USB Serial Device (COMXxx)

* Set 115200-N-8-1.

APP045 [v2 Mv3 Mv4a

Tera Term: New connection

O TCPHIP myhost.example.com
History
Telnet
SSH
Other
%Sgrial Port: COMb5: USB [&% 55 E (COMS)

Cancel Help

22

SSH2

AUTO

COMNxx: USB Serial Device (COMXxx)

T Tera Term - [disconnected] VT -

File Edit Setup Control Window Help

Terminal...

Window... | Setup
Font.. - Serial port

Keyboard...

Serial port...

Proxy... %
SSH...

SSH Authentication...

SSH Forwarding...
S5H KeyGenerator...
TCP/IP...

General ..

Additional settings...

Save setup...
Restore setup...

Setup directory...

Load key map...

Tera Term: Serial port setup and connection

Port:
Speed:
Data:
Parity:
Stop bits:

Flow control:

Transmit delay

<

Device Friendly Name: USB [£5[£F (COMS5)

Device Instance ID: USBYWYID 04D82PID 000AV784D72A55808
Device Manufacturer: Microsoft

Provider Name: Microsoft
Driver Date: 6-21-2006
Driver Version: 10.0.19041.906

X
COMb5 w i
New setting
.
115200
. 1115200
8 bit Cancel
none ~
1 bit v Help
none ~
msecfchar El msecfline
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https://ttssh2.osdn.jp/index.html.en

Lab9 SERCOM - UART Tx Polling

* Try to add SERCOM-USART function to project.

 UART set to 115200-N-8-1, No flow control.

* Send string from UART to PC of one second interval repeated.
(Hello World!)

* Character \r for carriage Return (0x0D)

* Character \n for New line (Ox0A)

eLet’s go!
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Lab9 SERCOM - UART Tx Polling

Step O

* Find SERCOM component in Available Components window.
* Double click SERCOMS to add to Active Components window.

[ Active Components =B
X omEm+

- CMSIS Pack
~ Device Family Pack (DFP)
~ EVSYS

[ Awvailable Compeonents =8

|

(] Active Componen

Active Components

XTEEORE4+

""" CMSIS Pack

""" EVSYS
""" NVMCTRL

----- Device Family Pack (DFP)

""" system | SERCOMS

4

# PM

Available Components

(1 Available Components

+

=HO8

¥ RTC
= SERCOM
~ SERCOMO

~ SERCOM1 SERCOM

~ SERCOM2

~sercoms | - SERCOMS

~ SERCOM4

Double click

W RTC

= SERCOM

~ SERCOMO
-~ SERCOM1
ERCOM2
~ SERCOM3
- SERCOM4
& TC

&= TCC

- Tanle
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Lab9 SERCOM - UART Tx Polling

Step 1

(] ICaniguIaﬁnn Options = = 5

=

= SERCOMS USART with internal Clock

£ Select SERCOM Operation Mode | USART with intemnal Clock ~

~Operating Mode Blocking mode v Blocking mode
~Receive Enable
~Transmit Enable
~Frame Faormat USART frame b
~Baud Rate in Hz 115200/ | 115,200 |
- Parity Mode Wo Parity No Parity
-~ Character Size 8 Bits ~ 8 Bits
~5top Bit Mode One Stop Bit One Stop Bit
- Receive Pinout SERCOM PAD[3] iz nsed for dats reception SERCOM PAD[3]
~Transmit Pinout PAD[Z] = TxD; PAD[3] = KCK VJ SERCOM PAD|[2]
~Enahle Run in Standby [

" [] Configurstion Options | (] Help
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Lab9 SERCOM - UART Tx Polling

Step 2

(] Pin Table — [PB22 . & 2=
Fackage: TQFP48 ~ §M§§§§R}ﬁg::‘"ﬁggggﬂgg
MMEBRFEEEEE - EEEEEE
Module Function 31(32(33]34(35(36(37 |38 |39 |40 |41 |42 |43 | 44| 45|46 | 47| 48
SERCOMA_PAD3
SERCOMS_PADO
SERCOMS_PADL
TERSELY SERCOMS_PAD2
SERCOMS SERCOMS_PADS3 Click
SYSCTRL_XIN

| e eee \\/ [

(] Pin Table S o=k
— o|o(%/2) |PB22 (SERCOMS5_PAD2
i 3/5|3|4|2|3]5 || SpB23 (sERCOMS_PADS)

Module Function 31(32(33|34|35| 36|37 38|30 40| 41| 42| 43| 44 | 45 |46 | 47 | 48
SERCOMA4_PAD3
SERCOMS_PADO
SERCOMS_PADI

SERCOMS

SERCOMS_FADZ

SERCOMS_FAD3

SYSCTRL _XIN

Green is Enable

AT EASTDTT T F TR Yo,

1 1

T
|

@ MICROCHIP



Lab9 SERCOM - UART Tx Polling

Step 3
* Click =5 2=/ to Generate Code.

‘2 MPLAB Harmony Configurator - default

FiIE' GEHEI’EtE‘ TDDIS UtilitiES WindDW 1. Configure Generation Settings

2 Generate Project X

[ Generate Settings
| ] ::l":
L - EC} : o

.-n;; ode [ Click ] Merge Strategy [USER_ALL v
[] Active Components Gmte Codel| Ll Fregest Gra

X CmER4e X omi

(Monse over a property for detailed help)

2. View Warnings

Type Description

2 Generating Project...

Task Type Remaining Tatal
3, Click Generate

i@le Markup

‘1_%‘)9 Cop, Default linker seript 15 added to the project. Dt Generate costom linker seript.
Libraries

Settings .
Source Paths

/\\m%

Cancel

Generating file: DHarmonyFramework_3.3.0%ev_packs\armiCMSIS\S, 4,00 CMSIS\DSP Inclodearm_commen_tables.h

Please Wait..,

c\ MICROCHIP



Lab9 SERCOM - UART Tx Polling

Step 4

Q Add code segment to your main loop
void TC3_TimerExpired(TC_TIMER_STATUS status, uintptr_t context)

if( status & TC_INTFLAG_Msk)
LED1 Toggle();

// TODO 9.01
SERCOM5_USART_Write( "Hello world!\r\n", 14 );

}
}

int main (void)

SYS Initialize (NULL );

}

0 Program firmware to target board

then observe resulit. |
RS\ MicrocHIP



Lab9 SERCOM - UART Tx Polling

Result

a COMY7T - Tera Term VT — [l e
File Edit Setup Control Window Help

world!

world!

world!

world!

world!

world!

world!
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SERCOM USART Interrupt

Configuration Options Example

* SERCOM provide callback(interrupt) mode, also.

(] Configuration Options = £ 5 . II-WIC - . . Py .
ElE ' _ cings ~ 8 x
= SERCOMS Vector Number Wector Enable IEDHZIIl-Itfg;]wst} Handler Name
Iél--SElEEt SERCOM Operstion Mode | USART with infernal Clock 3 RTC (Real Time Counter) |3 ~ | RTC_Handler ~
- Operating Mode Non-blocking mode 4 EIC (External Interrupt Contraoller) O 3 ~ | EIC_Handler
- 5 NVMCTRL (Mon-Volatile Memory Controller) O 3 ~ | NVMCTRL_Handler
~Receive Enable Non-bIOCking mOde & DMAC (Direct Memory Contraller) O 3 ~ | DMAC_Handler
~Transmit Enable 7 USB (Universal Serial Bus) ] 3 ~ | USB_Handler
~Frame Format USART frame ~ a EVSYS (Event Systems) ] |3 | EVSYS_Handler
~Baud Rate in Hz 115,200 .= g SER.COMD (Serial Communication Interface 0) nRE « | SERCOMD_Handler
F'Ell'it'g.l' Maode Mo Parity  « 10 SERCOM1 (Serial Communication Interface 1) | 3 “w | SERCOM1_Handler
- Character Size O Bits 11 SERCOM2 (Serial Communication Interface 2) ] 3 ~ | SERCOM2_Handler
-Stop Bit Mode One Stop Bit 12 SERCOM3 (Serial Communication Interface 3) O] Check Enable Interru pt
- - 13 SERCOM4 (Serial Communication Interface 4) [] 3 w | SERCOM4 Handler
- Raceive Pinout SERCOM PAD[3] iz vzed for data reception -
14 SERCOMS (Serial Communication Interface 5) 3 ~ | SERCOMS5_USART_InterruptHandler
~Transmit Pinout PAD[Z] = TxD; PAD[3] = £CK ™ 15 TCCO (TimerCounter for Control Applications 0) | 3 ~ | TCCO_Handler
~Enable Run in Standby [ 16 TCC1 (Timer/Counter for Control Applications 1) O 3 w | TCC1_Handler
17 TCC2 (Timer/Counter for Control Applications 2) ] 3 ~ | TCC2_Handler [¥]

" (] Configuration Options | (] Help

@ MICROCHIP



SERCOM USART Interrupt Callback

Interface Routines

void SERCOMS5_USART _Initialize( void );

bool SERCOMS5_USART _SerialSetup( USART_SERIAL_SETUP * serialSetup, uint32_t clkFrequency );
bool SERCOM5_USART_Write( void *buffer, const size_t size );

bool SERCOMS5_USART_WritelsBusy( void );

size_t SERCOM5_USART_WriteCountGet( void );

void SERCOMS5_USART_WriteCallbackRegister( SERCOM_USART_CALLBACK callback, uintptr_t context );
bool SERCOM5_USART _Read( void *buffer, const size_t size );

bool SERCOMS5_USART_ReadlsBusy( void );

size_t SERCOM5_USART_ReadCountGet( void );

void SERCOMS5_USART_ReadCallbackRegister( SERCOM_USART_CALLBACK callback, uintptr_t context );
USART_ERROR SERCOMS5_USART_ErrorGet( void );

uint32_t SERCOMS5_USART_FrequencyGet( void );

ﬁ\ MICROCHIP



USART TxRx Interrupt Code Example

{

}

}

int main (void)

uint8_t USART5_ReceiveData[1];
void USART5_Receive( uintptr_t context )

{

SERCOMS5_USART_Write( USART5_ReceiveData, 1);
SERCOMS5_USART_Read( USART5_ReceiveData, 1 );®

void USART5_ Transmit( uintptr_t context ) { }

One-Shot Event

SYS_Initialize ( NULL );

Callback Register
SERCOMS USART_ReadCallbackRegister( USART5_Receive, (uintptr_t )NULL );
SERCOMS5_USART_WriteCallbackRegister( USART5_Transmit, (uintptr_t )NULL );
SERCOM5_USART_Read( USART5_ReceiveData, 1);
while( true )

{ ..
SERCOM5_USART_Write( "Hello world!\r\n", 14 );

}

ﬁ\ MICROCHIP



About String Functions

* UART generally to used for text string communication,
We can use C provided string functions to convert multi
valuables to an output string.
Here to introduce two string functions sprintf( ) and strlen( ).
* int sprintf(char *s, const char *format, ...);

Formatting values to target char type string buffer.
* Must include <stdio.h>

> size_t strlen(const char *s);

Calculate string length, not include the end of string 0x00(‘\0’).
* Must include <string.h>

* For example

uint8_t USARTRTxBuffer[100];

uintl6_t USART5_ReceiveData;

sprintf((char *) USARTRTxBuffer, "Received Data : %1c\r\n", USART5 ReceiveData);
SERCOM5_USART_Write( USARTRTxBuffer, strlen((char *)USARTRTxBuffer));

ﬁ\ MICROCHIP



Lab10 SERCOM - UART TxRx Interrupt Callback

* Try to enable SERCOM-USART Interrupt Callback driver.
* Modify polling transmit function to asynchronous function.
* Add new USART receive function base on interrupt callback function.

* Try to receive character from PC and loopback to TeraTerm as string
format “Received Data : x” .
 SERCOM - UART setting same as Lab9

eLet’s go!
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Lab10 SERCOM - UART TxRx Interrupt Callback

Step 1

(] Configuration Options = £ 5 . II-WIC - . . Py .
ElE ' _ ings ~ 8 x
= SERCOMS Vector Number Wector Enable IEDHZIIl-Itfg;]wst} Handler Name
Iél--SElEEt SERCOM Operstion Mode | USART with infernal Clock 3 RTC (Real Time Counter) |3 ~ | RTC_Handler ~
- Operating Mode Non-blocking mode 4 EIC (External Interrupt Contraoller) O 3 ~ | EIC_Handler
- 5 NVMCTRL (Mon-Volatile Memory Controller) O 3 ~ | NVMCTRL_Handler
- Receive Enabla NQn-bIOCking mOde & DMAC (Direct Memory Controller) O 3 ~ | DMAC_Handler
~Transmit Enable 7 USB (Universal Serial Bus) ] 3 ~ | USB_Handler
~Frame Format USART frame ~ a EVSYS (Event Systems) ] |3 | EVSYS_Handler
~Baud Rate in Hz 115,200 .= g SER.COMD (Serial Communication Interface 0) nRE « | SERCOMD_Handler
F'Ell'it'g.l' Maode Mo Parity  « 10 SERCOM1 (Serial Communication Interface 1) | 3 “w | SERCOM1_Handler
- Character Size O Bits 11 SERCOM2 (Serial Communication Interface 2) ] 3 ~ | SERCOM2_Handler
-Stop Bit Mode One Stop Bit 12 SERCOM3 (Serial Communication Interface 3) O] Check Enable Interru pt
- - 13 SERCOM4 (Serial Communication Interface 4) [] 3 w | SERCOM4 Handler
- Raceive Pinout SERCOM PAD[3] iz vzed for data reception -
14 SERCOMS (Serial Communication Interface 5) 3 ~ | SERCOMS5_USART_InterruptHandler
~Transmit Pinout PAD[Z] = TxD; PAD[3] = £CK ™ 15 TCCO (TimerCounter for Control Applications 0) | 3 ~ | TCCO_Handler
~Enable Run in Standby [ 16 TCC1 (Timer/Counter for Control Applications 1) O 3 w | TCC1_Handler
17 TCC2 (Timer/Counter for Control Applications 2) ] 3 ~ | TCC2_Handler [¥]

" (] Configuration Options | (] Help
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Lab10 SERCOM - UART TxRx Interrupt Callback

Step 2
* Click =51"C=d=| to Generate Code.

——

‘2 MPLAB Harmony Configurator - default

File Generate Tools Utilities Window

r P B) | ¥pcose] [ click

[l Active Components Gﬁte Code

X ZRER4+

[] Project Gra
X TR

2 Generating Project..

Task Type Remaining Tatal
File Markup

File Copr

Libraries

ole=|olwlo

Settings

/\\m%

Source Paths

Generating file: DHarmonyFramework_3.3.0%ev_packs\armiCMSIS\S, 4,00 CMSIS\DSP Inclodearm_commen_tables.h

Please Wait..,

2 Generate Project X
1. Confipure Generation Settings
[ Generate Settings
~|[7]

Merge Strategy [USEE_ALL

(Monse over a property for detailed help)

2. View Warnings

Type Description

3, Click Generate
Drefanlt linker seript 15 added to the project. Dl{

Generate ]custom linker script,

Cancel
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Lab10 SERCOM - UART TxRx Interrupt Callback

Step 3

e Create UART TxRx Callback function, related buffer and

/[l TODO 10.01
#include <stdio.h>
#include <string.h>

/[ TODO 10.02

uint8_t USARTRTxBuffer[100];

uint8_t USART5_ReceiveData[1];

volatile uint8 t USART5 IsReceived = 0;
volatile uint8_t USART5_IsTransmitted = 1;

void USART5 Transmit( uintptr_t context )

{
USART5_IsTransmitted = 1;

}

void USART5_Receive( uintptr_t context )

{
USART5_IsReceived = 1;

}

int main (void)

{ ...}
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Lab10 SERCOM - UART TxRx Interrupt Callback
Step 4

e Add code segment to your main loop

int main (void)

// TODO 10.03

SERCOM5_USART_ReadCallbackRegister( USART5_Receive, (uintptr_t )NULL );
SERCOM5_USART_WriteCallbackRegister( USART5_Transmit, (uintptr_t )NULL );
SERCOM5_USART_Read( USART5_ ReceiveData, 1 );

while( true)

// TODO 10.04

if( USART5_IsReceived )

{
USART5_IsReceived = O;
sprintf((char *) USARTRTxBuffer,

"\r\nReceived Data : %1c\r\n", USART5 ReceiveData[@] );
SERCOM5_USART_Write( USARTRTxBuffer, strlen((char*)USARTRTxBuffer) );
while( SERCOM5_USART_WriteIsBusy() );

SERCOM5_ USART_Read( USART5 ReceiveData, 1 );
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Lab10 SERCOM - UART TxRx Interrupt Callback

Step 5

e Modify TC3 Callback for UART Tx
void TC3_TimerExpired(TC_TIMER_STATUS status, uintptr_t context)

if( status & TC_INTFLAG_OVF_Msk )

{
LED1 Toggle();

// TODO 10.05
sprintf((char *) USARTRTxBuffer, "Hello world!\r\n" );

SERCOM5_USART_Write( USARTRTxBuffer, strlen((char*)USARTRTxBuffer) );

}
}

int main (void)

SYS_Initialize ( NULL );

}

@ Program firmware to target board
then observe result.
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Lab10 SERCOM - UART TxRx Interrupt Callback

Result

¥ COM7 - Tera Term VT — [ X
File Edit Setup Control Window Help

Hello world!

Received Data :

Received Data :

Received Data :

Received Data : s

Received Data :
Hello world!

Received Data :
Hello world!
Hello world!
Hello world!
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The STDIO limitation

* Harmony support the standard input/output (STDIO) could be easy to use printf()
function to output UART message. But the mechanism of STDIO module is based on
polling mode (blocking mode). It will conflict when selected SERCOM-UART Non-

blocking mode and try to use printf().
* Let ‘s try implement our myprintf() function to use interrupt method but have

convenient use as the C printf() function.

(] Active Components

X OmER 4+

=#3

- CMSIS Pack

Device Family Pack (DFP)
- EVSYS

- NVMCTRL

- SERCOM5

§----System

- TC4

(] Available Components

5

=&H3

# Peripherals
= Tools

[ ] Project Graph

XICRERE4|= 5|

NWMCTEL
Peripheral Library

MEMORY

EVSYS
Peripheral Library

SERCOMS
Peripheral Library

View: Eoot

Device Family Pack (DFP)

TC3
Peripheral Library

. STDIO |
UART - s - UART |

TC4

Peripheral Library

= FF O

T™MR
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Lab11l SERCOM - UART TxRx Interrupt Callback with myprintf

* Try add myprintf code for user code.

 After done this, you could use myprintf() function to instead of USART
interface routines.

* SERCOM - UART setting same as Lab10

eLet’s go!
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Lab11l SERCOM - UART TxRx Interrupt Callback with myprintf

Step 1

©

Add software flag control of TC3 and TCA4.

/[l TODO 11.01
#include <stdarg.h>

// TODO 11.02

#define SYS_CONSOLE_PRINT_BUFFER_SIZE 200

static char consolePrintBuffer[SYS_CONSOLE_PRINT_BUFFER_SIZE];
volatile uint8_t TC3_HasExpired= 0;

volatile uint8 t TC4 HasExpired= 0;

void TC3_TimerExpired(TC_TIMER_STATUS status, uintptr_t context)
If( status & TC _INTFLAG_OVF _Msk)

// TODO 11.03
TC3_HasExpired= 1;

by
¥
void TC4_TimerExpired(TC_TIMER_STATUS status, uintptr_t context)

if( status & TC_INTFLAG_OVF_Msk )

// TODO 11.04
) TC4_HasExpired= 1;
¥
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Lab11l SERCOM - UART TxRx Interrupt Callback with myprintf

Step 2

Add code segment to user code.
void TC4_TimerExpired(TC_TIMER_STATUS status, uintptr_t context)

{
¥
/[ TODO 11.05
void myprintf(const char *format, ...)
{
size_t len = 0;
va_list args = {0};
va_start(args, format);
len = vsnprintf(consolePrintBuffer, SYS_CONSOLE_PRINT_BUFFER_SIZE, format , args);
va_end(args);
if ((len > @) &% (len < SYS_CONSOLE_PRINT BUFFER_SIZE))
{
consolePrintBuffer[len] = '\0';
SERCOM5_USART_Write(consolePrintBuffer, len);
while (SERCOM5_USART WriteIsBusy());
}
}
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Lab11l SERCOM - UART TxRx Interrupt Callback with myprintf

Step 3

Add code segment to your main while loop.
while( true )

// TODO 11.06

if (TC3_HasExpired)

{
TC3_HasExpired= 0;
LED1_Toggle();
myprintf( "Hello World!!\r\n" );

}
if (TC4_HasExpired)
{

TC4_HasExpired= 0;

LED2_Toggle();
}

iIf( USARTS_IsReceived )
USARTS5_IsReceived = 0;

/[ TODO 11.07
myprintf( "\r\nReceived Data : %1c\r\n", USART5_ReceiveData[@] );

y @Mlcnocmp




Lab11l SERCOM - UART TxRx Interrupt Callback with myprintf

Result

¥ COM7 - Tera Term VT — [ X
File Edit Setup Control Window Help

Hello world!

Received Data :

Received Data :

Received Data :

Received Data : s

Received Data :
Hello world!

Received Data :
Hello world!
Hello world!
Hello world!

@ MICROCHIP



High Speed ADC Architecture
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What’s ADC ?

* The Analog-to-Digital Converter(ADC) converts a signal from the time
continuous/amplitude continuous domain into a time discrete/amplitude discrete

domain.

Quantify

111

110

101

100

011

010

001

000

A

3

N

>

' >

Sample Time
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Resolution

* The resolution of the converter indicates the number of discrete values. The resolution
determines the magnitude of the quantization error. (wiki)

Quantify

A

1111
1110
1100 o
1011 ‘b“\\\\\o
1010

1001
1000
0111 o
0110
o101 A
0100
0011
0010

0001
0000 I ' ' 3>

Sample Time
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Sample Rate

* The analog signal is required to define the rate at which new digital values are
sampled from the analog signal.
* This faithful reproduction is only possible if the sampling rate is higher than twice the
highest frequency of the signal. (wiki)

Quantify

1111
1110
1100
1011
1010
1001
1000
0111
0110
0101
0100
0011
0010
0001
0000

A

o

N

P

S

)

7

EES

5

>
' "

Sample Time

ﬁ\ MICROCHIP



ADC Block Diagram

* Up to 32 analog input, 8, 10 or 12 bits resolution.

* Differential and single-ended inputs.

* 1/2x to 16x gain. Up to 350ksps.

* Support Event-triggered and pin scan.
* Support averaging and oversampling.
 External or Internal reference voltage.

* Oversample accumulation
average and window monitor
feature.

AN, —Vpor_
Reusult,p = i Ref= x2m) -1
VRef+ o VRef—
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ADC Channel Selection & Gain

Positive ' GAIN[3:0]
A B 0x0 1X
AT 0x1 2X
Temperature Sensor — - 0x2 4X
Bandgap (1.1V) voltage — 'Galn
' | 0x3 8X
1/4 core supply — i !
1/4 10 supply — i Ox4 16X
DAC output — = | ADC 0x5-0xE Reserved
NEEEUIE OxF 1/2x
AIN[O] B :
AIN[7] IGain
GND —
IOGND -1
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ADC Reference Voltage Selection

Positive

— Gain |
NTIV ]
INTVCCO — Virer
INTVCC1 —
VERFA
VREFB
/

VREFA and VREFB range
1.0V ~ (Vppana - 0-6V)
Conversion range:
— Single-ended mode
OV  ~ Vi /Gain
— Differential mode
Vg /Gain ~ Vi /Gain

REFSEL[3:0] Name Description

0x0 INT1V 1.0V voltage reference
0x1 INTVCCO 1/1.48 VDDANA
0x2 INTVCC1 1/2 VDDANA (only for VDDANA > 2.0V)
0x3 VREFA  External reference | VDDANA = 3.3V

1 %2 VDDANA = 1.65V
Ox4 VREFB External reference
0x5-0xF Reserved
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ADC Prescaler

| Gain |
ADC

| Gain |
CLK_ADC

Div4

A

DIV8

A

DIV512

Prescaler

GCLK_ADC
—

PRESCALER[2:0] | Name

0x0
Ox1
0x2
0x3
Ox4
0x5
Ox6
Ox7

DIV4
DIV8
DIV16
DIV32
DIV64
DIV128
DIV256
DIV512
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ADC Trigger Source

* There are three way to be started data conversion.
* Software Trigger
One shot conversion control via software.
* Free Run
A free-running mode can be used to continuously convert an input
channel. When using free-running mode the first conversion must be

started, while subsequent conversions will start automatically at the end
of previous conversions.

* HW Event Trigger
Through Event System peripheral to automatically conversion.
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ADC Characteristics

* Maximum Sampling Rate :

Single-shot
Free-running :2.1M/6

: 2.1M/Round(6+0.5) = 300k samples/second.
= up to 350k samples/second.

Analog Signal

<«— Propagation Delay of ADC

»
»

5

y/

\4

Start
Sample

Sample'

Start

Conversion

Conversion

ADC
Done

o Pasnier Gonators et U

Resolution
feLk_apc ADC Clock frequency

Sample rate

Sampling time

Conversion time

Single shot

30
S}

Free running 5

1x Gain

0.5
6

bits
2100 kHz
300 ksps
350 ksps
- cycles

- cycles
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Add ADC Function using MHC

* Find ADC component in Available Components window.
* Double click ADC to add to Active Components window.

(1 Active Components = E
X ZCRER4$

""" CMSIS Pack

----- Device Family Pack (DFP)
""" EVSYS

""" NVMCTRL

Available Components

O4d  Active Components 5
) Qley gan m s

B ~oc
- cms1s i ADC

- Device Family Pack (DFP)
~ NVMCTRL
-~ SERCOMS5S

(] Available Components =3B
+

- Peripherals ~

& AC

- ADC

i DAC
= DSU
=eic | Double click
i 125
i PM

i RTC
E. CEDCOM

{1 Awvailable Components =58
+

= Peripherals ~
- AC

5 DAC

w DSU

B EIC

125

© PM

B RTC

i SERCOM

B TC

H-Trr v
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ADC Polling

Configuration Options Example

] ICDn.figumﬁun Options = ﬁ D
(=] [#
E-ADC
- Select Prescaler Peripheral clock divided by 512
-~Select Sample Length (half ADC clock cycles) 42
wokEEE Conversion Time is 106, 728142077 ug ****
- Selact Gain 2% -
- Select Reference 12 VDDANA {only for VDDANA = 20V)
-~Select Conversion Trigger ST Trigger -
=+ Channel Configuration
~Select Positive Input ADC AINZ Pin w
~Gelect Megative Input Internal Grovnd
-~ Mumber of inputs to scan s

=+ Result Configuration

- Select Result Resolution 12-bit result V

- Left &ligned Result ]

-Enahle Result Ready Interrupt [

~Enable Result Ready Event Cut [ ]

F-wWindow Mode Configuration

- Select Window Manitor Mode | No window mode {default) v
= Sleep Mode Configuration

-Run During Standby []

" (] Configuration Options | (] Help
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ADC Polling

Easy View Configuration Example

Utilities Window

O8CBsVew | -0

Clock Configuration

DMA Configuration
Event System Configuration ADC Configuration
. Input to scan Scan start offset

NVIC Configuration I
Pin Configuration GCLK

Start Evant [B— 1 |

Hardware Trigger Pin Scan —r=rl -
Flush Event [— |PEIiDheral clock divided b... V|
|S“JuI Trigger »
Canvarsion Triggar Left-alizned result
Automatic Window Comparison T Result Intarrupt

12-bit result

ADC AINZFin~ ~

Reszult Register
Anslog Input § Result Event
E WINMON Interrupt

ﬁ.naluglnputi

Internal Gromad ™ 1/2 VDDANA (o... ~

EVENT

i

Mo window mode (def.,, L]
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ADC Polling

PINMUX Configuration Example

* Analog pins will all belong to PINMUX function group B.

* For example :

PBO08 as AIN[2] (Analog input Channel 2)

PB09 as AIN[3] (Analog input Channel 3)

T PBO8 VDDANA | EXTINT[8] AIN[2] L Y[14] | SERCOMA4/ TC4/WO[0] TCC3/
PBO8 AlN[Z] PAD[O] WOois]
s PB09 _ VDDANA EXTINT[9] AIN3] AIN[3] SERCOM4/ | TCAWO[1] = TCC3¥
. , PAD[1] worr]
(] Pin Table i ; o
Package: TQFPAS - o|=|ala|Z|Z]|5] 5|1 PBO8 (ADC_AIN2)
Sl&l2 218|222 ]|iPB09 (ADC_AIN3)
Module Function L2123 14]13 167 8)% 10111212
ADC_AIN18
L ADC_AIN19
ADC ADC_AINZ
| ADC_AINZ |
ADC_AIN4/EEFP
ADC_ATNS
ADC_ATNG
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ADC Polling

PINMUX Configuration Example

 Remember assign Positive Input pin in ADC module.
* For example : ADC AIN2 Pin as Positive Input Pin (PB08)

(] Configuration Cptions - ﬁ .
_ﬂ E |
= Al
—Salact Prescaler Peripheral clock divided b 512 -
- Select Sample Length (half ADC clock cycles) 4=
coHEEE Conversion Time 15 106728142077 uS *HH+*
~Select Gain 1ix
~Salect Reference 12 VDDANA (only for VDDANL = 20V .
- Select Conversion Trigger S W Trigger w
=+ Channel Configuration
- Select Positive Input ADC AINZ Fin ~| | ADC AIN2 Pin
i"'"SE|ECt Megative Input Internal Grovnd
E~----r~~J|_u'r|l:|er of iInputs to scan 0.2

ﬁ\ MICROCHIP



ADC Polling

Easy View PINMUX Configuration Example

ADC Configuration

Input to scan Scan start offset

-ﬁmlx

12-bit result

ADC AINZPin -~

i

T
Anslog Input §
H

ap

Analuglnputi
H

Internal Ground v 12 VDDANA (o, ~

i

Mo window mode (def.,,

Rezult Register

EVENT

Start Event E—i T e Run in standby [_]
Prascalar
Flush Event [p— |Peripheral clock divided b... V|
E |SW Trigger v
Conversion Trigger Left-alizned result
Automatic Window Comparison T Rasult Interrupt

Result Event

WINMON Intermupt

GCLK
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ADC Polling

Interface Routines

void ADC_Initialize( void );

void ADC_Enable( void );

void ADC_Disable( void );

void ADC_ChannelSelect( ADC_POSINPUT positivelnput, ADC_NEGINPUT negativelnput );
void ADC_ConversionStart( void );

uintl6_t ADC_ConversionResultGet( void );

bool ADC_ConversionStatusGet( void );

void ADC_ComparisonWindowSet(uint16_t low threshold, uint16_t high_threshold);
void ADC_WindowModeSet(ADC_WINMODE mode);
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ADC Polling

Software Trigger Code Example

{

}

int main (void)

SYS_Initialize ( NULL );

ADC_Enable();
while( true )

{

ADC_ConversionStart();
while( 'ADC_ConversionStatusGet() );
myprintf( "%d\r\n", ADC_ConversionResultGet() );

}
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ADC Factory Calibration

* ADC Factory calibration value will auto load and applicate in MHC generated ADC
initial function.

plib_adc.c

void ADC _Initialize( void)
{...

/* Write linearity calibration and bias calibration */
ADC_REGS->ADC_CALIB =

(uint32_t)( ADC_CALIB_LINEARITY_CAL( adc_linearity® | (adc_linearityl << 5) ) ) |
ADC_CALIB_BIAS CAL( ( ( (*(uint64_t*)OTP4_ADDR + 1) & ADC_BIASCAL Msk ) >> ADC_BIASCAL_POS) );

0x00806040 AUX1

Table 10-5. NVM Software Calibration Area Mapping

Area 4: Software

RLCCACICL] Wl BitPosition Name  Description
Software
Calibration Area

0x00806020 - 34:27 ADC LINEARITY ADC Linearity Calibration. Should be written to ADC CALIB
Area 3: Reserved |_ADC_LINEARITY | 'egister
0x00806010 (1201t) 37:35 ADC BIASCAL ADC Bias Calibration. Should be written to ADC CALIB
Area 2: Device wnﬁguration | ADC BIASCAL | register.
0x00806008 area (64 bits)

Area 1: Reserved (64 bits)

0x00806000
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Lab12 ADC Polling Software Trigger

* Try to add ADC function to project.

* Initial ADC and get the conversion value from
VR1 (AIN[2]) with one second period, then use UART to output to PC.

* ADC set to Software Trigger, 12 bits resolution, Single-End mode.

eLet’s go!
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Lab12 ADC Polling Software Trigger

Pin(1)

SAMD21E | SAMD21G | SAMD21.J

/0 Pin

Supply

B(2)(3)

ADC

AC

VDDANA

7 11 PB08 EXTINT[8] AIN[2] Y[14]
8 12 PB09 | VDDANA | EXTINT[9] \ AIN[3] J Y[15]
3.3V
VRI
_10k__ |PBOS
GND
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Lab12 ADC Polling Software Trigger

Step O

* Find ADC component in Available Components window.
* Double click ADC to add to Active Components window.

(1 Active Components = E
X ZCRER4$

CMSIS Pack

Device Family Pack (DFP)
EVSYS

NVMCTRL

Available Components

dad  Active Components

& O

) Qley gan m s

B ~oc]
- cms1s i ADC

- Device Family Pack (DFP)
~ NVMCTRL
-~ SERCOMS5S

4

(] Available Components =3B

E}..

Peripherals 2

B AC

- ADC

i DAC
= DSU
=eic | Double click
i 125
i PM

i RTC
E. CEDCOM

{1 Awvailable Components

+

=0

= Peripherals
B AC

i DAC

i DSU

i EIC

B 125

B PM

B RTC

i SERCOM
B TC

. T
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Lab12 ADC Polling Software Trigger

Step 1 (Use Configuration Options)

(] ICI:unfig'umﬁnn Oiptions = L

[=] [+

a0
O —— Peripheral clock divided by 512 | | Prescaler : divided by 512
~Select Sample Length thalf ADC clock cycles) 43 Sample Length :4W

- HEEE Conversion Time is 106, 728142077 uS ¥***

- calact Reference 1#2 YDDANA (only for YDDANA » 20V) + | Vg, : % VDDANA
~Select Conversion Trigger S Trigger v | SW Trigger Il
- Channel Configuration
- Select Pasitive Input ADC AINZ Pin > ADC AIN2 Pin
- Select Megative Input Internal Ground - Internal Ground
-~ Mumber of inputs to scan 0.2

- Result Configuration

- Select Result Resolution 12-bit result ~ | 12-bit result
- Left aligned Result []

- Enable Result Ready Interrupt  []

- Enable Result Ready Event Out [ ]
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Lab12 ADC Polling Software Trigger

Step 1 (Use Easy View)

([ ADZ Easy View

Start Event [

ADC Configuration

Input to scan Scan start offset

LT = I

Software Trigger

Free Run

- O %

Flush Event E

Hardware Trigger

B4

| SW Trigger

SW Trigger

M

Analog Input i

op

Analog Input §

B¢

Run in standby |:|

Prescaler

|Peripheral clock divided b... |

|Peripheral clock divided by 512

Left-aligned result
T Re=ult Interrupt

Automatic Window Comparison

VHi

v Corwverson Time

170.7650273...

Gain

] (4 ] (12 VDDANA (o... )

N|Internal Ground

i Internal Ground

14" 1%, VDDANA

312

Vio

I
Mo window mode (def.,, E

-
:
Re=ult Registar !l

Result Event

—’——) WINMON Interrupt

WINMON Interrupt

P EVENT

Comparsion Mode WINMON EVENT QU

GCLK
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Lab12 ADC Polling Software Trigger

Step 2

[] Fin Table PB08
==
Package: | TQFP48 glzlalal&lE]= ol
ZIZ|Z2|=2|=|o|z|lB | ==2 ==
[u IO I R e T = U O I = = =
Module Function 1121314136789 ]10f11]12]13
ADC_AINIE
ot ADC=AIN19
ADC_AINZ
ADC - ) _
ADC_AIN2 Click
A ATNSAVEERFF
ADC AINS
ADC AING
[] Pin Table I_
cIZ: cIZ: E 'l 'l 'l 'l 'l Il
Package: MR 2|z|2|2|E|E||{PBO8 (ADC_AIN2)
ZIZ2|2|2|=1aladl: Ll
[T =T < T e B I o B = = o = = == == == =]
Module Function 1121314 5|e 789 |10)11]12]13
ADC AINI1Z
A ADC AINI9
ADC AINZ
ADC_AIN3 'Green is Enable
ADC_ ATNAVEEFP
ADC AINS
ADC AING
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Lab12 ADC Polling Software Trigger
Step 3
o Click 5P Code 'to Generate Code.

‘2 MPLAB Harmony Configurator - default

File Generate Tools Utilities Window
r P> P) | @@Pcosc] (click )

[l Active Components Gﬁte Code

X ZRER4+

[] Project Gra
X TR

2 Generating Project... X

Task Type Remaining Tatal
File Markup

File Copr
Libraries
Settings
Source Paths

/\\m%

2 Generate Project X
1. Confipure Generation Settings
[ Generate Settings
Merge Strategy [USEE_ALL ~|[F

(Monse over a property for detailed help)

2. View Warnings

Type Description

3, Click Generate

Drefanlt linker seript 15 added to the project. D1{

Generate ]custom linker script,

Cancel

Generating file: DHarmonyFramework_3.3.0%ev_packs\armiCMSIS\S, 4,00 CMSIS\DSP Inclodearm_commen_tables.h

Please Wait..,
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Lab12 ADC Polling Software Trigger

Step 4

e Add code segment to your main.c

/[ TODO 12.01
uintl6_t ADC_Result;

int main (void)

/| TODO 12.02
ADC_Enable();

while( true)
|f( TC3_HasExpired)
H{yprintf( "Hello World'\r\n");

/[ TODO 12.03

ADC_ConversionStart();
while( !ADC_ConversionStatusGet() );

ADC_Result = ADC_ConversionResultGet();
myprintf( “VR : %d\r\n", ADC_Result );

}
¥ |
ﬁ\ MICROCHIP

‘D Program firmware to target board then observe result.




APP045 [v2 Ov3 Mv4

Lab12 ADC Polling Software Trigger

Result

* “Hello World!” string and VR1 ADC value will output to terminal with
one second period.

T COMSG6 - Tera Term VT — L] X
File Edit Setup Control Window Help

Hello World!
VR1 Value : 4079
Hello World!
VR1 Value : 4078
Hello World!
VR1 Value : 4078

43&

Hello World! ‘ Mgimeg

VR1 Value : 3678
Hello World!
VR1 Value : 3638
Hello World!

@ MICROCHIP



ADC Interrupt Callback and Pin Scan
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ADC Pin Scan

* The ADC support analog channel switch call Pin Scan function.

* Pin scan switch analog channel sequential after a conversion automatically.
e Start Pin : Positive Input + Scan Start Offset
* End Pin : Start Pin + Number of Inputs to Scan

For Example : To do ADC Pin Scan from AIN[2] to AIN[3].

Positive Input Pin = AIN|[O] Positive Input Pin = AIN[2]
Scan Start Offset =2 OR | Scan Start Offset =0
Start Pin = AIN[0+2] = AIN|[2] Start Pin = AIN[2+0] = AIN[2]

Number of Inputs to scan =1
End Pin = AIN[2+1] = AIN[3]
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ADC Pin Scan

Positive

AIN[O]

AIN[1]

Positive Input Pin = 2 E> AIN[2] Scan Start Offset =0
AIN[3] Number of Inputs to scan =1

AIN[8]

AIN[9]

AIN[10]

AIN[19]

Temperature Sensor

DAC output

A8\ MicrocHip



ADC Pin Scan
Configuration Options Example

(] Configuration Options = % [
[=] [#]
EH-AabC
E’""SE|ECt Prescaler Peripheral clock divided by 512 -
- Select Sample Length (half ADC clock cycles) 4=
HEERE Copversion Time is 106.666666667 LS **+*
~Select Gain 1
- Select Reference 1/2 YDDANA (only for VDDANA = 2.07)
- Select Conversion Trigger oW Trigger v
E}--Chaﬂnel Configuration
Select Positive Input | ADC ATN2 Pin ~ || Positive Input Pin
i’""SEhEEt Megative Input Internal Ground
%----Numher of inputs to scan I 1.2 Number of Inputs to scan
~-can start offset 0% | Scan Start Offset
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ADC Interrupt

Configuration Options Example

|
Configuration Options
Ll

[=] [

=0

- 5Select Reference

~Salect Conversion Trigger

Window Mode Configuration

EHAaDC

~Select Prescaler
~Salect Sample Length (half ADC clock cycles) 4.2
HEEE Copyversion Time 15 106 666666667 U5 ****

~Select Gain Wix

Peripheral clock divided by 512 -

12 VDDANA (ondy for VDDANA = 20V) -
s Trgger e

~Channel Configuration

LATC ATWZ Pm e
Internal Grownd -

- Select Positive Input

- Select Negative Input
- Mumber of inputs to scan 1
~5Scan start offset 0

L1 L] &) L

-Result Configuration

- Select Result Resolution 1 2-bit result "
- Left Aligned Result ]

~Enable Result Ready Interrupt (4| Check Enable Result Ready Interrupt

--Enahble Result Ready Event Out [ ]
Yes! That’s all you need to do.

-Sleep Mode Configuration
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ADC Pin Scan

Easy View Configuration Example

(1 ADC Basy Viow | | - 40 x

Input to scan Scan start offset

GCLK

3tart Event E— i i
Hardware Trigger Pin Scan Runin standoy [ ] .
rescaler
Flush Event [} |PeriDhera1 clock divided b... V|
|SW Trigzer b
Conversion Trizger Left-aligned result
Automatic Window Comparison Result Interrupt
12-bit result
ADC ATNZ Pin~
Re=ult Registar
b—
: 1,024 1% Result Evant

Anslog Input

WINMON Interrupt

op

512 14
Mo window mode {def,,,

.ﬂ\naluglnputi

Internal Gromnd v 12 VDDANA (0., ~

EVENT

i
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ADC Interrupt

Easy View Configuration Example

1
1 ADC Basy View

ADC Configuration

Input to scan Scan start offset

Software Trigger

Free Run

Start Evant Bg— i

Runin stand
HETE T T Pin Scan un in standby []

Flush Event E E

|SW Trigzer b

Conversion Trizger

12-bit result
ADC AINZ Pin

F
Analuglnputé 1.024 IEI
B
.i

.ﬂ\naluglnputi

512 [3]

Internal Gromnd v 12 VDDANA (0., ~

i

Automatic Window Comparison

Mo window mode {def,,,

- % x

Yes! That’s all you need to do.

==iz1 Check Result Interrupt

—

WINMON Interrupt

EVENT

Result Interrupt

Re=ult Registar !l

Result Event
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ADC Interrupt Callback

Interface Routines

/*** ADC Interface Routines***/

void ADC_Initialize( void );

void ADC_Enable( void );

void ADC_Disable( void );

void ADC_ChannelSelect( ADC_POSINPUT positivelnput, ADC_NEGINPUT negativelnput );
void ADC_ConversionStart( void );

uintle_t ADC_ConversionResultGet( void );

void ADC_ComparisonWindowSet(uint16_t low_threshold, uint16_t high_threshold);
void ADC_WindowModeSet(ADC_WINMODE mode);

void ADC_CallbackRegister( ADC_CALLBACK callback, uintptr_t context );
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ADC Interrupt Callback

Software Trigger Code Example

void ADC_Complete( ADC_STATUS status, uintptr_t context )

{
if( status & ADC_INTFLAG_RESRDY_Msk )

{
myprintf( "%d\r\n", ADC_ConversionResultGet() );
}

ADC_ConversionStart();

}

int main (void)
{ ..
ADC_CallbackRegister( ADC_Complete, (uintptr_t )NULL );
ADC_Enable();

ADC_ConversionStart();

while( true )

{ ..

}

ﬁ\ MICROCHIP



Lab13 ADC Pin Scan

* Change ADC polling to Interrupt callback mode and enable pin scan
function.

* Get the ADC conversion value from VR1(AIN[2]) and Analog Temperature
Sensor(AIN[3]) with one second period and then use UART to output ADC

values to PC.

eLet’s go!
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Lab13 ADC Pin Scan

WW T W-EHH..

FPBO8 VDDANA EXTINTIE AIN[2] Y[14]
8 12 PB09 | VDDANA | EXTINT[9] AIN[3] Y[15]
J \_ )
33V U7 |
3.3V MCP9700AT-E/TT
T | [ Yout 2 o IPBOQI
VRI1 Z
_10k _[PBOS
— C20 . ~ (21
0.1uF 0.1uF
GND GND GND GND
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Lab13 ADC Pin Scan

Step 1 (Use Configuration Options)

(] Configuration Options = 4
[=] [#]
=-ADC
- Salect Prescaler Peripheral clock divided by 512 v] Prescaler : divided by 512
~Select Sample Length (half aDC clock cycles) 412 \ Sample Length : 4 -
**** Conversion Time 15 106.0666660667 5 ****
- Select Gain 12 vl| Gain:1/2x |
- Calact Refarance 1/2 YDDANA (only for YDDANA »207) +| V.. : % VDDANA
- Select Conversion Trigger S W Trigger v SW Trigger -
E%}-Channel Configuration
5 E’""SE|EE1: purr—— ﬂDCMI-IEval T
§>....55|E.3t Megative Input Internsl Gromnd - Internal Ground
%----Numher of inputs to scan | 1S
| .-Scan start offset Ui 0
E—J Fesult Configuration
%""SE|EE1: Result Resolution AZbitreslt o 12-bit result
%----Lef‘t Aligned Result []
%----Enahle Result Ready Interrupt K4 | Check Enable Result Ready Interrupt
~-Enable Result Ready Event Out [] @MICRDCHIP




Lab13 ADC Pin Scan

Step 1 (Use Easy View)

1 ADC Basy View

- % x

3tart Event E—

Flush Event E

e

T

Anslog Input

op

.ﬂ\naluglnputi

i

T

Software Trigger

Free Run

Hardware Trizger

ADC Configuration

Input to scan Scan start offset

(1

1

>

=W Trigeer s

12-bit result

ADC AINZFin ~

0

=

GCLK

F Y

Mo window mode {def..,

v

ult Interrupt

Run in standby |:|
Prascaler
Feripheral clock divided b..,
Left-alignad re=ult
v Automatic Window Comparison Result Interrupt
Re=ult Registar !l

WHi

1.024 Iil Result Event
WINMON Interrupt

512 13

Vio

EVENT
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Lab13 ADC Pin Scan

Step 2

[] Pin Table 3
Packege: | TQFPAS olzlalalZ2]D - |LPBO9| . |,
lalla g BB lE g lEE B
Module Function 1213|4567 [8]|9|w]in]|12]13
ADC_AINIS
e ADC_AIN1Y
ADC ADC_ATNZ
ADC_AIN3 A
ADC_AIN3 ' Click
AL ATND
ADC_AING
(] Pin Table —— |
Package: | TQFP48 v | -Tal=lZ1Z2E] 5] <
% E % % % é é é E PB08 (ADC_A'NZ)
hodule Function 1121314156789 PBOQ(ADC—AIN3)
ADC_AINIS
L ADC_AINID
ADC_AINZ
ADC_AIN3
ADC_ANAVREFF L(-.‘ureen is Enable
ADC_AINS
ADC_AING
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Lab13 ADC Pin Scan

Step 3
e Click =5 =i to Generate Code.

‘2 MPLAB Harmony Configurator - default

FiIE' GE"ETEItE TDDIS UtilitiES Wiﬂd{]w 1. Configure Generation Settings

2 Generate Project X

[ Generate Settings
| ] :;l":
L - EC} : o

.-n;; ode | [ Click ] Merge Strategy [USER_ALL v
[] Active Components Gmte Codel| Ll Fregest Gra

X CmER4e X omi

(Monse over a property for detailed help)

2. View Warnings

Type Description

2 Generating Project...

Task Type Remaining Tatal
3, Click Generate

i@le Markup

‘1_%‘)9 Cop, Default linker seript 15 added to the project. Dt Generate costom linker seript.
Libraries

Settings .
Source Paths

/\\m%

Cancel

Generating file: DHarmonyFramework_3.3.0%ev_packs\armiCMSIS\S, 4,00 CMSIS\DSP Inclodearm_commen_tables.h

Please Wait..,
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Lab13 ADC Pin Scan

Step 4

e Add code segment to your main.c

[/ TODO 13.01
uint16_t ADC_Result[2];

volatile uint8_t ADC_IsCompleted = 0;
volatile int8_t ADC_ChannelIdx = 0;
/[ TODO 13.02
void ADC_Complete( ADC_STATUS status, uintptr_t context )
{
if( status & ADC_INTFLAG_RESRDY Msk )
{

ADC_Result[ADC_ChannelIdx] = ADC_ConversionResultGet();
ADC_ChannelIdx = ( ADC_ChannelIdx + 1 ) % 2;

if( ADC_ChannelIdx == 0 )

{

}
}

ADC_IsCompleted = 1;
}

int main (void)
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Lab13 ADC Pin Scan

Step 5

e Add code segment to your main.c

int main (void)

/[ TODO 13.03
ADC_CallbackRegister( ADC_Complete, (uintptr_t )NULL );
ADC _Enable();

while( true )
{
|f( TC3_HasExpired)
/[ TODO 13.04
ADC_ConversionStart();

}
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Lab13 ADC Pin Scan

Step 6

e Add code segment to your main.c

int main (void)

while( true)

{..

iIf( USARTS IsReceived )
{...}

/[ TODO 13.05
if( ADC_IsCompleted )

{
ADC_IsCompleted = 0O;

myprintf( "VR1 Value : %4d\r\n", ADC_Result[0] );
myprintf( "Temperature Value : %4d\r\n", ADC_Result[1] );

}
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APP045 [v2 Ov3 Mv4

Lab13 ADC Pin Scan

Result

* “Hello World!!” string and VR1 / Temperature Sensor ADC value will output to
terminal with one second period.

v COMG - Tera Term VT — L] X

File Edit Setup Control Window Help

Hello World!!
Hello World!!

VR1 Value : 4079
Temperature Value
Hello World!!
Hello World!!

VR1 Value : 4078
Temperature Value
Hello World!!
Hello World!!

VR1 Value : 4078
Temperature Value
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VT100 Console Control

* Use VT100 command to control Tera Term UART output as

! COMS - Tera Term VT

File Edit Setup Control Window Help

Hello World!
VR1 Value : 492

Temperature Value : 984

Received Data : m

myprintf("\033[23");
myprintf("\033[?251");
myprintf("\033[y;xH");

eLet’s go!

// Clear screen
// Hide cursor
// Set cursor to (Xx,y)

// Left-up corner is from (1,1)
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TCC — PWM Architecture
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What’s PWM

* The Pulse-width modulation (PWM) Waveform is a modulation technique used
to encode a message into a pulsing signal.
* Its main use is to allow the control of the power supplied to electrical devices,
ex. motor control, ballast, LED, H-bridge, power converters, and other types of

power control applications.
* There have two important terms

* Period:
The single square
wave duration.

° Duty:
The proportion of
active time to the
regular interval

Signal
A

N

Period

A

Duty

|y

»
'l

|

time
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SAMD21 TCC

* Timer/Counter for Control, TCC is the TC Enhanced version.

* TCC provide below feature
* Up to four compare/capture channels
* Waveform (PWM, Frequency generation)
* Input capture (Event, Frequency, PWM Capture)
* Fault protection for safe disabling
* 3 input Event, 3 output Event
* Support Interrupt, DMA, Event
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TCC Block Diagram

Base Counter

oad"
"direction”

Control Logic

» OVF (INT/Event/DMA Req.)
» ERR (INT Req.)

"TCCx_EV0" (TCEO)

A

"TCCx_EV1" (TCE1)

BOTTOM

"event"

UPDATE

Compare/Capture
(Unit x={0,1,...,3})

"capture”

Control Logic

Waveform
Generation

A

h

Y VvV VvV

Pattern
Generation

Y Y vV vV v

—[X] WO[7]
X wole]
—[X] WO[5]
—[X] WO[4]
—X] WO[3]
—X] Wo[2]
—<] wort]
>[X] Wo[0]

Non-recoverable
Faults

"TCCx_MCx"| Event
System
A
y »
4 5 x g
2L |
2 C:) = > >
> =B »
ES
o 2 (= o
8ol > 22 >
[Tt o £
o 372 o %
> o [ e I >
o

v

MCx (INT/EventDMA Req.)
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TCCx, Channel and WO[Xx]

* TCCx : Timer Counter for Control peripheral
* TCCO, TCC1, TCC2

* Channel : Compare Channel CCx
* TCCO : 4 channel
* TCC1: 2 channel
* TCC2 : 2 channel

e WO[x] : Waveform Output Pins
* TCCO : 8 pins = WO[0] ~ WO[7] = Channel [0, 1, 2, 3,0, 1, 2, 3]
* TCC1: 4 pins = WO[0] ~ WO[3] =» Channel [0, 1, 0, 1]
* TCC2 : 2 pins = WO[0] ~ WO[1] =» Channel [0, 1]
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Normal Pulse-Width Modulation
NPWM Mode

* For Normal Pulse-Width Modulation , the period time (T) is controlled by the PER
register. WO[x] is set at start and cleared on compare match.

A TCCx Count

PER feccsceggot oo nssoeafee-
CCXIII

CCx’

CCx”’

>

WO[x]

y >
Clear by, Clear by Clear by
TCCx

E user useri user
Overflow IF I_l I_l I_l >

Rule

1.TCCx Counter == CCx -> WO[x] Clear to low
2.TCCx Counter == PER -> WO[x] Set to high
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Add TCC Function using MHC

* Find TCC component in Available Components window.
* Double click TCC2 to add to Active Components window.

(1 Active Components =F38
XTmEm+

= B8

E(‘T Active Components

CMSIS Pack

Device Family Pack (DFP)
EVSYS

NVMCTRL

SERCOMS

mem\!ailable Componenti

~ADC

- CMSIS Pack
- Device Family Pack (DFP)
- NVMCTRL

- SERCOMS5

== | TCC2

Cl A NIPOIEILE
I
W PM
W RTC
% SERCOM
@ TC
= TCC TCC
~Tcco | - TCC2
~TCC1

_3..

Double click

Tools

(1 Available Components = B8
+

i 12S ~
# PM
i RTC
# SERCOM
@ TC
= TCC
~TCCO

++ Tools
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TCC Configuration Options Example

_C| Confignrstion Ophons - ﬁ = |
[=] [+
=TCC2

Run during Standby []

i’""SE|EI2t Prescaler Hodivision  «

é}--Operating Mode PWM .

Iél--F"-.-"‘-.-'I"-"I

~Select PWM Type HEPWH ~
~ Py Direction - Count Down [
-~ Period Yalue 43,0002
o HEEE DWW Frequency is 999 He #H**
~Enable Period Interrupt ]
~Enable Period Event Qut ]
- Channel Configurations
[i}--ChanneI 0

- Dty Walue 1] =
- Cutput Polarity Cutput iz ~DIE and =et o DIE when counter matehes CCx value

-Enable Compare Match Interrupt [
-Enable Compare Match Event OUT []
-Enable Campare Match Event IN [

=-Channel 1
- Dty Walue 9,600 -
- Cutput Polarity Cutput iz ~DIE and set to DIR when comnter matches CCx value

-Enable Compare Match Interrupt [
-Enable Compare Match Event OUT []
-Enable Compare Match Event IN - []
[+ Cutputs

- Input Events Configuration @ MlCRDCHlP

- Fault Configurations




TCC PMUX Configuration Example

* TCC could output waveform to corresponds pins of different channel.
* For example :
PA17 as TCC2/WO[1] (TCC2 Channel 1) or
TCCO/WO[7] (TCCO Channel 3)

26 PA17 PA1T VDDIO EXTINT[1]

(] Pin Table | PAY7 | [ Pin Table | PA17
ol|lo SolE | ol o Al =
Package: TOQFF48 ol=zlalalel=lalxn ?ﬁj ?ﬁ- =iy Fackage: TOFP4E cl=|lalalel=|a|n ?j: ?ﬁj e | g
AEEEEEEREEEE z|7|8|58|2|5|=|=|8|8|=|2
bodule Function 1211617181920 20 | 22123124 | 22| 26 blodule Function (161718192021 22123 |24 | 20|26
L W3 LU W
TCC2 W00 TCC0 TCCO_WOB
et TOC2 Wl TCCD WY ]
TCC2 TCC2/WO[1] TCCO TCCO/WO[7]

@ MICROCHIP



TCC Polling

Interface Routines

void TCC2_PWMInitialize(void);

void TCC2_PWMStart(void);

void TCC2_PWMStop(void);

void TCC2_PWMForceUpdate(void);

void TCC2_PWMPeriodinterruptEnable(void);
void TCC2_PWMPeriodinterruptDisable(void);
uint32_t TCC2_PWMlInterruptStatusGet(void);
void TCC2_PWM16bitPeriodSet(uintl6_t period);
uintl6_t TCC2_PWM16bitPeriodGet(void);

void TCC2_PWM16bitCounterSet(uintl6_t count);
__STATIC_INLINE void TCC2_PWM16bitDutySet(TCC2_CHANNEL_NUM channel, uintl6_t duty);

@ MICROCHIP



TCC Polling Code Example

(] Configuration Ophons

{

SYS_Initialize ( NULL );
TCC2_PWMStart();
TCC2_PWM16bitDutySet( 1, 9600 );

Runtime update duty

while( true ) Channel 1, Duty 9600

(=] [+

E-TCC2
Run during Standby []
H : s E’""SE|EE1: Prescaler Hio division e
DR (VOId) Iél--Dperatiﬂg Mode PWM .

B PYM

- Select PWM Type NEWM
- P Direction - Count Down [

- Period Yalue

-EEEE DM Frequency s 999 Hz ##**

-Enable Period Interrupt ]
--Enable Period Event Cut ]
E-Channel Configurations
E-Channel 0
- Duty Walue

- Qutput Polarity
-Enable Compare Match Interrupt

-Enable Compare Match Event IM

I'_'I'— Channel 1 '

- Dty Yalue

- Dutput Polarity
—Enable Compare Match Interrupt

-Enable Compare Match Event IM

48,000 =

--Enable Compare Match Event OUT []

-Enable Compare Match Event OUT []

o

I:I Y
Catput iz ~DIE and s
O]

[

Preset duty in MHC
[ 9,600 2 ]
Cutput iz ~DIE and s

[l

[

ﬁ\ MICROCHIP



Lab14 TCC NPWM

* Add TCC2 NPWM Mode (Single Slope PWM) function to your project.
* Disable LED3(PA17) GPIO function firstly.

 Configure TCC2 to output PWM waveform to LED3(PA17).

* PWM frequency is 1KHz with 20% Duty.

QLEt’S gO! PER A//yl“"t
XT/ ; i -
wopd I} 1 1 T[],

ﬁ\ MICROCHIP
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Lab14 TCC NPWM

ol
FAaLy = VR 3.3 LED3 N Green AAL ,I—\ﬁ\ lGND
PAIS S FDN337N
PA 17 2? PA17 | PALTJCK SCL(SL1)PWM(TCC2.1, TCCO.7)
PALG 25 PA1G aD AN LK 100K 4
PA17 TCC2_WOI[1] (D13)
Ardumo UNO Socket
PAOG6 15
,, D8

g‘:(l’; ig DIPWM __

9 DI10/PWM/SS

PA D D11/PWM/MOSI

= D12/MISO
| D13/SCK ]
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Lab14 TCC NPWM

Step 1

* Find TCC component in Available Components window.
* Double click TCC2 to add to Active Components window.

(1 Active Components

X EZRER4+

=& O

= B8

044 Active Components

""" CMSIS Pack

""" EVSYS
""" NVMCTRL
""" SERCOMS

----- Device Family Pack (DFP)

mem\!ailable Componenti

X
- CMSIS Pack

- Device Family Pack (DFP)
- NVMCTRL

- SERCOMS5

== | TCC2

Cl A NIPOIEILE
I
W PM
# RTC
# SERCOM
® TC
ach TCC
~Tcco | - TCC2
------ TCC1
5 Tools Double click

(1 Available Components = B8
+

w125 ~
& PM
4 RTC
- SERCOM
@ TC
= TCC
~TCCO

++ Tools

@ MICROCHIP



Lab14 TCC NPWM

Step 2

(] Configuration Options

=+

E-TCC2

Run during Standby [

~Enable Period Interrupt
~Enable Period Event Out ]

--Select Prescaler  |Nodivison No division
=-Operating Mode  [PWM Single slope PWM
- P
~Selact PWM Type NE W w
~ Py Direction - Count Down [
~Period Value | 45,0002] | Period : 48000

- EEEE DOMM Frequency is 999 Hz #EE*

 [1KHz

-Channel Configurations

=-Channel O

- Duty Walue

- COutput Polarity
-Enable Compare Match Interrupt [
~Enahle Compare Match Event OUT []
-~Enahle Compare Match EventIN ]

E-Channel 1 channel 1

Cufput iz ~DIE and st to DIE when com

02

- Dty Yalue

0,600 =

- Output Polarity
~Enable Campare Match Interrupt [
-Enable Compare Match Event OUT []

Catput iz ~DIE and zet to DIE when com

System Clock = 48MHz
One second counts of system clock :

48,000,000 counts
One second counts after Prescaler :
48000000/ 1 48,000,000 counts

1ms counts for LAB14 period target :
48000000 / 1000 48,000 counts
1/5ms counts for LAB14 duty target :
48000 / 5 9,600 counts

TCC2 Count

ﬁ\ MICROCHIP
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Lab14 TCC NPWM

Step 3

 Disable LED3(PA17) GPIO function firstly.
e Enable TCC2 Waveform Output 1 (TCC2_WO1).

] Fin Table
o | e Gl R
Package: TQFP4G ~ elz|lalale|=lal=|55]e]|= | PA17
ol i =0 sl =l 1 sl s R R s
Module Function 151161712119 20 020 122123124 | 25 | 26
L L I S L /
[25_F50
[l Fin Table ; o
ol o SRl e =
Package: TQFP48 sl=1al8le|=|al=%]%] 2|l TCC2_WO1
=|2|5|8|8|8[Z|Z|8|B|F[E
Module Function 150161718 19|20]21 |22 23|24 | 25|26
| L R T
TOCZ W20 (2 -
TCC2 TCCZ TCC2 WOl N/ N Click Enable
TCC2_WO1 lﬂlﬁa
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Lab14 TCC NPWM

Step 4
e Click =5 =i to Generate Code.

‘2 MPLAB Harmony Configurator - default

File Generate Tools Utilities Window

r P P | Pl [ Click )

[] Active Components Gﬁte Codel| Ll Fregest Gra
X CmER4e X omi

2 Generating Project...

Task Type Remaining Tatal
File Markup

File Copr

Libraries

ole=|olwlo

Settings

/\\m%

Source Paths

Generating file: DHarmonyFramework_3.3.0%ev_packs\armiCMSIS\S, 4,00 CMSIS\DSP Inclodearm_commen_tables.h

Please Wait..,

2 Generate Project

1. Confipure Generation Settings

[ Generate Settings
Merge Strategy [USEE_ALL

(Monse over a property for detailed help)

2. View Warnings

Type Description

3, Click Generate

Drefanlt linker seript 15 added to the project. D1{ G e ne rate ]custom linker script.

Cancel

c\ MICROCHIP



Lab14 TCC NPWM

Step 5

e Add code segment to your main.c

int main (void)

/[l TODO 14.01
TCC2_PWMStart();

while( true )

{
.

Q Program firmware to target board then observe resulit.
RS\ MicrocHIP
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Lab14 TCC NPWM

Result

M 400us T Pos: 50.00% 2HMSis

SN

CH1 4 2%

EIE 81 Hz

¥ PA17TCC2 “WO[1] (D13)

R &
L g ,_.-,:.a
CAE S
5 %"‘

4 E E’\~/'”\' F '
"y - %

e =

- N
B P
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100% Duty Issue

* How to generate 100% duty PWM ?

* Rule Review
1.TCCx Counter = CCx -> Output Set to low
2.TCCx Counter = PER -> Output Set to high

* This means CCx = PER must be set for 100% duty output.

Which rule be executed ?
* Result : Glitch !

* To prevent this issue,
set CCx > PER for 100% duty.

if( DutyvValue >= PER ) /* 100% duty */
TCC2_PWM16bitDutySet( 1, PER + 1 );
else
TCC2_PWM16bitDutySet( 1, DutyValue );

@ MICROCHIP



Lab15 TCC NPWM ADC Duty Control

* Use VR1 to adjust TCC2 PWM duty for LED3 dimming control.
* VR1 ADC Value = 0O -> TCC2PWM Duty 0%
* VR1 ADC Value =4095 -> TCC2 PWM Duty 100%

iIf( ADC_IsCompleted )

{
ADC IsCompleted = 0;

/[ TODO 15.01
if (ADC_Result[@] >= 4095)

TCC2_PWM16bitDutySet( 1, TCC2_PWMlebitPeriodGet()+1 );
else

TCC2_PWM16bitDutySet( 1, (uint32_t)ADC_Result[@] * TCC2_PWM16bitPeriodGet()/4095 );

TCC2_ PWM_Peroid = 48000
ADC _Result[0] = 0~ 4095
ADC Result[0] /4095 =0.0~1.0

ADC Result[0] * TCC2_ PWM_Peroid / 4095 =0 ~ 48000 |
@Mlcnocmp



Lab16 TCC NPWM Auto Duty Control

* Use Timer(TC4) to control PWM duty for breathing light effect on LED3.

Duty change interval 50ms with stepping 2% ~ 5%.
(Duty 0% -> Duty 100% -> Duty 0% -> ... repeat)

/[ TODO 16.01
uint8_t Duty = 560;
int8_t DutyDistance = 2;

int main (void) <2 100
(y

.. . A% N
if (TC4_HasExpired) < V<
{ S / \‘7
TC4 HasExpired = 0; 0

// TODO 16.02

Duty += DutyDistance;

if (Duty >= 100 || Duty <= 0)
DutyDistance = -DutyDistance;

if (Duty >= 100)
TCC2_PWM16bitDutySet( 1, TCC2_PWMil6bitPeriodGet() + 1 );
else
TCC2_PWM16bitDutySet( 1, ((uint32_t)Duty * TCC2_PWM16bitPeriodGet()) / 100 );

ﬁ\ MICROCHIP




SERCOM-SPI (OLED SSD1306)
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OLED Graphic Display

* SSD1306
128 x 64 Dot Matrix OLED/PLED Segment/Common Driver with Controller
and SPI communication interface.

c\ MICROCHIP



What’s SPI

* SPI, Serial Peripheral Interface
* |t’s a serial communication interface.

Synchronous, inside-board level, short distance communication.

SCLK

SPI MOSI

Master MISO
SS

g

>

<4

g

SCLK
MOSI
MISO
SS

SPI
Slave

SPI
Master

SCLK
MOSI
MISO

Ss1
Ss2
SS3

https://zh.wikipedia.org/wiki/%E5%BA%8F%ES5%88%97 %E5%91%A8%E9%82%8A%E4%BB%EB%EI%ID%A2

» SCLK
» MOSI SPI
< MISO Slave
» SS
+—» SCLK
» MOSI SPI
MISO Slave
» SS
» SCLK
—»| MOSI SPI
MISO Slave
» SS
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APP045 [v2 Ov3 Mv4

APP045 OLED SSD1306 Schematic

OLEDI
WEA012864DWPP3N00002
PB10/MOSI(S4.2) 1 m—
PB11/SCK(S4.3) 1 1 2 EE{:ELEEA
PA 12 MISO(S4.0 K g
PA27 R .
PA13/SS(S4.1 A U N
G
S N
= 5V
GND

:|: 0.1uF .111F:|: 0.1uF
GND

0
1 GND GIND
@ MICROCHIP



Lab17 SERCOM - SPI (OLED SSD1306)

* Add SERCOMA4-SPI module to your project.

* Add OLED control function to shows bitmap logo on your OLED display.
* Create your own Logo and replace original one.
* Pre-build Logo Image and Font header file at

\Appendix\LogoFont\Microchip_Logo.h
\Appendix\LogoFont\Alphabet_Fonts.h

* Logo image create application at

.\Tools\LCDAssistant.exe

eLet’s go!
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Lab17 SERCOM - SPI (OLED SSD1306)

Step 1

* Find SERCOM component in Available Components window.
* Double click SERCOMA4 to add to Active Components window.

[1 Active Components

X ORER 4+

CMSIS Pack

Device Family Pack (DFP)

EVSYS
NVMCTRL
SERCOMS

[ Active Components

Active Components

e

(1 Available Compenents

X omEm 4
- ADC
- CMSIS Pack

- EVSYS
-~ NVMCTRL

- Device Family Pack (DFP)

B | SERCOMA4

-~ SERCOMS5S
-~ STDIO

- System
~TCC2

Available Components
[

= SERCOM

~ SERCOMO
~ SERCOM1
 SERCOM2
 SERCOM3

SERCOM
- SERCOM4

Double click

8 SERCOM4
Ay

[ Awailable Components

+

= A O

= SERCOM

-~ SERCOMO
~ SERCOM1
~ SERCOM2
~ SERCOM3
® TC

c\ MICROCHIP



Lab17 SERCOM - SPI1 SSD1306 OLED

Step 2

* Setup SERCOM4 SPI Configuration.

(] Confignration Cptions
(=] [+

=+ SERCOM4
£ Select SERCOM Operation Maode |SPIT Mastar
~Enahle Interrupts ?
~Enahle operation in Standby mode
~SPI Data Out Pad
~SPI Data In Pad Selection
-~ 5PI Data Order
~5PI Speed in Hz
~SPI Data Character Size
~SPI Clock Phase
- SPI Clock Polarity

- 5Pl Receiver Enable

~**¥*5p] Transfer Mode 0 is Selected***
Mode 0

+| SPI Master

L]

DO on PAD[2], SCK on PAD[3] ...

DG oon PAD[Z], SCKE on FAD[3] and 55 on FAD[1] ~

SERCOM FAD[O] -
MZE 15 transferred first -

1,000,000 :'_

SERCOM PADJ0]

MSB is transferred first

1,000,000

8 bits

8 bits

The data 15 sampled on a leading SCE edge and changed on a trailing SCE edge
SCK 15 low when 1dle -

~Enable SPI Master Hardware Slave Select [ |

@ MICROCHIP



Lab17 SERCOM - SPI1 SSD1306 OLED

Step 3

* Pin Table Configuration of SERCOM4

(] Fin Table

)

[pB10]-| (=
Package: | TOFP4S - =|=1212]ls| =] 4 A
2|22 |5|a) &) ARBALE | = | ©

Module Function | 15| 16| 17| 18| 19|20 | 21 | 22| 23| 24 | 25| 25

SERCOM3_PAD3
SERCOM4_PADD
SERCOM4_PADI
 SERCOM4_PAD2) [\

| SERCOM4 || SERCOMA.PA Click
SERCOMS_PAR\Q V= i W
(] Pin Tabla 4

SERCON4

- o | o (ETE) |PB10 (SERCOMA4_PAD2)
ackage: TQFP4E o =0 I = = E E q
<|=|2|2|& | &| 3PB11 (SERCOM4_PAD3)
Module Function 151617 12| 19|20 |21 22|23 |24 |25 |20

SERCOM3_FADS
SERCOM4_FPADO
SERCOM4 PADI
SERCOM4_FADZ
SERCOM4_FADS
SERCOMS_PADO

SERCOMA

Green is Enable

| | I I | |
T T T T T 1
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Lab17 SERCOM - SPI1 SSD1306 OLED
Step 4

* Pin Table Configuration of GPIO

(] Pin Table PA12 [~ PA13
= = ] Y]
olo|lo|o o
Package: TOFPdE o le s | e o B = - I Il o I e A IV
) SlEZ2=22Da el =] — = | &
HHEEEEEEEE R E B EEEE
Module Function wlilizlzl4l 1501601718l 19f20|21 22|23 2425 28
GCLE_107
l OGP l GPIO
125 FS0 .
GPIO — Click
[25 MCED | | | ”
N
] Pin Table * GPIO_PA12| |GPIO_PA13| |
Package: | TQFP48 GQSS%'QQQ
o TOFER AHHEEBEEEEEEEEERE
[ Il I I i e o Q Gzl D | D) [
Module Function w12zl alisfel17 gl 192021 22 23 2425 26
GCLE_IO7
ORI GPID
125 Fa0 .
— Green is Enable
125 MCKO T T
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Lab17 SERCOM - SP1 SSD1306 OLED

Step 5

* Pin Setting of GPIO for direction and custom name.

(] Fin Settings
Order: Table Wiew Easy View
Ember Pin ID b T LR Mode Direction Latch  PullUp Pull  Drive
» | PAIL2 M SSD1306_RS_PIN \——5 out [ High g Toemat
21 PA1Z 5501306_RS_PIN GPIO |  Digital Out o Hizh MORMAL
22 | PAI3 5501306_CS_PIN GPIO v Dagital Out v High J NORMAL
23 Digital Hi . NORMAL
24 PA&:’: N SS D 1 306_CS_P I N Dizital Hi!grm%;m—m % S MORMAL
25 PAIE | Available w| Digital || High Impedance ~ Lowr [] [] | morRMAL
26 PAL7 LED3 GPIO w| o Dagatal Out v Lowr NORMAL
27 PA13 TC3_Woo w | Digital High Impedance nfa [] [] | norRMAL
28 PA19 TC3_WO1 w | Digatal High Impedance nfa [] [] | morRMAL
29 PAZ20 LED1 GPIO w| o Dagatal Out v Lowr NORMAL
30 PA21 LED2 GPIO w Cigital Out w Lowr MORMAL

APP045 Ov2 Ov3 Mva
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Lab17 SERCOM - SP1 SSD1306 OLED

Step 6

* Select exist module System in Active Component.
* Enable SysTick for Delay Function.

[] Active Components

X TRER 4

Active Component Al

System

[ Configuration Options
==

E--Sy5tem| System |
--Deuice 2 Project Configuration

H Cortex-MO+ Configuration | Cortex-MO0+ Configuratio

n|

Ii:|"5'5.l'STiEk SysTick

E-Enable SysTick k4 | Enable SysTick |

E--SySTick Configuration
%----Enable Interrupt
%----SySTick Clock
E‘""S?Stil:k Feriod(Milliseconds)

i |Enable Interrupt |

Frocessor clock

=

1ms
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Lab17 SERCOM - SP1 SSD1306 OLED

Step 7
* Click =5 2=/ to Generate Code.

‘2 MPLAB Harmony Configurator - default

2 Generate Project

FiIE' GEHEI’EtE‘ TDDIS UtilitiES WindDW 1. Configure Generation Settings

[ Generate Settings
| ] ::l":
L - EC} : o

rn;;.d e [ Click ] Mergs Strategy [USER_ALL
[] Active Components Gmte Codel| Ll Fregest Gra

X CmER4e X omi

(Monse over a property for detailed help)

2. View Warnings

Type Description

2 Generating Project...

Task Type Remaining Tatal
3, Click Generate

File Markup
File Copr

Libraries
Settings
Source Paths

/\\m%

Drefanlt linker seript 15 added to the project. D1{ G e ne rate ]custom linker script.

Cancel

Generating file: DHarmonyFramework_3.3.0%ev_packs\armiCMSIS\S, 4,00 CMSIS\DSP Inclodearm_commen_tables.h

Please Wait..,

c\ MICROCHIP



Lab17 SERCOM - SPI1 SSD1306 OLED
Step 8

* Copy below files to your project’s \firmware\src folder
Logo image file : Microchip_Logo.h
Font image file : Alphabet_Fonts.h

[ \firmware\src ]
» firmware » src
[ \Appendix\LogoFont £z ~
RTC_SAM2001v200 > Appendix > LogoFont
config

&| Alphabet_Fonts.bmp [ Copy files | packs
® Alphabet_Fonts.h ® Alphabet_Fonts.h
&| Microchip_Logo.bmp ® main.c
® Microchip_Logo.h ® Microchip_Logoh

@ MICROCHIP



Lab17 SERCOM - SPI1 SSD1306 OLED

Step 9

* Add pre-build logo image header files into project
Right click Header Files » Add Existing item...

Frojects * | Files Services

=16 Labl7_SERCOM_SPI_CLED_SSD1306 ‘

[Source FiIes] EI
| .Rigﬁt click el New
>

*+UE packs New Logical Folder [Add Existing Item...]
H & Important i agq Existing ltem...

H Linker FI_IES Add Existing ltems from F%ers...
" Sonrce Files Find
ind...

ﬁ' Libraries
H-[EF Loadables Cut

@ MICROCHIP



Lab17 SERCOM - SPI SSD1306 OLED
Step 10

* Select folder in \firmware\src

* Add Alphabet_Fonts.h and Microchip Logo.h into project.

B4 Select ltem . X
\firmware\src |
ESECIINE sIe - CF B~
@ config Store path as:
= packs O Auto
RITHES POTIITEEENY ( Select Alphabet_Fonts.h | Check Relative [OJ:2N
B | Bmainc - - Absoluts
&% g Microchip_Logo.h [ Select Microchip_Logo.h ] I(jjc o
T opy
4 RIS Q) "Alphabet_Fonts.h" "Microchip_Logo.h" elect
pai v HUH

E' Header Files
AIphabet_Fonts.h """ EI Alphabet Fonts.h

Microchip_Logo.h __ confis

added in \Header Files BEE icochin Loso.h

B packs

N RN, Frafes=
=& Lab 17 SERC COLED 55D 1306
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 11
e Add code segment to your project

// TODO 17.01

#include "Microchip_Logo.h"
#include "Alphabet_ Fonts.h"

/[ TODO 17.02

#define LCM_WIDTH 128

#define LCM_HEIGHT 64

#define FONT_WIDTH 7

#define FONT_HEIGHT 8

uint8_t LogoX, LogoY;

unsigned char LCM_Blank[1024];

char Alphabet[95] = "©123456789ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijk\
Imnopgrstuvwxyz~!@#$% " &()[1{F_\\|;:, .  "\"<>+-*/=2 ";

const uint8_t LCM _InitCMD[] = {
OxXAE, OxD5, ox80, OxA8, Ox3F, oxD3, oOx00, 0x40, ox8D, Ox14, Ox20, Ox02, OxAl,
oxC8, OxDA, o0x12, ox81, oxCF, oxD9, OxFl, OoxDB, 0x40, OxA4, OxA6, OXAF

};
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 12

e Add code segment to your project
/[l TODO 17.02

void LCM_SetCursor( uint8_t x, uint8_t y )

{
uint8_t OUT[3] = { O6xOF & x, Ox10 + (x >> 4), OxBO + y };
SSD1306_RS_PIN_Clear();
SERCOM4_SPI_Write(( void* )OUT, 3);

}

void LCM_DrawBitmap( uint8_t sx, uint8_t sy, uint8_t width,
uint8_t height, const unsigned char *byte )

{
for( int y = 9; y < (height/8); y++ )
{
LCM_SetCursor(sx, sy + y);
SSD1306_RS_PIN_Set();
SERCOM4_SPI_Write(( void* )byte, (width - sx));
byte += width;
}
}

@ MICROCHIP



Lab17 SERCOM - SPI1 SSD1306 OLED

Step 13

e Add code segment to your project
/[l TODO 17.02

void LCM DrawFont( uint8 t sx, uint8 t row, char ch )

{
int chIdx = 0;

while( ch != Alphabet[chIdx] ) { chIdx++; }

LCM_SetCursor(sx, row);

SSD1306_RS_PIN_Set();

SERCOM4_SPI_Write( ( void* )(Alphabet Fonts+(chIdx*FONT_WIDTH)),
FONT_WIDTH );

}

void LCM_DrawString( uint8_t sx, uint8_t row, char *str )

{
for( int x=0 ; x<strlen(str); x++ )
{
LCM_DrawFont( sx+(x*FONT_WIDTH), row, str[x] );

}
}

@ MICROCHIP



Lab17 SERCOM - SPI1 SSD1306 OLED

Step 14
e Add code segment to your project

int main (void)
{...
TCC2_PWMStart();

/[ TODO 17.03

SYSTICK TimerStart();

SSD1306_CS_PIN_Clear();

SSD1306_RS_PIN_Clear();

SERCOM4_SPI_Write(( void* )LCM_InitCMD, sizeof (LCM_InitCMD));
memset(LCM_Blank, 0, 1024);

LCM DrawBitmap(®, ©, LCM_WIDTH, LCM_HEIGHT, LCM_Blank);

LogoX = 127;

LogoY = O;

for( 1 =0; i < 128; i += 2 )
{

LCM_DrawBitmap(LogoX - i, LogoY, LCM_WIDTH, LCM_HEIGHT, Microchip_Logo);
SYSTICK DelayMs((i * i) / 400);

}
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 15
e Add code segment to your project

int main (void)

{..
// TODO 17.03

SYSTICK DelayMs(1000);
memset(LCM_Blank, 0, 1024);
LCM_DrawBitmap(®, ©, LCM_WIDTH, LCM_HEIGHT, LCM_Blank);
sprintf( (char *)USARTRTxBuffer, "SysClock %1d.%-1dMHz",
SYSTICK_TimerFrequencyGet()/1000000,
(SYSTICK_TimerFrequencyGet()%1000000)/1000 );
LCM_DrawString( @, 0, (char *)USARTRTxBuffer );
sprintf( (char *)USARTRTxBuffer, "TC3 period %ldms",
TC3_TimerlebitPeriodGet()*1000/TC3_TimerFrequencyGet() );
LCM_DrawString( 0, 1, (char *)USARTRTxBuffer );
sprintf( (char *)USARTRTxBuffer, "TC4 period %ldms",
TC4_TimerlebitPeriodGet()*1000/TC4_TimerFrequencyGet() );
LCM_DrawString( 0, 2, (char *)USARTRTxBuffer );
sprintf( (char *)USARTRTxBuffer, "Received Data :" );
LCM_DrawString( @, 7, (char *)USARTRTxBuffer );
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 16

e Add code segment to your project
while ( true)

{

iF(TCS_ HasExpired)

{..
LED1 Toggle();

/[ TODO 17.04
sprintf( (char *)USARTRTxBuffer, "Hello World!!");

LCM_DrawString( @, 3, (char *)USARTRTxBuffer );

¥
if (TC4_ HasExpired)
{

/[ TODO 17.05
sprintf( (char *)USARTRTxBuffer, "PWM Duty : %3d%%", Duty);

LCM_DrawString( 0, 4, (char *)USARTRTxBuffer );

LED2_ Toggle();

}
} ﬁ\ MICROCHIP




Lab17 SERCOM - SPI1 SSD1306 OLED

Step 17

e Add code segment to your project
while ( true)

{

iIf (USART5_IsReceived)
{ ..
/[ TODO 17.06
sprintf( (char *)USARTRTxBuffer, "Received Data : %1c",

USART5_ ReceiveData[0] );
LCM_DrawString( @, 7, (char *)USARTRTxBuffer );

e

if (ADC_IsCompleted)
{ ..
/[ TODO 17.07

sprintf( (char *)USARTRTxBuffer, "VR1 : %4d", ADC_Result[0]);
LCM_DrawString( @0, 5, (char *)USARTRTxBuffer );

sprintf( (char *)USARTRTxBuffer, "Temp : %4d", ADC_Result[1]);
LCM_DrawString( @0, 6, (char *)USARTRTxBuffer );

@ MICROCHIP



Lab17 SERCOM - SPI1 SSD1306 OLED

Result
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Lab17 SERCOM - SPI1 SSD1306 OLED

* To create your personally welcome page (logo) !

Let’s go!
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Lab17 SERCOM - SP1 SSD1306 OLED

Create your own logo
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Lab17 SERCOM - SP1 SSD1306 OLED

Create your own logo

* Execute \Tools\LCDAssistant.exe
Load Microchip_Logo.bmp and Save output to Microchip _Logo.h

. LCD Assistant - http://en.radzio.dxp.pl/biti X . LCD Assistant - http)/.. — O X
File Help File Help
Load image ture preview Load image icture preview
Save output Save output
Exit Exit @
| [ Size 1] " Size
Width |[Edit1 Width 123
Height Edit2 Height 5'4

ther ——— | |
] Microchip_Logo.bmp J Mlcrochlp Logo.h [
EELEN): -Ill rochip_Logo.bmp ~| | BARR) II ﬁﬁ‘ﬁﬁiﬂ):lhimm]up_hgo,h | | FHEE ||

TERER(T): | | WH | BRI | ~| BUH i

cettings
E?le nnentahnn

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

- Horlznntal
Size

Width |128
Height |64

—Other
[T Indude size

[ Size endianness

(s Little
{" Big

Pixels/byte

5

||M|UDd‘1i;:_LDgD

Microchip_Logo |
(Bitmap Array name)
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Create your own logo

* Copy new Microchip Logo.h to overwrite old one in folder

\firmware\src\

> firmware » src

=578

config
packs
% Alphabet_Fonts.h

® main.c

Overwrite old

Microchip_Logo.h
[

® Microchip_Logo.h
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Create your own logo result
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MPLAB® Harmony
Key Concept

MASTERs 19 DEVS8 referenced
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MPLAB® Harmony Key Concept

Architecture

el -

(Third-Party) ST

DIIVETS Drlyas DIIVET: Drlyzs Dlyzr

Configuration Configuration

YIloMaweld aI/em)os
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MPLAB® Harmony Key Concept
Modularity and Compatibility

* Implements a single functionality

* A module has an interface and an implementation - "
* Hides implementation from the user L\

* Modules interact through interface ~ /

* No access to internal data

J
f |
y

HARMONY

.4

* Modules are compatible
* Adding new modules does not break existing functionality
 State machine ready for RTOS
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MPLAB® Harmony Key Concept
Compatible State Machines

* Modules interact with each other through Interface Functions.

* Effectively Independent.
* No assumptions of sequence or timing between modules.

<L APICalls

ﬁ Calls Back

Peripheral
Library

(PLIB)
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MPLAB® Harmony Key Concept
Configurabllity and Flexibility

(O
.
W

e Single-client or multi-client

* Bare-metal or RTOS

* Blocking or Non-blocking

* DMA or Non-DMA

e Other library specific options

Drlver * Use only PLIBs or combination of drivers and PLIBs
* Porting the project from one folder/machine to another
* Modular download

ARPS
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Harmony Installation and
General Setup in MPLAB X IDE
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Harmony On-line Installation

* Select Tools > Plugins

* Select Available Plugins » MPLAB® Harmony 3 Launcher

|  Tools |
Toels Window Help
Embedded
Licenses
Packs
Apply Diff Patch...
Diff
Add to Favorites

Templates
DTDs and XML Schemas

Explore Path..
Shell on Path...
Edit Path...

& e

Plugins |§ _
[ Plugins !

Options

= ?[ Available Plugins )

Updates Available Plugi[s (38) Downleaded (1) Installed (177) Settings

Check for Newast Search:
Insél MName Category Source MPLAB® L
®
] [ MPLAB® Harmony 3 LaunCherm ]A ifi#Community Contributed Plugin ~
MPLAE Plugin i
MPLAE Plugin

[] RTOS Viewer (FreeRTOS)
[ 1 ECAHN Bit Rate Caleulator

=k =F

Version: 3.6.4

/| onv 3 Launcher WEPLAE F'lu.g:n i Author: Microchip Technology Inc.
.> PCLint MPLAE Plugin ¢ Date
P C MFLAE Flugin Gy Sourg

[] Halt Notifier (Trial) MFLAE Flugin i Homepa

[] Eemote USE Debugging (Trial Ve... MPLAB Plugin I

[] Flugin Update Services MPLABR Plugin fr) i o

: USE Tool Connection Diagnostics MPLAE Plugin fr] Plugin Description

[] Doxygen Integraior MFLAE Plugin i The MPLAB® Harmony Launcher allows usage of MFLABE

|;| MPLABX KeeLog Plugin MFLAB Plugin L'lirlﬂ” Harmony v3 through the configuration and code generation of all

L App Launcher ) MFLAB Plug%n ‘mﬁ' MPLAB® Harmony components, MPLAB® Harmony 3 15 an

[ | MemoryStarterkit MFLAB Flugin e extension of the MPLAB® ecosvstem for creating embedded

[ ] Code Profiling (Trial Version) MPLAB Plugin i firmwrare solutiens for 32-bit Micrechip devices.,

[]  dsPICWorks MFLAE Flugin W "
—1 L) A A Drcnamat BAGT AL T e
Install [ 1 plugin selected, 3ME

Close Help

_{Install and Restart]
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Harmony General Setup

* Select Tools » Options
* Select Plugins » MPLAB® Harmony Configurator 3

[ Tools | E3 Options | Plugins ) X
Tools Window Help _ Q, |Filter (Ctrl+F)
';-g; '2‘:' A f] . L !
| Embedded N~ @ /AN * 5 3 @ @
Licenses > reneral Editor Fonts & Colors Kevmap Embedded Team Appearance |Flugins| Miscellaneons
Packs MPLAB® Harmony Configurator 3 ] %
Templates MFPLAB® Harmony Confignrator 3 MPLAB® Code Configurator 4.x
DTDs and XML Schemas ' ~
B Explore Path.. Harmony Path: CHarmonyFramework
Shell on Path... | Select your Harmony Framework Location | %
Edit Path...
Plugins Framewcrk Launch Fath:  |Frompt at Lannch v
Plugins Download
: Window Manager: Standalone wo | (requires MHC restart)
Options = '
% | sStandalone Window | %
[ Options ] Log Lewel: Tser "
(¥
< >
Export. .. Import. .. Apply Cancel Help
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Harmony Framework
Help and Examples
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Harmony Framework Help

* Three format help files could refer.
* Please enter HarmonyFramework \ csp \ doc or \ docs

Windows (C:) > HarmonyFramework > csp

M,

]

-
==

.git
'
apps - ¥ help_harmony_csp.chm Compiled HTML Help (.chm)]
arch /
doc
docs -
peripheral E idx.html
.| .gitignore G‘ index. html HTML Help (.html) ]
| modulexmi

== mplab_harmony_license.md
.| packagexml

readme.md

== release_notes.md
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Harmony Framework Examples

* Duplicate examples out of Harmony Framework directory.

111 Do not open and compiler in the folder of downloaded Harmony Framework !!
* Please enter HarmonyFramework \ csp_apps_sam_d21 dal\apps

[ By Peripheral ]

Windows (C:) » HarmonyFramework > csp_apps_sam_d21_dat

#

=g

git

(apps ) apps
ac adc clock dac dmac dsu eic nvmctrl
docs

= .gitattributes
IJ_ .gitignore pm port rtc sercom systick tc tee wdt
| | _configyml
2 favicon.ico

| ] modulexml
r=| mplab_harmony_license.md
| | packagexml

m readme.md

= release_notes.md
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Harmony Framework
Content Manager
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Harmony Framework Content Manager

* Download while project creation.

B New Project £

Swaps

1. Choote Frc

1 . et
2. Framework Selectisa

Launch Content Manager ]_

I Lannch Content Manager [ !
Feamawork Fatd: D\Har moayFen ek _1 30

% Prope Semap

4. Cosfigunbon Settisgy

b Comvenrt 1o Falvires Palhi fo¢ Coulapmubion
<Back | [ Heod> | Cucl || Halp

* Tools » Embedded » MPLAB® Harmony 3 Content Manager

Tools Window Help |

Analysis > 1 MPLAB® Harmony 3 Content Manager ]
[ Embedded Embedded > 2  MPLAB® Harmony 3 Content Manager
Licenses 2 MPLAB® Harmony 3 Configurator

Packs m  MPLAB® Code Configurator v4: Open/Close

PN

c\ MICROCHIP



Harmony Framework Content Manager

* Select an exist folder for Harmony Framework.

2 MPLAB® Harmony 3 Content Manager — L X
Framework Path C\HarmonyFramework Browse
Remote U... https://github.com/Microchip-MPLAB-Harmony > %

Cancel Next

* GitHub repository link, Use default or select mirror site.

E MPLAB® Harmony 3 Content Manager

Framework Path CA\HarmonyFramework

Remote U... https://github.com/Microchip-MPLAB-Harmony

https://github.com/Microchip-MPLAB-Harmony

| https://bitbucket.microchip.com/scm/mh3

https://gitee.com/Microchip-MPLAB-Harmony
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Harmony Framework Content Manager

* If target directory does not exist will ask to create a new folder.

® | Confirmation Alert X

9 Framework Path does not exist. Do you want to create the folder with given path?

 Testing GitHub Connection after click [Next].

2. MPLAB® Harmony 3 Content Manager — L >
Framework Path CA\HarmonyFramework
Remote U... https://github.com/Microchip-MPLAB-Harmony -

: +** Connection test was successful. Loading content
o Cancel
manager..
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Harmony Framework Content Manager

* Click [Download Selected] for default checked packages (csp/mhc/dev_packs).

2 Harmony Content Manager 1.6.0 o N X

\ Connected ®
@Mlcnncmp
News: i

Global Download Status  + .«

[ Remote Packages Local Packages Application Browser

|:| P M [ Download Selected ] View & Accept All Licenses
S D@
Harmony Chip Support Package
Dependencies .
o csp @ dev_packs-v3.9.0
ev_packs-v 40%
- Dependencies . - ~
|| csp_apps_pic32mk @ cp3.9.0 [Download mdmdually] | Download |
- Dependencies Ve ™,
|| csp_apps_pic32mx @ Cspv3.9.0 | Download |
Framework Path: "C:\HarmonyFramework_Default™ Show LDg
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Harmony Framework Content Manager

* Check the Accept All Licenses and click Close to start download.

License Window =

You must agree to the following software licenses to download the selected packages.

Select a license to view:

Microchip Device Family Pack Li Apache License

. Version 2.0, January 2004
CMSIS License (Accepted) http://www.apache.org/licenses/
MPLAB Harmony license (Acceg

TERMS AND CONDITIONS FOR USE, REFRODUCTION,

¢ N AND DISTRIBUTION

The selected license applies to the following packages:

1. Definitions.

dev_packs
"License” shall mean the terms and conditions for use, ~

| have read and understood the terms ...

v | Accept License

Mext

Accept All Licenses Close
Must Accept All License to Download
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Harmony Framework Content Manager

* Wait for download finish, Default package (PLIB) will take about 15mins (4.7 Gbytes).

2 Harmony Content Manager v1.5.0 — O X
\ Connected ®
A%\ MicrocHip
News: [b6] [+ A8 23, 2020] Graphics Application Examples for PIC32MZ DA Family Release v3.9.0 [View gy
Global Download Status ~ « . l Download Progress l
36%

Remote Packages Local Packages Application Browser

Remote Packages
(Not Finished)

View & Accept All Licenses

s

Dependencies .
mhc @ -
Remote Packages Local Packages
dev_packs @
pa ] select Al Local Packages
& Clean S 0—a
— (Finished)
_ quick_docs @  Dependencies e
Synchronized LOgJ
L vi.1.0 - ynchron 203
~ mhc @ Dependencies
[ ] Synchronized
— wv3es T -
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Harmony Framework Content Manager

* You can update downloaded packages to keep update.

Remote Packages Local Packages Application Browser

|| select All clean Selected |Update Selected| Delete Selected

=] Update Selected ]
Harmony Chip Support Package

[ Package Directory]

asp @ Dependencies -
v
. v3ig3d - mhc-v3.5.1, dev_padks-v3.8.0

| Delete Package

Open Local Package Directory

Synchronized

* Download individual example project csp_apps_xxxx from Remote Packages.

Remote Packages | L ocal Packages Application Browser

|| select All [Download Selected |[ Download Selected ]
E Dependencies
M csp_apps_sam_d21_dal @ cspv3.8.0
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Harmony Framework Content Manager

* You also could download all package if necessary.

3 Harmony Content Manager v1.5.0

%\ MICROCHIP

Remote Packages

Select All | Download Selected

— O X

Connected ®

vy
cOa
Y

Warring !! Full download is >30GB will take 30min ~ 1hr

View & Accept All Licenses

Framework Path: "C:\HarmonyFramework™

crypto
[ Download Selected ]
Dependencieg
crypto @ core-v3.8.0, woll
Dependencig|
crypto_apps_encrypt_de... @ crypto-v3.6.0, by
wolfssl-v4.4.0, z
Dependencig|
crypto_apps_large_hash @ Crypto-v3.6.0, b
wolfssl-v4.4.0, 7
Dependencig
crypto_apps_speed_test @ crypto-v3.6.0, b
wolfssl-v4.4.0, Z
=
gfx
Dependencig
ng (i ] core-v3.8.1, bsp

Dependencieg

Harmony Chip Support Package

Harmony Core

crypto

gfx

gfx_aria

Harmony Networking Package

threadx

touch

Harmony Bootloader

audio @

bt @

motor_control @

x2c @

micrium_ucos3 @

wireless @

aws_cloud @

aerospace @

cryptoauthlib_apps @

helix_mp3 @

ethercat @

classb_sam_e5x_d5x @

cryptoauthlib @

amazon-freertos @

paho.mgtt.embedded-c @

MPLAB-Harmony-Refere...

CMSIS-FreeRTOS ©

zlib @
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Timer/Counter Operation Mode
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Timer/Counter Operation Mode

NFRQ, 16Bit, Up Count

NPWM, 16Bit, Up Count

MAXA LR

co| 1 N A
cc1

OVIF :

wWO|[0] >
WOI1]

*1 Manually Clear )

MFRQ, 16Bit, Up Count

ccod TS

OVIF ;

WO|[0] ; >
WO[1]

*1 Manually Clear )

maxgA TC Counter
ccol A A A A
CC1
OVIF i
WO[0] .
W
0O[1] .
*1 Manually Clear
MPWM, 16Bit, Up Count
ccoA . TC Counter
CC1
>
OVIF s
WO[1] .
*1 Manually Clear
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Trademarks

* The following are registered trademarks of Microchip in the U.S.A. and other countries: The Microchip name and logo, the Microchip logo, Adaptec,
AnyRate, AVR, AVR logo, AVR Freaks, BesTime, BitCloud, chipKIT, chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, HELDO, IGLOO,
JukeBlox, KeelLoq, Kleer, LANCheck, LinkMD, maXStylus, maXTouch, MedialLB, megaAVR, Microsemi, Microsemi logo, MOST, MOST logo, MPLAB,
Optolyzer, PackeTime, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer, QTouch, SAM-BA, SenGenuity, SpyNIC, SST, SST Logo,
SuperFlash, Symmetricom, SyncServer, Tachyon, TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA.

* The following are registered trademarks of Microchip in the U.S.A: AgileSwitch, APT, ClockWorks, The Embedded Control Solutions Company,
EtherSynch, Flashtec, Hyper Speed Control, HyperLight Load, IntelliMOS, Libero, motorBench, mTouch, Powermite 3, Precision Edge, ProASIC, ProASIC
Plus, ProASIC Plus logo, Quiet-Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra, TimeProvider, TrueTime, WinPath, and ZL.

* The following are registered trademarks of Microchip in other countries: BeaconThings, GestIC, Silicon Storage Technology.

* The following are trademarks of Microchip in the U.S.A. and other countries: Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor,
Anyln, AnyOut, Augmented Switching, BlueSky, BodyCom, CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, Espresso T1S, EtherGREEN, IdealBridge, In-Circuit Serial Programming, ICSP, INICnet,
Intelligent Paralleling, Inter-Chip Connectivity, JitterBlocker, maxCrypto, maxView, memBrain, Mindi, MiWi, MPASM, MPF, MPLAB Certified logo, MPLIB,
MPLINK, MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple
Blocker, RTAX, RTG4, SAM-ICE, Serial Quad 1/0, simpleMAP, SimpliPHY, SmartBuffer, SMART-I.S., storClad, SQI, SuperSwitcher, SuperSwitcher Il,
Switchtec, SynchroPHY, Total Endurance, TSHARC, USBCheck, VariSense, VectorBlox, VeriPHY, ViewSpan, WiperLock, XpressConnect, and ZENA.

* The following is a service mark of Microchip in the U.S.A.: SQTP.

* The following are logos of Microchip in the U.S.A. and other countries: The Adaptec logo, Frequency on Demand, Silicon Storage Technology,
Symmcom, and Trusted Time

* The following is a registered trademark of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of Microchip Technology Inc., in other
countries: GestIC
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