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Class Objectives

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

* Be familiar with MPLAB X IDE and MCC Harmony

* 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.

@ MICROCHIP



SAMD21 ARM Cortex-MO+
Microcontroller Introduction
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Major Course (1/3)

®SAMD21 ARM Cortex-MO0+ Microcontroller Introduction
®MPLAB® X IDE, MCC Harmony and Development Tools Introduction
®SAMD21 EVB APP045 v4.20 ES.d Introduction
@ Getting Started with First Project

= Lab0 First Project
®MPLAB® Code Configurator Harmony Interface introduction
®PORT 1/0 Architecture

= Labl PORT Output

SHLab2 PORT Input and Output
®Timer/Counter, TC Architecture

SLab3 TC Timer Method Polling

ZLab4 TCs Timer Method Polling
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Major Course (2/3)

O®NVIC Architecture
= Lab5 TC Timer Method Interrupt
SHLab6 TCs Timer Method Interrupt
@Study Advanced Features

®Clock System Architecture
ZLab7 System Clock XOSC32K
= Lab8 System Clock DFLL48M

®Pin Multiplexer (PINMUX)

@®SERCOM - UART Architecture
= Lab9 SERCOM - UART Tx Polling
= Lab10 SERCOM - UART Tx/Rx Interrupt
SHLlab11l SERCOM - UART Tx/Rx Interrupt with myprintf
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Major Course (3/3)

®High Speed ADC Architecture
= Lab12 ADC Polling Software Trigger
®ADC Interrupt and Pin Scan
ZLab13 ADC Pin Scan
O®TCC — PWM Architecture
ELab14 TCC NPWM
SHLlab15 TCC NPWM ADC Duty Control
= Llab16 TCC NPWM Auto Duty Control

®SERCOM-SPI (OLED SSD1306)
Hlab17 SERCOM - SPI SSD1306 OLED
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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.

e 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 S40
billion, subject to regulatory approval, with the latter acquiring a 10% share in Nvidia.

SoftBank
ARM

Arm decided to create “Arm China” Joint Venture

ll 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_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-A9

=

ARM11 — o Cortex-AS8
ARMV6 Cortex-A7

1.25 DMIPS/MHz

ARy o
ARMVA
1.1 DMIPS/MHz S COortex=Rx ——
m TCI\/I
ARMV7E-M CorteX'M7 T Dsp ]

\v.%
ARMv8-M Cortex-M33 % 15 DMIPS/MHz

ARM7 ARMV7E-M Cortex-M4 T

1.25 pmips/MHz

ARMV3 [ DsP__ ]
0.9 DMIPS/MHz ARMV7-M Cortex-M3 1.25 DMIPS/MHz
Low P

ARMvV6-M Cortex-MO0O+ 0.93 pMmIPS/MHz

ARMV6-M Cortex-M0

0.84 pmiPs/MHz

— Cortex-A15 3.5 DMIPS/MHz

2.5 pmips/MHz

2.0 DmIPS/MHz

1.9 pmips/MH:z

1.58 pmips/MHz

2.16 pmIPS/MH:z

2.14 pmiPs/MHz

@ MICROCHIP



ARM core MCU/MPU success

Cortex-A15
PS-Vista Cortex-A9
87685 Cortex-A8
Cortex-A7
HMI Amazon Echo

Cortex-A5

- digial dashboard _—

B | = | Cortex-M7 Microsoft Surface
™ = Google Chromebook

WINCE PND Cortex-M33
Al Cortex-M4
Cortex-M3 ‘ Amazon Dash
(loT Clients)
Cortex-M23

Fitbit 0

. . Cortex-MO0+
eature iPod
Mi Band

Raspberry Pi B+ iPhonel

ARM11

Smart Phone

Medical

phone Cortex-M0

Arduino MO Pro

Smart door locker
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Microchip ARM Core Products

Related Family
PIC32CM JH

ARMZ® Cortex® MO+, 48 MHz 5 Volt

SAMC

ARM® Cortex® MO+, 48-64 MHz 5 Volt

PIC32CM MC

ARME® Cortex® M0+, 48 MHz 5 Volt

SAM R30

ARM® Cortex® MO+, 48 MHz

SAM D

ARM® Cortex® MO+, 48 MHz

Related Family

PIC32CM Lx
ARM® Cortex® M23, 48 MHz

SAM L21/22

ARM® Cortex® MO0+, 32-48 MHz

SAM L10/11

ARM® Cortex® M23, 32 MHz

PERFORMANCE

Related Family
PIC32CK

ARM® Cortex® M33, 120 MHz

PIC32CK SG

ARM® Cortex® M4F, 120 MHz

SAM E5x

ARME® Cortex® M4F, 120 MHz

SAM D5x

ARM® Cortex® M4F, 120 MHz

SAM G

ARM® Cortex® M4F, 120 MHz

SAM 4

ARM® Cortex® M4F, 120 MHz

PIC32CK BZ

ARM® Cortex® M4F, 64 MHz

SAM 3

ARM® Cortex® M3, 96 MHz

Explore 32-bit MCUs

Explore 32-bit MPUs

Related Family
PIC32CZ CA

ARMZ® Cortex® M7, 300 MHz

SAM V7x

ARME® Cortex® M7, 300 MHz

SAM E7x

ARME® Cortex® M7, 300 MHz

SAM S7x
ARME® Cortex® M7, 300 MHz

32-bit MPU Product Families

SAMO9 Series MPU

Arm926EJ-S™, up to 800 MHz

SAMAS Series MPU

ARM® Cortex® A5, up to 940 DMIPS

SAMA7 Series MPU

ARM® Cortex® A7, up to 1900 DMIPS
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https://www.microchip.com/en-us/products/microcontrollers-and-microprocessors/32-bit-mcus
https://www.microchip.com/en-us/products/microprocessors/32-bit-mpus

Microchip Cortex-M MCU Series

* Microchip 32 Bits (ARM core) MCU include below series :
* Cortex-MO+
* SAMDO09 / SAMD1xNew
* Low pin count, high c/p.
* SAMD2x
* Rich peripheral.
* SAMC2x / PIC32CM-JMNew
* Support 5V and CAN bus.
* SAML2x / PIC32CM L2xNew
* Lowest power consumption and peripheral.
* SAMDAX
* Automotive certificated.
e Cortex-M3, Cortex-M4 (Legacy)
* SAM3x, SAM4x, SAMG5x.

@ MICROCHIP



Microchip Cortex-M MCU Series (cont.)

* Cortex-M4 (New generation)
* SAMD5Xx
» Support float point FPU, crypto engine, USB, low power.
* SAMES5x / PIC32CKNew
* FPU, crypto engine, USB, Ethernet, CAN-FD, Low power.
* Cortex-M23
* SAML1x / PIC32CM L1xNew
* 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 / PIC32CZNew
* Ethernet support, CAN-FD support.
* SAMV7x / PIC32CZNew
* Ethernet support, CAN-FD support, automotive certificated.

c\ MICROCHIP



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 _ R
mte.lllgent and flexible COLT::;:‘I“* 256KB Flash
peripherals, Event System ’ 32K SRAM

for inter-peripheral m e
signaling, and support for 3 x RC OSC. USB FS Device
capacitive touch button, 2 AL LS 6 x SERCOM
slider and wheel user — o
interfaces RTC
WDT 3x 24b TMR
16 x EINT 5x 16bTMR
CRC32 12b ADC
POR 52x 10 10b DAC
BOD 2x AC

DFLL 48M
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Architecture

* Cortex MO+ is Von Neumann architecture, RISC

256/128/64/32KB 32/16/8/4KB
NVM RAM

CORTEX-MO+
PROCESSOR
Fmax 48 MHz

MICRO
CE BUFFER

VM SRAM

CONTROLLER

CONTROLLER

Cache

™ TRA

) ==
HIGH SPEED al < :> DMA
BUS MATRIX —
S S S
ZON O\ N
@ NS NS
AHB-APB AHB-APB

BRIDGE B BRIDGE A




Architecture

* Cortex M0O/MO+ Von Neumann

Cortex-M0+ Components Cortex-MO components
Cortex-MO processor -
Cortex-M0+ Processor 4 Nocied Optional debug
Optional Debug i
Interrupts » Nested Obtional =Interrupts » Vectored Cortex-M0 Bre::'(‘zomt
Vectored Cortex-M0+ Breakpoint & ~ptiona Interrupt =P processor (=P .
. Micro Trace watchpoint
Interrupt  [«guepp| processor |« $ Watchpoint >  Controller core ’
. Buffer unit
Controller core Units (MTB) (NVIC)
> (NVIC) t I
4 t t Optional Optional
Wakeup . Debugger P
Optional Optional Interrupt Bus matrix =y interface Rilg Dgt;ur? (gc::)ss
Wakeup Memory Debugger | Controller (WIC) 4
Interrupt Protection interface | l *
Controller Unit (MPU) v v
. -Lite interface to system erial Wire or ug-po
(WIC) Optional AHB-Lite interface to syst Serial Wi JTAG deb rt
Debug
— Bus matrix Access Figure 1-1 Cortex-M0 implementation
Port
A A
A
M O tv | (0] t" |
e ptiona ptiona
AHBt;";e TE:?nrface single-cycle Serial-Wire or JTAG
s 1/0 port debug port

Figure 1-1 Cortex-M0+ implementation
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Architecture

* Cortex M3 Harvard

Cortex-M3 processor
. Optional
> Dﬂfga' > N\VIC [ P'DCC;ZSD' &> Embedded |e
Trace Macrocell
. . Optional
Optional Debug Optional Memory . :
DERg Access Port protection unit Ser_lal Wire >
viewer
A 1 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

Interrupt latency
(if zero-wait state RAM)

16 cycles

15 cycles

23 for NMI
26 for IRQ

12 cycles

12 cycles

12 cycles
14 worst case

27 security ext

15 no security ext | 12 no security ext
7?7 security ext

Link : https://en.wikipedia.org/wiki/ARM_Cortex-M

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] R L 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 Most Most Most Entire Entire Entire Most Entire Entire Entire
Thumb-2 instructions Some Some Some Entire Entire Entire Some Entire Entire Entire
Multiply instructions
. Yes Yes Yes Yes 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

@ MICROCHIP


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

SAMD21 Memory

* Up to 256KB Flash and 32KB SRAM

0x00000000

0x20000000

AHB-APBA

0x20008000
Undefined
0x40000000

0x43000000
Reserved

AHB-APBB

AHB-APBC

0x60000000

Undefined
0x60000200

Reserved

0xE0000000

OXFFFFFFFF

Private Peripheral Bus, PPB

0x40000000
PACO
0x41000000
PM PAC1 X
SYSCTRL
oCLK DSU PAC2
Bl 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

ﬁ\ MICROCHIP



Part Number

SAMD 2 1 - T
Product Family [ Package Carrier
SAMD = General Purpose Microcontroller No character = Tray (Default)
Product Series T = Tape and Reel
21 = E%ﬁﬁ T?JEE(;:PU Basic Feature Set Package Grade
Pin Count U =-40 - 85-C Matte Sn Plating
E = 32 Pins (35 Pins for WLCSP) F= -40 - 125C Matte Sn Plating
G = 48 Pins (45 Pins for WLCSP)
J=64Pins Package Type
Flash Memory Density A=TQFP
18 = 256KB M= QFN
17 = 128KB U=WLCSP
16 = B4KB 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.

ﬁ\ MICROCHIP



Soft Request In this Course

MPLAB® X IDE v6.25 https://www.microchip.com/mplab/mplab-x-ide
MPLAB® XC32 Compiler v4.60 https://www.microchip.com/mplab/compilers

MPLAB® Code Configurator (MCC) v5.5.2
MCC Core v5.7.1

MCC Harmony Framework (From X IDE MCC Content Manager)
* MCC Harmony Core v1.5.5
* Harmony 3 - Chip Support Package
* cspv3.22.1
* Harmony 3 - Harmony Services v1.5.0
* Harmony 3 - Reference Apps v1.7.0
* arm CMSIS v5.9.0
MPLAB® X IDE Packs
* SAMD21 DFP v3.6.144 (Device Family Pack)
* CMSIS v5.4.0 or Newest (Device Family Pack)
* SNAP_TP v2.8.1532 or Newest (Tool Firmware Pack)

» MCC Core and Framework Update from X IDE > MCC > Content Manager
»SAMD21_DFP and SNAP_TP Update from X IDE > Tools > Packs

(Lasted Update : 2025/03/17)

@ MICROCHIP


https://www.microchip.com/mplab/mplab-x-ide
https://www.microchip.com/mplab/compilers

MPLAB® X IDE, MCC Harmony and
Development Tools Introduction

@ MICROCHIP



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 v6.25.

3 MPLAB X IDE6.25
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn O
]~k i EREVITITQUR Qw20
rtPage x| MPLABXStore x| . EID[C]E)]
E A8\ MicrocHIP
- LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW
e —

LEARN & DISCOVER

X IDE

N .
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AVR/SAM Series Development
Atmel Studio 7 = Microchip Studio

* New generation integrated Development Tools, Support AVR, SAM Series MCU/MPU,
Current version is v7.0.2594.

* The GCC compilers already include support AVR/SAM series.

ﬂ Start Page - Microchip Studio Advanced Mode " ¥ Quick Launch (Ctrl+Q Pl B X
Fle Edit View VAssistX ASF Project Debug Tools Window Help

|

mrecHBGD -

Getting started
Getting started

Upgrade to MPL \ SN D Micros =or more FOR AVR™ AND
Recent Open START (on . SAM DEVICES
G Download MicrocRe===aio txtensions

Download documentation
Open Microchip Production Center

Keep page o after project load
¥ Show page tartup
Qutput
Ready
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Official Site Download Page
www.microchip.com/mplabx

Downloads, Documentation and Other Resources

Downloads Features Documentation Debug Features

Features and Enhancements in MPLAB X IDE v6.25

Downloading the latest version of MPLAB X IDE, along with its counterparts in the MPLAB Development Ecosystem, maximizes performance and available features for all Microchip

development tools.

MPLAB X IDE v6.20 provides many new features for optimizing performance and stability. Some of the features and improvements include:

« Optimized repetitive programming for most 32-bit Arm® Cortex®-based MCUs to reduce repetitive programming and the amount of times a developer goes through the cycle
of editing, building and debugging

* Added trace capabilities, such as Micro Trace Buffer (MTB) for MCUs, runtime watch and "Printf", to assist with debugging 32-bit Arm Cortex-based MCUs and MPUs

¢ Improved clarity of error and warning messages

* A new project wizard that does not require creating a specific MPLAB Harmony project and allows the creation of multiple projects that can be grouped together

¢ The ability to build and program toolbar buttons without needing to debug from the “View>Toolbars" list

e Stability improvements in USB tool interface connectivity

Please see the release notes for more details and information.

Version Number

MPLAB X IDE (Windows) ok (@ 28db195f... 7782 v6.25 04 Mar 2025 &b Download

@ MICROCHIP


http://www.microchip.com/mplabX
http://www.microchip.com/mplabX

Programmer/Debugger
MPLAB® PICkit 5 (Part No. PG164150)

* The MPLAB® PICkit™ 5 In-Circuit Debugger/Programmer allows fast and easy
debugging and programming of all PIC®, dsPIC®, AVR, SAM and CEC flash
microcontrollers and microprocessors.

* Features

* Improved Programmer-to-Go (PTG) support.
* Connect wirelessly from your smartphone via Bluetooth®
* Select from multiple saved program images on the SD Card
* Start programming from the app or by pressing on the logo

Supply 150 mA to the target.

Option to be self-powered from the target (2.7V to 5V).
USB Type-C® connector and cable.

No external power needed when the device is powered.
Use the 8-pin single in-line header.

ﬁ\ MICROCHIP


https://www.microchip.com/en-us/development-tool/pg164150

Programmer/Debugger
MPLAB® PICkit™ Basic (Part No. PG164110)

* The MPLAB® PICkit™ Basic In-Circuit Debugger/Programmer allows fast and easy
debugging and programming of most PIC® and AVR® MCUs, dsPIC® DSCs and SAM
Arm® Cortex®-M based MCUs and MPUs.

* Features
* USB Type-C® interface for easy PC connection
* 8-pin single in-line header with beginner-friendly flying leads
* Target voltage of 1.20V to 5.5V

Supports 4-wire JTAG, Serial Wire Debug (SWD),
UPDI, PDI, SPI, debugWIRE and TPl programming

Backward compatible with two-wire JTAG and ICSP

Includes an adapter to convert from the 8-pin inline
to the standard 10-pin Arm SWD connector

Easy firmware recovery with a push button

$29.99

c\ MICROCHIP



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
* 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

ﬁ\ MICROCHIP


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

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

@ MICROCHIP


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

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
e Supported in Atmel Studio, IAR, Keil and more

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

3 different editions
* USD 59.99 - Low cost PCBA only
* USD 79.99 - Basic edition with most common cables
* USD 99.99 - Including all cables and adapters

$79.99

@ MICROCHIP


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

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. \ $34.99

« Package Contents e
* 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"

ﬁ\ MICROCHIP


https://www.microchip.com/en-us/development-tool/AC102015

SAMD21 EVB
APP045 v4.2 ES.d Introduction
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APP045 v4.2 ES.d 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

* Support Li-on Battery, boost and charger

e 2 X Buttons, 3 x LEDs

* 1 x12C Temperature Sensor

* 1 x12C EEPROM with Unique ID

* 1 x12C 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)

@ MICROCHIP



APP045 v4.2 ES.d Overview

SD Card Socket Li-Polymer Battery
Reset Button
SWD /ICD /ICSP |
PIC16F1455
USB Virtual COM G-Sensor
OLED (128x64) ' SERCOM Switch
PAC1720 { SAMD21G18A
Current monitor e EEEAS B | Buzzer
LEDs L P "' ‘ i m;gesosrggyﬁ fﬁt‘ s e MCP73831T
Native USB S = ‘ b - 0? : e Battery Charger
DC Jack (9~12V) : ; = AU [ mikroBUS Shield
MIC2877 1 Arduino Shield
Boost Regulator
= User Buttons
LDO Regulator _
MCP1826S 1 MCP9700A
LDO Regulator | 32K Crystal
Power Switch
Potentiometer _
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APPO045 v4.2 ES.d Programmer and Debugger

|_MPLAB PICkit4 | MPLAB SNAP Li-on AA Battery

\MPLAB |
Pl < 4

IV INE LT O L O

Noo®ooe0O ° 0666666660 uo%g‘goou

\ 333 % ' . ~e B
QMlchCH‘p 88288 ococooOOW 2L - B umg L'u.':e

ALEENLAN

1) 5
1.0 2900

1

APPD45 v4,20 =

T ‘;'E %o

) 32, 768xHz paT’ 216133

QLJI ~me

Ny

Aty ":_ Ol Iy S
e I s =|
MICROCHIP ¢3 & ﬁ ﬁ‘&* . g )
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APPO045 v4.2 ES.d Block Diagram

CDC USB
—e < f S;?g;:‘l::) OLED Micro SD
>~ L T 128x64 Card Socket
Power Monitor
9~12V 1 1
(mIc29300 | [ mic2877 ) 12C) _ 3sv, UART SPI 12C
3.0ALDO Boost PAC1720 y A/
\__Regulator ) \__Regulator ) [ Power Rii:;izr % / \
Monitor /<
4 N\ 4 ™\ 7y 7Y
MCP1826S MCP7381T Sense
LDO Battery Resistor VBAT ¢ SAMD21G18A
Regulator Charger L =2 —1_ ARM Cortex-MO+
\_ J G J ; ‘ADC
“ore - " /
. USB MCP9700A
Native USB 4
Temperature
Sensor y
PTC 1 GPIO I PWM
N
LEDs Buzzer VR
Buttons Potentiometer
4
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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 7
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LabO First Project
Step 1

* Open MPLAB X IDE v6.25 firstly.

MPLAB X IDE
v6.25

Double Click!

¥4 MPLAB X IDE 6.25

AEES DE

[ startPage x| pf MPLAB X Store L

PROJECTS

® Open Sample

® Create New

® Import Legacy
® Import Prebuilt

Getting Started

Users Guide &
Release Notes

&/

Getting Started
with MPLAB Code
Configurator

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

Getting Started
with MPLAB X IDE

&

Getting Started
with MPLAB Mindi
Analog Simulator

&

Getting Started
‘with MPLAB Harmony

~ Show On Startup

PC How do T?

< »\E]@

@ MICROCHIP

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

LEARN & DISCOVER

Tutorials Community

All Forums
MPLAB X IDE

Developer Help MPLAB X IDE Forum

>
>
» MPLAB Harmony Forum
>

Features of
MPLAB X IDE

MPLAB Code
Configurator Forum

MPLAB Mindi Analog
Simulator Forum

Online Videos

© 20102024 Microchip Technology Tnc. Al rights reserved.

@ MICROCHIP



LabO First Project

Step 2

* Select to File > New > Project or Click icon

&4 MPLAB X IDE v6.25

PROJECTS

® Open Sample

® Create New

®» Import Legacy
» Import Prebuilt

(iapLr5]

Xt
COMPILER

[arLae]

CODE
CONFIGURATOR

Getting Started

=]

Users Guide &
Release Notes

Getting Started
with MPLAB Code
Configurator

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

X @

Getting Started
with MPLAB X IDE

Getting Started
with MPLAB Mindi
Analog Simulator

Getting Started
with MPLAB Harmony

~ Show On Startup

How do I?

ﬁ\ MICROCHIP

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

LEARN & DISCOVER
Tutorials Community

» All Forums
MPLAB X IDE
Developer Help » MPLAB X IDE Forum

» MPLAB Harmony Forum
¢ Features of » MPLAB Code
MPLAB X IDE Configurator Forum

» MPLAB Mindi Analog
Simulator Forum
Online Videos

MICRO &

© 2010-2024 Microchip Technology Inc. All rights reserved,
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LabO First Project
Step 3

e Categories : Microchip Embedded
* Projects:  Application Project(s)

ﬂ New Project X
Steps Choose Project
1. Choose Proect Q Fiter: Choose
C - Application Project(s : -
e [ pp ol ject(s) ) {  32-bit MCC Harmony Project |
o ey B T
Microchip Em {5 Other Embedded rebuilt (Hex, Loadable Image) Projec .
£ E 3 Gen:n'c & User Makefile Project In MPLAB X IDE legacy version
& Library Project
Description:
| Creates a new application project. It uses an IDE-generated makefile to build your project.

Jl Next [,

< Back Next > Firish Cancel Help

ls\ MICROCHIP



LabO First Project

Step 4

* Family
* Device
* Tool

: All Familes

: ATSAMD21G18A

: Snap-SN:BURXxxxxxxxxx or No Tool

4 New Project X

Steps Select Device

1. Choose Project

2. Select Device

3. SelectHeader Family: All Families ~

4. Select Plugin Board

S seccmpaer e swozcss | Input: ATSAMD21G18A |

Folder
7. (Optional) Add Project Tool: Snap-SN:BUR 205072759 | [Jshow al Select
elect:
Snap-SN:BURXXXXXXXXX
or
No Tool
1' Next r'
< Back Add Another Project | Next > 3 Finist Cancel Help
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LabO First Project

Step 5

Assign Compiler Toolchains

« XC32: XC32 (v4.60)[...]

ﬁ Mew Project
'1
Steps Select Compiler
1. Choose Project
- ey (XC2 (60 L]
4. Select Plugin Board S X C32 (v4.60) [C:\Program Files\Microchip\xc32\v4.60\bin],
g' ﬁpﬁ;e"&"::& - ~ +XC32 (v4.45) [C: Program Fles\Microchipc32\v4,45\bin] > A
j Falder = XC32 (v4.35) [C:'\Program Files\Microchipi\xc32w4, 35%in] ot IC
7. (Optonal) AddProject | 7 ARM

MPLAB
X IDE
v

9,

< Back

| Next |

Add Another Project Mext =

Finish

Cancel

Help

o5
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LabO First Project

Step 6

Configure the Project Location and Project Folder Name.

* Project Name

: LabO_First_Project

* Project Location: C:\Exercises\LabO First_Project
* Project Folder : C:\Exercises\LabO_First_Project\LabO First_Project.X

B4 New Project

Steps

Select Project Name and Folder

*

1. Choose Project

2.  Select Device

3. Select Header

4, Select Plugin Board
5. Select Compiler

Folder
7. (Optional) Add Project

6. Select Project Name and

Project Name: Labi_First_Project [ La bo Fi rst Project ]
Project Location: C:\Exerdses\Lab0_First_Project [ c:\Exe rCiSES\La bo First Project ]
Project Folder: C:\Exercises\Lab0_First_Project\Lab0_First_Project.X [ Auto generated ]
Overwrite existing project.
Also delete sources.
Set as main project
I — Open MCC on Finish I

[[] Use praject location as the project folder

Encoding: I50-8859-1 v

[ Click Finish |

< Badk

& J

Add Another Project MNext =

Help

Finish : Cancel

c\ MICROCHIP



LabO First Project
Step 7

* Click Finish and Wait Download Framework. (Appears only on first execution.)

B4 MCC Content Manager - Editor — O x

MCC Content Manager = (=[O

=

Content Download Required

Some of the required content is not available locally. Following content will be downloaded:
To change content versions later, access the Content Manager from Device Resources.

“' Required Content

Component Tl Version Update progress Description
» Hammony 3 - Chip
Support Package

2> Hamony 3 - Harmony
Services

» am CMSIS

» Hamony 3 - Reference
Apps

I Click Finish ]
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LabO First Project
Step 8

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

B3 MPLAB X IDE v6.25 - Lab0_First Project : default - [m] x

File Edit View Navigate Seurce Refactor Production Debug Team Tools Window Help Q. Search (Ctrl+I)

# BOETHE  EHEPELOUR ORE 2O fodwmer
Projects | Files | Resource Management [MCC] x | 0 || StartPage x| ProjectGraph x| [« +I[=](C) | configuration options x| =
MCCv55.1 XCEERBE | © s Profiles: |Main v|  view: |Root v]
Project Resources [Ganerate H Import... || Export |£| |§
¥ Lbraries NVMCTRL

» Harmony Paripharsl Library
¥ System MEMORY

@ = System

Device Resources ‘ (% Content Manager
¥ Libraries

» = Hamony

Lab0_First_Project - | Navigator x [=]
Output | News x | Notifications [McC] | 5]
[ 1. [February 07, 2025] €SP v3.21.0, Core v3.14.2 and BSP v3.22.0 update now available
<No View Available >
[o 2. [February 07, 2025] Microchip Graphics Suite (MGS) Harmony Package v3.16.0 and Examples update

—
-
w

. [January 28, 2025] Touch package v3.17.0 update

—_—
-
IS

. [January 28, 2025] Touch package v3.7.0 update

=
-]
@

. [January 14, 2025] Harmony Smart Energy Meters And More v1.0.0 Released

ﬁ
-]
@

. [January 14, 2025] Reopening of Harmony Audio solutions

. [December 23, 2024] USB v3.15.0 package update

A A A A

P
-]
~

= ‘ %\Mlcnocmp



LabO First Project
Step 9

* Click "Generate" Button to Generate your Code.

= X
(~_ . )

Resource Management [MCC] GEnerate

Project Resources || Gesnerate || Import.. | Export |£‘ 8

v Libraries

MCCv5.5.1

Project Resources [Gﬂ'ﬂm H Import... “ Export | lg]

¥ Libraries

» Harmony
¥ System

@ = System

» Harmony

¥ System
() System

=3

Output - MPLAB® Code Configurator x|

11 I}mj. tEtddesEssE R EERREREEESRESIRLIERISISIRSRISERIESIESERSIRIRIERESEIRIRRSE ~

11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)

11- INF): #8484 8ttt sttt et sttt st sssssssssssssssssssssssssss

11:17:26.086 INFO: Generation complete.

11:17:36.197 INFO: {Hamonyp<Hammony Database> -> preGenerateEvent

11:17:36.197 INFO: {Hamony p<Hamony Database> -> interfacefalidationEwent
11:17:36.197 INFO: {Hameony p<Hammony Databaser -> processlataModel
11:17:26.197 INFO: {Hammcry p<Hammony Databaser -= postFivalProcessing W

<
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MPLAB X IDE Interface

* Project window.

Projects "’ Classes

Files

Resource Man...

<] () LabO_First_Project
-- Header Files
-- Important Files
-- Linker Files
E} Source Files

config

-

(g Libraries
#-(f Loadables

D pin_configurations.csv
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MPLAB X IDE Interface

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

Lab0_First_Project - Dashboard x ]

LabO_First_Project - Dashboard x | Navi |

%
&
=
|

7 Lab0_First_Project
[ Project Type: Application - Configuration: default

=8 Device
P @ PIC32CX10255G41128
- @ Chedksum: NA
~-EF CRC32: 0x4C8BAGEC
-l Packs

- @ PIC32C%-5G41_DFP (1.5.140)
-l CMSIS (5.4.0)
“- gl Snap (2.7.1470)
= F’ Compiler Toolchain
r]f ¥C32 (v4.50) [C:\Program Files\Microchip'xc32w4. 50'bin]
fo r]? Production Image: Optimization: gcc ©1g++ 01
B Di? Device support information: PIC32CX-5G41_DFP (1.5.140)
= Memory
= [ Data 270,336 (0x42000) bytes
L[/ Data Used: 116 (0x74) Free: 270,220 {0x41F8C)
=2 E Program 1,048,576 (0x100000) bytes
Program Used: 1,440 (0x5A0) Free: 1,047,136 (OxFFAGO)
= [ Stack Usage Guidance
tark: Nt enahled

@M E S S

g Lab0_First_Project
----- i Project Type: Application - Configuration: default
EI Device
@ PIC32CX10255G41128
-~ & Chedksum: MA
-EF CRC32: Ox4C3BAGEC
-4l Padks
- PIC32CX-5G41_DFP (1.5.140)
g CMSIS (5.4.0)
- 5nap (2.7.1470)
=Y Compiler Toolchain
'ﬁa ¥C32 (v4.50) [C:'Program Files\Microchipoc32w4, 50%bin]
'ﬁ' Production Image: Optimization: goc 01 g++ 01
'ﬁa Device suppart information: PIC32CK-5G41_DFP (1.5.140)
= Memary
=[5 Data 270,336 (0x42000) bytes
0% |

E Data Used: 116 (0x74) Free: 270,220 (0x41FEC)
[—]--ﬁ Program 1,048,576 (0x100000) bytes
f 0% |

= (& Stack Usage Guidance

=% Debug Tool

.. Snap: BUR205072772

= Debug Resources
EI Program BP Used: O Free: 6
- DataBP Used: 0 Free: 2
EI Data Capture BP: Mo Suppaort
‘.0 Unlimited BP (S/W): Disabled
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MPLAB X IDE Interface

* Source code and Output window.

S ooy @ B-B-QARSFEL (P (a0 0L L0

15 "main" function calls the "SYS_Initialize" function to initialize the state

16 machines of all modules in the system

1"_' L dededevdk * * Jedededede

18

Yo v e dede * Fedededede * ****/

19 El /‘/ * * Jededede ek *

Yoo e dede i * * e e e e e e * Yotk * * e e e e e e e e e e
/‘/ s g s s e e e s e e v e s e s ke e s e s e e v e s e e sk e s e sk e e s e s s sk s e e e sk e e e e sk e sl e sie e ke sk e sie e s ke e sie e e gk e sl e e e e e e e ke

// Section: Included Files

/‘/ s g e s e e e s e e v e s e s ke e s e s e e v e s e e ke ke s e sk e e s e s e ke s e e e sk e e e e ke e sl e s e e e e sie ke s sk e sie e e ke e s e e e e e e e ke

L // ¥* ¥* e e e e %*

#include <stddef.h>
#include <stdbool .h>
#include <stdlib.h>

#include "definitions.h"

e e e de ke ¥ * e e e e e ¥* e e e e %* ¥* e e e e e de e ek

// Defines NULL
// Defines true

// Defines EXIT_FAILURE
// SYS funetion protetypes

Snap x MPLAB® Code Configurator x

13:35:20. 28y INFU: (Harmony}<Harmony Uatabase’ -7 LOBAINE System ¥ervices Ior AINAMUZIGINA

13:38:26. 889 INFO: (Harmony}<Flugin>[Info]: Loading plugin: C:\Users\A76805\. mcc\HarmonyContent\csp\arch\.. \.. \harmony-services'plugins\generic_plugin. jar
13:38:26. 889 INFO: (Harmony}<{Event Configurator>[Info]: initialize Event Configurator plugin

13:38:26. 894 INFO: (Harmony}<{Event Confisurator>[Info]: Main HIML path for "Event Confisurator” : csp/plusins/confisurators/event-confisurators/event-confisurator/build/index. html
©38:26.894 INFO: (Harmony}{NVIC Confisuration>[Info]: initialize NVIC Configuration plugin

:38:26. 894 INFO: (Harmony}<NVIC Configuration>[Info]: Main HIML path for "NVIC Configuration” : esp/plusins/configuraters/interrupt_configuraters/nvic_interrupt_configuration/build/i
:38:26. 894 INFO: (Harmony}<DMA Configuration}[Info]: initialize DMA Configuration plugin

:38:26.895  INFO: (Harmony)}<DMA Confisuration)[Infol: Main HTML path for “DMA Confisuration” : csp/plusins/confisurators/dms-confisurators/dma-confisurator-1/build/index. htal

-38:26. 895 INFO: {Harmony}<Flugind[Info]: Loading plugin: C:\Users\AT6805\.mcc\HarmonyContent'\cspiarch\. . \peripheral\port_u2210\plugin‘\port_u2210. jar

:38:26. 895 INFO: (Harmony}<Flugin>[Info]: Loading plugin: C:\Users\A76905\.mcc\HarmonyContent'\csp'arch\.. \peripheral\clk_sam_d21\plugin\clk_sam_d21. jar

-AT-A7 988 TNCA- (U] AAUANT 72207

bl
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Project Properties
Hint

* Now we can check settings
in project properties :

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

[ click

)

Q MPLAB X IDE v6.25 - Lab0_First_Project : default
File Edit View Navigate Source Refactor Production Debug Team Tools Win

FIr ol S % @ [ceaut o] B - E’Ei - B

[ Projects x Classes  Files  Resource Man... @ [=] | StartPage x ' Pro
SR~} Labo : Source  History
Right click W& ® =
@ (@) tmpor | QB pild 15 |
(@) Linker lean and Build 16 "
(=} E] Sourg
. Om Clean 17 * % %
) cC {
B Batch Build... 18
[ pi Set Configuration > ——
@@ Librari 19| [=] //
@[ Loada New > 20 /] *
~ Add >t -
' LabO_First_Pro all 21
@ |Yg Lab0_Firs 29 //*
=2 - 99 Proje Show Code Coverage Summary
- - a ] L= / /’ =
G = 30‘3"' Versioning > 23 /i
g ?é History » 24
i 32 ) : 25 #Hin
@ | @rode  Properties L Properties J - ‘
@8 SAMD21_DFP (3.6.144) ‘ o 26 #Fin
: ‘CMSIS (5.8.0) 7 Hin
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Project Properties

* Connected Hardware Tool : Snap-SN: BURXXXXXXXXX

* Packs : CMSIS : 5.4.0 or Newest
SAMD21 DFP :3.6.144

* Compiler Toolchain : XC32 (v4.60) [...]

. Please confirm device again
| ﬁ Project Properties - Lab0_First_Project

ATSAMD21G18A

Categories: Configuration
- @ General Farmily: Device:
@ File Indlusion Excusion All Families v ATSAMD21G18A - |
SRR Conf: [default]
> 2@ PKOB nano ’\3 Connected Hardware Tool: Supported Debug Header:
S ke bt Snap-SN:BURXXXXXXXXX g CJshow Al |None
[ Conf: [default] )
Snap-SN:BURXXXXXXXXX |
| B @ XC32 (Global Options) T i
e 0 xc3las =-7 0 CMsIS
..... o wc32gee ; CMSIS
O xcIZgHd g 5.9.0 - 5.4.0 or Newest
6.1.0
e X2 577 SAMD21_DFP SAMD21_DFP
b @ xc32-ar = B

e @ Analysis

]
[ XC32 [Install Latest version] ]

- XC32 (v4.60)]...]

Manage Configurations...

PR R Tock [ Click OK to finish Project Properties |
]

_ | %ncel Apply Unlack kiekps | @ MlCROCH'p




LabO First Project

Step 10

* Click the % icon to Clean and Build your project.

e Or press Shift + F11 to Clean and Build your project.
* Compile result message will show in the output windows.

3 MPLAB X IDE 625 - Lab0_First Project : defauit

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

£ B @ B [eehut

BB b LERH DB
| StartPage x| Emainc x| S

= (m] x

Search (Ctl 4]

PC: Ox0| : How do I?

Projects x| Files | Resource e =]

=G Lab0_First_Project
[EE Header Files
[ mmportant Files
Linker Files
& [g@ Source Files
g config
| main.c
[ pin_config
[ Libraries

[EF Loadables

Data (SRAM memory) consume
Program (Flash memory) consume

TADU-TISTPTOTECT

Sowce Hstory | @ @0 |Q RS E

B

|@ = |

T T =

% 78 Lab0_First_Project
@ -¥g Project Type: Application - Configuration: default
=] Device

% - @i PIC32CX10255G41128

4 Checksum: NA

“EH CRC3Z: Ox4CHBAGEC

@ | &g Packs

-l PIC32CX-SG41_DFP (1.5.140)

=

+
suopdo uopenbyuey T

gl CMSIS (5.4.0)
- g Snap (2.7.1470) Output x | Notifications [MCC] | News B
T Compiler Toolchain 1" ProjectLoadngWarning = Snap x MPLAB® Code Configurator = Lab0_First_Project (Clean, Build, ..) x
§ XC32 (v4.50) [C:\Program Files\Wicrochipixc32\v4. 50\bin] inTo: Loaaing Tiie: ... \STC\CONIIg\ASIAULT\MILSLALUZSSGELLLE. 1A
% Production Image: Optimization: gcc 01 g++01 make[2]: Entering directory 'C:/Exercises/Labl_First_Project/Labd_First_Project.X'
- Device support information: PIC32CX-5G41_DFP (1.5.140) "C:\Program Files\Microchip\xc32\v4.50\bin\xc32-gec.exe”  -mprocessor=32CK1025SG41128 -mno-device-startup-code -o dist/default/production/Lab0_First_Project
g Memory "C:\Program Files\Microchip\xzc32\v4.50\bin"\\xc32-binZhex dist/default/production/Labl_First Project.X.production.elf
- [ Data 270,336 (0x42000) bytes make(2]: Leaving directory rercises/Lab0_First_Project/Lab0_First_Projsct.X’
0%
- Data Used: 116 (0x74) Free: 270,220 (0x41F5C) BUILD SUCCESSFUL (total time: 8E4ms)
- (5 Program 1,048,576 (0x100000) bytes Loading code from C:/Exercises/Lab0_First Project/Lab0_First_Project.X/dist/default/production/Lab0_First_Project.X. —
0% Program loaded with pack, PIC32CX-SG41_DFP,1.5.140,Microchip .
Program Used: 1,440 (0x5A0) Free: 1,047,135 (0xFFAS0) Loading complesed Bu I Id status |
= (5 Stack Usage Guidance
78 Stack: Mot enahled
11 NS
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LabO First Project

Step 11

* Click Icon %ﬂ to build and program firmware to EVB.

Build

Clean and Build

[ —

.

(=]
K]

Build and Programming

T ow

HE

Debug Project

%m,

* The number of Programmer SN of your project while programming is different.

&3 Snap not found

Snap SN: BURxxxxxxxxx is currently connected. Would you like to use this Snap instead?

@ MICROCHIP



Debug Tools

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

Iy

=]

2@ SIEERR ©

Debug Team Tools Window Help

Debug Project (Lab0_First_Project)

AL LR ER

L}

Discrete Debugger Operation > ®
Finish Debugger Session Shift+F5
Pause Ctrl+Alt+8
Continue F5

[ Stop Debug |
Step Over F&
Step Into F7 [ Pause Debug }—
Step Out Ctrl+F7
Step Instruction | Reset I—
Run to Cursor F4

| Continue I
Reset
Set PC at Cursor | Step Over |
Focus Cursor at PC

| Step Into |
Stack >
Toggle Line Breakpoint Ctrl+F8 | Step Out 'L
New Breakpoint... Ctrl+Shift+F8 | Run to Cursor IL
New Watch... Ctrl+Shift+F9
New Runtime Watch... Ctrl+Shift+F10

[ Set PC at Cursor |}

Disconnect from Debug Tool

[Focus Cursor at PC|-

Run Debugger/Programmer Self Test
Hardware Tool Emergency Boot Firmware Recovery
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MPLAB® MCC Harmony
Interface introduction
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MCC Harmony Interface
Hint

* Notice ! If you close MCC Harmony already, please open it through below steps.
* Select to Tools > Embedded > MPLAB® Code Configurator v5: Open/Close

[Tools | Tools Window Help

Analysis B CEYER VMM = e L

(Embedded | Embedded > I MPLAB® Code Configurator v5: Open/Close '
Licenses > | MPLAB® Cod;e Configulraltol;v5.:'0pen—/LC'I;>se A' x4 StarfPa%@
Content Manager ‘x g N B

e Or Click ’25 Icon.

c\ MICROCHIP



MCC Harmony Interface

* Return to MICC Harmony, let’s go through its interface. (The version of modules might be different to yours.)

B3 MPLAB X IDE 6.25 - Lab0_First_Project : defauit - O X

File Edit View Mavigate Source Refactor Production Debug Team Tools Window Help Qr Search (Ctrl+1)
FEESDE T = B LT LOR O W 2D kg war

Projects | Files | Resource Management [MCC] x | I |[ StartPage x| Py MPLABXStore x| @]main.c x| ProjectGraph x| [ +|[=)(O) | configuration Options x =]
MCCv5.5.1 X TRORE ¢S puns | <] Profies: [Main <] view: [Root Ml
Project Resources | Generate || Impaort... \ Export ‘ @ H @ B System
v Librari N = p Device & Project Configuration
oranies NVMCTRL Device Family Pack (DFP) | System | CMSIS Pack Cortes-M4 Confiqrati
3 .
» Harmony Peripheral Library ortes: onfiguration
v System MEMORY Ports
@ = system Clock
Interrupts (NWIC)
DMA (DMAG)
Device Resources | (% Content Manager woT
¥ Libraries PAC
» = Hamony
Lab0_First_Project - | Mavigator x =)
MCC] x| Hews | =
Category Source Type: | ALL - Description
<No View Available >
Mo centent in table

o ﬁ\ MICROCHIP



MCC Harmony Interface

* Project Resource. (The modules already added in current project)

3 ( Resource Management [MCC] |
. . ‘ nagement [MCC
Project Resource Lx
Project Resources | Cenerate || Tmport... “ Export | ] project Resources Generate || |I'I'IFK3I't..... EJ(pOl't e '@

¥ Libraries

¥ Harmony

¥ Packs
B4 () CMSIS Pack
() Device Family Pack (DFP)
¥ Peripherals
¥ EVSYS
) EVSYS
¥ NVMCTRL
(O NVMCTRL
¥ System
() System

Content Manager

A

Device Resources
v TC

O T3

gy () TC4

O TCs
» TCC
» Tools

g\ MICROCHIP



MCC Harmony Interface

* Device Resource. (The modules not in current project but available to be added)

%3 ( Resource Management [MCC] ) X
Resource Management [MCC] x |

Project Resources @ Generate || import... || Export | @ || @
¥ Libraries

» Harmony
Device Resource ¥ System

Device Resources

() System

¥ Libraries

» = Harmony

Device Resources ' Content Manager
v Libraries

¥ Harmony

¥ Peripherals

» AC

» ADC

» DAC

» DSU

» EIC

» PM

» RAM

» RTC

» () SERCOM
» TC

» TCC

¥ Toals

() sTDIo @ MICROCHIP




MCC Harmony Interface

* Content Manager. (Existing Framework)

Project Res... Gen..

Imp...

E. | @ | &

¥ Libraries
» Harmony
¥ System

' System

[ Project Resource ]

Device Resources

¥ Libraries

» () Harmony

Content Manager

[ Content Manager ]

[ Device Resource ]

Select Export/import Option » l

ﬁ MCC Content Manager - Editor = O x
MCC Content Manager = |II| E] @

Show Local Content Only

Component 1) Version

# Hamony 3 -
Chip Support
Package

» Hamony 3 -
Wireless BLE
solutions

# Hamony 3 -
Bootloader
solutions

> Hamonv 3 -

Device Content Type
Q Type to Search Globally... | ATSAMD21GISA X v | | HARMONY X v
Dl e - MCOC Core Versions
Status Update progress Description

License Agreement -
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MCC Harmony Interface

* Project Graph. (The connection diagram between modules)
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MCC Harmony Interface

* Project Graph > Plugins : Pin Configuration

a MPLAB X IDE v6.25 - Lab0_First_Project : default = m] K
File Edit View Mavigate Source Refactor Production Debug Team Tools Window Hela ‘0.‘ Search (Ctrl+) |
I & DHE TH E -I(Pin Diagram ). ( Pin Settings )= & - = @ ©
Projects I Files [Servioa T Resource Man... x] [=1 || Project Graph xT Pin Diagram x] Pin Table x] Pin Settings x} |IE|E]@
MCCv35.1 Order: |Pins w Ew
— .
Project Resou...l Gene... “ mp-. || EBc. |@]|@ Pin Table
b Pin ID Function Mode Direction Latch PulUp  Pull Down Drive Strength
¥ Libraries Humber
> Harmony 1 PADD Available ~ Digital High Impedance Low O O NORMAL -~
|P1'|J. oins: s v System 2 PADL Available ~| Digtal | HighImpedance ~ | Low [m] O | NORMAL
- - 0 £ System 3 PaD2 Available ~ Digital High Impedance Low O O NORMAL -
Clock Configuration 2 PAD3 pvalble | Digtl | Hghrpedance v | Low @] O | norMaL
. . 5 GNDAMA Digital High Impedance Low NORMAL
DM"&"' Configuranon 6 VDDANA Digital High Impedance Low NORMAL
7 PBOS Available ~ Digital High Impedance Low O O MORMAL  ~
Pin Configuration : : :
8 PEOS Available ~ Digital High Impedance - Low O O MORMAL
N‘.I.FI[: Canigurauon 3 PAD4 Available ~|  Digital High Impedance ~ |  Low O O NORMAL
. 10 PADS Available ~ | Digital High Impedance ~ |  Low O O NORMAL ~ ~
Event Conflguraml' | o 1 PADG Availzble | Digital | HighImpedance ~| Low &) O | normaL
i Content Manager
ADC C':']lfi 'U.l'ati.':)]'.l. Device Resources 2 12 PAD7 Available ~ Digital High Impedance Low O O NORMAL -
£ ¥ Libraries 13 PADS Available ~| Digtsl | HighImpedance ~| Low O O | NoRMAL -~
» ¥ Harmony 14 PADS Available ~ Digital High Impedance Low O O MNORMAL ~ ~
15 PAL0 Available ~|  Digtal High Impedance |  Low (]} O NORMAL
16 PALl Available v Digital High Impedance - Low O O NORMAL
17 VDDIO Digital High Impedance Low NORMAL
18 GNDIO Digital High Impedance NORMAL
19 PB10 Available ~ Digital High Impedance -~ O O NORMAL
20 PB11 Available ~|  Digtal High Impedance | Low O O NORMAL
21 PA1Z Available ~ Digital High Impedance Low O O NORMAL -~
22 PAL3 Available ~|  Digtal High Impedance | Low O O NORMAL
23 PA14 Available ~ Digital High Impedance Low O O NORMAL -
24 PALS Available ~|  Digtal High Impedance |  Low (]} O NORMAL
25 PA16 Available v Digital High Impedance - Low O O NORMAL
o o Available v Digital High Impedance - Low O O MORMAL
Pln settlngs Available ~ Digital High Impedance - Low O O MNORMAL
7 I PA1T 1 Availahle Dinital Hinh Imnedance low m =] NORMA
@)
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MCC Harmony Interface

* Project Graph > Plugins : Pin Configuration (Dock three windows to different locations)

|P1ugins: v

Clock Configuration
DA Configuration

Pin Configuration

LW I Configuration
Event Configurator

ADC Configuration

a MPLAB X IDE v6.25 - Lab0_First_Project : default = m] K
File Edit View Mavigate Source Refactor Production Debug Teamn Tools Window Help ‘Q' Search (Cirl+])
; = ] LT o o o LB LB, @ of o o - ol
N B DE T Y (e v - B b - 2 0 @ peod| Howdor
Projects Iﬁls [Servioa TRmnroe Man... XI =1 || Project Graph xT Pin Settings x] fPin Set S\ IIZ\E]@[ Pin Diagram x} - n Dia rarn\ )=
MCCv3.5.1 Order: |Pins ~ Table g Unavailable ;g/
Project Resou...l Gene.. l Imp... | Ex.
Fin b Pin ID Custom Mame Function Mode Direction Latch Pull Up Drive Strength
¥ Libraries Humber
> Harmony 1 PADD Available Digital High Impedance ~ | Low O O NORMAL g =,
v System 2 PAD1 Available Digitsl | High Impedance ~ |  Low O O | norRmaAL SEET E § % 5 E By
0 £ System 3 PAD2 Available Digital High Impedance Low O O NORMAL oooco>rladaca
=
i T ol e il P T
4 PAD3 Available Digital | High Impedance ~ |  Low 0 O | norRMaAL
45474645 44434241 4039 3837
5 GNDAMA Digital High Impedance Low NORMAL Paon 3 [0 vooIo
5 VDDANA Digital | High Impedance Low NORMAL Pt [ 35 0 GhDIC
pacz [ 3 [ Pazs
7 PBOS Available Digital High Impedance - Low O O MNORMAL panz [ 330 paze
3 PEOS Available Digital | High Impedance | Low O O | noRMAL GHDANA E 32% PAZ3
VDDBMA 31 [0 Pazz
B PAD4 Avsilzble Digitsl | High Impedance ~ |  Low =] O | normaL PE05 [ ATSAMDZIGIBA 3§ pant
10 PADS Available Digitel | HighImpedance ~ | Low NORMAL Pe0s [ 22 [0 pazo
8] 8] Pa+ [ z5 [0 Pals
|& 11 PADS Available Digital High Impedance Low O O MNORMAL paos [ 27 [0 Pals
i Content Manager
Device Resources 2 12 paO7 Available Digitsl | High Impedance ~ |  Low &) O | normaL pans [ 26 0 Pat7
¥ Libraries = " " Pao7 O = [ Pate
- 13 PADS Awvailable Digital High Impedance -~ Low O O MNORMAL 1514 1516 17 15 1050 31 55 23 24
» ¥ Harmony 14 PADS Available Digital High Impedance Low O O NORMAL T o o o o e o ] I T T
15 PALD Available Digital | High Impedance ~ | Low s 2 5== SoooTs
16 PA11 Available Digital High Impedance | Low P n Settin s 9 H D'
In Diagram
17 VDDIO Digital High Impedance Low — - -
Fin Table x |IE|E]@
Pin Table -
Package: TQFP z|z ol o ol o
clalaln Flolelzlulaleleslaslel=l2|8|lclalalals|luw|lelrnlalalclalalals|lwl||ulel|x
FST =T =T = = = T = = - = = = = =T e = = (= e i i I e = =+ - - 1 I = = B I B
< < < < = =] =] =] < < =X =X b=d b=d k- =L o = W W < < < < < < < < < < < < < < = o o o <
[ [ [=n [=n L7 > o o o o [ [ [ [ [ [ > b o o [ [ [ [ [ [ [ [ [=n [=n o o o o L0 = o o [
Module Function 1023 4|5|6|7|8|9|w|n|2|13(14|15|16|17|18|19|20]|21|22|23|24]|25|25|27|28|29|30|31|32|33|34|35|36[37[3|3
AC_ATNO
AC_AIN1
AC_AINZ . )
AC I
e Pin Table

@) |
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MCC Harmony Interface

* Project Graph > Plugins : Clock Configuration

Flugins:

Clock Configuration
DA Configuration
FPin Configuration

LW I Configuration

Event Configurator
ADC Configuration

8 MPLAB X IDE v6.25 - Lab0_First_Project : default = [m] X
File Edit View Nayp ~=Q Debug Team Tools Window Help ‘Qv ‘
S @(a Clock Easy View ), BB LR RQB Oy-=0 @WMMM
. o o —
@ [rssemn | asmie | | Double Click the tab name to enlarge or shrink the window. | LEg
F Oscillators Controller i GOLK Ganarator®
2 = oscam
= 8 MHz Internal oscaM e
= Oscillator Fos =1 = i w
% DAL Main Clock
I FREQIL: & OSCULP32K
- ﬂ e > CPU
g 0sC32K 48,000,000 Hz 48,000,000 Hz
5 XIN B Lot X0SCK DIV1 v
- 8,000,005 Crystal Oscialitor T 1]
i XOUTR— ol / el
g CRYSTAL v sok
H C—
',é Fractional Digital Phase Locked Loop (FOPLL) (1)
] X0sC32K : :
% Clock e e Gk Peripheral Clock Selection
'E Source ‘ GOk DAL FOPLL 0oscaM sa
o | GCLKO v > prns
-4 T 5 Gk
Xosc ey GLK3
GCLK1
/r s sa > fare > » Peripherals
o . Auto 08C32K saks T
| X0SC3XK v Calculate
| oy GCLKE
= HOSC2% 1a Peripheral Clock
Clock GOLK_IN[1] /r = Seue Configuration
Source GCLK_DAL S
GCKO v AE—' DR &
e
- woo000K
XOSC GCLK Generator x (x=2-8) (] suK2
caK3 GCLK Input Output (10)
OSCEM 83 GOK4 GCLK_IN[]
FDPLL GCLK 5 4-%}1
GCLK 6
83 I DIt GCLK 7 = '—{?— — [Meakiox
> L LIO. e
@)
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MCC Harmony Interface

* Project Graph > Plugins : NVIC Configuration (Open a new window after clicked)

|P1ugins: v

Clock Configuration
DA Configuration
FPin Configuration
NVIC Configuration
Event Configurator

ADC Configuration

| B9 NVIC Cnnﬁgt;ratiﬂn - O x
NVIC CONFIGURATION HELP (& @
Vector Number Vector Enable Priority (0 = Highest) HandlerName
-15 Reset (Reset Vector) -3 Reset_Handler
-14 NonMaskablelnt (Non-maskable Interrupt) 2 NonMaskablelnt_Handler
-13 HardFault (Hard Fault) HardFault_Handler
-5 SvCall (SuperVisor Call) 0 v SVCall Handler
-2 PendSV (Pendable SerVice) 0 ~ PendSV_Handle
-1 SysTick (System Tick Timer) 0 v SysTick_Handler
0 PM (Power Manager) 3 v PM_Handler
1 SYSCTRL (System Controller) 3 ~ SYSCTRL_Handler
2 WODT (Watchdog Timer) 3 v WDT_Handler
3 RTC (Real Time Counter) 3 ~ RTC_Handler
4 EIC (External Interrupt Controller) 3 v EIC_Handler
5] NVMCTRL (Non-Volatile Memory Controller) 3 ~ NVMCTRL_Handler
6 DMAC (Direct Memory Controller) 3 v DMAC_Handler
7 USB (Universal Serial Bus) 3 v USB_Handler
8 EVSYS (Event Systems) 3 ~ EVSYS_Handler
9 SERCOMO (Serial Communication Interface 0) 3 v SERCOMO_Handler -
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MCC Harmony Interface

* Project Graph > Plugins : ADC Configuration

E ADC Configurator

Flugins: v

Clock Configuration
DA Configuration
FPin Configuration

LW I Configuration
Event Configurator

ADC Configuration

ADC Configuration
will not show in a new project

GCLK

Result Event
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MCC Harmony Interface

* Project Graph > Plugins : DMA Configuration (Open a new window after clicked)

B DMA Configuration - o x

Active Channels List || Use Linked List Mode
Channel Number Trigger DMA Channel 0 Settings
DMAC Channel 0 | Software Trigger v ‘ Enable Interrupt
Trigger Action ‘ One Block Transfer Per DMA Request hd |
Add Channel Remove Selected Channel
Source Address Mode ‘ Increment Address After Every Transfer v |
. e i

| Pluglns Destination Address Mode ‘ Increment Address After Every Transfer ™ |
C]-O'Ck Conflguratl@n Beat Size ‘ 32-bit bus transfer hd |

DMA Configuration

FPin Configuration
LW I Configuration

Event Configurator
ADC Configuration

ls\ MICROCHIP



MCC Harmony Interface

* Project Graph > Plugins : Event Configurator (Open a new window after clicked)

7 Event Configurator

EVENT CONFIGURATOR

Channel Configuration Channel Settings

Select the channel from Channel Configuration Table to view channel settings
Event User Remove
Channel Number  Event Generator
Status Ready = Channel

No results found

Add Channel

Flugins: v

Clock Configuration
DA Configuration
FPin Configuration

LW I Configuration

. No results found
Event Configurator

ADC Configuration

User Configuration

Re
User Channel Number meve
User

ﬁ'\ MICROCHIP



PORT I/0 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

OUTI[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

70

15:8

23:16

31:24

0x04

0x05

0x08

0x07

DIRCLR

70

15:8

23:186

31:24

0x08

0x09

0x0A

0x0B

DIRSET

70

15:8

23:16

31:24

0xoC

0x0D

0x0E

0x0F

DIRTGL

7:0

15:8

23:16

31:24

0x10

Ox11

0x12

0x13

ouT

70

15:8

23:16

31:24

0x14

0x15

0x16

0x17

OUTCLR

7:0

15:8

23:16

31:24
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Register Access

* There are two way to access Register:
* Access by Register Pointer
*(__10 uint32_t *) (0x41004400U) = 0x55; /* 0x41004400U : PORTA DIR */
*(__10 uint32_t *) (0x41004480U) = 0X55; /* 0x41004480U : PORTB DIR */

* Access by Pre-defined Struct
PORT_REGS->G ROU P[O]PORT_D'R = 0X55; /* Group[0] : PORTA Register Set */
PORT_REGS->GROUP[1].PORT_DIR = 0x55; /* Group[1] : PORTB Register Set */

atsamd21gl8a.h port.h
#define PORT_REGS ((port_registers_t*)0x41004400) typedef struct
{
port.h __10 uint32_t PORT_DIR;
__10 uint32_t PORT_DIRCLR;
typedef struct __10 uint32_t PORT_DIRSET;
{ /* Port Module */ __10 uint32_t PORT_DIRTGL;
port_group_registers_ t GROUP[GROUP_NUMBER];
} port_registers_t; } port_group_registers_t;
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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) S
<reg>SET
* <reg> Clear (<reg>CLR) <reg>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.

@ MICROCHIP



Atomic Bits Manipulation

reg 1 1 1 0 1 0 1 1

regCLR 1/0|1 11|01 ]|0
v v v v

reg 0 1 0 0 0 0 0 1

reg

regSET

reg

0 1 1 0
0 1 0 0
0 1 1 0

reg 1 1 0 1 0 1 1 1

regTGL 1 0 1 0 1 0 1 0
v v v v

reg 0 1 1 1 1 1 0 1

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

regSET : corresponding bits set to 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 7
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Check Schematic

3.3V <
3 3V p—LERL H Green AL /E'-:j-\ lGND
FDN337N
PA20PWM(TCCO.6) . paog
D AAA ALK 100K

LED1 PA20
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Lab1l PORT Output

Step 1
e Add code segment to your main loop
/[l TODO 1.01
uint32_t i = 0; [ Access by Register Pointer ]

int main (void)

SYS_Initialize (NULL );

/[l TODO 1.02
*(_I0 uint32_t *)(0x41004400U + 0x08U) = 0x00100000;
while( true )

// TODO 1.03 /- Period Control

for (i =0 ; i < 2000000 ; i++ ){}
*(__TO0 uint32_t *)(0x41004400U + Ox1CU) = Ox00100000;
¥
by

@ Program firmware to target board
then observe result.
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Labl PORT Output

Register Description mm|

0x00100000 (Hex) 0x00
0000 0000 0001 0000 0000 0000 0000 0000 b (Binary) 0x01
3322 2222 22 11111111 11 0x02 DIR
1098 7654 321/0{9876 5432 1098 7654 3210 X
0x03
// TODO 1.01 0x04
uint32_t i = 0; LED1 Pin PA20
0x05
. . . DIRCLR
int main (void) 0x06
{
SYS_lInitialize (NULL ); 0x07

/[ TODO 1.02
*(__TI0 uint32_t *)(0x41004400U + 0x08U) = 0x00100000; 0x09 DIRSET
OX0A

while( true)
0x0B

{
// TODO 1.03
for (1=0;1<2000000;i++) {}
*(__I0 uint32_t *)(0x41004400U + 0x1CU) = 0x00100000; 0x1D -
OuUTTGL
: o | Lourer

Ox1F

¥
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Labl PORT Output - Access by Pre-defined Struct

Step 2

6 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 )

{ .

// TODO 1.03 /— Period Control
for (i=0;1<2000000;i++) {}
PORT_REGS->GROUP[@].PORT_OUTTGL = 1<<20;

}

¥

@ Program firmware to target board
then observe result.
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Pin Configuration using MCC

Hint

* Notice ! If you already close MCC, please open it through below steps.

* Select to Tools > Embedded > MPLAB® Code Configurator v5: Open/Close

[Tools | Tools Window Help

Analysis
| Embedded | Embedded

Licenses

e Or Click @ Icon.

Content Manager

WY B

s [ MPLAB® Code Configurator v5: Open/Close

X

> r MPLAB® Code Configurator v5: Open/Close |

ll b 4 ] Start Pa

[J N BN
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Labl PORT Output - Pin Configuration using MCC

Step 3

* Return to MCC Harmony Configurator.
* Select Project Graph > Plugins > Pin Configuration

ﬁ Project Graph - Editor

Project Graph = \

[ X

anc=

X ZTHRERBE 4| & P

« View: Root

DMA Configuration
Pin Configuration )

PinC ,:,]'Ifig'l_‘ll‘iﬁ.ﬁljj‘l

EVSYS
Peripheral Library

Device Family Pack (DFP) |

%\ MICROCHIP



Pin Configuration
Hint

* Pin Configuration will open three pages, you can refer to the following to dock.

B MPLAB X |DE v6.20 - Lab0_First_Project : default = (m] X
File Edit View Mavigate Source Refactor Preduction Debug Team Tools Window Help |Q' Search (Ctrl+]) |
= By - BB - o CE LB vﬁ o o vl . ;
il B D@ T WY |eoa <] & ﬁ G- D @ @ g -= 0 m PC: 0x0| - How do I2
Projects Files Services Resource Man... x] [=l || Project Graph xT Pin Settings x] - - N\ |IE\ E] @ l Pin Diagram x} Y- o \ |<_:| E] @
MCC o5 ( Settings )} {_Pin Diagram )
—— Order: |Pins v Table Unavailable
Project Resou---l (IS l )3 2 e 9 Fin Available
- . b Fin I Custom Mame Function Mode Direction Latch PulUp  PullDown Drive Strength
¥ Libraries Number N
Assigned
» Harmony 1 PADD Available ~| Digi High Impedance - Low O O NORMAL u =
= — - - =Cg =
¥ System 2 PAO1 Available ~ Digital High Impedance -~ Low O O MNORMAL ~ ~ é § E § E é g § ﬁ § § g
a = System 3 PADZ Available i Digital High Impedance - Low O O NORMAL ~ ~ Goda=>Uadocdoa
=
e e e e o o
4 PAD3 Available ~ | Digital High Impedance ~ |  Low O O NORMAL ~ ~
- - 2 4547464544434241 40393837
5 GMNDANA Digital High Impedance Low NORMAL paon o 1 36 0 YODIO
6 VDDAMA Digital High Impedance Low NORMAL panl [ 2 35 0 GHDIO
- - - panz [ 3 3¢ 0 pazs
7 PBOZ Available ~ Digital High Impedance - Low O O NORMAL -~ paos O 4 33 [0 paz4
8 PBO9 Available ~ Digital High Impedance Low O O NORMAL -~ GMDaNA [ 5 3z 0 PAZ3
vooana [ 6 ATSAMD21G184 3t [0 Pazz
3 PAD4 Awailable | Digital | HighImpedance ~ | Low [m] O | MoRMAL ~ a0 O 7 300 past
10 PADS Available Digital | High Impedance Low NORMAL G 23 0 paz0
= & — = 8 8 = pans [ 9 28 [0 Pa19
| = 11 PADE Available ~ | Digital High Impedance - O O NORMAL Pa0s O 1o 27 0 Pals
i Content Manager
Device Resources g 12 PAD7 Available | Digitsl | High Impedance ~ 0 0 | normaL Pace O 11 2 [0 Pawv
v Libraries - - - pa07 [ 12 25 [0 Pals
- 13 PAD3 Available ~ Digital High Impedance -~ O O NORMAL 1314 151617 16 192021 23 2374
* # Harmony 14 PADS Available | Digital | HighImpedance ~ | Low &) O | normaL i e o o o i
15 PA1D Available ~| Digtal High Impedance ~ |  Low 7 § Zo-oooo T
. " - . - o . -
16 PAlL Available ~| Digital | HighImpedance | Low Pin Sett|ngs Pin Dlagram
17 VDDIO Digital High Impedance Low — - -
PinTable x N DIEHE
Pin Table =
Package: TQFP 02 ol e oe
o|lo|la|le 2| 2|l o|la|lr|lw|le|ln|le|lea|lol=|lz2z|2lala|ln|lm|ls|lw|lo|lr|lo clo|lo|lololxslv|les|2|a|e|e
Sis|8|8|lg|a|le|s(z|g8|8|s|(8(g|s|=a|lelals|=z|2|8|Zl=el2|=5(2/2|8|a|8|(8(3|8|8|l2|W®(Q|&
g/ 2|2 2| 2 |la|le|8|la|ls|f|=z|a|l2|F|F | a|lg|la|lg| || |F|F|F|F|F|2 |2 |2|2|2|d2|g2|a|la| |2
o = = = ) = o o o o o o o o o o = . o o o o o o o o = = = o o o o o pul = o o o
Module Function 1|/2|3|4|5|6|7|8|9|w|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]|39
AC_AIND
AC_AIN1
AC_AIN2 . )
AC bl
= Pin Table
@)
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Labl PORT Output - Pin Configuration using MCC
Step 4

* Pin Table configure. (Enable or Disable Pin)

(] Pin Table PA20 [ |
DT |
Package: |[TQEP4S @~ clalalelzelzzlelels|e|2ls|slal8] 5
ool QI = PO PO S T B o I o B o (o N o S o B ol I o I o (o I
" e o T B B T ' T (W W < - - T T T T T T
bodule Function BlI7 |18 |19 20 21 |22 | 23|24 |25 |26 |27 |28 |20 130 | 31 | 32| 33
GCLE &7
GPIC GFIO i
[2% F=0 H
GPIO : Click  |r Mbiel—
T b AT [ [ [ [
(| Fin Table M
e o | o ﬂ—-l
Package: |TQEP4S | v Clalalelz|elszlelelszlel2s]| 885
ol QT T == (PO PO S o B o o o o I o B B I O o o
IR o= B B R B O Y Y W - - T T e (TR T Y
Madule Function BII7 18| 1920021 |22 23 |24 | 25|26 |27 |28 | 29| 30| 31 | 32| 33
GUCLE 107
ORI GFIo
a5 Fe Green is Enable
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Labl PORT Output - Pin Configuration using MCC

Step 5

* Pin Setting. (Pin Function Setting)

[] Fin Settings = O
Order:  |Pins o Table Wiew Easy Wiew
;1]1 b Fin IO Custom MName Function Mode Direction Latch Full Up  Full Down
ull]'u Bl reLr | MV anauc e LM1E11HL PINgUE Lawa W | Lot | L1 | L1
27 o Pk v| Digital | HehL.. | _, | 1
- i i Pin Function Settin
- PA20 | Double Click to Edit [ - | Digial || meni. P 8ig
29 PAZ0 ] [ GPIO_PAZ2D GPIO v Digital | HohL.. ~| Low [] []
30 PAZL Available ~v | Digital HighT... Lo [] []
A P G = [
Always remember press [Enter] | Easy View
after to InPUt ar‘]y value In MCC Harmony Function Maode Direction Latch Full Up  Full Down
11]11”91' =L Avanauie w LAl |. 1IN Laas vl Lo | L1 L1
27 PA18 LED1 Available v| Digital | Qy Low [] []
2% PAL3 Available v| Digital o [] []
[29] PA20 PA2D LED1 GPIO v| Digital fout | Low
30 PAZ1 Available w | Digital HighL.. v Lo ] []
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Labl PORT Output - Pin Configuration using MCC
Hint

* Pin Diagram. (Hardware design reference)

(] Pin Diagram = x
[Tnavailable ~
Available
Agsigned e =,

SomAEaO &t
SERiO0E e
L Oomonnmmanos
D 424746454443424 140303837
Faog O 1 3% @ VDDIO
Fa0l O 2 35 @ GNDIS
Faoz O 3 34 @ PAZS
Fanz O 4 33 [0 FAZd4
GHNDANA E ) 32% FAZ3
VDDANA B O aTsAMD21Gl8a 3l P PAz PA20 (LED1)
FED O 2 lZQ 0 LED! |
Fand O o
Fa0s O 10 27 0 PALR
Fa0n O 11 26 0 PALT
Fao? O 12 25 [0 PALG
L 131415161718192021222324 |
o o o o o o o o e e T I
et tateletotala lubs
S EroomREEs
=0
W
4 >

(] Configuration Cptions | [ Help | [] Fin Diagram
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Labl PORT Output - Pin Configuration using MCC

Step 6

* Click "Generate" Button to Generate your Code.

] X

Resource Management [MCC] x |

PijECt Resources IGenerate\J Import... | Export 9 t";ﬁ

v Libraries VY
» Harmony
¥ System
[ ) System

)

Outpul - MPLAB® Code Configuralor %

11:17:36.085 [NFD: $4488888888088 08ttt stsssssssssssssssssssssssssssssss
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36 086 THFD: #4488 88eate ettt etetettettttsssssstsssssessssssesesss
11:17:36.086 INFO: Generation complete.

11:17:36.1N INFO: {Hammoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryy<Hamony Database> -> interfaceValidationBvent
11:17:36.19 INFO: {Haxmony}<Hamony Databasesr -> processllataModel

11:17:36.19 INFO: {Haxmony}<Hamony Database> -> postFinalProcessing

£ >
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MCC Harmony 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)
{

}

/************************** GROUPO Initialization *************************/

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

/************************** GROUP 1 Initialization *************************/
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Labl PORT Output - Pin Configuration using MCC

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
/[l TODO 1.02 e
// PORT_REGS->GROUP[0].PORT_DIRSET = 1<<20;

while( true )

{

// TODO 1.03
for (1=0;1<2000000;i++) {}
// PORT_REGS->GROUP[0].PORT_OUTTGL = 1<<20;
LED1_Toggle();

¥

¥

@ Program firmware to target board
then observe result.
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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) @ optons
* Alt + Shift + F : Code Format sk &

Ctrl + Shift + C :Toggle Comment

* More ?
* Tools > Options > Keymap

- k'jm JE D @

Embedded Team Appearance Fluging Miscellaneous

Search:

o

Show as HTML

Search in Shortents:

Mdanage Profiles...

Alt+MOUSE_WHEEL_DOWN

MOUSE_WHEEL _UP

Calegory

W ) her
v |Other

Make Caller Current HPAGE_DOWIN ... |Debug

Make Callee Current #+PAGE_UP ... |Debu

Forvrar d t#+RIGHT o |Other

Variables t+Ehift+] oo Window/Debu,
Watches t+Shift+2 ... | 'Window/Diebu,
Call Stack t+5hift+3 o Window/Debug
Breakpoints t#+5hift+5 | Window/Debn,
Sassions t+3hift+0 .o Window/Debug
Threads tHHShif 7 oo | Windowr/Debu,
Sources i+8 oo Window/Debu,
Debuggin, tHShif 0 oo Window/Debu,

Annotations Cycling

tShaft+C

... | Other

= B8 3 5 3 5 8 3 5 3 [ 3 [ 3 [ 25 [
T
[

clect Previous Element SR HCOMMA v |Other
Dock t+Shaft+D ... | Window
Iove Lineds) Down Sl t+DOWN o |Other
Mowe Insertion Point to Bottom t+Shft+END ... | Other
Full Screen t+Ehif+ENTER oo Window
Format t+Shift+F o | Source
Clean and Build Main Project e haft+F11 .o | Project -
Walidate Fila ++5hift+FQ AL

Export... Import...

Cancel Help
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Lab2 PORT Input and Output

e Based on Lab1l, 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

o
33?:,: LED] H ieen AN /Z:\ |GND
J_ﬂ_ FDN337N
PA20PWM(TCCO.6) . pang
D AAN ALK 100K 4.1
L
? %". LED2 H Green AANAAL RN |GND
I < 1G1
J_f_l) FDN337N
PAJI/PWM(TCCO.T) _ ppoq T
aD AN ALQK l A A A 100K IGND
.l
33?1}/: LED3 H Green m4?o a

PA17/SCK SCL(S1.1)PWM(TCC2.1. TCCO0.7)

PA17

|GND
J_ Q)‘ FDN337N

100K

100K
A"AAY

)

& GND

ﬁ\ MICROCHIP



Lab2 PORT Input and Output
Step 1

* Pin Table configure. (Enable or Disable Pin)

ﬂ'pm i 'PA14 PA15 PA17 PA20 PA21|
E o [T [ -
Package: TQFP48 AEIFIEIE olol<e|d|=a]ldld]alm
AEEIERE G EHHEEERERE B EE
Module Function 1gl 19|20 21|22 23|24 25|26 27 2820 30 3132
GCLE_107
GPIC GPIC ol o Lo _Le
\‘&\/%
GPIO Click
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Lab2 PORT Input and Output

Step 2

* Pin Setting. (Pin Function Setting)

Always remember to press [Enter]

after entering any value in MCC Harmony

B4 Pin Settings - Editor — 0 X
Pin Seftings (<[~
Order:  Pins “ Table View [] Easy View
;Tmber PinID Custom Name Function Mode Direction Latch FullUp  Pull Down

22 PA13 Available Digital High Impedance Low ] ] ~
[23] PA14 PA14 BT1 | st ) GPIO Digitl [ In In |~] Low 0 0]
[24] PA15 PA1S BT2 | 612 ) GPIO Digital | In | In |v) Low ] ]

25 PA16 Available Digital High Impedance ~ | Low ] O
[25] PA17 PA17 LED3 | LED3 GPIO Digital Out Out !~ | Low Low

27 PA1S Available Digital High Impedance | Low ] ]

28 PA1S Available Digital High Impedance ~ | Low O O
[29] PA20 PA20 LED1 | LeD1 GPIO Digital | out Out || Low | Low
[30] PA21 PA21 LED2 | LED2 | GPIO Digital | Out Out v ) Low Low

Digital High Impedance Low O O v
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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

3.3V

else

if ( BT1_Get() ) LED3_Clear();
LED3_Set();

10K

PA14
‘EINT14

03

+—D
BT1

Press

GNDGIND

{ LED3

H// Green AN 470

3.3V}

PA14

z’?;“\
J_Q ‘ FDN33
PA17/SCK SCL(S1.1YPWM(TCC2.1, TCCO0.7) =T
L

PA17
100K

:PA14=0

Release : PA14 =1

D

AAAY

LED3 Light : PA17 =1
LED3 Dark : PA17 =0

|GND
7N

100K GND
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Lab2 PORT Input and Output
Step 3

* Click "Generate" Button to Generate your Code.
) X

Resource Management [MCC] x |
PijECt Resources | Generate\J Import... || Export ‘ e @

v Libraries Ny
» Harmony
¥ System
[ ) System

) X

Outpul - MPLAB® Code Configuralor %

11:17-36.085 [NFD: $4488888888088 08ttt stsssssssssssssssssssssssssssssss ~
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36 086 THFD: #4488 88eate ettt etetettettttsssssstsssssessssssesesss

11:17:36.086 INFO: Generation complete.

11:17:36.1N INFO: {Hammoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryy<Hamony Database> -> interfaceValidationBvent
11:17:36.19 INFO: {Haxmony}<Hamony Databasesr -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hamony Database> -> postFinalProcessing W

< > %\Mlcnocmp




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 (i=0; i< 2000000 ; i++){}

/[ TODO 2.01
LED1_Toggle();
LED2_Toggle();

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

Q Program firmware to target board
then observe result.




Lab2 PORT Input and Output

Button Response Discuss

* 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 (1=0;i<2000000 ; i++ ){}

if ( Button_Detected() )

while( true )

if (i++ > 2000000 )

i
1=0;

LEDs_Toggle();
}

if ( Button_Detected() )
LED_Light();

else
LED Dark();
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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=0; How about current LED toggle speed after
// TODO 2.01 change to state machine flow control ?
LED1_Toggle(); 2
LED2_Toggle(); Why -
}
// TODO 2.02
if ( BT1_Get() ) LED3_Clear();
else LED3_Set();
}
}
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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.

* It can also perform waveform generation, such as frequency generation and pulse-
width modulation (PWM).

@ MICROCHIP



TC Block Diagram

« SAMD21G18A TC Block Diagram

BASE COUNTER
_______________ nt
[COUNTER r = OVF/UNF
: i clear (INT Req.)
s
5 ) direction LoGIC £rR
""""""""""""""""""""""""""" * (INT Regq.)
r r Top
T — HE
=
[
Compare / Capture
CONTROL
LOGIC
v WOx Out
WAVEFORM
GENERATION =
v match MCx
= | {INT Req.) .
@Mlcnocmp




SAMD21 Timer/Counter

* Please refer to the block diagram, just a concept. The real and detail block diagram
please refer to the datasheet.

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

TCx count and CCx. Asserts a into the interrupt request when equal,
and resets TCx count to zero.

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

Interrupt  Equal
Request

—>

Reset

CCx

]

v
Compa rator

Prescaler

| Tex count 4 + J—— cik_Tcx_ArB

1:1
1:2
1:4
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
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Add TC Function using MCC Harmony

* Find TC3 component in Device Resource window.

* Double click TC3 to add to Project Resource window.
* Click could remove component from Project Resource window.

=

Resource Management [MCC| x

X

Project Resources | Generate

Import... || Export 0

=

Resource Management [MCC] x

v Libraries
» Harmony
¥ System
) System

Project Resources @ Generate

Import...

Export

L

¥ Peripherals
b EVEYS
» NVMCTRL

v TC

Project Resource

() TC3
¥ System
| ' Remove Component |

) System

Dev TC Irces

Content Manager

-TC3 )

v TC
() TC3
TC4

Double click

b TCC

» Tools

Device Resource

Device Resources

Content Manager

¥ Libraries

» (_ Harmony
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TC Configuration Options Example

Configuration Options =
[=] ¥

EH+TC3
~Counter Mode Counter in 16-bit mode! -~

~Select Prescaler |Prescaler: GCLK_TC/256 -
~HEERTImer resolution is 5333.33333333 nS****
-} Operating Mode | Timer e

= Timer

~Enable COne-5hot Mode O

~Timer Period Unit milisecond

Tl

ol

=-Time 100 ==
E~----Tin'|er Period 18,749 -

--Enahble Timer Period Interrupt [

= Events

%----Eﬂahle Timer Period Overflow Event [

-~Enable Timer Input Event O

E--Sleep Configurations
“-Run during Standby [
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TC Configuration Options Example

Hint

Configuration Options =

[=] [+

I =TS

Value different to default
will change to green color

- Counter Mode Counter in 16-bit mode! -~

%@ §TC CTRLA_PRESCALER
-

*EEETImer resolutioy

- Select Prescale

Clear User Setting

Tl

-I-Qperating Mode Time Display Mode
S-Timer
~Enahle One-Shot Mode ]
~Timer Period Unit
=-Time 100
| 18,745 =

Show User Manual Entry

milisecond -~

- Timer Period

-

--Enahble Timer Period Interrupt [

- Events
%----Eﬂahle Timer Period Overflow Event [ ]
-.Enahle Timer Input Event ]

E--Sleep Configurations
“-Run during Standby [

Ao

ol

-

Right click the value
could Clear User Setting
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TC Polling Functions
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( uintl6_t count);
bool TC3_TimerPeriodHasExpired ( void );

@ MICROCHIP



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();

}

—/

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 adding TC3 instead of software delay to control LED1(PA20) to
continues toggle.

* The TC3 setup to Timer and Polling method (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 Device Resource window.
* Double click TC3 to add to Project Resource window.

=

Resource Management [MCC| x -

=

Resource Management [MCC] x

Project Resources

Generate || Import...

Export 0 L,:,.J

Project Resources

Generate || Import... || Export 9 L,:.J

v Libraries
> Harmony
¥ System
() System

v Peripherals
» EVSYS
P NVMCTRL

v TC

O 1C3

¥ System
_ ) System

' Project Resource |

Dev, TC Irces

Content Manager

Device Resources

Content Manager

-TC3

v TC

TC3
TC4

Double click

» TCC

» Tools

Device Resource

v Libraries

» {_) Harmony
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Lab3 TC Timer Method Polling

Step 2

Configuration Options x

[=] [+

=-TC3

~Counter Mode

~Selact Prescaler

I?J--Dperating Mode
=-Timer

I:T}-Tirne

- Events

' 16-bit mode |

Prescaler: GCLK_TC/256 -

GCLK_TC/256

--Timer Period 18,749 -5

~Enable Timer Period Interrupt (O] DI RAA LI

R Timer resolution is 5333.33333333 nSt e

L=t Timer

~Enable One-5hot Mode O

~Timer Period Lnit

milisecond -+ || millisecond

o

Timer Count |

%----Eﬂahle Timer Period Overflow Event [
-.Enahle Timer Input Event ]

= Sleep Configurations
“-Run during Standby [

System Clock = 48MHz
One second counts of system clock :
48,000,000 counts
One second counts after Prescaler :
48,000,000 / 256 187,500 counts
100ms counts for target :
187,500 / 10 18,750 counts
Counter clear to zero at the next tick :
18,749 + 1 18,750 counts

How to calculate count 18749 ?
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Lab3 TC Timer Method Polling
Step 3

* Click "Generate" Button to Generate your Code.
) X

Resource Management [MCC] x |
PijECt Resources | Generate\J Import... || Export ‘ e @

v Libraries VY
» Harmony
¥ System
[ ) System

) X

Outpul - MPLAB® Code Configuralor %

11:17-36.085 [NFD: $4488888888088 08ttt stsssssssssssssssssssssssssssssss ~
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36 086 THFD: #4488 88eate ettt etetettettttsssssstsssssessssssesesss

11:17:36.086 INFO: Generation complete.

11:17:36.1N INFO: {Hammoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryy<Hamony Database> -> interfaceValidationBvent
11:17:36.19 INFO: {Haxmony}<Hamony Databasesr -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hamony Database> -> postFinalProcessing W
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Lab3 TC Timer Method Polling

Step 4

* Remove or comment the following code in the previous Labs first.

int main (void)

{

while ( true)

{

if (++i >=2000000 )
{
i1=0;
/[ TODO 3.01
// LED1 Toggle();
LED2 Toggle();
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Lab3 TC Timer Method Polling

Step 5 & Result

e Add code segment to your main loop

int main (void)
{
SYS_Initialize (NULL );

/[ TODO 3.02
TC3_TimerStart();

while(true ) Period Control
{ o

/[ TODO 3.03

if ( TC3_TimerPeriodHasExpired() )

{

A-L

LED1 Toggle by TC3 Timer

LED1_Toggle();

@ Program firmware to target board b 2 o
then Observe rESUIt' v “5 _j_oa ,,,,,,,,, ,,.,,,;;T‘.,.,,.::;.,,._,,---.—m—"



Lab4 TCs Timer Method Polling

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

toggle.
* The TC4 setup to Timer and Polling method (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 Device Resource window.
* Double click TC4 to add to Project Resource window.

=

| Resource Management [MCC) x|

Project Resources | Generate

Import... || Export 0 (;J

v Libraries
> Harmony

¥ System

() System

Device Resources

Content Manager

P RTC

v TC

» SERCOM TC

-TCa

O Tc4
TCS

» To

Double click

Device Resource

=

| Resource Management [MCC) x

Project Resources | Generate || Import..

Export 0 (;J

» EVSYS

' Project Resource |

» NVMCTRL
v TC
) TC3
O Tc4

¥ System

) System

Device Resources

Content Manager

¥ Libraries
L I

) Harmony
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Lab4 TCs Timer Method Polling

Step 2

Configuration Options x
[=] ¥

System Clock = 48MHz
One second counts of system clock :
48,000,000 counts
One second counts after Prescaler :
48,000,000 / 256 187,500 counts
Timer 50ms counts for target :
187,500 / 20 9,375 counts
- Enable One-Shot Mode ] .
. . . - — Counter clear to zero at the next tick :
~Timer Period Unit milisecond - || millisecond

. = 9,374 + 1 9,375 counts
I:T}-T_|rr|e 80 <

- Timer Period 3,374 * || Timer Count | How to calculate count 9374 ?
~Enable Timer Period Interrupt [CJ] DR AReIE L

- Events

=-TC4
~Counter Mode Counter in 16-bit mode -~ | 16-bit mode |
- Gelect Prescaler |Prescaler: GCLK_TC/256 | |GCLK _TC/256

R Timer resolution is 5333.33333333 nSt e
B-Operating Mode | Tmer
= Timer

%----Eﬂahle Timer Period Overflow Event [
-.Enahle Timer Input Event ]

= Sleep Configurations
“-Run during Standby [
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Lab4 TCs Timer Method Polling
Step 3

* Click "Generate" Button to Generate your Code.
) X

Resource Management [MCC] x |
PijECt Resources | Generate\J Import... || Export ‘ e @

v Libraries VY
» Harmony
¥ System
[ ) System

) X

Outpul - MPLAB® Code Configuralor %

11:17-36.085 [NFD: $4488888888088 08ttt stsssssssssssssssssssssssssssssss ~
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36 086 THFD: #4488 88eate ettt etetettettttsssssstsssssessssssesesss

11:17:36.086 INFO: Generation complete.

11:17:36.1N INFO: {Hammoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryy<Hamony Database> -> interfaceValidationBvent
11:17:36.19 INFO: {Haxmony}<Hamony Databasesr -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hamony Database> -> postFinalProcessing W

< > %\Mlcnocmp




Lab4 TCs Timer Method Polling
Step 4

* Remove or comment the following code in the previous Labs first.

int main (void)

{

while ( true)

{

/[ TODO 4.01

// if (++i >=2000000)
//{

[/ 1=0;

// LED1 Toggle();

// LED2_ Toggle();

//}
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Lab4 TCs Timer Method Polling

Step 4 & Result

e Add code segment to your main loop

int main (void)

{
SYS_Initialize (NULL );

:I:&23_TimerStart();
/[ TODO 4.02
TC4_TimerStart ();

while( true )

Period Control
{.. /
/[l TODO 4.03

if ( TC4_TimerPeriodHasExpired() )
{

}

L
¥

@ Program firmware to target board

A-L

LED1 Toggle by TC3 Timer

LED2_Toggle();

- - gg 7 ( =
then observe resulit. ol Bl



NVIC Architecture

Nested Vector Interrupt Controller Architecture

ls\ MICROCHIP



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.

c\ MICROCHIP



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
. X
7 Reserved
6
5
4
3 -13 HardFault
2 -14 NMI
1 Reset
Initial SP value

0x10

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

>¢ to address 0x00000000

0x08

0x04
0x00

Peripheral Source MNVIC Line

EIC NMI - External Interrupt Controller

NMI

PV — Power Manager 0
SYSCTRL — System Control 1
WDT — Watchdog Timer 2
RTC — Real Time Counter 3
EIC — External Inferrupt Controller 4
NYMCTRL — Non-Yaolatle Memory Controller g
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 Gounter Tor Gontrol 1 16
TCC2 — Timer Counter for Control 2 ir
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 | 25
12S - Inter IC Sound 27
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SAMD21G18A IVT Define

Interrupt.c

__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
.BfnSERCOMS_HandleP = ( void
.BfnTCCZ_Handler = ( void
.pfnTC3_Handler = ( void
.pfnTC4_Handler = ( void
TpanDC_HandleP = ( void

}s

using linker-generated symbols */

* % ¥ X ¥ ¥ *

*

*

N—? N N N N N N N N N NS

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

SysTick Handler,
NVMCTRL_Handler,

SERCOM@_Handler,
TCC2_Handler,
TC3_TimerInterruptHandler,
TC4_TimerInterruptHandler,

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

@ MICROCHIP



Callback Function

* MCC module provide the interrupt mode driver.

* All flag and event handling by MCC 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.

@ MICROCHIP



MCC Harmony Interrupt Example

* Register a custom "Callback" function and write the action you need to execute.
* The action will be automatically executed when interrupt occurs !

Callback Function Callback Register

. . . n n
Write the action you Reglst.er the Call!oack Provided by MCC Harmony,
need to execute. function you defined. automatically executed
void TC3_TimerExpired(. L) int main ( void ) When Interrupt OCcurs.
{ {
if (status & TC INTEFLAG OVFE Msk) SYS Initialize ( NULL );
{ . ‘ : . .
LED1_Toggle () ITC37TimerCallbackRegister(TC37TimerEXpired, -)FI ?Oll __ attribute ((used)) TC3 TimerInterruptHandler( void )
} TC3 TimerStart(); {
} status;
while ( true ) status = ) o - )
{
SYS Tasks ( ); - . =
- 1if(TC3_CallbackObject. = )

}

context = TC3 Ca ackObject.
return ( EXTT FATLURE ); _ context = TC3_CallbackObje
o TC3 CallbackObject. (status, context):

) Automatically Generated
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TC Callback Hook Example

void TCn_TimerExpired(TC_TIMER_STATUS status, uintptr_t context) | <

{

LED_Toggle();
}

TCn_TimerStart ();

if( status & TC_INTFLAG_OVF_MSTI

Callback

Hook (Register)

TCn_TimerCallbackRegister (TCn_TimerExpired, (uintptr_t )NULL );

{

}

/* Register callback function */

TCn_ CallbackObject.callback = callback;

TCn_CallbackObject.context = ¢

void TCn_TimerCallbackRegister( TC_TIMER_CALLBACK callback, uintptr_t context )

Application
\ \‘ System

text;

Function Pointer

/* Timer Interrupt handler */ N

void TCn_TimerInterruptHandler ( void ) Inte'rru:_p/t
{ /
TC_TIMER_STATUS status;
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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MCC Harmony Interrupt Example

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

Configuration Options =
[=] ¥

=-TC3
~Counter Mode Counter in 16-bit mode -~

- Salect Prescaler | Prescaler: GCLK_TC/256 -
wHEFETImar resolution 15 §5333,33333333 nok++E*
= Operating Maode | Timer V

=1 Timer
- Enable One-shaot Mode ]
~Timer Period Unit milisecond -
=+ Time 100 15
~Timer Period 18,749 =

I )
~Enable Timer Period Interrupt % Yes! That’s all you need to do.

5 Events Check Interrupt Enable
%----Eﬂahle Timer Period Overflow Event [
--Enable Timer Input Event ]

= Sleep Configurations
“Run during Standby [
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NVIC Priority Settings in MCC Harmony

* Open NVIC Settings windows in Project Graph > Plugins > NVIC Configuration.

7 NVIC Configuration - o x
3 RTC (Real Time Counter) 3 v RTC_Handler
4 EIC (External Interrupt Controller) 3 v EIC_Handler
¥4 Project Graph - Editor
5 NVMCTRL (Non-Volatile Memory Controller) 3 v NVMCTRL_Handler
Project Graph = ‘
6 DMAC (Direct Memory Controller) 3 v DMAC_Handler
X\QII-IQ'@'PIW: v
7 USB (Universal Serial Bus) 3 v USB_Handler
8 EVSYS (Event Systems) 3 v EVSYS_Handler
NVMCTRL 9 SERCOMO (Serial Communication Interface 0) 3 ~ SERCOMO_Handler
T [ m £ amr b
. : NVIC Configuration .
Perlpheral lerary = s ’ 10 SERCOM1 (Serial Communication Interface 1) 3 v SERCOM1_Handler
MEMORY Clock Configuration AN
11 SERCOMZ (Serial Communication Interface 2) 3 v SERCOM2_Handler
NVIC Configuration
12 SERCOM3 (Serial Communication Interface 3) 3 v SERCOM3_Handler

TC3 (Timer/Counter 3) TC3_Handler

TC4 (Timer/Counter 4) TC4 Handler

18 TC3 (Timer/Counter 3) 2 s TC3_Handler
19 TC4 (Timer/Counter 4) 3 v TC4_Handler
20 TC5 (Timer/Counter 5) 3 v TC5_Handler
23 ADC (Analog-to-Digital Converter) 3 v ADC_Handler
24 AC (Analog Comparators) 3 v AC_Handler
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TC Interrupt Functions
Interface Routines

void TC3_Timerlnitialize( void );

void TC3_TimerStart( void );

void TC3_TimerStop( void );

uint32_t TC3_TimerFrequencyGet( void );

void TC3_Timerl6bitPeriodSet( uint16_t period );

uintlé6_t TC3_Timerl6bitPeriodGet( void );

uintl6_t TC3_Timerl6bitCounterGet( void );

void TC3_Timerl6bitCounterSet( uintl6_t count );

void TC3_TimerCallbackRegister( TC_Timer_CALLBACK callback, uintptr_t context );

A new function beyond polling mode.
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Lab5 TC Timer Method Interrupt

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

* Modify TC3 Timer Period to 1000ms in MCC 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

Step 1

e Configure TC3 Period to 1000 ms and Enable Period Interrupt in configuration.

=-TC3

~Counter Mode  |Counterin 16-bitmode ~ | | 16-bit mode |
- Select Prascaler |Prescaler: GCLK_TC/1024 | | GCLK_TC/1024
- HEEETImer resolution 1s 21333,3333333 ngtrre

I}}--Qperating Mode Timer - Timer
=HTimer

~Enable One-Shot Mode O
~Timer Period Unit milisecond - || millisecond

o

= Time 1,000 -] 2000 ms

. Timer Period 45,374 - | Timer Count |

~Enable Timer Period Interrupt Check Interrupt Enable
= Events

%----Enahle Timer Period Overflow Event [

-Enable Timer Input Event ]

= Sleep Configurations
“-Run during Standby [

System Clock = 48MHz

48,000,000 / 1024

46,874 + 1

One second counts of system clock :
48,000,000 counts
One second counts after Prescaler:

Counter clear to zero at the next tick :

46,875 counts

46,875 counts

How to calculate count 46874 ?

@ MICROCHIP



Lab5 TC Timer Method Interrupt
Step 2

* Click "Generate" Button to Generate your Code.
) X

Resource Management [MCC] x |
PijECt Resources | Generate\J Import... || Export ‘ e @

v Libraries Ny
» Harmony
¥ System
[ ) System

) X

Outpul - MPLAB® Code Configuralor %

11:17-36.085 [NFD: $4488888888088 08ttt stsssssssssssssssssssssssssssssss ~
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36 086 THFD: #4488 88eate ettt etetettettttsssssstsssssessssssesesss

11:17:36.086 INFO: Generation complete.

11:17:36.1N INFO: {Hammoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryy<Hamony Database> -> interfaceValidationBvent
11:17:36.19 INFO: {Haxmony}<Hamony Databasesr -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hamony Database> -> postFinalProcessing W

< > %\Mlcnocmp




Lab5 TC Timer Method Interrupt
Step 3

* Remove or comment the following code in the previous Labs first.

int main (void)

{

while ( true)

{

/[ TODO 5.01

// 1f (TC3_TimerPeriodHasExpired() )
/1 {

//  LED1 Toggle();

//}
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Lab5 TC Timer Method Interrupt
Step 4

e Add code segment.

// TODO 5.02

void TC3_TimerExpired(TC_TIMER_STATUS status, uintptr_t context)

{
if( status & TC_INTFLAG_OVF_Msk )

{

}
}

int main (void)

{
SYS |Initialize (NULL );

LED1_Toggle();

// TODO 5.03

TC3_TimerCallbackRegister( TC3_TimerExpired, (uintptr_t )NULL );
TC3_TimerStart();

while( true )

{..
}
}

(D Program firmware to target board |
then observe result. RS\ MicrocHIP




Lab6 TCs Timer Method Interrupt

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

* Keep TC4 Timer Period as 50ms in MCC 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
Step 1

* Enable Period Interrupt of TC4 in configuration windows.

System Clock = 48MHz
One second counts of system clock :
48,000,000 counts
One second counts after Prescaler :
48,000,000 / 256 187,500 counts
Timer 50ms counts for target :
-Enable One-Shot Mode ] 187,500 / 20 ZpEE cou.nts
. . . - o Counter clear to zero at the next tick :
~Timer Period Unit milisecond -~ || millisecond

. = 9,374 + 1 9,375 counts
I:?}-T_|rr|e 80 <

- Timer Period 3,374 > | Timer Count | How to calculate count 9374 ?

~Enable Timer Period Interrupt Check Interrupt Enable
= Events

%----Enahle Timer Period Overflow Event [ ]
-.Enahle Timer Input Event ]

=HTCH
~Counter Mode  |Counterin 16-bitmode ~ | | 16-bit mode |
- Select Prescaler |Prescaler: GCLK_TC/256 | |GCLK _TC/256
- HERETImer resolution 15 5333.33333333 ngtrt

- Cperating Mode | Timer e
= Timer

= Sleep Configurations
“-Run during Standby [

c\ MICROCHIP



Lab6 TCs Timer Method Interrupt

Step 2

* Click "Generate" Button to Generate your Code.

] X

Resource Management [MCC] x |

(D)

Project Resources | Ge"erﬂtﬂ Import... || Export \ (7]

v Libraries Ny
» Harmony
¥ System
[ ) System

)

Outpul - MPLAB® Code Configuralor %

11:17:36.085 [NFD: $4488888888088 08ttt stsssssssssssssssssssssssssssssss
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36 086 THFD: #4488 88eate ettt etetettettttsssssstsssssessssssesesss
11:17:36.086 INFO: Generation complete.

11:17:36.1N INFO: {Hammoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryy<Hamony Database> -> interfaceValidationBvent
11:17:36.19 INFO: {Haxmony}<Hamony Databasesr -> processllataModel

11:17:36.19 INFO: {Haxmony}<Hamony Database> -> postFinalProcessing

£ >
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Lab6 TCs Timer Method Interrupt
Step 3

* Remove or comment the following code in the previous Labs first.

int main (void)

{

while ( true)

{

/[ TODO 6.01

// 1t (TC4_TimerPeriodHasExpired() )
/1 {

//  LEDZ2 Toggle();

//}
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Lab6 TCs Timer Method Interrupt
Step 4

e Add code segment to your main loop

// TODO 6.02

void TC4_TimerExpired(TC_TIMER_STATUS status, uintptr_t context)

{
if( status & TC_INTFLAG_OVF_Msk )

{

}
}

int main (void)

{
SYS |Initialize (NULL );

LED2_Toggle();

// TODO 6.03

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

while( true )

{..
}
}

(D Program firmware to target board |
then observe result. RS\ MicrocHIP




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
8MHz
32kHz
32kHz
48MHz
96MHz

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

N[1]
N[2]

CPU

» GCLKGEN[8] —

' Peripherals

c\ MICROCHIP



Clock System Block Diagram

Generator 1 can be used GCLK provides nine The Generator 0
as a common source Generators that can is always the
for all other generators _\ / Provide a wide range / direct source of the
except Generator 1. / of clock frequencies. GCLK_MA'N signal.
¥ /
SYSCTRL v W GCLK_MAIN %} PM CLK CPU_ CPU
XOSC Generator0 NN e
XOSC32K W ,Z|CLK;;AHB CLK,APBx
0SC8M + Generatord | AHB
0OSC32K P v
AHB-APBXx
0SCULP32K o |
> DFLL 48M
. Y % & . .
FDPLL96M g~ |Generators | Multiplexers provide the
Yy v vV v vV v Clock to the peripheral modules,
. B Miltiolexe 1 ®®®  miltiplexef m | as the number of Perlphera.I Clocks
— depends on how many peripherals
GCLK_PERIPHERAL GCLK_PERIPHERAL GCLK_PERIPHERAL .
the device has.
DFLL48M Reference Peripheral 1 Peripheral m

DFLLA8M_REF peripheral is for/
DFLL48M close loop
reference clock source,
maximum clock is 33KHz
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Clock Setting Use MCC Harmony

* Open Clock Easy View windows in Project Graph > Plugins > Clock Configuration.

L ] block Easy View

xosc
H H Oscillstors Contraller
B4 Project Graph - Editor - =
8 MHz Internal oscam
. - —’ = v
Project Graph = o =R
FRE.. ~ OSCULPIZK ako
. »  CPU
lj - . . . l ‘E’ Pl ns: = O8G2K 48,000,000 Hz 48,000,000 Hz
' s o = ﬂ o = ) B
- - - 8,000,0001% ol Cor e 1=
XOUTEE— -
CRYSTAL v =
DFLL ~
Fractiora| Digital PhaseLocked Loop (FOPLL) [
xosca2K g
NVMCTRL Clock os e svm | et
Source GOLKL
GOLK_DPLL! FOPLL 0Oscam
- - GCLEO = —
Peripheral Library E ’m p—y @ sae
oo - = =) Geua
MEMORY o o .
OSCULP32K BELE Peripherals
Auto oscazk 32,768 HzCHLKS E‘
02 |X0sC.. ~ Calculate '
‘f@? KOSC3K S0k Peripheral
Clock GOLK_IN[1] < sak Clock
. . Source Digitel Fraquency Lockad Loop (DFLL 48Mhz) soe
Clock Configuration - osex
DAL
Calib 48,000,000 Hz
o o xosc GCLK Generawr x x=2-8) [ J'CLE 2
e e I AR s iy
1N
= CLK 4 =
CLES i
5 DAL e
€85 1 = CLE§ T [ cak iof
e CLE7 — GULK 10 Confi...
CLE 8
XOSC3K ‘
32 KHz Oscilltors Contraller Gk Nl 1K ‘
5z|<high A:cum:v osEK Gk w
antemal Osdillator 32,768 e OSCaM < ‘

32K UltraLow Power OSCuLP32K
internal O=cillator
32,768 Hz
] roscIK
32K Crystal Oscillatar
1t L}

CRYSTAL ™
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Clock Setting Use MCC Harmony

* Default clock setting of new project (DFLL4A8M open loop).

(1 Clock Easy Wiew

Oscillators Controller

8 MHz Internal L
Oxcillator

XIN (&
8,000,000 /%
XOUTE—
CRYSTAL v
Fractional Digital Phasa Locked Loop (FDPLL) D
XOSC32K
Clock
Source
GCLK_DPLL
= o
X0SC
0% 0=
0t [X0sC el
S > Calculate
&
Clock

Source

GOLK_DAL
GCLEO  ~ 4‘?

Digital Frequency Locked Loop [DRLL 48Mh2)

cali

32 Khz Oscillaters Controller

.szx High Accura o
Internal Oscillator

e

32K UltraLow Power
Internal Oscillator

[ ]
32K Crystal Oscillator
& L

!

CRYSTAL ~

SYSCTRL

GCLK_PERIPHERAL

X0sC
o5caM
it FOPLL {é}
oscuLP2| GOLKO . I
S— CPU
osca2k 48,000,§00 Hz <1 48,000,000 Hz
XOSC
HOSCK - DIVI v
GCLK_IN[O] —lv.
GOLKL DFLL | 4 Peripheral Clock Configuration X
p 9
i -
| GCLK MU|t'p'exer | Peripheral Enable Source Peripheral Clock Frequency
e ey D GOLKD Peripheral Clock Selection SERCOM2_CORE D GCLEO P - ~
FOPLL oscam sok SERCOM3_CORE O GCLKO v -
— & _— SERCOMA4_CORE OJ GCLKO  ~ -
e SERCOMS5_CORE L] GCLKO v -
DAL —
— S — L, . SYSCTRL_DFLL4S GCLKO v -
Peripherals ]
oseazk GOKS I = Gm‘v% 48 MHl
"
KOS | ool TC3, Tecz GCLKD v 48,000,000 Hz
GELK_IN1] = S Clock _’ TC4, TCS vl GCLED v 48,000,000 Hz
GCLKE v
DFLL  ~ n 8 48 MHz
DAL
wDT L GCLKO ~ - v
48,000,000 Hz .
xose GOk Genermmr 2o [ FOLE 2 Close
— & CLK 3
= CLE 4
) CLE 5
CLE 6 [ cowciopd
OSCULP32K
o CLK7 —» GCLE 140 Confi...
CLK 8
XOSC3K
GOLK_IN[O]
e can GCLK Y cpu
oscaM v DFLL Generator 0 ]
OSCULP32K
—
32,768 Hz DSCBZ JI{
Y
oo, XOSC32K GCLK
Multiplexer
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Clock Setting Use MCC Harmony

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

Lﬂ Clock Easy View

Clock

Source

GOLK_DPLL!
GCLED VE =
X0sC

CRYSTAL

~

SYSCTRL

GCLK_PERIPHERAL

xose o el
Oscillators Controller GCLK Generator 0
. OSCEM
8 MHz Internal oscau = 8
Oscillator i
DRL Main Clock
OSCULP32| GOLKD D ™ CPU
0SC32K 48,000,400 Hz 45,000,00071;
XIN = HoscaK DIVl -
&UUU‘UU)U(SUT GELK_INfo]
sk 'I i i i
CRYSTAL ~ Peripheral Clock Configuration X
Cl o
Fractional Digita| Phase Locked Loop (FDPLL) D | G K MU|t'p'exer | Peripheral Enable Source Peripheral Clock Frequency
XOSC32K ¥ —
. i Feripheral Clock Selection SERCOM2_CORE ] GCLED - ()
e — Skt SERCOM3_CORE L] GCLKO -
T, @ o SERCOM4_CORE ] GCLKO -
FDPLL L
e SERCOMS_CORE | GCLEO -
- - DAL
0= 0= SR 1 SYSCTRL_DFLL48 GCLEO =
OSCULP32K SC Iy > Peripherals
ol Tose uto scaK 32,768 HZ8SS I GCLK1 32,768 Hz
B XoSE3K T Sdin | Tc3, TCC2 1 |ceLki 32,768 Hz
e SN t2 Sao Clock Tc4, 7Cs M [GCLEO 48,000,000 He
Source Digital Frequency Locked Loop (DRLL 42Mhz) B |
GCLK_DAL =
GCLED . m | 48 MHz
wor [ |ocLko - v
Calib 48,000,000 Hz
a - xose G0tk Genermor x (28 [ ICLK 2 Close
"PEL
CLK 3
SETRTIVIM [ Open | 00 e ake e |
en FDPLL
‘ LR "
L DAL N
@ L CLK § i B
OSCULP32K.
p— CLE 7 —» GCLE 1/0 Confi...
CLE &
XOSC3K ‘
22 KHz Oscillators Controller oLk _IMg] 1%
SR i . o — ek ckcey |- apy
internal Oscillator o >
kel 32,768 Hz G.|n|l‘°| o
32K Ultra Low P DSCPRL
32,768 Hz 0OSC32K Generator 1
\ ol plo o)/
] %osc32K ){ D:)C:)_-an GCLK
32K Crystal Oscillator H
= l Multiplexer
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Clock Setting Use MCC Harmony

* For Example : External 32.768K -> Generator 0 -> CPU & TC3 & TC4

(1 Clock Easy View

Oscillators Controller ikl
. oscam
8 MHz Internal oscam FOPLL €§§
Oscillator
o = i e CLK_CPU
OSCULF2K GOKo | o~
CPU
OS2k 32,468 Hz a 32,768 Mz
i(IN B XO8; XOSCK . DIVL -
s.ooo.oo)o«;m e o 13
CRYSTAL I Giat xoscazK ~ Peripheral Clock Configuration X
XOSCIK v | | clL - |
Fractional Digital Phasa Locked Loop (FDPLL) D G K MU|t'p'exer Peripheral Enable Source Peripheral Clock Frequency
o XOSC32K _— e — Periphiral Clock Selection SERCOM2_CORE O GCLED - ~
Source sok SERCOM3_CORE O GCLEOD v -
‘GCLK_DPLL| FDPLL oscam
~ = > =
GCLKO ‘% p— & L SERCOM4_CORE [ loclka - -
i AL o] SERCOMS5_CORE O GCLED ~ -
0% o= SYSCTRL_DFLL48 [] GCLKO v =
ASCLERRE 25 T s P Peripherals || N 32 768 H
Auto BLLKS = —| Y4 |
of%] [Xosc. ~ Calculate = o I . .
& XOSC3K B T3, Tec2 GCLED v 32,768 Hz
. GOLINT] = S Clock TC4, TC5 “ GOLKD 32,768 Hz
Source Digital Fraquency Locked Loop (DALL 43Mkz) [ SO | N
GCLEO v R . . || | 32.768 Hz
> wor GCLED - - v
calis 48,000,000 Hz . —
Open ~ i S S D}(C:E]I:? GCLK I o] (o) oz
¢ & Output
oscEu 53 GOULING Eoyts
P CLK4 e
CLK 5 GOLKx
S DAL I ]
) 1 CLK6 I [ eakael]
OSCULP32K
—>
— CLEY GCLE 45 Confi..,
py— |CLK 8
32 KHz Oscillstors Controller GCLK_IN[O]
2K High Accura 05C2K GOLKL m CLK—CPU
e E| Q N
CSCEM v DELL4SIVI Generator 0 > CPU
32K Ultra Low Power OseuLPazK
Internal Oscillator > el 14
32,768 Hz OSC52K
Y Y
M‘ XOSC32K XOSC32 GCLK
gkcrvsl'al Oscillatar I 32,768 Hz Multiplexer
v/ SYSCTRL GCLK_PERIPHERAL
>- CRYSTAL ~
-
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Clock Setting Use MCC Harmony

* For Example : Configure GCLK Generator 0 as a clock output. j

(1 Clock Easy View

~ GCLKO

HOSC
Oscillators Controller EHK
ostam
FDPLL é:;:
s e CLK CPU
OSCULFa2K Gk ] g
CPU
osc2k 32,466 Hz d 32,768 Hz
XIN B xoscz DIVl R
8.000,000% ; 13
o GO UL 420 GCLK CLK_CPU\ CPU
CRYSTAL - ikl XOSC32K DELL4SIVI Generator 0 g
HOSCRK v | . |
Fractionz| Digital Phase Locked Loop (FOPLL) D GCtK MU|t'plexer
Clock N, i e GOk | \"rieneral Clock Selection DS Caz j‘{
;?:lirlz; S s P sak Y A
L — @ XOSC32K Sk
= ol ot b o Multiplexer
OSCULP32K s SO I P Peripherals SYSCTRL GCLK_PERIPHERAL
Auto osca2K GELKS
Oiw (HOSC.. ~ Calculate BOLKE
XOSCIK Peripheral
Clock SN . saq Clock
Source GO Digital Frequency Locked Loop (DAL 48Mhz) SO GCLK 1/0 C f ‘ X
T E & i 1/ onfiguration
Calib 48,000,000 Hz Generator In/Out In Frequency(Hz) Out Frequency(Hz)
P X0 GOLK Generstorx 28] [ [TOLK 2
i n o= .. CLK3 - CELK Inpis Output (10) & o | ow | 0 | 32768
GCLK_INx] 1 0
CLK 4 —
FOPLL
s 2T ol out | .| 32,768H2
& 1= DAL I~ 3 In 0 0
CLE6 W
OSCULP32K 4 In 0 o
CLK7 —>»
0sQ@2K 5 Tn 0 0
XOSCIK |CLK g 3 In 0 0
32 KHz Oscillators Controller GELK_IND] 1= 7 Tn 0 0
0SC2K GCLKL
R
Close
OSCULP32K
—>
32,768 Hz
XIN32 [ Sedn
YouT32 B 32,768 Hz
} XOSC32K FISTAL
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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 O.

* Try to configure GCLK Generator 0 as a clock output.

eLet’s go!
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Lab7 System Clock XOSC32K
Step 1

* Enable external XOSC32K source.

32 KHz Oscillators Controller

32 KHz Ocxcillators Controller
.SZK High Accuracy 0SC32K
Internal Oscillator »
e
32K Ultra Low Power OSCUU’E'Zﬁ
Internal Oscillator
32,768 Hz
Enable P
XIN32 X N/ ROSGE o,
XOSC32K 32K Crystal Oscillator N
XouT32 X— Lo v Enable ‘
| 32,768 Hz
ERYSTAL v
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Lab7 System Clock XOSC32K

Step 2

* Configure the GCLK Generator 0 clock source to change the CPU clock.

GCLK Generator 0

X0sC

0oscamM

FDPLL

DAL

OSCULP32K

0SC32K

XQOSC3K

\ GCLK Generator O E
S5

........

' Always be Enabled |

GCLKO

Main Clock

Main Qock

32,768 Hz

32,768 H

Z

GCLK_IN[O]

GCLK1

' XOSC3K v

XOSC32K

DIV1

o

»
32,768 Hz

32,768 Hz

CPU
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Lab7 System Clock XOSC32K

Step 3

* Observe Peripheral Clock of TC3 and TC4.

Peripheral Clock Selection

GCLKD Peripheral Clock Selection
GCLK1
GCLK2
GCLK3
GCLK4 .
— Peripherals
GCLKS
GCLKS
Feripheral

GCLK? Clock

4 . i
sas / Click %

Peripheral Clock Configuration

Peripheral Clock Configuration >
Peripheral Enable Source Peripheral Clock Frequency
SERCOM2_CORE [] GCLEO v - e
SERCOM3_CORE [] GCLED v -
SERCOM4_CORE [] GCLED v -
SERCOMS_CORE [] GCLED v -
SYSCTRL_DFLL4S [] GCLEOD -
SYSCTRL_FOPLL [] GCLEQ -
1| GCLKO | | 32,768 Hz |
TC3, TCC2 v GCLED 32,768 Hz
TC4, TCS GCLED  w 32,768 Hz
GCLKO ' | 32,768 Hz |
USE [] GCLED v -
WDT [] GCLEO  ~ - v

~by
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Lab7 System Clock XOSC32K
Step 4

* Try to configure GCLK Generator 0 as a clock output.

GCLK Input Output (10) GCLK 1/0 Configuration
GCLK Input Output (I0) GCLK I/O Configuration X
GOLK_IN[x] o
- ~N
GCLKx Generator In/Out In Frequency(Hz) Out Frequency(Hz)
? 04 sak 1ok
- , - 0 Cmt 0 32768
/ [%
GCLK I/O Conft.., .
| 28 0 Out T ° . 32,768 Hz
Click 2 In 0 0
. 3 In 0 0
( \I 4 In 0 0
|
| PA14]1 5 n : :
SYSCTRL % || 6 In 0 :
Y
Close

GCLK_PERIPHERAL
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Lab7 System Clock XOSC32K

Step 5

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

output pin.

(J Pin Table e — |PA14 (GCLK_I0O) |
Package: TQFP48 EESE:EEE:‘EE%MEBEEE
ol ol Il sl Ml ) N M M M Ml IS o M M sl sl
Module Function 12|13|14]15|16|17|18|19]|20| 21| 22|23 |24 (25|26 |27 |28 |29
EIC_NMI (2 :
GCLK_100 GCLK_100 N/ N Click Enable
GCLK_IO1 -
GCLK_[02
GCLK_I03
T GCLK_I04
GCLEK_IOS5
GCLK_IO6
GFIO RS (::D + Click Disable
GPIO GPIC I
[25_FS0
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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.

E-TC3
- Caounter Mode  |Counter in 16-bit mode! -
--Seleckt Prescaler |Prescaler: GCLK_TCf1024 -
R TImer resolution is 21333.3333333 nS**+*
E-Operating Mode | Timer -
Ié_l--Timer
-Enahble One-s5hot Mode ]
~Timer Period LInit milisecond -~
=-Time 1,000 -2}
- Timer Period 45,874 Iﬂ Timer Count
-Enable Timer Period Interrupt B
E-Events
%----Enahle Timer Period Overflaw Event [
Enable Timer Input Event ]

E-Sleep Configurations
“-Run during Standby [

Clock Source : DFLL4A8M

E-TC3
- Counter Mode Counter in 16-bit modef -

- 5elect Prescaler |Prescaler: GCLK_TC/ 1024 -~
- #EEETImer resolution is 31250000,0 nS****

E-COperating Mode | Timer -

=-Timer
~Enahle One-shot Mode ]
~Timer Period LInit milisecond -
& Time | soo0]

- Timer Period 31 :—I] Timer Count

~Enable Timer Period Interrupt B

= Events
%----Enable Timer Period Overflaw Event [
“.Enable Timer Input Event O

E-Sleep Configurations
“Run during Standby [

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.

=TC4
-~ Zounter Mode Counter in 16-bit modef -

--Select Prescaler |Prescaler: GCLK_TC/256
HEEETImer resolution is 5333,33333333 nS*
E-Operating Mode | Timer -

Ié_l--Timer

-Enahble One-s5hot Mode ]

~Timer Period LInit milisecond -~

=-Time 502
- Timer Period 9,374 Iﬂ Timer Count
-Enable Timer Period Interrupt B
E-Events
%----Enahle Timer Period Overflaw Event [
Enable Timer Input Event ]
E-Sleep Configurations
Run during Standby []

Clock Source : DFLL4A8M

=TC4
- Counter Mode Counter in 16-bit modef -

- Select Prescaler |Prescaler: GCLK_TC/256 -
- HEEETImer resolution is 7812500.0 ng****

E-COperating Mode | Timer -

=-Timer
~Enahle One-shot Mode ]
~Timer Period LInit milisecond -
& Time [ 502

- Timer Period 5 :—I] Timer Count

~Enable Timer Period Interrupt B

= Events
%----Enable Timer Period Overflaw Event [
“.Enable Timer Input Event O

E-Sleep Configurations
“Run during Standby [

Clock Source : XOSC32K
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Lab7 System Clock XOSC32K
Step 6

* Click "Generate" Button to Generate your Code.
) X

Resource Management [MCC] x |
Project Resources | Ge"erﬂtﬂ Import... || Export \ (7]

(D)

v Libraries Ny
» Harmony
¥ System
[ ) System

) X
Output - MPLAB® Code Configurator %
11: [NFD: $4488888888088 08ttt stsssssssssssssssssssssssssssssss ~
11: INFO: Generation complete (total time: 9101 milliseconds)
11 THFD: #4488 88eate ettt etetettettttsssssstsssssessssssesesss
11: INFO: Generation complete.
11: INFO: {Hammoryy<Hamony Databases -> prebenerateEvent
11: INFO: {Hammoryy<Hamony Database> -> interfaceValidationBvent
11: INFO: {Haxmony}<Hamony Databasesr -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hamony Database> -> postFinalProcessing W
< > A%\ MicrocHIP




Lab7 System Clock XOSC32K

Step 7

e Comment out BT related GPIO code segment.

int main (void)

SYS Initialize (NULL );

while( true )
/[l TODO 7.01
// if (BT1 Get()) LED3 Clear();
// else LED3 Set();
}

}
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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.

Maximum Operating Frequency

MHz

| CPU_CLK =32.768KHz |

NVM Wait States
1.62Vto 2.7V 0 14
1 28
2 42
3 48
2.7V to 3.63V 0 24
vDD =33V 48

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

plib_nvmctrl.c
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;
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Lab7 System Clock XOSC32K

Try to observe the clock output

Arduino UNO Socket

DO/RX

D1/TX

D2
3/PWM

PA1l 7
PA10 8
PAOS 9
PAO9 10
PA1S 12
PA20 13
PA21 14

(D4
D5/PWM
D6/PWM
D7

’H“ R

32.78 KHz
CH1 i HH

30.50 us

CH1 IE 2 HH

42 75%
CH2 #g2

CH1 #gik
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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
Open LOOp DFL48M Generator x
SYSCTRL e Calibration
DFLL 48|V| Generator x
r SYSCTRL -
| Calibration | XOSC32K Generator
N turning from fix calibration value .
by manufacturer " Multiplexer 0
turning from external
oscillator or crystal \ B
DFLL48M Reference

c\ MICROCHIP



Lab8 System Clock DFLL48M

Close Loop

Configure DFLL48M (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 MCC Harmony.

eLet’s go!
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Lab8 System Clock DFLL48M

Overview

xos
Oscilstors Controller GQK Genarator O
il
8 MH: Internal oscem TOPLL
Oscilistor o3 »
DAL Main Gock
FREQ1 OSCULPIK
GaLKO > > cPU
052K 48,000,000 Hz 48,000,000 Hz
u Xoot X0SCK
- T
Crystal Oscialitor P ITRISETRR DI¥L s
oS GQLK_IN[O]
CRYSTAL v e
DFLL
Fractions| Digital Phaza Locked Loop (FOPLL) 7] - i
HOCK% Peripheral Clock Select
Clock X0 GQK Generator 1 gaE =
i %] Peripheral Enable Source Peripheral Clock Frequency
GCI‘:IZDCE v SakpAL L = ssmcomzCore [ [ GCLKO - -
= GCLK1 s T :
o DAL saKs RL_DFLLA48 1,024 Hz
OSCULPR2K —i Saxs I SYSCTRL_DFLL48 A [6clki  + L,024Hz
0SG2K 1,024 HSQKS — Peripherals — E ﬁg i .
i GaLxs e = =
XDooK 2| 32 .s_o.-n__ €3, TCC2 A |ociko < 43,000,000 Hz |
GQU_IN{I] = TC4, TCS GCLKD v 48,000,000 Hz
Gaxs
XOSCIK o . 48 MHz
DRL WoT 00 [|oclk0  + =
ey | L XOSC32K |
= GCLK 2 Close
X0C GCLX Generator x (x=2-8) ]
N GCLK 3 GOLK Inpat Output (10)
0scBM {3 GCLK4 GOLK_ING]
FoPLL GCLKS ‘_—Q_l
GCLK6 GOLKx
DAL N
GCLK 7 L (9 caxson]
OSCULP32K LK -
= 160K | GCLK IO Configusat...
.................. X0SCK
GALK_INO] 114
[ j CLK_CPU
32K High Accuracy OSCRK cax / ? '— |
X
32K Ultra Low Power OSCULPRK D:‘ 39 pg GCLK 1
1 Oscil > =74\ Generator
Internal Oscillator 32,768 Hz v
N XOSC32K GCLK
Multiplexer
/1
XOSC32K xiN32 B o SYSCTRL GCLK_PERIPHERAL P
¥ 32,768 Hz

~

CRYSTAL v

SYSCTRL_DFLL48
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Lab8 System Clock DFLL48M

Setup Steps Overview

RO, | | i
Oscilstors Contraller GOLK Ganerator O m
osaM |
8 MH: Internal oscem = ]
S = CLK_CPU
DAL Main Oock —
FREQ1 SNy S R R 5
oscazx 48,000,000 Hz " 48,000,000 Hz
XIN B [] 2o XosCK DIV1
8,000,000/ Crystal Oscialltor o 4 e v
XOUTEd— =y | -
CRYSTAL v o
Fractiona! Digital PhasaLocked Loop (FOPW) ] - B
Clock HORCa2K grontss————mpeaonE Peripheral Clock Selection
i xosc } GO Generator ] Peripheral Enable Source Peripheral Clock Frequency
GC:K:e v saket Fopu > — SERCOM2_CORE O GCLKO - = S
i - GCLK1 R e
X05C caa SERCOM4_CORE O |eciko  «
i sax SERCOMS_CORE 1 GCLKO ~ —
OSCULP2K - Sars . SYSCTRL_DFLL48 [=] GCLK1 ™ 1,024Hz o
05G32K 1,024 HzSGKS SYSCTRL_FDPLL 0O  [6clko  « =
3 GOLKE SYSCTRL FDPLLIX 1 GCLKD x~ =
i nsl| 32 . Peripheral Clock Tc3, TCC2 A [oclk0  ~ 48,000,000 Hz |
Clock Gax_IN1] 8t | Configuration TC4, TCS [=] GCLKO ~ 48,000,000 Hz ))
Source caxs TCCD, TCCH [m] GCLKO -
GCLKL o use O |ecke  « -
[Sehvioeiy DAL wot 0O [SctEoims - v
GCLK 1 48,000,000 H3 Close
8]
N GCLK 3 GOLK Inpat Output (10)
o 7 GCLK4 GALK_ING]
FoeLL GCLKS ‘_—q—l
GCLK6 GOLKx
pAL N
GCLK 7 £ cax ok &
osCuLPRK g
= ICLKBl—> GCLK 10 Configunt.. |
oex | | | T —%  |ecwkio Configura"nn memwt_ X
|
GaK_INO] 15 E
Generat out
T i s 1| ( perer_ 1 GCLKO : Out |
themal Oscillator L2 0SCOM o i 0 Cut
S5 oo 1 ot [l
: =] GCLK1:0
32K Ultra Low Power PRK 3 In . ut
Internal Oscillator 32,768 Hz + In 0 0
5 In 0 0
5 In 0 0
X0SC32K — e ” ”
32,768 Hz
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Lab8 System Clock DFLL48M
Step 1

* Enable external XOSC32K source.

32 KHz Oscillators Controller

32 KHz Ocxcillators Controller
.SZK High Accuracy 0SC32K
Internal Oscillator »
e
32K Ultra Low Power OSCUU’E'Zﬁ
Internal Oscillator
32,768 Hz
Enable P
XIN32 X N/ ROSGE o,
XOSC32K 32K Crystal Oscillator N
XouT32 X— Lo v Enable ‘
| 32,768 Hz
ERYSTAL v
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Lab8 System Clock DFLL48M

Step 2

* Configure the GCLK Generator 1 clock source and divider to generate 1024 Hz.

1,024 Hz

1,024 Hz

GCLK Generator 1
XOSC GOLK Generator 1 \/
I\
FDPLL {Ié}
DAL
OSCULP32K
0SC32K
XOSC3K
GCLK_IN[1] 32@

( Ta

XOSC32K

v

XOSC32K
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Lab8 System Clock DFLL48M

Step 3

* Configure DFLL48M (Close loop) and generate 48 MHz.

®

Digital Frequency Locked Loop (DFLL 48Mhz)

Clock
— KSlource > GQK_DFLLE Digital Frequency Locked Loop (DHL%Mhz)M
DFLL
Calib — 48,000,000 Hz
T 48,000,000 Hz
DFLL48M Close |# RISy
Auto

Calculate

3 46,8752

Click

i
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Lab8 System Clock DFLL48M

Step 4

* Configure the GCLK Generator 0 clock source to change the CPU clock to 48 MHz.

GCLK Generator 0
i \ GCLK Generator O \/
fszm & Main Clock
= ikl CLK_CPU
OSCULP32K GCLKO .
0SC32K n 48,000,000 Hz g n 48,000,000 H;
Zﬁ:{o} =] i e L ZE8,000,000 Hz
aak1 ' . :

CPU

és\ MICROCHIP



Lab8 System Clock DFLL48M

Step 5

* Try to configure GCLK Generator 0 and Generator 1 as a clock output.

X Gak 101

GCLK Input Output (10)
GCLK Input Output (10) H
iCLK_IN[x] ﬂ/}
GQLKx
N
.| GCLK 1/O Confi.,
- % : Click
X

XOSC32K

SYSCTRL

cotrs

X

GCLK 1/0 Configuration

GCLK I/0O Configuration

)
Generator O;l.]t In Frequency(Hz) Z|-8 MH“Z g)

0 0 Out 0 48000000
1 1 Out 0 1024

. Out 0 1024 Hz

3 In 0 0

4 In 0 0

5 In 0 0

6 In 0 0

7 In 0 0
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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_101)
Package: TQFP48 sl=gl8le|=lal=|5|5ts2==]7
ol il = e I I R S B S S
Module Function 1516|1718 |19 20|21 |22 |23 24|25 |26 |27 |28 | 20
EIC_NMI
GCLK_I00 ) . _
GCLK_I01 e </ N Click Enable
GCLE_I02 %
GCLE_I03
2Eb GCLK_I04
GCLE_IOS
GCLE_IO6
IS = T Click Disable
GPIO GPIC %
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.

E-TC3
-~ Zounter Mode Counter in 16-bit modef -

--Seleckt Prescaler |Prescaler: GCLK_TCf1024 -
HHEEETImer resolution is 31250000,0 nS****
E-Operating Mode | Timer -

Ié_l--Timer

-Enahble One-s5hot Mode ]

~Timer Period LInit milisecond -~

=-Time 1,000 -2}
- Timer Period 31 Iﬂ Timer Count
-Enable Timer Period Interrupt B
E-Events
%----Enahle Timer Period Overflaw Event [
Enable Timer Input Event ]
E-Sleep Configurations
Run during Standby []

Clock Source : XOSC32K

E-TC3
- Counter Mode Counter in 16-bit modef -

- 5elect Prescaler |Prescaler: GCLK_TC/ 1024 -~
~EEEFETimer resolution is 21333,.3333333 nSH*+s
E-COperating Mode | Timer -

=-Timer
~Enahle One-shot Mode ]
~Timer Period LInit milisecond -
& Time | soo0]

- Timer Period 45,874 :—I] Timer Count

~Enable Timer Period Interrupt B

= Events
%----Enable Timer Period Overflaw Event [
“.Enable Timer Input Event O

E-Sleep Configurations
“Run during Standby [

Clock Source : DFLL4A8SM
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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 TC4 configuration to see the difference after change the clock source.

=TC4
-~ Zounter Mode Counter in 16-bit modef -

--Select Prescaler |Prescaler: GCLK_TC/256
HEEETImer resolution is 7812500.0 nS****
E-Operating Mode | Timer -

Ié_l--Timer

-Enahble One-s5hot Mode ]

~Timer Period LInit milisecond -~

=-Time 502
- Timer Period 5 Iﬂ Timer Count
-Enable Timer Period Interrupt B
E-Events
%----Enahle Timer Period Overflaw Event [
Enable Timer Input Event ]
E-Sleep Configurations
Run during Standby []

Clock Source : XOSC32K

=TC4
- Counter Mode Counter in 16-bit modef -

- Select Prescaler |Prescaler: GCLK_TC/256 -
~HFFEEFETimer resolution is 5333.33333333 nSH*es
E-COperating Mode | Timer -

=-Timer
~Enahle One-shot Mode ]
~Timer Period LInit milisecond -
& Time [ 502

- Timer Period 9,374 :—I] Timer Count

~Enable Timer Period Interrupt B

= Events
%----Enable Timer Period Overflaw Event [
“.Enable Timer Input Event O

E-Sleep Configurations
“Run during Standby [

Clock Source : DFLL4A8SM
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Lab8 System Clock DFLL48M
Step 7

* Click "Generate" Button to Generate your Code.
) X

Resource Management [MCC] x |
Project Resources | Ge"erﬂtﬂ Import... || Export \ (7]

(D)

v Libraries Ny
» Harmony
¥ System
[ ) System

) X
Output - MPLAB® Code Configurator %
11: [NFD: $4488888888088 08ttt stsssssssssssssssssssssssssssssss ~
11: INFO: Generation complete (total time: 9101 milliseconds)
11 THFD: #4488 88eate ettt etetettettttsssssstsssssessssssesesss
11: INFO: Generation complete.
11: INFO: {Hammoryy<Hamony Databases -> prebenerateEvent
11: INFO: {Hammoryy<Hamony Database> -> interfaceValidationBvent
11: INFO: {Haxmony}<Hamony Databasesr -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hamony Database> -> postFinalProcessing W
< > A%\ MicrocHIP




Lab8 System Clock DFLL48M

Step 8

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

int main (void)

SYS Initialize ( NULL );

V{Vl No code need to change or modify. I

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

¥
}
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Flash Access Time and Wait State

* MCC Harmony will auto adjust proper NVM Wait State, also.

plib nvmctrl.c
void NVMCTRL _ Initialize(void)

{

NVMCTRL_CTRLB_RWS(1) |

1.62V to 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

14
28
42
48
24

MHz

48

| CPU_CLK = 48MHz ||
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Lab8 System Clock DFLL48M

Try to observe the clock output

Arduino UNO Socket L.

PA1l 7
PA10 8
PAOS 9
PAO9 10
PA14 |11
PAL1S )12
PA20 13
PA21 14

DO/RX
DI/TX
D2

3/PWM
D4
D3|PWM
D6/PWM
D7

PA15 (D5)

PA14 (D4)
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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 I/O and
alternatively. It can be assigned to one of the peripheral functions group.

YO Pin

PA14

PA1S

Supply

VDDIO

VDDIO

EXTINT[14]

EXTINT[15]

Function Groups (A~ H)

c ‘ D ‘ E | F | G | |

pDACc  sErRcom(2) | sercom-ALT | Tcmce

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

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

TCC

TCCO/
WO[4]

TCCO/
WOI5]

AC! GCLK

GCLK_I0[0]

GCLK_IO[1]

Pin Name
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PINMUX PLIB Analysis

main() @ main.c

SYS_lInitialize() @ initialization.c | %F | PMUX15

Offset
SYS_InitiaIize ( NULL ); 0x30 | PMUXOD PMUXO[3:0] PMUXE[3:0]
PMUX PMUXO (ODD) PMUXE (EVEN)
PMUXO[3:0] PMUXE[3:0]

0x40 | PINCFGO
PORT _Initialize(); PINCEG |

OxbF |PINCFG31

PORT _Initialize() @ plib_port.c

DRVSTR PULLEN INEN

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 | PMUXEN

| PMUXEN

INEN | PMUXEN

H| PA14 (PINMUX Enable) | | INEN = 1 (Input buffer Enable)
H| PA15 (PINMUX Enable) | | INEN = 1 (Input buffer Enable)

PMUX([7] : PA15(GCLK_IO[1]) , PA14(GCLK_10O[0])
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PINMUX PLIB Analysis

Pmux o |1 2 | 3 | 4 | 5 C

mmm“ﬂmmmmmmm sercomaLT _Tclce ac ceik

PA14 VDDIO EXTINT[14] SERCOM2/ SERCOM4/ TC3/WO[0] TCC
PA14 (7) hcon eo WOF_GCLK_IO[O]

GCLK_IO[0]

16 PA15 (7) PA1S VDDIO EXTINT[15] SEFI::E)([)al\i‘IZJ' SEFI;{A(E)C[)::.]MI TC3WO[1] TWC((]:[EGCLK_IO[].] “ GCLE_IO[1]

PORT _Initialize() @ plib_port.c

PORT_REGS->GROUP[0].PORT_PMUX[7] = 0x77; ' PMUX[7] : PA15(GCLK_IO[1]) , PA14(GCLK_IO[0])

c\ MICROCHIP



PINMUX Configuration Example

g MPLAB X IDE v6.20 - Lab0_First_Project : default

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

PGS D@ T e Ry QU0 @y

Project Graph x| Pin Settings x] Pin Diagram x]
Order: Table View (B Easy View . Unavailable

Fin
Number

. Awvailable
Fin ID Custom Name Function Mode Direction Ful Up  Pull Down Drive Strength
Assigned
1 PADD Available Digital High Impedance

PADL Available Digital High Impedance

MNORMAL
NORMAL

suopdg uopeanbyuoy O

PADZ Available Digital High Impedance
PAD3 Available Digital High Impedance

MNORMAL
NORMAL

Ojojo|o
Ojojo|o

4847464544 43424140393337

GNDANA Digital High Impedance MNORMAL AN

VDDAMA Digital High Impedance NORMAL PAOL
Panz
NORMAL PADE

NORMAL GNDANA
NORMAL sonaa ATSAMDZ21G18A

FBO2
NORMAL PAD4

MNORMAL PADS

PADG
NORMAL Paa7

PBEOE Available Digital High Impedance
PBO9 Available Digital High Impedance

PADG Available Digital High Impedance
PADS Available Digital High Impedance

PADE Available Digital High Impedance
PADT Available Digital High Impedance

PADE Available Digital High Impedance
PADS Available Digital High Impedance

MNORMAL
NORMAL

1314151617 18192021 222324

PALD Available Digital High Impedance MNORMAL

NORMAL

O|0oj0ooo/ooo
O|0oj0ooo/ooo

Available Digital High Impedance

Digital High Impedance MNORMAL
Digital High Impedance NORMAL
NORMAL
NORMAL

Available Digital High Impedance

Available Digital High Impedance

ojo
ojo

Pin Table x|

Package: | TQFP48 ~

WDDCOR,

o [GHDANA
o [VDDANA
& |GNDIO

Module Function

&

2
5
=
o
&
o
2
T
o
]
o
=
o
A
()
o
=
7=
T
£
T
&
S
2
5
=
©
=
5
3
a
o
o
=
b
3
2
=
&
L]
a
o
gy
2
&
5
2
£
{
o
3
G
it
=
s
=]
=
5
=

GCLK_I01

GCLK_I02

GCLK_IO3

GCLK_104

GCLK_IOS

GCLK_IOs

GCLK_I07

GPIO

125_Fs0

125_MCKO

P [l Output News Notifications [MCC]
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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 Register Iterface
* USART : RS232, RS485, IrDA I |

* There are up to six instances

of the serial communication s
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 sleep.

aaaaaaaa
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SERCOM! Introduction

* Pin Multiplex

VDDIN
YDDCORE

7=
|—
PAD[0] PAD[1] PAD[2] PAD[3] PMUX 5 i
D % 2
SERCOMO C 1 36
SERCOM1 = - o4
C @ s B
D MicrocHIP o
SERCOM2 c . . .
5 ?
SERCOM3 D 9 ’ 28 l
¢ 10
D PACG KR 26
SERCOMA D o RO L
c aaaaaaa ) 0NN X J
SERCOMS5 D I R EE E BRI S
D
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SERCOM! Introduction

* Pin Multiplex in Harmony (Clear)

(] Fin Table
Package: TQFP48

Module

Function

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

47|48|?|8|19|20|3?|38

A

B

0

1

2

3

4

3

b

7

8

9

10

11

12

13

14

13

16

17

18

19

20

21

22

23

24

25

27

23

30

31

2

3

8

9

10

11

22

23

SERCOMD_FADO

SERCOMO_PADI

SERCOMD

SERCOMO_PADZ

SERCOMO_FADZ

SERCOMI_FPADO

SERCOMI_PADI

SERCOMI

SERCOMI_PADZ

SERCOMI_FPADS

SERCOMZ2_PADO

SERCCOMZ_FPADI

SERCOM2

SERCOMZ PADZ

SERCOMZ PADZ

SERCOMS_PADO

SERCOM3_PADI

SERCOM3

SERCOMS_PADZ

SERCOMS_PADZ

SERCOM4_FADO

SERCOM4_PADI

SERCOM4

SERCOMA_PADZ

SERCCMA_FADZ

SERCOMS_FADO

SERCOMS_PADI

SERCOMS

SERCOMS_FPADZ

SERCOMS_FPADZ
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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 ?

Ready ey 100U PO 10U 52 M
LI SR S A e
?_@:—1.5,13 : : : B : 5 : ASOKHZ

* UART : Universal Asynchronous

Receiver Transmitter (G 'i"'s'a;':"iézﬁ'ﬁéﬁ;"] """
e e R

162,25 us 1

* The module data exchange | I
through serial communication. e
+ The data formatting include S 0 R S s 000 OB
1 start bit, S 1 S S s
5 to 9 data bits and T U N . O O
1 or 2 stop bits. K- e A

______

L_J__L_L J____L J____L J___.L O Y P UL Y DA Ty S P Ny S DUOR O S PUN Ny S U ARy SO0 U WY PUURAOE Y DU Oy SO P Y S B

UART Transmit Example
’A’(0x41), 19200 bps

. i« ------------------------------------------------------------- >é <>
Start Bit Data 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 clock source for asynchronous and synchronous operation.

*

Baud Rate Generator

GCLK

ginternal? l

XCK|

CTRLA.MODE

-2

4}

-/16

>

TX Shift Register

CTRLA.MODE

—h..

L

RX Shift Register

i

Status

RX Buffer

TxD

RxD
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Add SERCOM Function using MCC Harmony

* Find SERCOM5 component in Device Resource window.
* Click |4 to add SERCOMS to Project Resource window.

=

I Resource Management [MCC) x

Project Resources | Generate

Import... || Export 9 rﬁ;h

v Libraries
¥ Harmony
b Packs
v Peripherals
» EVSYS
P NVMCTRL
v TC

Device Resources

Content Manager

) SERCOM2

() SERCOM3
) SERCOM4

) SERCOMS
» TC
» T Click
» Tools

SERCOM
- SERCOMS5

Device Resource

=

I Resource Management [MCC) x|

Project Resources

Generate

Import... || Export 9 rﬁ;h

» NVMCTRL

v sercon | SERCOMS

[} SERCOMS5
v TC

) TC3

() TC4

¥ System

Project Resource

Device Resources

Content Manager

v Libraries
> '_-

Harmony
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SERCOM USART Polling

Configuration Options Example

1] X
Configuration Options =
=] [+
E+5SERCOMS
- Select SERCOM Cperation Mode | USART with internal Clock -
-~ Qperating Mode Blocking mode v
~Receive Enable ]
~Transmit Enable -]
~Frame Farmat USART frame e
-~ Baud Rate in Hz 115,200
- Use fractional baud? [
~Parity Mode Mo Parity -
- Character Size 8 Bits -
~Stop Bit Mode One Stop Bit -~
~Receive Pinout SERCOM PAD[3] is used for data reception -~
~Transmit Pinout PAD[Z] = TxD; PAD[3] =XCK w
~Enable Run in Standby []
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APP045 SERCOM USART Schematic

P—
)
it B o8
DL Z o8
z < g @
r s ==
b [y
ot ] o g =
SEE S a8l | | lelslla
a|edfas|a| A I ZBEEE
R43  \n 330 BSDD E18 PAOO/TX(S1.0)
*— ~~ RAT_p‘\/A7330 BSIT H:B E18 PAOT/RX(SL.1)
2|23 TR A
- < ] - I~ J
S B g pand fo fed 154 P Py 1G1SA-AUT = D
R PRE Im?
285 gz
ErEER R RE =z20QPHgEEE Ny 0.1uF
2roSgLad Q2@ PAOO 2278 DDIO (¢ 1 3.3V_MCU
?::;Vﬂ-gm A PAO1 g GND 35T GND
N pio |36 - = PAYS —3pajiD N
s 0 VD PAO3 PAYY e _
L > GND 22 GNDANA paxy [ o2 TALISCLOIL RAL 00 47K ; 5y
! 2 UDDANA pay | SIPAZYSDA(S30) R0 MVVETR|
7| ppos a5 |30 PAJIPWM(TCCOT) :
8 | 300 pa |29 PAJOPWM(TCCOS)
Y790 | oo pale | 28 PAIOMISO(SL3)
Y310 : : 37 PAI8/SS(SL.2/DS(TC3.0, TCCO)
11| AP PAIZ 3¢ BS10 4~ R39 47K
7| PA06 PAIT 55— %555 2 VN33V
PAOT PA16 A3 37
&2 =
- N Nl el o W =
gZScfe==2=2=2 O
fEEE56ER5E:EE S
EE:EEEEFEE o

cbc uss RX SERCOMS PAD2 2‘1
. CDC Bridge SAMD21G18A

TX SERCOMS5 PAD3
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SERCOM USART

PINMUX Configuration Example

 SERCOM allow limited alternate pad index assighment.

* For example :

PB22 as SERCOM5_PAD?2
PB23 as SERCOMS5_PAD3
samp21y __Ec_| ReF_ apc | Ac | PTC | DAC | sercom()d) rcléimcc  toc | com | Acs ceik
a7 PBZ;Q_ PB22 VDDIO EXTINT[E] SEFI;%C[);}"ISI T“’gE‘EéOmE/'PAD[Z] GCLK_10[0]
PB23 PB23 || VDDIO | EXTINT[7] SERCOMS5/ ';l SERCOMS/PAD[3] (GCLK_IOU]
PAD[3] T wory
CIIFn Teble olof3]8) detllalolel | -J@J:l
Package: [TOPPS & 9/5|34|2|5| 2| =[5 PB22 (SERCOMS5_PAD2)
Module Function 31|233)34 35|36 | 37| 3| *PB23 (SERCOMS5 PAD3)
SERCOM4_PADS3
SERCOMS_PADO
SERCOMS_PADI
REE SERCOMS_PAD2
SERCOMS_PAD3 "
SERCOM5 SYSCTRL_XIN
[ S J
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SERCOM USART

PINMUX Configuration Example

* Remember arrange pads function in SERCOM module.
SERCOMS PAD[2] as USART TXD (PB22)

* For example :

SERCOMS5 PAD|[3] as USART RXD (PB23)

]

Configuration Options =

(=] [+

= SERCOMS

- Receive Enable

~Frame Faormat

-~ Parity Mode

—~Zharacter Size
- Stop Bit Mode
~Receive Pinout

~Transmit Pinout

~Transmit Enable

~Baud Rate in Hz

~Use fractional baud?

= Select SERCOM Operation Mode  |USART with internal Clock
-~ Qperating Mode

Blocking mode e

a

]

USART frame
115,200 }-=

O

Mo Parity -~

8 Bits -~

One Stop Bit -

SERCOM PAD[3] is used for data reception -~

SERCOM PAD]|3] is used for Data Receive

PAD[Z] = T«D; PAD[3] = ¥CK

e

-~Enable Run in Standby [

SERCOM PAD[2] is used for Data Transmit
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SERCOM USART Polling

Interface Routines

void SERCOMS5_USART _Initialize( void );

bool SERCOMS5_USART _SerialSetup( USART_SERIAL_SETUP * serialSetup, uint32_t clkFrequency );
bool SERCOMS5_USART_Write( void *buffer, const size_t size );
bool SERCOMS5_USART_TransmitterlsReady( void );

bool SERCOM5_USART_TransmitComplete( void );

void SERCOM5_USART_WriteByte( int data );

bool SERCOMS5_ USART_Read( void *buffer, const size_t size );
bool SERCOMS5_USART_ReceiverisReady( void );

int SERCOM5_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://teratermproject.github.io/)

* Select COMxx: USB Serial Device (COMxXx)
e Set 115200-N-8-1.

Tera Term: New connection

O TCPAP

%Sgrial

myhost.example.com
History
Telnet
SSH
Other

Port: COMS: USB [£5145E (COMS)

Cancel Help

22

SSH2

AUTO

COMxx: USB Serial Device (COMXxx)

T Tera Term - [disconnected] VT -

File Edit Setup Control Window Help
Terminal...

Window...

Setup

Font...

Keyboard...

- Serial port
Serial port...
Proxy...

SSH...

SSH Authentication...

SSH Forwarding...
SSH KeyGenerator...
TCPAP...

General...

Additional settings...

Save setup...
Restore setup...

Setup directory...

Load key map...

Tera Term: Serial port setup and connection Pt
Port: COM5 v .
New setting
Speed: 115200 | '
: : 115200
Data: 8 bit Cancel
Parity: none v
Stop bits: 1 bit v Help

Flow control: none v

Transmit delay

El msecfline

Device Friendly Name: USB [£5[£F [COMb5)

Device Instance ID: USBYWYID 04D82&PID 000A\784D72A55808
Device Manufacturer: Microsoft

Provider Name: Microsoft

Driver Date: 6-21-2006

Driver Version: 10.0.19041.906

0 msecfchar

< >
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https://teratermproject.github.io/

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 1

* Find SERCOMb5 component in Device Resource window.
* Click  to add SERCOMS5 to Project Resource window.

=

| Resource Management [MCC) x|

X

Project Resources Generate || Import... || Export 9 L:,.J

v Libraries
¥ Harmony
b Packs
v Peripherals
P EVSYS
» NVMCTRL
v TC

Device Resources

Content Manager

E8 O SERCOM2

() SERCOM3
[ SERCOM4

") SERCOMS
» TC
» T( ..
dmkii
» Too

SERCOM
- SERCOMS5

Device Resource

=

| Resource Management [MCC) x

Project Resources Generate || Import... || Export 9 L:,.J

» NVMCTRL

v sercom | SERCOMS

Project Resource

() SERCOMS
v TC

) TC3

) TC4

¥ System

Device Resources

Content Manager

v Libraries

» () Harmony
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Lab9 SERCOM - UART Tx Polling

Step 2

] X
Configuration Options =
[=] [+
= SERCOMS USART with internal Clock
I'él--SeIect SERCOM COperation Mode |USART with internal Clock v |
| Operating Mode Blocking mode ~ | | Blocking mode
- Receive Enable ]
~Transmit Enable ]
~Frame Format USART frame -
~Baud Rate in Hz 115,200 = 115,200
~Use fractional baud? [
~Parity Mode Mo Parity - | No Parity |
~(Character Size & Bits - | 8 Bits |
- Stop Bit Mode One Stop Bit One Stop Bit
[ Receive Pinout SERCOM PAD([3] is used for data reception - ] SERCOM PADI[3]
| Transmit Pinout PAD[2] = TxD; PAD[3] = XCK ~ )| SERCOM PAD[2]

~Enable Run in Standby [
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Lab9 SERCOM - UART Tx Polling

Step 3

(] Pin Table — [PB22 . & -g0
Fackage: TQFP48 amﬁﬁggﬁﬁgzﬁu_ggggagg
22225822 IPB23E g2 |2 25|
Module Function 31|32]33|34|35|36 | 3738|3040 |41 |a2|43|44] 45|46 47|48
SERCOM4_PAD3
SERCOMS_PADO
SERCOMS_PADI
TS SERCOMS_PAD2
SERCOMS SERCOMS_PADS3 Click
SYSCTRL_XIN
| P \\/ 1
(] Pin Table — =i
Package: TQFP48 - 22155 PB22 (_SERC:OMS:PEMJJZ
e 318|3 8/2|8|5 5| 1pB23 (SERCOMS_PAD3)
Module Function 31|32(33(34(35(36|37[38] 30 40|41 | 42|43 4445|4647 48
SERCOM4_PAD3
SERCOMS_PADO
SERCOMS_PADL
SERCOMS

SERCOMS_FAD2Z

SERCOMS_FAD3

SYSCTRL _XIN

Green is Enable

AT EAMTnTT T F TR Yo

1

T
|
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Lab9 SERCOM - UART Tx Polling
Step 4

* Click "Generate" Button to Generate your Code.
) X

Resource Management [MCC] x |
Project Resources | Ge"erﬂtﬂ Import... || Export \ (7]

(B

v Libraries VY
» Harmony
¥ System
[ ) System

) X
Output - MPLAB® Code Configurator %
11: [NFD: $4488888888088 08ttt stsssssssssssssssssssssssssssssss ~
11: INFO: Generation complete (total time: 9101 milliseconds)
11 THFD: #4488 88eate ettt etetettettttsssssstsssssessssssesesss
11: INFO: Generation complete.
11: INFO: {Hammoryy<Hamony Databases -> prebenerateEvent
11: INFO: {Hammoryy<Hamony Database> -> interfaceValidationBvent
11: INFO: {Haxmony}<Hamony Databasesr -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hamony Database> -> postFinalProcessing W
< > A%\ MicrocHIP




Lab9 SERCOM - UART Tx Polling

Step 5

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 );

}

O Program firmware to target board

then observe result. |
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Lab9 SERCOM - UART Tx Polling

Result

M COMI - Tera Term VT = O X
| Eile Edit Setup Control Window KanjiCode Help

E
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SERCOM USART Interrupt

Configuration Options Example

« SERCOM provide Non-blocking (interrupt) mode, also.

(<]

Configuration Options =

*

(=] [+
E-SERCOMS
é--Select SERCOM Operation Mode  |USART with internal Clock -~

--{Operating Mode Mon-blocking mode v]
- Raceive Enable -] =
o s | Non-blocking mode |
~Frame Format USART frame e
~Baud Rate in Hz 115,200 -
- Use fractional baud? [
-~ Parity Mode Mo Parity -
- Character Size 8Bits -
- Stop Bit Mode One Stop Bit -~
- Start-of-Frame Detection Enable ]
-~ Receive Pinout SER.COM PAD[3] is used for data reception -
~Transmit Pinout PAD[Z] = TxD; PAD[3] = ¥CK w
- Enable Run in Standby O

B " NVIC Configuration

9

SERCOMO (Serial Communication Interface 0)

SERCOM1 (Serial Communication Interface 1)

SERCOM2 (Serial Communication Interface 2)

SERCOM3 (Serial Communication Interface 3)

3%

[3%)

3%

SERCOM4 (Serial Communication Check Enable Interrupt

SERCOMO_Handler
SERCOM1_Handler '
SERCOM?Z2_Handler
SERCOM3_Handler

SERCOM4_Handler

SERCOMS5 (Serial Communication Interface 5)

3%

TCCO (Timer/Counter for Control Applications 0)

TCC1 (Timer/Counter for Control Applications 1)

3%

TCCO_Handler

TCC1_Handler
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SERCOM USART Interrupt

Interface Routines

void SERCOMS5_USART _Initialize( void );

bool SERCOMS5_USART _SerialSetup( USART_SERIAL_SETUP * serialSetup, uint32_t clkFrequency );
bool SERCOMS5_USART_Write( void *buffer, const size_t size );

bool SERCOMS5_ USART_WritelsBusy( void );

void SERCOMS5_USART_WriteCallbackRegister( SERCOM_USART_CALLBACK callback, uintptr_t context );
bool SERCOMS5_USART Read( void *buffer, const size_t size );

bool SERCOMS5_ USART_ReadIsBusy( void );

void SERCOMS5_USART_ReadCallbackRegister( SERCOM_USART_CALLBACK callback, uintptr_t context );
USART_ERROR SERCOMS5_USART _ErrorGet( void );

uint32_t SERCOMS5_USART_FrequencyGet( void );
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USART Interrupt Code Example

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 ) { }

int main (void)
{ 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); o
while( true )

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

}

}
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About String Functions

* UART generally to used for text string communication, we can use the string functions
provided by C to convert multiple variables to an output string.

* Here introduce two string functions by C Standard Library, 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 :

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

uint8_t USARTRTxBuffer[100];

uintl6e_t USART5_ReceiveData;

sprintf((char *) USARTRTxBuffer, "Received Data : %1c\r\n", USART5_ ReceiveData);
SERCOM5_ USART_Write( USARTRTxBuffer, strlen((char *)USARTRTxBuffer));
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Lab10 SERCOM - UART Tx/Rx Interrupt

* 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 settings are the same as previous Lab.

eLet’s go!
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Lab10 SERCOM - UART Tx/Rx Interrupt

Step 1

(<]

Configuration Options =

= [+

=+ SERCOMS
El-Select SERCOM Operation Mode  |USART with internal Clock ~
--{Operating Mode Mon-blocking mode - ]

- Receive Enable -]

- Stop Bit Mode
- Start-of-Frame Detection Enable ]

SER.COM PAD([J] is used for data reception -~
~Transmit Pinout PAD[Z] = TxD; PAD[3] = XCK

- Enable Run in Standby O

One Stop Bit  ~

-~ Receive Pinout

~Transmit Enable a | Non-bIOCking mode |
~Frame Format USART frame w
~Baud Rate in Hz 115,200 -

- Use fractional baud? [

-~ Parity Mode Mo Parity -

- Character Size 8Bits -

St

B " NVIC Configuration

g SERCOMO (Serial Communication Interface 0) 3 4 SERCOMO_Handler
10 SERCOM1 (Serial Communication Interface 1) 3 4 SERCOM1_Handler
11 SERCOM2 (Serial Communication Interface 2) 3 v SERCOM2_Handler
12 SERCOM3 (Serial Communication Interface 3) 3 4 SERCOM3_Handler
13 SErRCOMA4 (Serial Communication Chi@ck Enable Interrupt| — sercome Handier
[14 SERCOMS (Serial Communication Interface 5) 3 4 SERC 5_USART_ ruptHand ]

15 TCCO (Timer/Counter for Control Applications 0) 3 v TCCO_Handler

16 TCC1 (Timer/Counter for Control Applications 1) 3 v TCC1_Handler
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Lab10 SERCOM - UART Tx/Rx Interrupt
Step 2

* Click "Generate" Button to Generate your Code.
) X

Resource Management [MCC] x |
PijECt Resources | Generate\J Import... || Export ‘ 9 C;J

v Libraries VY
» Harmony
¥ System
[ ) System

] X

Outpul - MPLAB® Code Configuralor %

11:17-36.085 [NFD: $4488888888088 08ttt stsssssssssssssssssssssssssssssss ~
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36 086 THFD: #4488 88eate ettt etetettettttsssssstsssssessssssesesss

11:17:36.086 INFO: Generation complete.

11:17:36.1N INFO: {Hammoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryy<Hamony Database> -> interfaceValidationBvent
11:17:36.19 INFO: {Haxmony}<Hamony Databasesr -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hamony Database> -> postFinalProcessing W
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Lab10 SERCOM - UART Tx/Rx Interrupt

Step 3

e Create UART TxRx Callback function, related buffer and flags.

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

/[ TODO 10.02

uint8_t USARTRTxBuffer[100];

uint8_t USART5_ReceiveData[1l];

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 Tx/Rx Interrupt

Step 4

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 10.03
// SERCOM5 _USART_ Write( "Hello world!\r\n", 14);
sprintf((char *) USARTRTxBuffer, "Hello world!\r\n" );
SERCOM5_USART_Write( USARTRTxBuffer, strlen((char*)USARTRTxBuffer) );
¥
¥
int main (void)
{

SYS_Initialize (NULL );

)

O Program firmware to target board
then observe result.
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Lab10 SERCOM - UART Tx/Rx Interrupt
Step 5

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

{

[/ TODO 10.04

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 10.05
if( USART5_IsReceived )

{
USART5_IsReceived = 0;
sprintf((char *) USARTRTxBuffer,

"\r\nReceived Data : %1lc\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 Tx/Rx Interrupt

Result

7 COMT - Tera Term VT B = X
File Edit Setup Control Window KanjiCode Help
ooWar | lij l
ooWor | Iij l
ooWor | Iij l

lece| '-.-'Hni Data = W
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The STDIO limitation

* Harmony supports standard input/output (STDIO), and it is easy to use printf()
function to output UART messages. But the mechanism of STDIO modaule is based on
polling mode (blocking mode). It will conflict when selecting SERCOM-UART Non-
blocking mode and trying to use printf().

* Let’s try to implement our myprintf() function to use interrupt method but have
convenient use as the C printf() function.

%ge:’“ﬁmﬁm’ =5 " | Progect Graph = & &
- CMSIS Pack L —
- Device Family Pack (DFP) x | E - @ - . ’ | =] El | Wigwr: |R'3'0t ““"'l
- EVSYS
~ NVMCTRL
gf’thigst NVMCTRL EVSYS Device Family Pack (DFP)
TC3 Peripheral Library Peripheral Library
TC4
MEMORY TC3
Peripheral Library Peripheral Library
= =i TMR TMR
Peripherals
=) Tools SERCOMS
g sToI0 Peripharal Library STDIO

UART “ gmees - UART |

STDIO Demo
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VT100 Console Control

* Some terminals support VT100 commands and can perform some actions.

* We can use VT100 command to control Tera Term UART output as

myprintf("\033
myprintf("\033
myprintf("\033

I COMS -Tera Term VT

File

MHello World!

Setup Control Window Help

PAVR1 Value : 492
ElTemperature Value : 984

‘MReceived Data : m

123456789...

23");

2251");
y;XH");

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

// Left-up corner is from (1,1)

@ MICROCHIP



Lab11l SERCOM - UART Tx/Rx Interrupt with myprintf

* Try add myprintf() function code for user code.

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

* Try adding the VT100 command to make the displayed information easier

to view.
SERCOM - UART setting same as the previous Lab.

eLet’s go!

@ MICROCHIP



Lab11l SERCOM - UART Tx/Rx Interrupt with myprintf

Step 1

Q Add code segment to user code.

/[ TODO 11.01
#include <stdarg.h>

/[l 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;

// TODO 11.03

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 Tx/Rx Interrupt with myprintf

Step 2
e Add software flag control of TC3 and TC4.

void TC3_TimerExpired(TC_TIMER_STATUS status, uintptr_t context)
if( status & TC_INTFLAG_OVF_Msk)

{
/[ TODO 11.04
TC3_HasExpired= 1;
// LED1 Toggle();
// sprintf((char *) USARTRTxBuffer, "Hello world'\r\n™);
// SERCOMS5 USART Write( USARTRTxBuffer, strlen((char*)USARTRTxBuffer) );

- b
void TC4_TimerExpired(TC_TIMER_STATUS status, uintptr_t context)

if( status & TC_INTFLAG_OVF_Msk )

{
/[ TODO 11.05
TC4_HasExpired= 1;
// LED2 Toggle();
}

}
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Lab11l SERCOM - UART Tx/Rx Interrupt with myprintf
Step 3

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

{

/[ TODO 11.06
myprintf("\033[2]1");
myprintf("\033[?251");
while( true)

{
/[ TODO 11.07
if (TC3_HasExpired)
{
TC3_HasExpired= 0;
LED1_Toggle();
myprintf( "\033[1;1HHello World!" );
}

if (TC4_HasExpired)
{
TC4_HasExpired= 0;
LED2_Toggle();
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Lab11l SERCOM - UART Tx/Rx Interrupt with myprintf

Step 4

-9 Add code segment to your main while loop.

int main (void)

{

while( true)

eoe

If( USARTS5_IsReceived )

{
USART5 IsReceived = 0;

[/ TODO 11.08

// sprintf((char *) USARTRTxBuffer, "\r\nReceived Data : %1c\r\n", USART5_ReceiveData[0] );
// SERCOM5 _USART_ Write( USARTRTxBuffer, strlen((char*)USARTRTxBuffer) );
// while( SERCOM5_USART_WritelsBusy() );
myprintf("\033[6;1HReceived Data : %1c", USART5_ReceiveData[@] );
SERCOM5 USART_Read( USART5 ReceiveData, 1 );
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Lab11l SERCOM - UART Tx/Rx Interrupt with myprintf

Result

T COMI - Tera Term WT

File Edit Setup Control Window KanjiCode Help
Hello World!

Received Data

T M

ﬁ\ 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
Jamplitude continuous domain into a time discrete/amplitude discrete domain.

Quantify

A

111
110
101 \
100
011
010

001

b | | | |

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
1101
1100
1011
1010
1001
1000
0111
0110
0101 ©
0100
0011
0010
0001
0000 | | | >

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
1101
1100
1011
1010
1001
1000
0111
0110
0101
0100
0011
0010
0001
0000

/ﬂ

N

J

)E\\\?t\\\\
4

!

>
| "

Sample Time
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ADC Block Diagram

* Up to 32 analog input, 8, 10 or 12 bits resolution.
* Differential and single-ended inputs.

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

* Support Event-triggered and pin scan.
* Support averaging and oversampling.

e External or Internal reference voltage.

* Oversample accumulation
average and window monitor
feature. socn

INT.SIG

POST
PROCESSING

ADCn
INT.SIG

-

PRESCALER

R It (AN+ —AN- 2") 1
eusu = —
AP \VRes — AN_
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ADC Channel Selection & Gain

Positive ' GAIN[3:0]
AN B 0x0 1X
AIN[19] 0x1 2X

Temperature Sensor — s Ox2 4X
Gain
Bandgap (1.1V) voltage — |
0x3 8X
1/4 core supply — :
1/4 10 supply — i Ox4 16X
DACoutput ~ —| — ADC Ox5-0xE  Reserved
N OXF 1/2x
AIN[O] B
AIN[7] Gain
GND —
IOGND —
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ADC Reference Voltage Selection

Positive

— Gain |
INTIYV
INTVCCO — Virer
INTVCC1 —
VREFA
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
0x4 VREFB External reference
0x5-0xF Reserved
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ADC Prescaler

| Gain |
ADC

| Gain |
CLK_ADC

DIvV4

A

DIV8

A

DIV512

Prescaler

GCLK_ADC
4—

PRESCALER[2:0] | Name

0x0
Ox1
0x2
0x3
Ox4
0x5
0x6
Ox7

DIV4
DIV8
DIV16
DIV32
DIVe4
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 : 2.1M/Round(6+0.5) = 300k samples/second.
Free-running :2.1M/6 = up to 350k samples/second.
e |
Propagation Delay of ADC —* Resolution bits
9] feLk_apc ADC Clock frequency 30 2100 kHz
& Sample rate Single shot 5 300 ksps
- - Free running 5 350 ksps
Sample' Conversion :
Sampling time 05 - cycles I
Start Start ADC : ) )
Sample Conversion Done Conversion time 1x Gain 6 - cycles
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Add ADC Function using MCC Harmony

* Find ADC component in Device Resource window.
* Click 5 to add ADC to Project Resource window.

=

| Resource Management [MCC) x

Project Resources Generate || Import... || Export 0 L:,J

» NVMCTRL
v SERCOM
() SERCOMS
v TC
) TC3
) TCa
¥ System

Device Resources

Content Manager

v Libraries

¥ Harmony

¥ Peripherals ADC
» O ac | - ADC

v ADC

Device Resource

") ADC
» DAC

Click

= X
| Resource Management [MCC) x|
Project Resources | Generate | Import... || Export | @ || @
v Libraries Project Resource

¥ Harmony
b Packs
v Peripherals
v ADC
() ADC
» EVEYS

Device Resources

Content Manager

v Libraries

» {_) Harmony
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ADC Polling

Configuration Options Example

=
Configuration Options |
(=]
=-ADC
 Select Prescaler Peripheral clock divided by 512
--Select Sample Length (half ADC dlock cycles) 4
;-----**** Conversion Time is 106.666666667 LS ****
- Select Gain 12 v
. Select Reference 1/2 YDDANA (only for VDDANA > 20¥) «
- Select Conversion Trigger SW Trigger v
E}--Channel Configuration
- Select Positive Input ADC AINZ Pin v
i’""SElBl:t Negative Input Intemal Grond v‘
~ ~Number of inputs to scan 03
E}--Result Configuration
- - Select Result Resolution 12-bit resalt v
Left sligned Result O
Enable Result Ready Interrupt [ ]
i - Enable Result Ready Event Out []
E+ Window Mode Configuration
L select Window Monitor Mode lﬂo window mode (default) v

- Sleep Mode Configuration
"~ Run During Standby [
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ADC Polling

Easy View Configuration Example

Plugins:

NVIC Configuration

ADC Configuration

Start Event B—

Fluzh Event [g—

I

H
Ansloglnput

op

H
Analuglnputi

i

1y

Software Trigger

Free Run

Hardware Trigger

Input to scan

Pin Scan

|SW Trigger

Conversion Trigger

12-bat result

ADC AINZFin

Internal Ground 12 VDDANA (.., ~

ADC Configuration

Scan start offset

Run in standby D

-

ﬁ
R

g,

“n
X
.

Mo window mode (def...

-ﬁ:llx

Prescaler

|Peripheral clock divided b... v

Automatic Window Comparison

Result Register

Result Event

WINMON Interrupt

Left-alizned result
I Result Interrupt
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ADC Polling

PINMUX Configuration Example

* Analog pins will all belong to PINMUX function group B.
* Forexample: PBO08 as AIN[2] (Analog input Channel 2)
PB09 as AIN[3] (Analog input Channel 3)

mm SAMD21J SERCOM -aLT | ¢4 ee - Ac.f GCLK
7 PBO8 || VDDANA | EXTINT[8] AIN[2] | Y[14] | SERCOM4/ | TC4/WO[D] TCC3/
PBO8 AIN[2] PADID] Wols]
8 PBog PB09 || VDDANA = EXTINT[9] AIN[3] 1 A|N[3] SERCOM4/ | TC4/WO[1] TCC3/
: : PAD[] WOpT]

(] Pin Table i s L
Packsge: TQFP4S v slzlals %| %[ 3| 5|1 PBO8 (ADC_AIN2)
= & &|Z[8|5]|=2 < |iPB09 (ADC_AIN3)
Module Function tf2|af4]s]slale)ofw|u]i]s
ADC_AINI3
L ADC_AIN19
ADC ADC_AIN2
| ADC_AINZ
ADC_AIN4/VREFP
ADC_AINS
ADC_AING
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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 Options x |
=

=-AaDC

- Select Prescaler

Select Sample Length (half ADC clock cycles)
- *¥EEE Conversion Time i1s 106.666666667 uS ****

Select Gain
- Select Reference
Select Conversion Trigger
= Channel Configuration
- Select Positive Input
Select Negative Input
- Number of inputs to scan

Penpheral clock divided by 512!

1/2%

172 ¥YDDANA (only for YDDANA = 20V)

SW Trigger

4

S

ADC AINZ Pin

ADC AIN2 Pin

Intemnal Ground
u -
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ADC Polling

Easy View PINMUX Configuration Example

ADC Configuration

Input to scan Scan start offset

-ﬁmlx

start Evant [g— Run in standby [_]

Hardware Trigger Pin Scan

Fluzh Event [—

1r

|SW Trigger v

Conversion Trigger

12-bit result

ADC AINZ P~

i

T
Anslog Input §
H

ap

Analuglnputi
H

Internal Greund v 12 VDDANA (o, ~

i

Automatic Window Comparison

Mo window mode (def.,,

Prescaler

\Peripheral clock divided b... v

Left-aligned result
I Result Interrupt

Rezult Register

Result Event

WINMON Interrupt

EVENT

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(uintl6_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( !IADC_ConversionStatusGet() );
myprintf( "%d\r\n", ADC_ConversionResultGet() );

}
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ADC Factory Calibration

* ADC Factory calibration value will auto load and applicate in MCC Harmony 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

RO Wl Bt Position Name  Description
Software
000806020 Calibration Area

_ 34:27 ADC LINEARITY ADC Linearity Calibration. Should be written to ADC CALIB
Area 3: Reserved | _ADC_LINEARITY | register
0100806010 (122bits) 37:35 ADC BIASCAL ADC Bias Calibration. Should be written to ADC CALIB
Area 2: Device configuration | ADC B|ASCAL | registe r.

0x00806008 area (84 bits)
Area 1: Reserved (64 bits)

0x00806000
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Lab12 ADC Polling Software Trigger

* Try to add ADC function to project.

* Initialize the ADC and get the conversion value from VR1 (AIN[2]) periodically,
and then send it to PC by using UART .

* 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 1

* Find ADC component in Device Resource window.
* Click ;¢ to add ADC to Project Resource window.

1 X 1) X
| Resource Management [MCC] x I Resource Management [MCC) x|
Project Resources | Generate || Import.. || Export | @ || © Project Resources | Generate || Import.. | Bxport | @ | ©
: ?;T;E{L v Libraries Project Resource
¥ Harmony
() SERCOMS > Packs
v i v Peripherals
T3 v ADC
O Tc4 ) ADC
v System I > EVSYS
Device Resources Content Manager Device Resources Content Manager
v Libraries ¥ Libraries
v Harmony » () Harmony
¥ Peripherals ADC
» (O AC - ADC
v ADC
() ADC
» DAC % Device Resource
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Lab12 ADC Polling Software Trigger

Step 2 (Use Configuration Options)

1) X
Configuration Options x]
[=]
=-ADC
--Select Prescaler Peripheral cock divided by 512, + | Prescaler : divided by 512
Select Sample Length (half ADC dock cycles) 4 : Sample Length : 4

- *¥¥¥¥ Conversion Time is 106 666666667 uS ****

Select Gain IV Gain:1/2x

- Select Reference 1/2 YDDANA (only for YDDANA » 20V) + SR AESZRA0I0JAY) /A
Select Conversion Trigger SW Trigger v SW Trigger

=+ Channel Configuration
- Select Positive Input ADC AIN2 Pin ~| ADC AIN2 Pin
Select Negative Input Intermal Grownd Internal Ground
- Number of inputs to scan 0=

= Result Configuration
- Select Result Resolution 12-bit result v 12-bit result
- Left Aligned Result O

Enable Result Ready Interrupt  []
“~Enable Result Ready Event Out [ ]

%'\ MICROCHIP



Lab12 ADC Polling Software Trigger

Step 2 (Use Easy View)

([ ADC Easy View

ADC Configuration

Input to scan Scan start offset

0= 0 =

Software Trigger

- O %

Free Run

Start Event [

Flush Event E

Run in standby |:|

Hardwsare Trigger

M

| SW Trigeer

SW Trigger

Result Resolution »
12-bit result R

[spcam2pin -] 112-bit result

Frescaler

|Peripheral clock divided b... |

Peripheral clock divided by 512

Automatic Window Comparison

Left-alizned result
T Re=ult Interrupt

B4

Analog Input i

op

Analog Input

¢

ADC AIN2 Pin| v

1,024 [

i
Corwverson Time 3 L%ﬂ =
170.7650273...

R

Gain |

|Internal Ground [4

3] |12 VDDANA (0., v

I Internal Ground="4 =" A

Mo window mode def..,
Comparsion Mode

i
»
Result Registar !l

Result Event

—’——) WINMON Interrupt

WINMON Interrupt

P EVENT
R

WINMON EVENT QUT

GCLK
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Lab12 ADC Polling Software Trigger

Step 3

[] Fin Table PBOS
=1 =
Package: | TQFP48 glzlalal&lE]= A
|22 =22 222|212
[T = T TR I T = T " = =T s s W
Module Function 123456 |7]8|9|10]11]12]13
ADC_AINIS
e ADC_AIN1
ADC_ATNZ
ADC = )
ADC_AIN2 Click
A ANV REERFF
ADC_ATNG
ADC_ATNG ‘\
v/
(1 Fin Table ) l
E E E 'l 'l 'l Il 'l 'l
Fackaze: J 2|z |g8|g|2|E|»|{PBO8 (ADC_AIN2)
Tl |z ||=0lc|: A
T =T B T e T B B = ) e e e e e e e e e e e
Module Function 1lzlzal4|s5e6|7|elo|w]ir]fiz]1z
ADC_AINIS
RS ADC_AIN19
ADC_AINZ
ADC_AIN3 Green is Enable
ADC_AINANREFP
ADC_AINS
ADC_AING
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Lab12 ADC Polling Software Trigger
Step 4

* Click "Generate" Button to Generate your Code.
) X

Resource Management [MCC] x |
PijECt Resources | Generate\J Import... || Export ‘ 9 C;J

v Libraries VY
» Harmony
¥ System
[ ) System

] X

Outpul - MPLAB® Code Configuralor %

11:17-36.085 [NFD: $4488888888088 08ttt stsssssssssssssssssssssssssssssss ~
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36 086 THFD: #4488 88eate ettt etetettettttsssssstsssssessssssesesss

11:17:36.086 INFO: Generation complete.

11:17:36.1N INFO: {Hammoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryy<Hamony Database> -> interfaceValidationBvent
11:17:36.19 INFO: {Haxmony}<Hamony Databasesr -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hamony Database> -> postFinalProcessing W

< > @anocmn




Lab12 ADC Polling Software Trigger

Step 5

Add code segment to your main.c

/[l TODO 12.01
uintl6_t ADC_Result;

int main (void)
{...
/[ TODO 12.02
ADC_Enable();

while( true)
{..
iIf( TC4_HasExpired)
{ ...

// TODO 12.03

ADC_ConversionStart();

while( !ADC_ConversionStatusGet() );
ADC_Result = ADC_ConversionResultGet();
myprintf("\033[2;1HVR : %4d", ADC_Result );

Q Program firmware to target board then observe resulit.
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Lab12 ADC Polling Software Trigger

Result

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

_. M COMI - Tera Term VT = O >
File Edit Setup Control Window KanjiCode Help

Hel lo We

YR 1024

Received Data : M

ﬁ\ MICROCHIP



ADC Interrupt 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]

c\ MICROCHIP



ADC Pin Scan

Positive

AIN[0]

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

) X
Configuration Options = |
=]
=HADC e
-~ Select Prescaler Peripheral clock divided by 512
Select Sample Length (half ADC clock cycles) 415
- REEE Conversion Time is 106.666666667 uS ****
Select Gain 12x «
- Select Reference 1/2 YDDANA (only for VYDDANA » 20V)
Select Conversion Trigger SW Trigger v
= Channel Configuration
--Select Positive Input ADC AIN2 Pin v ] Positive Input Pin
- Select Negative Input Internal Ground
e i i e (| 1 » | | Number of Inputs to scan
.- Scan start offset X 0 %J Scan Start Offset

%\ MICROCHIP



ADC Pin Scan

Easy View Configuration Example

0 ADC Basy View | | - %0 x

Input to scan Scan start offset

GCLK

Start Event E—i i
Hardware Trigger Pin Scan B iSanoy D . |
rescaler
Flush Event [} |PeriDhera1 clock divided b... V|
|SW Trigzar b
Conversion Trigger Left-aligned result
Automatic Window Comparison Result Interrupt
12-bit result
ADC AINZ Pin ~
Reszult Registar
B—
I rFY
anslog Input § 1,024 IEI Result Event

WINMON Interrupt

op

.ﬂ\naluglnputi

512 14
Mo window mode {def,,,

Internal Ground 12 VDDANA (0., ~

EVENT

i
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ADC Interrupt

Configuration Options Example

= X
Configuration Options x |
[=]
=-ADC
-~ Select Prescaler Peripheral clock divided by 512
Select Sample Length (half ADC clock cycles) 42
- FEEX Conversion Time is 106.666666667 us ****
Select Gain 12x ~
- Select Reference 1722 VDDANA {(only for VDDANA = 20V) «
Select Conversion Trigger SW Trigger v
= Channel Configuration
- Select Positive Input ADC AINZ Pin v
Select Negative Input Internal Grovnd
- Number of inputs to scan 12
.-Scan start offset 012
= Result Configuration
Select Result Resolution 12-bit result v
Left aligned Result ]
- Enable Result Ready Interrupt R | check Enable Result Ready Interrupt
--Enable Result Ready Event Out []

Yes! That’s all you need to do.

%\ MICROCHIP



ADC Interrupt

Easy View Configuration Example

_ Easy View |

- %0 x

ADC Configuration

Input to scan Scan start offset

Software Trigger

Free Run

Start Event E——"—
Flush Event E »

Run in stand
Hardwara Trigger Pin Scan by D

|SW Trigzar b

Conversion Trigger

12-bit result

ADC AIMZ2Fin ~

T

anslog Input §

op

.ﬂ\naluglnputi 512- Iil
:

Internal Ground 12 VDDANA (0., ~

i

Yes! That’s all you need to do.

i

Check Result Interrupt

Automatic Window Comparison —

Result Interrupt

Reszult Registar !l

WINMON Interrupt

Mo window mode {def,,,

Result Event
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ADC Interrupt

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 );

void ADC_ComparisonWindowSet(uint16_t low_threshold, uintl6_t high _threshold);
void ADC_WindowModeSet(ADC_WINMODE mode);

void ADC_CallbackRegister( ADC_CALLBACK callback, uintptr_t context );

ﬁ\ MICROCHIP



ADC Interrupt

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 )

{ ..

}
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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!

ﬁ\ MICROCHIP



Lab13 ADC Pin Scan

WW T W-EHH.H

FEBO8 VDDANA EXTINTIE AIN[2] Y[14]
8 12 PB09 | VDDANA | EXTINT[9] AIN[3] Y[15]
J \_ Y,
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)

= X
Conlhgurabon Opbons x]
=]
=HADC
--Gelact Prascaler Peripheral clock divided by 512 | Prescaler : divided by 512
Select Sample Length (half ADC clock cycles) 47 | Sample Length :Z-
- EEEE Conversion Time 1s 106.666666667 US ****
Select Gain 12x «~ | Gain:1/2x
- Select Reference 12 YDDANA (only for VDDANA = 2.0V) Vier ¢ V2 VDDANA
Select Conversion Trigger SW Trigger v SW Trigger
= Channel Configuration
- Select Positive Input ADC AINZ Pin v ADC AIN2 Pin
Select Negative Input Internal Ground Internal Ground
- Number of inputs to scan 12 1
\-Scan start offset 03 0
= Result Configuration
Select Result Resolution 12-bit result v |  12-bitresult |
- Left Aligned Result ]
Enable Result Ready Interrupt [/ | Check Enable Result Ready Interrupt
~~Enable Result Ready Event Out [] @MICROCHIP



Lab13 ADC Pin Scan

Step 1 (Use Easy View)

_ Easy View

- %0 x

Start Event E—

Software Trigger

Free Run

Hardware Trigger

Flush Event E

T

anslog Input §

op

.ﬂ\naluglnputi

i

Input to scan
)
1

SW Trigger e

12-bit result

ADC AIMZ2Fin

ADC Configuration

Scan start offset

0

0

<

Run in standby I:‘

GCLK

Prescaler

Automatic Window Comparison

WHi

1,024 14

512 [#
VLo

Mo window mode {def,,,

Peripheral clock diwided b,

ult Interrupt

Left-aligned result
T Result Interrupt
El Res

Reszult Registar !l

Result Event

WINMON Interrupt

EVENT
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Lab13 ADC Pin Scan

Step 2

(] Pin Table ) SR——
Packege: | TQFPAS Y P - - - |LPBO9| . |
SlElala gz B lElE s
Module Function 123 2]5|6|7]8]|9|w|it]12]13
ADC_AINIS
e ADC_AIN19
ADC ADC_ATNZ
ADC_AING A
ADC_AIN3 Click
AL AIND
ADC_AING - |
(] Pin Table — [
Package: | TQFP43 ool 22153 < s
SR % é é é 2 PB08 (ADC_AIN2)
hodule Function 1121314126789 PBOQ(ADC—AINB)
ADC_AINIS
L ADC_AINIG
ADC_AINZ
ADC_AIN3 -
ADC_AINAVREFF =Green is Enable
ADC_AINS
ADC_AING

és\ MICROCHIP



Lab13 ADC Pin Scan
Step 3

* Click "Generate" Button to Generate your Code.
D) X

Resource Management [MCC] x |

Project Resources Ge"emt’dl import... || Export | @ || © |

v Libraries VY
» Harmony
¥ System
[ ) System

) X

Output - MPLAB® Code Configuralor x|

11:17-36.085 [NFD: $4488888888088 08ttt stsssssssssssssssssssssssssssssss ~
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36 086 THFD: #4488 88eate ettt etetettettttsssssstsssssessssssesesss

11:17:36.086 INFO: Generation complete.

11:17:36.1N INFO: {Hammoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryy<Hamony Database> -> interfaceValidationBvent
11:17:36.19 INFO: {Haxmony}<Hamony Databasesr -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hamony Database> -> postFinalProcessing W

< > @Mlcnocnlp




Lab13 ADC Pin Scan

Step 4

e Add code segment to your main.c

/[l TODO 13.01

// uintl6 t ADC Result;

uintle_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_Channelldx + 1 ) % 2;
if( ADC_ChannelIdx == 0 )
{

ADC_IsCompleted = 1;

}

}

}

int main (void)

{ ..
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Lab13 ADC Pin Scan

Step 5

int main (void)

{

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

while( true)

{

If( TC4_HasExpired)
{

/[ TODO 13.04

ADC_ConversionStart();

// while (!ADC_ConversionStatusGet());

// ADC _Result = ADC_ConversionResultGet();
// myprintf("\033[2;1HVR : %4d", ADC_Result);

és\ MICROCHIP



Lab13 ADC Pin Scan

Step 6

e Add code segment to your main.c

int main (void)

{

while( true)

{..

If( USART5_IsReceived )
{...}

/[ TODO 13.05
if( ADC_IsCompleted )

{
ADC_IsCompleted = O;

myprintf( "\@033[2;1HVR1 Value : %4d", ADC_Result[O] );
myprintf( "\033[3;1HTemperature Value : %4d", ADC_Result[1l] );

@ MICROCHIP



Lab13 ADC Pin Scan

Result

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

M COMI - Tera Term VT = O *

File Edit Setup Control Window KanjiCode Help
Hello World!
WR1 Yalue : 1024

Temperature Yalue : 103b

Received Data : M

ﬁ\ MICROCHIP



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.
* |ts 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

Duty

|y

A
Period

|

4

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

ﬁ\ MICROCHIP



TCC Block Diagram

Base Counter

oad"
"direction”

Control Logic

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

"TCCx_EV0" (TCEO)

"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 8 = > >
> =B »
E 5
o 2 (= R
d-Fng MEE >
[ =
o 372 o %
> o [ e I >
o

v

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

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

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

* 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, O, 1]
* TCC2 : 2 pins = WOI[0] ~ WOI[1] =» Channel [0, 1]

ﬁ\ MICROCHIP



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 §-------gg--v— g -
ch"’

CCx’

CcCx”’

>

WOI|x] 2
! Clear byi Clearibyi Clear by
TCCx ' user user i user
Overflow IF I_l —l ’ —l >
Rule

1.TCCx Counter == CCx -> WO[x] Clear to low
2.TCCx Counter == PER -> WO[Xx] Set to high

c\ MICROCHIP



Add TCC Function using MCC Harmony

* Find TCC component in Device Resource window.
* Click [y to add TCC2 to Project Resource window.

=

I Resource Management [MCC) x

Project Resources

Generate || Import... | Export | @

®

v Libraries
¥ Harmony

» Packs

v ADC

> EVSY

v Peripherals

() ADC
S

Device Resources

Content Manager

b SERC
P TC
v TCC

» Tools

oM

TCC
- TCC2

) TCCo
O Tee

ﬁ () TCC2

Device Resource

Click

=

I Resource Management [MCC) x |

Project Resources @ Generate || Import... || Export 9

®

Project Resource

» NVMCTRL
» SERCOM
» TC
v TCC TCC2
() TCC2
¥ System
) System

Device Resources

Content Manager

v Libraries

» {_) Harmony

ls\ MICROCHIP



TCC Configuration Options Example

Configuration Options =
=&
E-TCCZ
Run during Standby 1

- Select Prescaler Mo division ~ ~

--Prescaler and Counter Synchronization | Reload or reset counter on next prescaler dock

E}--Operating Mode P ~
=PI

~Select PWM Type NPWIM
-~ Py Direction - Count Down [
- Period Yalue 47,999
L HEEE PN Frequency is 1000 Hz #***
~Enable Period Interrupt 1
-Enable Period Event Qut O
~Channel Configurations

=-Channel 0
- Dty Walue ] =
- Cutput Polarity Output is ~DIR. and set to DIR when counter matches CCx value -
-Enable Campare Match Interrupt [
-Enable Campare Match Event OUT [
- Enable Compare Match Event IN [
=+Channel 1
- Dty Walue 9,600 -2
- Qutput Polarity Output is ~DIR and set to DIR when counter matches CCx value -~

-Enable Compare Match Interrupt [
-Enable Compare Match Event OUT [
-Enable Compare Match EventIN [
~Qutputs

~-Ramp Configurations
~Input Events Configuration

~Fault Configurations @ MICROC|'"p




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)

18 26 P A 1 7 PA1T

VDDIO EXTINT[1]

[] Fin Table PA17 [] Fin Table PA17
ol|o i | oo AHE 2]
Package: | TOFF48 cl=zlalalel=lal= ﬁ ﬁ o | £ Package: TOFF48 ol=zlalalel=lal= ﬁ ﬁ w | 5
#|2|2|8|2|8|%|=|B[B|=|2 £|2|9|5|8|8|2 |2 /88|28
Module Function 1216|1718 1920 |21 |22 |23 |24 | 25|26 blodule Function 1161718192021 |22 23|24 | 22|26
LU s | LR 1T e
TCC2_We0 TCC0 TCCO_WO6
figee TCC2 Wl TCCO WO ]
TCC2 TCC2/WO[1] TCCO TCCO/WO([7]
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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_PWMinterruptStatusGet(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, uint16_t duty);
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TCC Polling Code Example

Configuration Options =

=] [+
E-TCCZ2
Run during Standhby [l
%----Select Prescaler No division w

Int main (VOId) %----F‘remaler and Counter Synchronization | Reload or reset counter on nex;

{ Iél--Dperating Mode PWM w
SYS_lInitialize ( NULL ); S PYWM
-~ Select PWM Type NPWM o
TCC2_PWMStart(); ~PWM Direction - Count Down [
TCC2_PWM16bitDutySet( 1, 9600 ); ~Period Value 47,9992
. -EEEE DI Frequency is 1000 Hz #***
Runtime update duty ~Enable Period Interrupt ]

while( true)

Channel 1, Duty Value 9600 --Enable Period Event Out n

- Channel Configurations

} & Channel 0 Preset duty in MCC Harmony
E'"ChEIT'II"IE| 1 l T
} - DUty Walue [ 9,600 :]
- Qutput Polarity Output is ~DIR. and se
" -Enable Compare Match Interrupt [
-Enable Compare Match Event OUT [

-Enahle Compare Match Event 1IN [
~Qutputs
~-Ramp Configurations

~Input Events Configuration

| oy A e S ey R o |
=

~Fault Configurations
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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.

*Let’s go! A//chxcolunt
CCx / /I/)
woe [1 1 [T [1,
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Lab14 TCC NPWM ( oo N Y

PA06/MOSI(S0.2) 15
PA07/SCK(S0.3) 16 Bg;ﬁ%
PA18/SS(S1.2)/DS(TC3.0, TCC0.2) Gl o
PA16/MOSI_SDA(S1.0) Bl oo
us e L popuninngg
ATSAMD21G18A-AUT PA17/SCK_SCL(S1.1)/PWM(TCC2.1, TCCO.7) 20 013 PWM/SCK
FALS : 21 ’ '
PA17) —28 B gﬁg C58 || O.Iuf _PAO3/VREFA 22 | D15 AREF
TATE | 25 | B ' PA22/SDA(S3.0) 23 | D16/SDA
| PA23/SCL(S3.1) 24 | p17/scL

PA17 TCC2_WO[1] (D13)

i

PA17/SCK SCL(SI1.1)/PWM(TCC2.1, TCCO0.7)

= )

— T e

ﬁ Wi \
< LED3 (PA17)

72 V/al

— 33V LED3 | Green R52 ’\/\/\,470 /;.\ |GND
D I Q10

= FDN337N

S PA17/SCK SCL(SL.1),.«-"PWM(TCC2.1,TCCO.?)] T

< : .

» G_DBSIS R50 ‘\/\/\/IOK LRSI 100K 1y

d “‘"
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Lab14 TCC NPWM
Step 1

* Find TCC component in Available Components window.
* Click ¢ to add TCC2 to Active Components window.

= X ] X
' Resource Management [MCC] x - ' Resource Management [MCC] x -
Project Resources @ Generate || Import... || Export 9 L:,J Project Resources @ Generate || Import... || Export 9 L:J
v Libraries > NVMCTRL Project Resource

¥ Harmony » SERCOM
» Packs » TC
v Peripherals v TCC TCC2
v ADC () TCC2
() ADC v System
» EVSYS () System
Device Resources fontant Mananer Device Resources fontant Mananer
» SERCOM v Libraries
» TC TCC » {_) Harmony
v TCC - TCC2
) TCCo
O Tcc
O) TCe2
» Tools % Device Resource

Click | A%\ MicrocHIP




Lab14 TCC NPWM

Step 2

Configuration Options =

=] [+

E-TCC2
Run during Standby
%----Select Prescaler

E}--Operating Mode

S Py
- Select PWM Type
- PYWyM Direction - Count Down
- Period Yalue
oA DI Frequency is 1000
- Enable Period Interrupt
- Enable Period Event Out
E-Channel Configurations
--Channel 0
- Dty Yalue
- Output Polarity

[

Mo division
P e

NPWM
]

| 47,999 %]
HZ B O

]

[

v No division

}----F'rESE:aIer and Counter Synchronization |Reload or reset counter on nex;

Singlg slope PWM

Period Vralue : 47999

3,600 -| | Duty : 9600

Qutput is ~DIR and s&

-Enable Compare Match Interrupt [
-Enable Compare Match Event OUT []
-Enable Campare Match Event 1IN []

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 PWM period target :
48000000 / 1000 48,000 counts
Counter clear to zero at the next tick :
47,999 +1 48,000 counts

20% counts for PWM duty target :
48000 * 20% 9,600 counts

TCC2 Count
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Lab14 TCC NPWM

Step 3

e Disable LED3(PA17) GPIO function firstly.
e Enable TCC2 Waveform Output 1 (TCC2_WO1).

(| Fin Table
oo T
Package: TQFP4S - olzlalalelzlalalX]%e|=f PALZ
i sl 1 kel F= L e S R R i s
Module Function 15(16| 17| 18| 19|20 |21 |22 23| 24| 25|26
L I N /
GPIO QPO GPIO A 1 Click Disable
125_FS0
(] Fin Table v
olo o T P =
Package: TQFP4S o|=|Bl&|al=|ala|]|%<|g) TCC2_WO1
SEEIEERIEIEESE]E
Module Function 15016/ 17| 18| 19|20 | 21|22 23|24 | 25| 26
| L R T
TCC2_WO0 (2} |—
TCC2 TCC2 TCC2 Wol % l\‘ Click Enable
TCC2_WO1 >
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Lab14 TCC NPWM
Step 4

* Click "Generate" Button to Generate your Code.
D) X

Resource Management [MCC] x |

Project Resources Ge"emt’dl import... || Export | @ || © |

v Libraries VY
» Harmony
¥ System
[ ) System

) X
Output - MPLAB® Code Configurator  x |
11: [NFD: $4488888888088 08ttt stsssssssssssssssssssssssssssssss ~
11: INFO: Generation complete (total time: 9101 milliseconds)
11 THFD: #4488 88eate ettt etetettettttsssssstsssssessssssesesss
11: INFO: Generation complete.
11: INFO: {Hammoryy<Hamony Databases -> prebenerateEvent
11: INFO: {Hammoryy<Hamony Database> -> interfaceValidationBvent
11: INFO: {Haxmony}<Hamony Databasesr -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hamony Database> -> postFinalProcessing W
< > A%\ 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 result.
RS\ MicrocHIP



Lab14 TCC NPWM

Result

M 400us T Pos: 10.00% 25MS/s  MEASURE

L Add
R Delete
L Add Tag
R Del Tag
CH1 Period

CH1 Frequency

|
CH1 Period CHT +Duty

1.00 ms :

CH1 Frequency o e =8B Y PA17 TCC2 _wor1] (p13)

o ¥ | St s g, Ul
; g e
1.00 KHz ot e g“g:‘;'if:b.%,
CH1 +Duty Rl 1 L 1ep3 (PA17) = S

20.00%

sav N
B bl
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100% Duty Discuss

* When you want to set the PWM duty to 100%, the value of CCx must be set to the
same as the actual PWM period count.

* Period: PER =48000-1 = 47999 (1kHz)
* Duty: CCx =48000 (100% Duty)
* TCCx Counter will not equal CCx, because the count value will be reset when equals
PER. Observe the rules, this state of "Output Set to low" is not executed.
* 1. TCCx Counter = CCx -> Output Set to low (Another rule is executed first)
* 2. TCCx Counter = PER -> Output Set to high (Counter will be reset at the same time)

* Based on known issue, we can refer to the following example :

uint8_t PWM Duty = 100;

TCC2_PWM16bitDutySet( 1, (PER + 1) * PWM Duty );

ﬁ\ 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%

If( ADC_IsCompleted )

{
ADC_IsCompleted = 0;

/[ TODO 15.01
TCC2_PWM16bitDutySet( 1, (uint32_t)ADC_Result[@] * (TCC2_PWM1l6bitPeriodGet() + 1) / 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 |
ﬁ\ MICROCHIP



Lab15 TCC NPWM ADC Duty Control

Result

M 400us T Pos: 10.00% 2.5 MS/s MEASURE
L Add
R Delete
L Add Tag
R Del Tag
CH1 Period

CH1 Frequency

CH1 +Duty
2.72%)

Potentiometer

M 400us T Pos: 10.00% 2.5MS/s MEASURE

L Add
R Delete

L Add Tag -
RDelTag (@I
CH1 Period L 2%
« D g
CH1 Frequency ||
N
CH1 +Duty

ﬁ\ MICROCHIP



Lab16 TCC NPWM Auto Duty Control

* Remove or comment the following code in the previous Labs first.

if (ADC_IsCompleted)
{

// TODO 16.01
// TCC2 _PWM16bitDutySet( 1, (uint32_t)ADC_Result[0] * (TCC2_PWM16bitPeriodGet() + 1) / 4095 );

¥

@ MICROCHIP



Lab16 TCC NPWM Auto Duty Control

* Use Timer(TC4) to control PWM duty for breathing light effect on LED3. Duty cycle
changes in steps of 2% every 50ms intervals.
(Duty 0% -> Duty 100% -> Duty 0% -> ... repeat)

/[ TODO 16.02
uint8_t Duty = 560;
int8_t DutyDistance = 2;

int main (void) Cz 100
%

{...
if (TC4_HasExpired)
{

TC4 _HasExpired = 0;

/[ TODO 16.03

Duty += DutyDistance;

if (Duty >= 100 || Duty <= 0)
DutyDistance = -DutyDistance;

TCC2_PWM16bitDutySet( 1, ((uint32_t)Duty * (TCC2_PWM16bitPeriodGet() + 1)) / 100 );

ﬁ\ MICROCHIP




Lab16 TCC NPWM Auto Duty Control

Result

M 400us T Pos: 10.00% 2.5 MS/s MEASURE
L Add
R Delete
L Add Tag
R Del Tag
CH1 Period

CH1 Frequency

CH1 +Duty

2.72% LED3 (PA17) Breathing Light

M 400us T Pos: 10.00% 2.5MS/s MEASURE

L Add
R Delete

L Add Tag
R Del Tag
CH1Period &
(  mEE
CH1 Frequency
CH1 +Duty
92 52%)

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.

ﬁ'\ MICROCHIP



What’s SPI

* SPI, Serial Peripheral Interface

* It’s a serial communication interface.
Synchronous, inside-board level, short distance communication.

SPI
Master

SCLK
MOSI
MISO
SS

>

>

<

SCLK
MOSI
MISO
SS

SPI
Slave

SPI
Master

SCLK
MOSI
MISO

SS1
S§2
SS3

<

https://zh.wikipedia.org/wiki/%E5%BA%8F%E5%88%97 %E5%91%A8%E9%82%8A%EA4%BB%8B%HEI%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 OLED SSD1306 Schematic

S
OLEDI1
WEA012864DWPP3N00002
SPI_MOSI [PBI0/MOSI(S4.2 L MOSUSDA
SPI_SCK [PBIISCR(SA3) [ | | | T T 5 |-y
GPIORs [PARMISOS40)] | | [ | 3 [FE="=
PA27 o] | d e
GPIOCS PAGGSGED T 1 [ [ 5 &t
CS
= 2 3.3V
=1 5V
GND

:|: OluF]: OluF:[ 0.1uF
GND
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Lab17 SERCOM - SPI1 SSD1306 OLED

* Add SERCOMA4-SPI module to your project.
* Add OLED control function to shows bitmap logo on your OLED display.
* Pre-build Logo Image and Font header file at

\Appendix\LogoFont\Microchip_Logo.h
\Appendix\LogoFont\Alphabet Fonts.h

eLet’s go!

ﬁ\ MICROCHIP



Lab17 SERCOM - SP1 SSD1306 OLED

Step 1

* Find SERCOM4 component in Device Resource window.
* Click ;4 to add SERCOMA4 to Project Resource window.

=

| Resource Management [MCC) x|

X

Project Resources Generate || Import... || Export 9 (;J

D)

Resource Management [MCC] x .

» NVMCTRL
» SERCOM
» TC
v TCC
(O TCe2
¥ System
_ ) System

Project Resources | Generate

Import... || Export 0 (;J

» NVMCTRL

v sercom | SERCOMA |
() SERCOM4
B ) SERCOMS

» TC

v TCC

O Tcc2

Project Resource

Device Resources

Content Manager

g8 O SERCOM1

() SERCOM2
() SERCOM3

SERCOM
- SERCOM4

") SERCOM4
» TC
» TCC .
Cllck
» Tools

Device Resource

Device Resources

Content Manager

v Libraries

» () Harmony

ﬁ'\ MICROCHIP



Lab17 SERCOM - SPI1 SSD1306 OLED

Step 2

* Setup SERCOMA4 SPI Configuration.

(] Configuration Opticns
(=] [+

=+ SERCOM4
& Select SERCOM Operation Mode | SPI Mastar
~Enahle Interrupts ?
~Enahle operation in Standby mode
~SPI Data Out Pad
~SPI Data In Pad Selection
~SPI Data Order
~5PI Speead 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

Disable !!
L]

DG on PAD[Z], SCK on FAD[3] and 55 on FAD[1] -~

SERCOM PAD[O] -
MSE is transferred first

1,000,000 1=

DO on PAD[2], SCK on PADJ[3] ...

SERCOM PADI[0]

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 [ |
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 3

* Pin Table Configuration of SERCOM4

(] Fin Table
Package: | TQFPA3 oo |8 %: JREHE | o g'
=|F|8[5|2| 8] IPBILIE =&
Module Function 151617 18| 1920 21|22 23] 24| 25| 26
SERCOM3_PAD3
SERCOM4_PADD
SERCOM4_PADI
FERCOMA [ SERCOM4_PAD2) [N
| SERCOM4 SERCOM“—PAN\ A Click

SERCOMS_PALL ' ™
(] Pin Table .

L
PB10 (SERCOM4_PAD?2)

=R
Package: TQFPAS SAEEE IR
Z|3|2|2|%|&| 2pB11 (SERCOMA_PAD3)
Modulz Function | 15| 16| 17 | 18| 18] 20 | 21 |22 | 23] 24 |25 | 26

SERCOM3_FADS
SERCOM4_FPADO
SERCOM4 PADI
SERCOM4_FADZ
SERCOM4_FADS
SERCOMS_PADO

SERCOMA

Green is Enable

| | | | | ¥
1 s T s 1 1
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Lab17 SERCOM - SPI1 SSD1306 OLED
Step 4

* Pin Table Configuration of GPIO

7] Fin Table PA12 - | PA13
= = ] Y]
OO |lo | o Mool
Package: TOFF4E - o le s | e ol — =220l 0 el = oo
) SlIEZ =2 Da el l=]— = | 5
HEHEEEEREEEHEEEEIEE
Madule Function W12 13 4151617181920 21 |22 2324|2526
o CLE o7
GPIC GPIC
[2= F=n .
GPIO = Click
[25 MCED | | | T
N
(] Pin Table | GPIO_PAli lGPIO_PA13 —
Fackage: TOFF48 ~2(< § § l p ;I ;I e
' BEREEREEHEHEEEEEIRE
A o e = = g R e g Gzl Lo | ) [y i
Module Function W1 1213114015617 1819202 22|23 24| 25|26
GiCLE TO7
ORI GFIG
[25 F=0 .
= Green is Enable
[25_WCED | | | | |

@ MICROCHIP



Lab17 SERCOM - SPI1 SSD1306 OLED
Step 5

* Pin Setting of GPIO for direction and custom name.

(] Fin Settings
Order:  Pins w Table View Easy View
Ember Pin ID et 1 Pt Mode Direction Latch  PullUp Pull  Drive
0 PA12 M SSD1306_RS i W Out [ High [ DGE P
21 [ Pa12 5501306_RS_PIN GPIO w|  Dizital Out o Hizh MORMAL -
22 PA13 5501306_CS_PIN GPIO vl Dagital Out v High | NORMAL
P13 | 55p1306 €S [ Qut. H Migh ==
RIS B igital | HiormpeDETTE—- [] [] | NORMAL
25 PA1G I Available ~ Cimital High Impedance -~ Low [] [] MORMAL v
26 PAL7 LED3 GPIO w| o Dagital Out v Lowr NORMAL
27 PA13 TC3_Woo w | Digital High Impedance - nfa [] [] | morRMAL -~
25 PA19 TC3_Wo1 w | Drgital High Impedance - nfa [] [] | momRmMAL -~
29 PAZ20 LED1 GPIO w| o Digatal Out v Lowr NORMAL
30 PA21 LED2 GPIO w Cigital Out w Lowr MORMAL =~
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Lab17 SERCOM - SP1 SSD1306 OLED

Step 6

* Select exist module System in Project Resource.
* Enable SysTick and Enable Interrupt for Delay Function.

=

Resource Management [MCC] x |

X

(] Configuration Options — Ei
= [+

Project Resource | Generste | Import. | Export | @ | (©)
» NVMCTRL
» SERCOM
» TC
v TCC
() Tce2
¥ System
System | Syspem
Device Resource Click Content Manager
) SERCOM1
) SERCOM2
) SERCOM3
) SERCOM4
» TC
» TCC
> Tools

E}--System| Svstem |
--Deuin:e 2 Project Configuration
=+ Caortex-MO+ Configuration | Cortex-MO+ Configuration|
é}--SySTick
E-Enable SysTick K | Enable SysTick |
él"S'g.-'STil:k Configuration

?----Enable Interrupt Q | Enable Interrupt|
%----SySTick Clock Frocessor clock
- Systick Periad{Millisecands) =
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Lab17 SERCOM - SPI SSD1306 OLED
Step 7

* Click "Generate" Button to Generate your Code.
) X

Resource Management [MCC] x |
PijECt Resources | Generate\J Import... || Export ‘ 9 C;J

v Libraries Ny
» Harmony
¥ System
[ ) System

) X
Output - MPLAB® Code Configurator %
11: [NFD: $4488888888088 08ttt stsssssssssssssssssssssssssssssss ~
11: INFO: Generation complete (total time: 9101 milliseconds)
11 THFD: #4488 88eate ettt etetettettttsssssstsssssessssssesesss
11: INFO: Generation complete.
11: INFO: {Hammoryy<Hamony Databases -> prebenerateEvent
11: INFO: {Hammoryy<Hamony Database> -> interfaceValidationBvent
11: INFO: {Haxmony}<Hamony Databasesr -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hamony Database> -> postFinalProcessing W
< > A%\ MicrocHIP




Lab1l7 SERCOM - SPI1 SSD1306 OLED
Step 8

* Copy below files to your project’s \src folder
Logo image file : Microchip_Logo.h
Font image file : Alphabet_Fonts.h

[Your Project’s \src]

[ \Appendix\LogoFont |
RTC_SAM2001v200 > Appendix > LogoFont

W Alphabet_Fonts.bmp [ copy files |
® Alphabet_Fonts.h
&| Microchip_Logo.bmp

® Microchip_Logo.h

=8
config
packs
= Alphabet_Fonts.h
® main.c

¥ Microchip_Logo.h
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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

SEIYICES

[Source Files] EI lac
[ Ri;;t click H
BT packs
ﬁ' Important Fi
" Linker Files
" =onree Files
ﬁ' Libraries

- Loadables

=16 Labl7_SERCOM_SPI_CQLED_SSD1306

MNew

New Logical Folder [Add Existing Item...]

Add Existing ltem...
Add Existing ltems from F
Find..

Cut

%@ers...
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Lab17 SERCOM - SPI1 SSD1306 OLED
Step 10

* Select folder in your project’s \src

* Add Alphabet_Fonts.h and Microchip _Logo.h into project.

e

£ Select I1tethour Project’s \sch

EI Header Files
AIphabet_Fonts.h """ EI Alphabet_Fonts.h

Microchip_Logo.h __ confis

added in "Header Files" BESY ficrochin Loz

-3 packs

X
FSELIE SIC w ek El-
- config Store path as:
_ =t () Auto
ESIIRE [ Select Alphabet_Fonts.h ] Check Relative [O):30ms
I ——— Absolute
SE g Microchip_Logo.h [ Select Microchip_Logo.h ] I(jjc o
£ opy
|'—'§ RIS Q) "Alphabet_Fonts.h" "Microchip_Logo.h" elect %
jfk EEEET:  FrEREss v YA
=& Labl7_SERC _OLED 5501306
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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] = "0123456789ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijk\
1mnopgrstuvwxyz~!@#$% & () [1{}_\\|;:, .  "\"<>+-*/=? ";

const uint8_t LCM_InitCMD[] = {
OxAE, OxD5, Ox80, OxA8, Ox3F, OoxD3, Ox00, 0x40, ox8D, 0x1l4, 0x20, 0x02, OxAl,
oxC8, oxDA, ox12, ox81, OxCF, oxD9, OxFl, oxDB, Ox40, OxA4, OxA6, OxAF

}s

c\ MICROCHIP



Lab17 SERCOM - SPI1 SSD1306 OLED

Step 12

e Add code segment to your project
/[ TODO 17.03

void LCM_SetCursor( uint8_t x, uint8 t y )

{
uint8_t OUT[3] = { OxOF & 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 = 0; 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
/[ TODO 17.03 (continue)

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_Font+(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] );

}
}
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 14
e Add code segment to your project

int main (void)
{...
TCC2_PWMStart();

/[ TODO 17.04

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( i =0; 1 < 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 17.04 (continue)

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, 0, (char *)USARTRTxBuffer );
sprintf( (char *)USARTRTxBuffer, "TC3 period %ldms",
(TC3_Timerl6bitPeriodGet()+1)*1000/TC3_TimerFrequencyGet() );
LCM_DrawString( @, 1, (char *)USARTRTxBuffer );
sprintf( (char *)USARTRTxBuffer, "TC4 period %ldms",
(TC4_Timerl6bitPeriodGet()+1)*1000/TC4_TimerFrequencyGet() );
LCM_DrawString( @, 2, (char *)USARTRTxBuffer );
sprintf( (char *)USARTRTxBuffer, "Received Data :" );
LCM_DrawString( @, 7, (char *)USARTRTxBuffer );

c\ MICROCHIP



Lab17 SERCOM - SPI1 SSD1306 OLED

Step 16
e Add code segment to your project

while (true)
{...
if (TC3_ HasExpired)
{...
LED1_Toggle();

[/ TODO 17.05

sprintf( (char *)USARTRTxBuffer, "Hello World!");
LCM_DrawString( @, 3, (char *)USARTRTxBuffer );

¥
If (TC4_ HasExpired)
{...
LED2_Toggle();
/[ TODO 17.06
sprintf( (char *)USARTRTxBuffer, "PWM Duty : %3d%%", Duty);
LCM_DrawString( @, 4, (char *)USARTRTxBuffer );
by
by
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 17

e Add code segment to your project
while (true)

{

if (USART5_IsReceived)

{..
/| TODO 17.07

sprintf( (char *)USARTRTxBuffer, "Received Data : %1c",

USART5_ReceiveData[@] );
LCM_DrawString( @, 7, (char *)USARTRTxBuffer );

¥

if (ADC_IsCompleted)
{

/[ TODO 17.08

sprintf( (char *)USARTRTxBuffer, "VR1 : %4d", ADC_Result[0]);
LCM_DrawString( @, 5, (char *)USARTRTxBuffer );

sprintf( (char *)USARTRTxBuffer, "Temp : %4d", ADC_Result[1]);
LCM_DrawString( @, 6, (char *)USARTRTxBuffer );

c\ MICROCHIP



OLED Functions

Interface Routines

// Delay some time (ms)

void SYSTICK _DelayMs( uint32_t delay_ms);

// Set cursor position

void LCM_SetCursor( uint8_t x, uint8 tvy);

// Draw a font

void LCM_DrawFont( uint8_t sx, uint8_t row, char ch ) ;

// Draw a string

void LCM_DrawsString( uint8_t sx, uint8_t row, char *str ) ;

// Draw an image
void LCM_DrawBitmap( uint8_t sx, uint8_t sy, uint8_t width,
uint8_t height, const unsigned char *byte ) ;
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OLED Draw Font

Hint

#include "Alphabet_Fonts.h"

#define FONT_WIDTH 7

#define FONT_HEIGHT 8

char Alphabet[95] = "0123456789ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijk\
Imnopgrstuvwxyz~!@#$% "&()[1{}_\\|;:, .  "\"<>+-*/=2 ";

void LCM DrawFont( uint8_t sx, uint8_t row, char ch ) {..}

void LCM_DrawString( uint8_t sx, uint8_t row, char *str ) {..}

int main (void)

{

sprintf( (char *)USARTRTxBuffer, "Received Data :" );
LCM_DrawString( 0, 7, (char *)USARTRTxBuffer ); 1

Receive Data :

g\ MICROCHIP



OLED Draw Image

Hint

#include "Microchip_Logo.h"
#define LCM_WIDTH 128
#define LCM_HEIGHT 64

void LCM_DrawBitmap( uint8_t sx, uint8_t sy, uint8_t width,

uint8_t height, const unsigned char *byte ) {..}

int main (void)

{

> Y_row o

LCM_DrawBitmap(©, ©, LCM_WIDTH, LCM HEIGHT, Microchip_Logo);

@ Microchip_Loga.h = }

source | ooy ) |[@ [0 - 01| QB P B T

PR cizie 0|& 462
y

const
axee,
exese,
axee,
axee,
axFC,
axes,
axee,

Y
unsigned char Microchié Loéo [1=A

0x00,
2x00,
0x00,
0x80,
BxFC,
0x00,
0x00,

ox00,
ox00,
oxee,
oxCe,
OXFC,
ox00,
ox00,

0x00,
0x00,
0x00,
0xCo,
axFC,
0x00,
0x00,

ox00,
ox00,
oxoe,
OXE®,
OXFC,
ox00,
ox00,

0Xx00, Ox00, 0X00, 0x00, Ox00,
0x00, ©x00, Ox00, Ox00, OX00,
0X00, ©X00, 0X0Q, 0X00, OX00,
OXFO, OxFO, OXFO, OxF8, OxFS,
OXF8, BXF8, OxF8, OxFO, OxEe,
0Xx00, 0x00, 0X00, 0x00, Ox00,
0x00, ©x00, 0x00, Ox00, OX00,

0x00,
ox00,
0x00,
OxF8,
ox8e,
0x00,
0x00,
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Lab17 SERCOM - SPI1 SSD1306 OLED

Result

R A
A&
. A

o
rnmmr o
—
e
i

SysClock : 48.0MHz
TC3 period : 1000ms
TC4 period : 50ms
Hello World!

1 Sec. PWM Duty : 20%
VR1: 1024

Temp : 940
Receive Data : M

MICROCHIP

@ ) < O L) L) . @ @ ) w5 O) U) O) . @
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Lab17.1 SERCOM - SPI SSD1306 OLED

* To create your personally welcome page (logo) !
* Create your own Logo and replace original one.
* Logo image create application at

.\Tools\LCDAssistant.exe

eLet’s go!
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Lab17.1 SERCOM - SPI1 SSD1306 OLED

Create your own logo

* Execute \Tools\LCDAssistant.exe

Load Microchip_Logo.bmp and Save output to Microchip Logo.h
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Create your own logo

* Copy new Microchip_Logo.h to overwrite old one in folder your project’s \src

[Your Project’s \src]

=578

config
packs
% Alphabet_Fonts.h

% main.c

¥ Microchip_Logo.h

Overwrite old
Microchip_Logo.h
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Create your own logo result
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