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SAMD21 ARM Cortex-MO0O+
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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.

Arm decided to create “Arm China” Joint Venture

ARM

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

ARM in Partnership
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ARM core MCU/MPU brief

Embedded Application

R

ARMV6 Cortex-A7
1.25 DMIPS/MHz
TS all Coocrs
ARMV4 )
1.1 DMIPS/MHz QU COrtex=RX" B—75T rearime |

[ U [ TCM |
ARMV7E-M Cortex-M7 P ]

UG - Cortex=IVIS3' =T Tusizone

ARM7 ARMV7E-M Cortex-M4 1.25 pmips/MHz

1.5 pmips/MHz

ARMv3
0.9 DMIPS/MHz ARMV7-M Cortex-M3 1.25 pmIPS/MHz
Low P

ARMV6-M Cortex-MO0O+ 0.93 pMIPS/MHz

ARMV6-M Cortex-MO0 0.84 pmiPs/MHz

- Cortex-A15 3.5 DMIPS/MHz
Cortex-A9

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
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ARM core MCU/MPU success

Cortex-A15
PS-Vista Cortex-A9
87658 Cortex-A8
Cortex-A7.
= HMI Amazon Echo

. Cortex-A5

- digial dashboard -_—

B | Cortex-M7 Microsoft Surface
. = Google Chromebook

WINCE PND Cortex-M33
At 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-MO0

Arduino MO Pro

Smart door locker
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Microchip ARM Core Products

Embedded Application

FAY “ ~
. . Cgrsglg-‘}-\l“
Legacy Current Automotive
tex-A9

Cortex-As8 SOM
ARIVIZL
Cortex-A7 SAMASD
orteX“AS SAMASD SAMASD PMIC| Flash
DDR2

Cortex-Rx
SOIIERAVIEE
SAM3
cortex=Ivis =
SAML10 SAML11
Cortex-M23

Cortex=IVi0.
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Microchip Cortex-M MCU Series

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

@ MICROCHIP



Microchip Cortex-M MCU Series (cont.)

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

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

és\ MICROCHIP



SAMD21 Block Diagram

* The SAMD21 is a series of low-power microcontrollers using the ARM® Cortex® MO0+

processor (Cortexv6-M) o

* Maximum frequency of 48MHz and reach

2.46 CoreMark®/ MHz -

* All devices include
intelligent and flexible
peripherals, Event System
for inter-peripheral
signaling, and support for
capacitive touch button,
slider and wheel user
interfaces -

SYSTEM

3 x RC OSC.
2 x XTAL OSC.
DFLL48M

FDPLL 96M

RTC

Cortex-MO+

CONNECTIVITY

USB FS Device
6 x SERCOM

PTC

CONTROL
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Architecture

* Cortex MO+ is Von Neumann architecture, RISC

CORTEX-MO0+
PROCESSOR

Fmax 48 MHz

256/128/64/32KB
NVM

NVM
CONTROLLER

MICRO
CE BUFFER

32/16/8/4KB
RAM

Cache

= TRA

SRAM
CONTROLLER

DMA

I‘i}ét

HIGH SPEED
BUS MATRIX
S S S
ZaN N N
it ~NS NS
AHB-APB AHB-APB
BRIDGE B BRIDGE A
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Architecture

* Cortex M0O/MO0+ Von Neumann

Cortex-M0+ Components
Cortex-MO+ Processor
Interrupts R — Optional Debug -
- Vectored Cortex-M0+ Breakpoint & Mgfoﬂ'nrr::l,e
Interrupt |« P processor & $ Watchpoint Buffer
_ Controller core Units MTE
> (WIC) (MTB)
¥ A t t
Optional Optional
Wakeup Memory Debugger |
Interrupt Protection interface |~ *
Controller Unit (MPU)
(WIC) 4
I Optional
Debug
> Bus matrix At::cess
(o]
A A y
v v A
- Optional Optional
AHB{BLI;E I?;ﬁaw singlecycle Serial-Wire or JTAG
vs 1/0 port debug port

Figure 1-1 Cortex-M0+ implementation

Cortex-M0 components

Cortex-MO processor

Optional debug

Nested Breakpoint
=Interrupt: »| Vectored Cortex-M0 and
Interrupt = processor |d=p| .
»  Controller core watﬁ:ﬁmm
(NVIC)

vy v A c
Optional

I Optional
l\Nakeup Bus matrix Debugger | | ey pepug Access
nterrupt interface Port (DAP)

Controller (WIC) *

A
AHB-Lite interface to system Serial Wire or JTAG debug-port

Figure 141 Cortex-M0 implementation
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Architecture

e Cortex M3 Harvard

Cortex-M3 processor
. Optional
—_ Dﬁ,ﬂf’ga' > NVIC ¢ F'mcf“;zsm > Embedded |
Trace Macrocell
. . Optional
Optional Debug Optional Memory . :
> Access Port protection unit SFm_aI Wire >
viewer
A 1 I A
DEITSTI Optional Data
patch watchpoints
Y t 1 Y
Bus matrix
. SRAM and
Code interface peripheral interface
! !

Figure 1-1 Cortex-M3 implementation
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Architecture

ARM Cortex-M instruction variations

Double-Precision (DP)
Floating-point instructions

Half-Precisions (HP)

TrustZone instructions

Co-processor instructions

Helium technology

Interrupt latency

23 for NMI

Optional

Optional

Arm C Cortex Cortex Cortex Cortex Cortex Cortex Cortex Cortex Cortex Cortex
rm Core
Mol Mo+ M1 M3l M4l®l m7L7] M23E M33012] M35P M55
. g g g 10 10 10 ARMv8-M ARMv8-M = ARMv8-M
ARM architecture ARMVE-MEl  ARMVE-MIE] | ARMVE-MIEl | ARMv7-M['?l | ARMV7E-MU") | ARMV7E-ML'C! s e e ATmVB.1-M
Baselinel"®! Mainlinel'® Mainlinel'?]
Computer architecture Von Neuman 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 | 4 to 5 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
i Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
32x32 = 32-bit result
Multiply instructions
i Yes Yes Yes Yes Yes Yes
32x32 = 64-bit result
Divide instructions
. . Yes Yes Yes Yes Yes Yes Yes
32/32 = 32-hit quotient
Saturated instructions Yes Yes Yes Yes Yes
DSP instructions Yes Yes Optional Optional Optional
Single-Precision (SP) X X . . .
. o . Optional Optional Optional Optional Optional
Floating-point instructions

Optional Optional

Optional

Optional
Optional

Optional Optional

Optional

Optional

15 no security ext

16 cycles 15 cycles 12 cycles 12 cycles

12 cycles

(if zero-wait state RAM) 26 for IRQ 27 security ext

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

SAMD21 Memory

* Up to 256KB Flash and 32KB SRAM

AHB-APBA

AHB-APBB

AHB-APBC

0x00000000
0x20000000
0x20008000

Undefined
0x40000000

E 0
0x43000000

Reserved
0x60000000

Undefined
0x60000200

Reserved
0xE0000000

OXFFFFFFFF

Private Peripheral Bus, PPB

0x40000000
PACO
0x41000000
PM PAC1 X
SYSCTRL
T DSU PAC2
NVMCTRL EVESYS
20 PORT
SERCOMn
RTC
DMAC TCCn
EIC USB c
TCn
Reserved mTB ADC
Reserved
Reserved

0x42000000

System Control Space, SCS

System Timer, SysTick

Nested Vectored Interrupt Controller, NVIC

System Control Block, SCB

Micro Trace Buffer, MTB
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Part Number

SAMD 21 G

Product Family

SAMD = General Purpose Microcontroller

Product Series
21 = Cortex M0 + CPU, Basic Feature Set

Package Carrier

+ DMA + USB

No character = Tray (Default)
T = Tape and Reel

Package Grade

Pin Count

E = 32 Pins (35 Pins for WLCSP)
G =48 Pins (45 Pins for WLCSP)
J =64 Pins

U = 40 - 85-C Matte Sn Plating
F = -40 - 125-C Matte Sn Plating

Package Type

Flash Memory Density

18 = 256KB
17 = 128KB
16 = 64KB
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.

A=TQFP
M= QFN
U=WLCSP
C = UFBGA

@ MICROCHIP



MPLAB X IDE and MHC
Development Tools Introduction
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All in One Developme

MPLAB® X IDE

nt

* New generation integrated Development Tools, Support PIC,
dsPIC, AVR, CEC and SAM Series MCU/MPU, Provide Plug-in
function to extend more advance function. Java Based, Cross
platform, Current version is v5.45.

3 MPLAB X IDE v5.40 - APP045-3 : default
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

rEEw DE 5%

defwult

| Projects | Files
| @ APPO4S-3
0 Header Files

Services

@ Libraries
# @ Loadables

PROJECTS
# Open Sample
# Create New

* Import Legacy
» Import Prebuilt

PROGRAMMING
CENTER

- Press for Sutus

ta Used: O (0x0) Free: 32,768 (0x6000)
ogram 262,144 (0x40000) byres

23022 HBR Y S w

How do 17

@ MICROCHIP

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

MY MPLAB® X IDE

Recent Proj... Microchip Login

# Lab7_DRV_USART. Already Registered? New to Microchip?

# APP0S2_Demo 0 update alorts and s

# Lab5_SYS_COMMA.

Forgot Password?
# infraredThermo
References & Featured Links

» Errata » Technical Articles and White Papers

— a X
oy B

definitions.h"

init(void);
_init(void);
,_dinit(void);

// Defines NULL
// Defines true
// Defines EXIT_FAILURE

// sYs function prototypes

erflow(TC_COMPARE_STATUS status, uintptr_t context);

» Product Selection Tools

e
8 Program Used: 0 (0x0) Free: 262,144 (0x40000) » User Guides

# Debug Tool

LO000000000000002
D (000 MHz)
5 Debog Resourcss

PLUGINS

000060

Showe On Startp
& (@ Notiications @ Search Results [ Output

» Buy Direct from Microchip
» Open Source 4 PIC

030 e Tt . Al e

Output *

erflow(TC_COMPARE_STATUS status, uintptr_t context);
5 _Transmit( uintptr_t context );
5_Receive( uintptr_t context );

plete(ADC_STATUS status, uintptr_t context);

nt8 t TC3_IsOverflow = @;
nt8 t TC4_IsOverflow = @;

Kits *  APP045-2 (Build. Loa

ﬁ\ MICROCHIP



AVR/SAM Series Development

Atmel Studio 7 = Microchip Studio

* New generation integrated Development Tools, Support AVR,
SAM Series MCU/MPU, Current version is v7.0.2542 -

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

Start Page - Microchip Studio Advanced Mode ¥ Quick Launch (Ctrl+Q A - B x

~ | Available Tools

ssssssssssssssssssssssss

99999 'n START Co
G hload Micro
\load docurr
Microchip A

eeeeeeeeeeeeeeeeeeeeeeeeeee
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Official Site Download Page

www.microchip.com/m pla bX

’ @MICRDCHIP Products Solutions Tools and Software  Support Education About Order Now Q &

Tools and Software / MPLAB® X IDE

Feature Downloads Documentation Debug Features

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

mplabx-v5.45-windows-installer.exe
mplabx-v5.45-linux-installer.tar
mplabx-v5.45-0sx-installer.dmg

mplabx-ide-release-notes-v5.45.zip

Date

23 Dec 2020

23 Dec 2020

23 Dec 2020

23 Dec 2020

Download

Download

Download

Download

Download

@ MICROCHIP


http://www.microchip.com/mplabX

Tools Installation

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

®
icrochip Efa * HHIIAREBIRER
AS\MicrochiP

Dec. 11, 2020

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

Microchip& 2 (www.microchip.com.tw)

Microchip=E (www.microchip.com)
Microchip Product Selector and Advanced Parts Selector (www.microchip.com/maps)

Microchip £ _ESample=8 38 (www.microchip.com/samples)
MicrochipZF o4 & 5922 T B2 & (MicrochipDIRECT) (www.microchipdirect.com)

Microchip#Z _ECode Examples (www.microchip.com/CodeExamplesByFunc.aspx)
Microchip On Line Application Design Center
Microchip On Line Application Notes

MPLAB® X IDE

MPLAB® IDE 18.92 @ MICROCHIP



http://www.microchip.com.tw/Data_CD/

Programmer/Debugger

ICD4

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

* Features

* Full-Speed Real-Time Emulation

* Target voltage of 1.20V to 5.5V.

* Can supply up to 1A of power to the target

* Overvoltage/ Over-current protection

* Supports multiple breakpoints,
stopwatch and source code file debugging

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

ﬁ\ MICROCHIP


https://www.microchipdirect.com/product/DV164045?productLoaded=true

Programmer/Debugger

PICkit 4

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

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

@ MICROCHIP


https://www.microchipdirect.com/product/PG164140?productLoaded=true

Programmer/Debugger
MPLAB SNAP

* 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

@ MICROCHIP


https://www.microchipdirect.com/product/PG164100?productLoaded=true

Programmer/Debugger
Debug Adapter Board

* The Debug Adapter Board Gives ICD 4 / PICkit 4 cable
compatibility with Atmel-ICE, Power Debugger and J-Link style
connectors.

It supports JTAG, SWD and ICSP
protocols in multiple connector formats.

* Package Contents
* Debugger Adapter Board

Cable, FEMALE FLAT RIBBON IDC CONNECTOR, 15CM

Cable, FEMALE FLAT RIBBON IDC CONNECTOR, 12CM

8 CONDUCTOR MODULAR CABLE, 6"

Cable, HCSD Dual Row Socket IDC Assembly 14pin (7 ea) 10"

@ MICROCHIP


https://www.microchipdirect.com/product/AC102015?productLoaded=true

Programmer/Debugger

Atmel-ICE

e 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
* |TM 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 60 - Low cost PCBA only |
* USD 100 - Basic edition with most common cables
* USD 140 - Including all cables and adapters

@ MICROCHIP


https://www.microchipdirect.com/product/search/all/atmel-ice

Programmer/Debugger

Power Debugger

e 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

e 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.microchipdirect.com/product/ATPOWERDEBUGGER?productLoaded=true

SAMD21 EVB APP045 v2.00
Introduction
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APP045 v2.00 EVB Features

* APP045 v2.00
°* On board SAMD21G18A 32Bit ARM Cortex M0+ Microcontroller

* Built-in Embedded Debugger (EDBG) module
Provide Programming & Debugging function for SAMD21
Provide Virtual COM port (CDC bridge)

* Multiple Power Supply Source
Programming USB Port
Native USB Port
DC Jack (DC9 ~ 12V)

* 2 x Buttons, 3 x LEDs
* 1 x Potentiometer, 1 x Analog Temperature Sensor

* 1 x 12C Temperature Sensor, 1 x 12C EEPROM with Unique ID

* 1 x SPI OLED (128 x 64, SSD1306 Compliant)

* 1 x MicroSD Socket (use SPI interface)

* Arduino MO Pro board Compliant with Arduino Shield Connector

és\ MICROCHIP



APP045 v2.00 Overview

EDBG Module

OLED (128x64)

USB Virtual COM

Reset Button

SD Card Socket

SAMD21G18A

Native USB

32K Crystal

DC Jack (9~12V)

I

MCP9700A

LEDs

i

Arduino Shield

Potentiometer

User Buttons
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APPO045 v2.00 Block Diagram

Programming USB

Native USB

OLED ~ SPI Micro SD 12C
128x64 B | card Socket
A
. SWD
EDBG
< UART | samMD21G18A |
USB ARM Cortex-M0+

\ 4

<
<

GPIO| ADC

\ 4

LEDs

MCP9700A
Temperature
Sensor

Buttons

VR
Potentiometer
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Power On & Getting started

* Just plug-in microUSB cable to Programming USB port and confirm the
Power LED (PWLED1) has lighting.

* OLED & LEDs will show preloaded demo firmware.

Blue power LED
must light.
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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 ?
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LabO Create Project

Step 1

* Open MPLAB X IDE, firstly.

XI1D

&

MPLAB X IDE

| Double Click! |

3 MPLAB X IDE v5.45
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help
e L ik

Projects = Files | Services B | StrtPage x

PROJECTS

# Open Sample
# Create New

» Import Legacy
* Import Prebuilt

= SAMIX60_GFX

= APP045.3
# Lab7_DRV_USART_SingleClient...
# APP052_Demo

# Lab5_SYS_COMMAND_Custom(

# Lab7_DRV_USART_SingleClient...

® SAMES4.CAN

PROGRAMMING # Lab1_SYS_TIME_Delay

CENTER # InfraredThermo

Notifications | Search Results | Output x

Recent Projects

a

# Lab17_SERCOM_SPI_OLED_SS.

How do 17

g\ MICROCHIP

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

MY MPLAB® X IDE

Microchip Login

Already Registered? New to Microchip?

E-mail Address:
LOGIN Forgot Password?

References & Featured Links

» Errata » Technical Articles and White Papers
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LabO Create Project

Step 2

* Select File » New » Project or Click icon E

&3 MPLAB X IDE v5.45 St X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q- Search (Ctrl+])
PEES D W EZL L L BQBOK @ WD Howion

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

c\ MICROCHIP

COVER | MY MPLAB® X IDE | WHAT'S NEW

B4 MPLAB X IDE v5.45
File Edit View Mavigate Source Refactor P

MY MPLAB® X IDE

# Lab7_DRV_USART_SingleClient...
# SAME54-CAN

PROGRAMMING #8 Lab1_SYS_TIME Delay References & Featured Links
CENTER #® InfraredThermo

» Errata » Technical Articles and White Papers

Notifications | Search Results | Output x

ﬁ'\ MICROCHIP



LabO Create Project

Step 3

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

B4 New Project X

Steps Choose Project

1. Choose Project Q, Filter:

CENS CatEgC[Microchip EmbeddedJI . { 32-bit MPLAB Harmony 3 Project |
-2 Microchip Embedded 8 -2-bit MPLAE
O Other Embedded © Ertes MPLAB TDE v& Proiect
- Samples 5 Prebuilt (Hex, Loadable Image) Project

(& User Makefile Project

(& Library Project

& Import START MPLAE Proiect
Import Atmel Stodie Proect

Description:

MFLAB® Harmony Froject Wizard

Cancel Help

@ MICROCHIP



LabO Create Project
Step 4

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

B1 New Project x
Steps Manage Framework

1. Choose Froject _

7 Framework Selection Uz the Content Manager tool to download or confignre a local frameworlk,

3. Froject Settings

4, Configuration Settings Lannch Content Manager

{ C:\HarmonyFramework }
Framework Path: M HarmonvFramework “

QConvert to Relative Path for Configuration h‘ Click I

'l Next ',

< Back Mext }‘; ~ Finish Cancel Help
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LabO Create Project

Step 5

* Location :
* Folder:
* Name::

C:\Exercises\LabO_First_Project

LabO_First_Project

LabO_First_Project (It tastey

e Path : C:\Exercises\LabO First_Project.X\Firmware\Lab0_First_Project.X

[§

[ Wait a while after click Next]

C:\Exercises\LabO_First_Project ]

|

LabO_First_Project ]

L

Auto generated ]

[
[

Auto generated ]

¥4 New Project pd
Steps MName and Location
1. Ch Proect
o Fraon?:m oi?g;le ction Location: CExercisesilabl_First Project . [
3. Project Settings . ; .
4. Coufiguration Settings Falder: Lab0_First Project [
Mame: LabD First Froject
Fath: CMExercisesilabl_First Projectifirmware’Lab0 First Project.X
Show Wisual Help

J

< Back Mext = Finish Cancel Help

@ MICROCHIP



LabO Create Project

Step 6

* Name: default

* Device Family : ATSAM
* Device Filter: ATSAMD21G18A

Target Device : ATSAMD21G18A

B4 New Project

Device Filter: | ATSAMDZ1G1SA

{ Input: ATSAMD21G18A }%

show Wisual Help

Steps Configuration Settings
e e
2. Framework Zelection MName: defanlt O
3. Froject Settings ATSAM
4, Configuration .
Settings Device Family: ATSAM i~ Target Device: ATSAMDZ1GIEA -~

[ Auto selected ]

= Back

Mext =

'| Finish I|

Help

Finish ﬁ! _ Cancel
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LabO Create Project

Step 7

 Select Harmony Configurator window type if first time to

execute MHC after install. Please select to Standalone mode

2 Window Manager Selection Dialog

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

=2

G

5 %
[EDTESTSEN . [OrTE—
5 Y

X

# MHC Content 1s contained in its own window.

Select Standalone ]

f  Select Standalone [j

Note: This selection can be adjusted 1n the MPLABX Tools->Options->Harmony menu.

® Robust docking system. ® Uses MPLABX docking system.
@ Full menu bar and toolbars. ® Single MHC-specific menu bar item and toolbar.
# Conte

Select Native

@ MHC Content 1s embedded into existing MPLABX tabs,

@ MICROCHIP



LabO Create Project

Help for Select Native Mode

2 Native Window Manager Quick Tour

| MHC Control Menu |

Production Debug Team Tools Window Help

| MHC Global Toolbar |

Idefault - 'ﬁ“-%- b-R-F.

‘Pc:onl [ G L I

| = [ProjectGraph |

Harmony Core
CMSIS Pack

Device Family Pack (DFP,

il lIEI Configuration Options | Help |

=-Device Family Pack (DFP)
- Davice: ATSAMETOQ21B

CMSIS Pack

4

~Release Information: {'date’: '2012-02-09

Notifications | ‘Output - Configuration Loading Error

I Console I

test?2-Dash... | GFX niialze... | Availble Co...

| =

g

IMTo]T Copr of

<Harmoty Database-[Info]: CSP: Periphe

Graphics
Harmony
Input
Libraries
Peripherals
Tools

Board Support Packages (BSPs)  |Ziarmony batabase-

Info C5P: Periphe
Info C5P: System
CSP: System
Loading Syst

<Harmony Database-
<Harmony Database-
<Harmony Database-
<Harmony Database-
<Harmony Database-
<Harmony Database-
<Harmony Database-

'
E
3
o

Info
Info

'
E
3
o

Load Module:
Info
Info

<Harmoty Database-[Info]: Load Module:
<Harmony Database-[Info]: create compo
<Harmony Database-[Info]: create compo
<Harmoty Database-[Info create compo

Info
Info

<Harmony Databases
<Harmony Databases
<Harmony Databasex[Info create compo
<Harmony Databasex[Info create compo
<Harmony Databasex[Info]: create compo

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

create compo
create compo

OFEMTT PerTpnararl USARTZ (10 = G089
ral [USBHS id=11292] is not supported in MCC
ral [UTMI id=11300] is not supported in MCC
Peripheral [WDT id=6080]

Peripheral [XDMAC id=11161

em Services for ATSAME7OQ21B

Loading Pin Manager for ATSAME70Q21B

BSP

B5SP: Load SAM ETO Xplained
B5P: Load SAM ETO Xplained Ultra

Harmony Drivers & System Services
nent: USART Driver

nent: MEMORY Driver

nent: 55T26 Driver

nent: SDHC Driver

nent: TIME System Service

nent: FS System Service

nent: IZC Driver

nent: SPI Driver

[ | Understa

nd]

I Understand
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LabO Create Project
Step 8

* Wait a while to launch Harmony Configurator.

L

MHC Yiew Navigate irce Refgctor Prod
P .
Projects * Files  Services _
&0 Lab0_First_Project_
+ @ Heados Files
+ @ Important Files
@) Linker Files
¥ @ Source Files
+ @ Libraries
i @@ Losdables

.,‘. .l“;-l:. I A JOW ‘y Qv. al : i
T BE-L LR B9 SEcod W CB Hwon i (G 57 (2

Kit Window

default

* SurtPage *

@

@ MICROCHIP

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

Lab0_First_Project =" * Navigator - %
54 |78 Lab0_Farst_Propct_ A
) 8 Project Type: Apphication - Coaft
@ |= P Device
- @ ATSAMD2IG18A

# Checksum: Blask, zo code lov

1 @ Packs

Launching MPLAB® Harmony Configurator

MY MPLAB® X IDE
Path: C:\HarmomyFramework),
Generating Configuration Database

* Import Legacy - . -

* Import Prebuilt = APPO4S2

& SAMD2I_DFP (3.0.23)
& CMSIS (3.0.1)
¥ Comptler Toolchaia

T XCR (v2.10)

New to Microchip?

Already Registered?

= APPO45.2

= APP2025 MEGA4809
—

5

8 Production Image: Optimazats Output * =
5 @ Memory Kits *  Configuration Loading Error *
© Usage Symbols disabled. Click Kit Board: Atmel Embedded Debugger [SN: ATMLO0O00001478080275| A
& Data 204,912 (0x48000) bytes
& Program 294912 (0x42000) b
@ Debug Tool v
< >
v
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LabO Create Project

Step 9
 Select DFP and CMSIS. (Use default is fine)

Z Configuration Database Setup %

Configure Device Family and CMSI= Pack Paths:

DFF: Mev packsWicrochipSAMD21 DFF\3.4 104samd 2 lakatd A TSAMD21G 18A.atdf| . i)

CMEIS: Mdev_packstarm\CMSISNG. 7.0 , &

Lannch L Cancel

[ Click launch and wait a while ]
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LabO Create Project

Step 10

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

2 MPLAB Harmony Configurator - default

File Generate Tools Utilities Window

O

X

LB P

Framework: C:\HarmonyFramework!

(] Awailable Components o ﬂ B! (] Frogect Graph

#- Peripherals

# Tools NVMCTRL

Peripheral Library
MEMORY

(] Available Components ™|

+ X‘EEE+|E| View: |Eoot “

CMSIS Pack

Device Family Pack (DFP)

(] Configuration Cpticns

El =

-3

EF-System

£

=T = W =T = W~ W~ T =

Device & Project Configuration
Cortex-M0+ Configuration
Forts

Clock

Interrupts (NVIC)

DM (DMAC)H

WOT

PAC

(] Configuration Cptions | (] Help |

(] News

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

> |

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

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

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

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

A Iy

(] Consele | (] News

Welcome to the MPLAE Harmony Configurator!
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Lab0 Generate Code

Step 11
e Click #51"C==| to Generate Code.

2 Generate Project

‘2 MPLAB Harmony Configurator - default
1. Confipure Generation Settings

File Generate Tools U==zri-i—tyw 5 Generate Sofgs —
CI | Ck } Merge Strategy USER_ALL
— P §) |sfPcod] >

[l Active Components Gﬁt& Code ‘ [l Project
x | Iﬂ E E’ ' x | E E i (Monse over a property for detailed help)

2. View Warnings

Type Description

2 Generating Project.. x

Task Tspe Remaining Total

File Markup 0 6

File Cop 3 56

Libranes 0

etiings 4 /

Fource Paths 0 /

\ s added to the project. Di{
Generating file: D:\Har menyFramework_3.3.0Mev_packs'ar m\CMSISAS. 4 0 MSIS\DEF Ineludelarm_commeon_tables.h
Flease Wait. ..

Generate ]custom linker script.

Cancel
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MPLAB X IDE Interface

* Return to MPLAB X IDE, let’s go through its interface.

3 MPLAB X IDE v5.45 - LabO_First_Project : default

File Edit View Navigate Source Refactor Production Debug Team Tools Window Help
# il % AT B BZL -T2 59 B Ot oo wever
Projects x| Files | Services B || Kit Window x| Start Page =

B0 @9 default

- X

|Qv Search (Ctrl+1)

LYEG

-G Lab0_First_Project

PROJECTS
Navigator | Lab0_First_Project - Dashboard * | Ell & open sample
2% |7g Lab0_First_Project c te N
- 9, . R . ® Create New - c c c
(25 q Project Type: Application - Configuration: default Recent PrOJeCtS Mlcrochlp LOgIn
[ | Device # Import Legacy
@ ATSAMD2ZIG 184 B L
B s Checksum: Blank, no code loaded ® Import Prebuilt # Lab0_First_Project Already Registered? New to Microchip?
2 ~f8 CRC32: Hex file unavailable # Lab17_SERCOM_SPI_.... E-m g
(=gl Packs = = N
@ SAMDR1_DFP (3.3.98) LR
..... & CMSIS (5.4.0) i APP045-3
F Compiler Toolchain # APP052_Demo

----- T HC32 v2.10)

I Production Image: Optimization: gee Ol g++ O1

----- F Device support infermation: SAMDZ1_DFP (2.3.98)
= Memory

D Usage Symbols disabled. Click to enable Load Symbols.

B Lab5_SYS_COMMAND...
B Lab7_DRV_USART Sin...
¥ SAMES54-CAN

@ MICROCHIP

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

MY MPLAB® X IDE

..... ) Diata 32,768 (0x8000) bytes PROGRAMMING # Lab1_SY5_TIME_Delay References & Featured Links
[ Program 262,144 (Ox40000) bites CENTER
= xge";ﬂ;ir » Errata » Technical Articles and White Papers
..... € Click for Simulated Peripherals INSTALL MORE » Product Selection Tools » Buy Direct from Microchip
(=il Debug Resources DLLLCIALC S P ST e P — e
----- @ Program BP Used: 0 Free: 1000 Notifications | Search Results = Output x =]
-0 Data BF Used: 0 Free: 1000 Kits = Configuration Loading Error x
----- [ Data Capture BP: Mo Support. . . .. . . g . .
0 Unlimited BP (S/W): Simalator warning: Configuration "default" builds with "XC32", but indicates no toolchain directory. ~
info: Configuration "default” will build with toolchain "XC32" at "C:\Program Files (x86)\Microchip\xc32\v2.30\bin".
warning: Configuration "default" builds with "XC32", but indicates no toolchain directory.
info: Configuration "default” will build with toolchain "XC32" at "C:\Program Files (x86)\Microchip\xc32\v2.30\bin".
v

E]
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MPLAB X IDE Interface

* Project window.

Frojects "‘[ Files [ Services

=& Lab0_First_Project
% Header Files
ﬁ' Important Files
- Linker Files
E| @ Source Files
l c:c:-nfig

I -6 Libraries
B- EF Loadables

@ MICROCHIP



MPLAB X IDE Interface

e Dashboard window.

0_First_Project - Dashboard * | Navigator

OHES S

?g Lab0_First_Project

g Project Type: Application - Confignration: defanlt

(1 <l Device
----- G ATSAMD21G 184

g CRC32: Hex file nnavailable
(=@ Packs

----- i SAMD21_DFP (3.3.98)
g CMSIS (5.4.0

=% Compiler Toclchain

& Memory
(& Data 32,708 (0x8000) bytes

%4 Debng Tool

----- @ Snap: BURIS30TE017

@ SWD (2,000 MHz)

(=} Debug Resources

-0 Program BP Used: 0 Free: 4
O Data BP Used: 0 Free: 2

@ Data Capture BP: o Support.

Lab0_First Project - Dashboaxd "I Navigator

4 Checksum: Blank, no code loaded

P XC32 (92.50) [CProgram FilesWlicrochiphee32W2, S0%bin]

----- % Production Image: Optimization: gee O1 g++ O1

' Device support information: SAMD21_DFF (3.3.98)

----- ' License: Workstation - cpp - HPA 5455 day(s) - Press for Status

) Usage Symbols disabled, Click to enable Load Symbols.

(i Program 262,144 (0n40000) bytes

O Unlimited BF (S/W): No Support

OHESD S

g Lab0_First_Project
----- g Project Type: Application - Confignration: defanlt

[—j@ Device

g ATSAMDZIGI8A

-4 Checksum: Blank, no code loaded

-EA CRC32: Hex file unavailable

g Facks

- SAMDZ1_DFF (3.3.98)

- CMSIS (5.4.00

=% Compiler Toolchain

- HC32 (2 50) [CAProgram Files\Wicrochiphue 32%2, 504%in]

- Production Image: Optimization: gcc 01 g++ O

-~ Device support information: SAMDZ1_DFF (3,3.08)

- License: Workstation - cpp - HPAB455 day(s) - Press for Status

=+ Memory

-9 Usage =ymbols disabled. Click to enable Load Symbols,

- Data 32,768 (0x80000) bytes

[ Program 262, 144 {0x40000% bytes

=% Debug Tocl

@ Snap: BURI23076817

-~ WD 2.000 MHz)

=13 Debug Resources

-0 Program BF Used: 0 Free: 4

~E Data BF Used: 0 Free: 2

-0 Data Capiore BF: No Support

-0 Unlimited BE (5/W: Mo Support
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MPLAB X IDE Interface

* Source code and Output window.

- 4 =0
it Window *| StartPage *| Emaine *

Sonzce | History .l@'@'l'ﬁ%&% Fl?%DD‘E ‘5 El% 5 2l

3" = // K sk she sk ok ok ok sk sk sk sk sk s sk sk sk sk sk sk sk sk ok sk sk sk sk sk sk sk sk sk s sk sk sk sk sk ke sk sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk ki ksl ok ok sk kR ok sk sk sk sksk ok kR kk kR A m
33 // Section: Main Entry Point

36 |

37 int main ( void )

3R =34

39 /* Initialize all modules */

40 SYS_Initialize ( NULL );

41

42 while ( true ) .
43 {

44 /* Maintain state machines of all polled MPLAB Harmony modules. */

45 SYS_Tasks ( );

46 }

47

48 /* Execution should not come here during normal operation */

49

50 return ( EXIT_FAILURE );

510 L}

utput"TSearch Results I =

its = Project Loading Warning =

Some of the files in this Project "LabO_First_Project” contain spaces or odd characters in their name or their path. This could p *
Some of the files in this Project "LabO_First_Project” contain spaces or odd characters in their name or their path. This could p

I
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LabO Project Properties
Step 12

* Now we need do some project settings in project properties :
* Click onh Dashboard or = MPLA8XIDEV54S - Labo First Project: defauit

Eile Edit View Navigate Source Refactor Production Debug Teal

* Right click on projectand #& &% =@ ¢ | BT B |

select to Properties. serRightelick J

MNew »

ﬁ' Important Fila
@ Linker Files
E'[aﬁ Sounrce Files |
ﬁ config

C I maine Locate Headers

i Libraries Add Item to Important Files...

= i B Loadables Export Hex

Lab0_First_Project - Das Clean and Build
[ Click ] 2% |?g Lab0_First_Project Clean

Add Existing ltem...
Add Existing ltems from Folders...
New Logical Folder

@) yoed Project Tvpe: App Batch Build...
= Dievice Package
= -G ATSAMDZ1G ___ Set Configuration >
~ -4 Checksum: Bl -
@] g CRC3:Hexf]  Copy Paths

B?--zds{lmml_[)ﬂ e ——— [_Properties |

- HC32 (2,500 [CAProgram Files\hi
-5 Production Image: Optimization: g¢

és\ MICROCHIP
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17 int ms

- CMSIS (5.4.0) Properties
= Compiler Toolchain - i
36




LabO Project Properties

Step 13

Select Connected Hardware Tool : Snap-SN: BURXXXXXXXXX

SAMD21_DFP : 3.3.98
CMSIS : 5.4.0

Compiler Toolchain : XC32 (v2.50) [C:\Program Files (x86)...]

¥4 Project Properties - LabL_First_Project

¢ @ Gemeral
""" 2 File Inclusion/Exclusion
=-o Conf:default>

@ Snap “
e @ Loading ’
~(__Conf: [default] ]
- 5 Bmlamg
B o ¥C32 (Global Options)

---- 9 we3Z-az

""" @ xe32-goo

----- @ weIB-pt

e yed2ld

---- S we3d-ar

e Code Coverage

Manage Configurations...

Categories: Confignration

Family:
All Families

Connected Hardware Tool:

snap-sM:BUR 183076917

Facks:

Please confirm device again

ATSAMD21G18A

w ATSAMDZIGIBA |: w
Supported Debug Header:

[ ]5how Al Mone

g |

Snap-SN:BURXXXXXXXXX ]

= sAMDZ21_DFP

Compiler Toolchain

( SAMD21_DFP )

- 3.3.98
CMSIS

-5.4.0

B3

4 ARM

(232 (w2500 [CAProgram Files\Wicrochipiwe 322, 501

"as| XC32 [Install Latest version]

- XC32 (v2.50) [C:\Program F...]

|

[Click OK to finish Project Properties] QK Cancel || Apply | Unleck | Help
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Project Reparse

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

function etc..

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

Projects * | Files Sexrvices

=6 Lab0_First_Project
ﬁ Header Files
ﬁ' Important Files
F-E Liuker Files
E]Eﬂ source Files
ﬁ config
il ain. ¢
E' Libraries
B-EF Loadables

Kit Window "‘] Start Page = | & main.e "|

Sowrce History W@ B -0 QB HEH (P L |00 0|4k

Lab0Q First Project-- "‘| Navigator

28 '.*_3 Lab0_First Project

)] Ja Project Type: Application - Co

& E}@ Device
| gl ATSAMDRIGIRA

D] [/ HFkskokskokkok ko ok ook ko ok ook skok sk ok ok sk ok sk ok ok ok sk ok ko o
[ ] Rk ks ks ok sk ok sk ok o ok s ok ok o ok s ok sk o ok s ok sk ok ok o o

// Section: Included Files

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

{Alt-Enter shows hints)

#include
#include
#include
#include

F & & ¥

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

EETEE
e sk o % 3k o
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Project Reparse

* Right click on project, select Code Assistance » Reparse Project.

E{ MPLABR X IDE v5.45 - Lab0O_First_Project : default

File Edit MHC View Navigate Source Refactor Production Debug

i D E et

v F -

E %"

Projects * Files

63 Linker Files
EI" Source Files
" config

- Libraries
B8 Loadables

(|

(|

SRR 2b0_First_Froject

" Header !- [ !

ﬁ' Importa '

—

-E

* | Start Page

Right click B || Kit Window

|

New
Add Existing Item..
New Logical Folder

Locate Headers
Add ltem to Important Files..

Add Existing Items from Folders..

——————
[Code Assistance]
Code Assistance

i | F=h =

[ Reparse Project ]

LY

Reparse Project { !
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Lab0 Add Code

Step 14

* Add below code segment to main.c

EI E % =5 defanlt

Projects = | Files  Services
= Lab0_First_Project
#-IE Header Files

HF Important Files

-5 Linker Filas

EIE Source Files

config

IE-I main.e

#-EF Libraries

[+1-[E5 T.oadables
Lab0_First_Project - Dashboard =

=
~

22 |7g Labl)_First_Project ~
) g Project Type: Application - Co:
= [} Device

g ATSAMDZIGI8A
I_E -~ 4 Checksum: Blank, no code
L2 ~gA CRC32: Hex file nnavailabl
=g Packs
- @ SAMD21_DFP (3.3.0%)
g CMSIS (5.4.0)
Y Compiler Toolchain
- HC32 (92,500 [C:\Program
- Production Image: Optimiz:
-~ Device support information
% License: Workstation - cpp
= Memory
-9 Usage Symbols disabled. Cli
-~ Data 32,768 (0x8000) bytes
@ Program 202,144 (Oxd 0000
[=+#% Debug Tool
-~ @9 Snap: BUR183076017
~ @ SWD (2.000 MHz) v
< >

¥4 MPLAB X IDE v5.45 - Lab0_First_Project : default

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

JET-B P-RRH 9@ Ra0d uint32_t i = 0

@ main.e  *

Source  History @| = '|ﬁ%$%b|§>{bDD|EE§‘UD

30
37 int main ( void )

8 8 {

390 /* Initialize all modules */
4() SYS_Initialize ( NULL );

4]
42 while ( true )
43 {

44 /* Maintain state machines

45 SYS_Tasks ( );
46 }
47

48 /* Execution should not come he

49
50 return ( EXIT_FAILURE );
51 L}

57

<

Output =
Configuration Loading Errer = gijmulator >

warning: Configuration "default” builds with "XC32", but inl
info: Configuration "default” will build with toolchain "XC33

<

1

// TODO 0.01

e

uint32_t x = @

e

int main( void )
SYS linitialize(NULL);
while( true )
SYS Tasks();
// TODO 0.02

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

{}

X =X + 1;

}

return ( EXIT_FAILURE);
ks

D] g1 R r'
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LabO Build Project

Step 15

* Clicklcon |, ¥ or press F11 to build your project.
* Compile result message will show to output windows.

o P e e oI St e S
El‘lc Edit MMC View Navigate Source Refactor Production Debug Team Tools Window Melp Q- uls I
[P D¢ wn e ——————————————— = W

| ] N

T i S Production Debug Team Tools Window Help

= D Header Film

ENAE S T

L Inpoctst File
» B Liskee Files
N L -

{}

X=X+ 1;

| La30_First Promct - Dushbossd * Mavigator all 54 } =
5 LabD_Fawt_Promct A ce -
%3 Promct Tyge: Agphiaatca - Coaligwason: defaslt
P Donce § /* Execution should not come here during normal operation */

return ( EXIT_FAILURE );

TITL

Data (SRAM memory) consume

<

Program (Flash memory) consume =
Promet Loadiag Wacmng *  Lad0 Fumt Promet (BuM, Load) *

: _ “C:\Program Files (x86)\Microchip\xc32\v2. 15\ bin\xc32-gec.exe” -mprocessorSATSAMD21G18A -mno-device *

.- 2912 O H000) bytes “C:\Program Files (x86)\Microchip\xc32\v2.15\bin"\ \xc32-bin2hex dist/default/proeduction/ Lab0_Firat_Projec
make|2]: Leaving directory "C:/Desktop/Events /Elite /201907 Summer Elte-SAMD21-APP045.-2_ MH3/Solutien
make|i]: Leaving directory 'C: /Desktop/Events /Elite /201907 Summer Elito-SAMD21-APP045-2_MH3/Solution

40} Froe: 293500 (A 7REX
00) bytes

BUILD SUCCESSFUL [total tume: 7a .
Build Status faoz1-apross-2 M3/ Solution /firmwar

% 8 Progim Used: 2214 Dx2A5) Fow: 292,508 Exf. Loading code from C:/Desktop/Events/
" ool
% Dubeg Tool R Loading completed
O EDB3: ATMLO] $M0RETS v
< > s
. >
12 INS
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Lab0 Programming Project

Step 16

* Click Icon ) build and program firmware to EVB.

&3 MPLAB X IDE v5.45 - LabO_First_Project : default

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

PSS S @ b R N [gh D - % Q.r‘ - BiR - p %- ﬂ;:—:.

=77/

Build and Programming

Debug Project
* Different Programmer SN of your project while programming.

4 Snap not Found *

Snap SN#BUR183076917 was selected in the project configuration, but does not appear to be connected.
Snap SN#BUR190973916 is currently connected. Would you like to use this Snap instead?

- OK i Cancel
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Lab0 Debug Project

Step 17

* MPLAB X IDE provide a lot of debug window

O @ O B g @ 9 =1 = 48 i (@ B [

Debug Team Tools Window Help

(] SEIect DEbug Ef Debug Main Project

Discrete Debugger Operation >
B Finish Debugger Session Shift+F5
) Pause Ctrl+Alt+8
© Continue F5
@ Step Over F8
B Step Into F7
[ Step Out Ctrl+F7
Ed Step Instruction
& Run to Cursor F4
@ Reset
= SetPC at Cursor
%] Focus Cursor at PC
Stack >
|
Toggle Line Breakpoint Ctrl+F8
New Breakpoint... Ctrl+Shift+F8
& New Watch.. Ctrl+Shift+F9
New Runtime Watch... Ctrl+Shift+F10

Disconnect from Debug Tool
Run Debugger/Programmer Self Test
[Z] Hardware Tool Emergency Boot Firmware Recovery
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MPLAB Harmony Configurator (MHC)
Interface introduction
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MHC interface

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

Tools Window Help

| Embedded |Embedded
Licenses

Packs

|

J

R

2 MPLAB® ;[ MPLAB® Harmony 3 Configurator
A2 MPLAB® Harmony 3 Configurator

i  MPLAB® Code Configurator v3: DpenfCID[?‘#

* Select Harmony Framework location path.

Should select this

| Use the Path setting with Project —

[Use the Path setting in MPLAB X IDE]/

2 MPLAB Harmony Launcher K

Active Project Information:

MName: default

{Reconfigure Path setting

of Project]

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

Reconfigure Paths

nnnnnnn
O MPLABX Path - The {ramework path that 15 stored with MPLABX (configured through Tools->Cptlions->Harmony)
C:\Harmon; wFramewor. k I

I Harmony Path:

Default Launch Action: | Frempt For { Path in M PLAB X I D E]

[ Click Lunch ]

(Configurable through Tools->Cptions-=MFPLAE Harmony)
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MHC interface

* If something wrong while opening the Harmony 3 Configurator just as below, please
make sure your Harmony Framework had download completed.

o FO r exa m p I e’ 2 MPLAB Harmony Launcher Error "
if SA M CZ 1/SA IVI LZ 1 is t h e An error has oocured while running the MPLAB Harmony Configurator.

MHC Path: CHarmenyFrameworkimhe
d EVi ce S to d eve I o p b u t to Launch Stage: Generating Configuration Database
System Information:  |Processor Information: a

use the reduced version ggf‘fﬂhéﬁ’“l @ e, e
Framework of this training, .
you will get failure because

the reduced version only T i ot B o T g D

re Se rve t h e SA M D 2 1 re I ate d e at com. microchip, mh3, mplx launcher.core.CoreIDE.DarseDatabase(CoreIDE.)ia‘ v
s T Devel Mote:
co m p o n e nt I n F ra m ewo r k ° I\;I?Il; i:zr?aﬂ;; ioofae;ncﬁ.tBTypically this 15 becanse won're not using the latest available BMH3 code,

Please ensure that wour framework 1s up to date and that won have the latest MH3 MPLABX plugin installed. Please
reference the following H3 repos:

Exception Message:  |java.lang Exception: java.lang.Exception: Unable to locate ATDF file for processor ID "ATSAMC

& mhoidey - contains the latest MHC core code
® mplabx_pluginidev - contains the latest MH3 NEM plugin

If the problem persists please capture this error information and send 1t to a Harmony 3 developer for analysis,

Text Dump
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MHC interface

e Select DFP and CMSIS. (Use default is fine)

2 Configuration Database Setup >

Configure Device Family and CM=IE Fack Faths:

DFE: Mev packsWicrochipiSAMDE2] DEFAI 4, lﬂﬂ"ﬁadeIa"uatdf\ATSAMD?,lG18ﬁ.atdf| , 5

CMEIS: Mev_packstarmiChISIEN, 7.0 . i

[ Click launch and wait a while ] Launch Cancel
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MHC interface

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

2 MPLAB Harmony Configurator - default

File Generate Tools Utilities Window

O

X

I P P) | siitpcose

Framework: C\HarmonvFramework)

(] Available Components = g | (] Progect Graph

+ XICRERE 4|
Peripherals
Tools

NVMCTRL
Peripheral Library
MEMORY

[ Awailable Components ® |

WView: Root v

[] Configuration Options
=R

=A8

= System
EF-Device & Project Configuration

[

[#-Ports

- Clock

B Interrupts (MWIC)
- DMA (DMAC)

- WOT

- PAC

#- Cortex-M0O+ Configuration

(] Configuration Options | (] Help |

[ Mewrs

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

>

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

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

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

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

L AN L AN Qﬂ

[ Console | (] Mews

Welcome to the MPLAB Harmony Configurator!
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MHC interface

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

Class use simplify version Harmony Framework (1GBytes)

[Available Components]

(] Available Components o g 5
=

#- Peripherals

#-Tools

Available Components ]

(] Awailable Components o Ff
+ "

Available Components
= Peripherals L val Expendp ]
#- AC

ADC
'DAC
'DSU
EIC

PM

'RTC

- SERCOM
TC

TCC

= Tools

- STDIO

(] Available Components *®

e

(] Awvailable Components * |
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MHC interface

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

Full downloaded version of Harmony Framework (18 GBytes)

[Available Components]

(] Available Components (1 Available Components = ~
+
il - ( Available Components
#- Audio = ’?‘Udm L Expend
& Bluetooth "+ Decoder
: + Driver

% Board Support Package| :
; - Encoder

+ Bootloader
+ Templates

' Graphics

i = Bluetooth
" Harmony = Driver
IL'_EUt _ = Templates
= Libraries = Board Support Packs

W Peripherals

N ] ] - Default Board (BS#
#-Third Party Libraries

: = Bootloader
*# Tools - Bootloader
" Touch I Graphics
N -- [ Nienlave R
Available Components < >
L4
(] Available Components > (0 Available Components *.
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MHC interface

e Active Components. (Current modules in project)
* Configuration Options

. .
(] Configuration Options l Conflgu ration Optlons

=

(1 Active Components | Active Components

X ZRER4

""" CMSIS Pack

..... EVSYS
----- NVMCTRL

Please enlarge window
to see Active Component K

----- Device Family Pack (DFP)

[ Active Components

(] Awailable Components | [ Active C

o mponents

[ System ~
--Device 2 Project Configuration

[i“_l--CDr‘tex-MD+ Configuration

--S\,fsTick

- Ports

E-Use PORT PLIE 7

= Clock

[i]"C|DCk Source Configuration

--EIMHZ Internal Oscillator Configuration

--Extemal Crystal Oscillator Configuration

--32Khz Internal Oscillator Configuration

--32Khz External Oscillator Configuration

--DFLL Configuration

-- Fractional DPLL (FDPLL) Configuration

B Generic Clock Generator (GCLK) Configuration

B Synchronous Clock Configuration

- Peripheral Clock Configuration

B Clock Frequencies

- Interrupts (MNYIC)

tH-Enable Reset Wector Interrupt

t-Enahble Mon-maskable Interrupt Interrupt

tH-Enable Hard Fault Interrupt

+-Enable Pendable Service Interrupt

[

[

[

BF-Enable Supervisor Call Interrupt

[

B-Enable System Tick Timer Interrupt
[

+-Enable Power Manager Interrupt W

< >

S

(1 Cenfiguration Options | (] Help

@ MICROCHIP



MHC interface

* Project Graphic. (Project function block diagram)

(] Project Graph =0
X ITRERE4Y| = | View: |Root i

Device Family Pack (DFP) SERCOMS SD Card (SPI)
ry Peripheral Library Driver
CMSIS Pack System UART o G Servi

Peripheral Library O 8SYS _TIME
Peripheral Library
TC3
Core

SERCOM4 Instances = —+ FILE SYSTEM
Paripheral Library ——) Instance 0 System Service
Peripheral Library o C =
Harmony Core Service TMR SPI SPI ore Service
o RTOS } {‘ DRV_MEDIA DRV_MEDIA
Core Service © TC4 i SYS_FS < _
Peripheral Library . .

NVMCTRL Ti
Peripheral Library

MR
MEMORY TCS
Paripheral Library
TMR

Drag and Drop 4 between modules
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MHC interface

Easy View Configuration

 Tools (Easy View Configuration)

2 MPLAB H ¢ Configurator - default

Tools

File Generate T{E{ﬂs Utilities Window

#

> P %ADCCUHﬁQUFEItiUH [

ADC Configuration ]

will not shows in a new project

(] Active Comp

Device Fammy rack (urr)

Clock Configuration

DMA Configuration
X ome guration
_____ m vent System Configuration
MVIC Configuration
------ CMSIS F

Pin Configuration

ol s

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

Easy View Configuration

* Tools : Pin Configuration

2 MPLAB Harmony Configurator - default - X
File Generate Tools Utilities Window
I > P i*ﬁt:);-”' Framework: D:AHarmonyFramevork_3.3.04
[ Active Components = F 3| |(] Pin Settings = B# 8 * ||(] Pin Diagram = B0 x
x ‘ CRER 4 COrder:  Pins ~ Table View [~ Easy View Unavailable ~
CMSIS Pack Fin ) . . Available
Device Fa m”y Pack (DFP} Kumber Pin ID Custom Name Function Mode Direction Latch Pull Up Pull Dowmn Assigned i =
EVSYS 1 PACD Avaiiable v| Digital | Hehim.. ~|  Lew O O |« =50
2 PAD1 Available | Digital | HohIm.. ~| L. [l ] DERRAR0ZHARYY
NVMCTRL L S, = = Ao O0ETm am
3 PAD2 Available w| Dugital | Herm.. ~|  Low P il
3 a03 Avaiat D = l 0 L — — e B B v f o
= gttal | A . o = = @ 4B4TA645444 3424140393637
5 GNDANA Digital | HghIm... Low O ] Pao O 1 %0 VDDIO
6 VDDANA Dl High Im. .. L. PAOL O 2 350 GNDIO
= - L | PAO2 O3 20 pazs
7 PEDS Available v| Digital | Hehim.. ~|  Low O O paos 01 330 past
8 PEOY Avalabl ~ i HghIm... ] ] GNDANA O 5 32 B PA23
EE Dildl | Faiin Lew = = VDDANA 06 areampoiclea 310 PAZ
9 PAOS Available v|  Digital Hgh Im... L O O] PROZ E? 30% PAZ1
’ > = = = PEOS [ 8 20 [ PAZ0
0 PAOS Available Dlg?wl High Im... Low O O Thod o 20 page
1 PADS Availzble ~ | Digital HghIm... Low L L PAQS E 10 27% PALE
12 PaOT Available v|  Digiial | Hohim... ~ | Low ; ; ;ﬁg? i %é % i Ei%g
13 PADS Available ~|  Dagital HighIm... Low [ [ 131415161718192021222324
14 PAD3 Available v Digital HghIm... ~ Low O ] O T e
15 PA10 Available ~ Digital High Im... ~ Low ] L] %%%i%%%i%gzg
16 PALL Available w | Digital HghIm... Low O O ﬂ-ﬂ-ﬂ-ﬂ-g%mmmﬂ-ﬂ-m
17 VDDIO Digital High Im.... Low ] [l
18 GNDIO Digital | HghIm... Low ] ]
19 FBI0 Available ~ Dhgital High Im... Low D D v
20 PB1l Available ~ Digital High Im... Low E E vll< =
(1 Active Components ™, (71 Project Graph | (1 Pin Settings (1 Configuration Options | (1 Help | [] Pin Diagram
(] Pin Table =0 x
= r [+]
Fackaze:| JIVREINS slzlalz|ZlElelalzlalelslslalz|z|ElE 2|z |alal=lalels|=|alslslalglz 5 BlE sl H 5| E1E Bl |z el
Tz |<| sl ||| |= || = |2 |=|=|g(z|a|lan|<|l<|<|<|d||<|=||<|e ||| s|D|a|la|<(w|<|s|a|g|<|«|d|a
(o0 O o0 - R R NN o 0 o - 0 - o - o R I 0 o 0 o N N R - R R R o R A o AR R R o - ™
Module Function Tl2]34|5|6(7|8(0|10)11[12]13[14[15]|16(17|18[19 (20|21 |22|23|24(25|26|27 |28 |29(30|31(32|33|34(35|36(37(38|30(40|41(42]|43|44|45(46|47 (48
GCLE_I05 ~
GCLE_I06
GCLE_I07
GPIO GPIO
125 F=0
[25_MCED
129 MK e

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

Easy View Configuration

* Tools : Clock Configuration

=5

Oscillators Controller

GCLK Generator O

8 MHz Internal L
Oscillator Fo?

O > FOPLL e

DAL Main Gock

0sCULP3K sako

> CPU

oscak 48,000,000 Hz 48,000,000 Hz

[ o X0SC3K

GOLK_INO]

‘V‘ GOLKL

Crystal Oscialltor

DFLL |

Fractiona| Digital Phase Locked Loop (FDPLL) D

XOSC32K

Peripheral Clock Selection
Clock x0s¢ GOLK Generator1 || s

Source

F(SCLKF ! GCLK_DPLL] FOPLL Oscem

| v

—r% i v =5
X0sC sae

GCLK1
0SCULP32K! caka N

Peripherals

0sC2K GCLKS
i3 XOSCIK = SOK6 ‘Perpheral
i GaLKIN ‘ Clock 77‘

Source Digital Fraquency Locked Loop (DRLL 43Mhz)

i : GOLK_DAL
[GCLKO v/ E

DAL

48,000,000 Hz

X0SC e (x=2-8) ‘j?CLK 2
oscam & CLK 3 e
FOPLL CLK 4 «—
i
CLK 6
SERE—> | GCLK 1O Confi..
CLK 8 T ST

[ cak iopd

OSCULP32K

0sC32K

XOSCIK
32 KHz Oxcillators Controller GOLK_IN[o]

2K High Accuracy, 0SC32K. GCLK1
Internal Oscillator’

¥

32K Ultra Low Py OSCULF22K
ra Low Power
Internal Oscillator
32,768 Hz

X
(OSC32K

[CRYSTAL  v|
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MHC interface

Easy View Configuration

* Tools : NVIC Configuration

1 I
[ NVIC Settings =0Ox
Vector Number Vector Enable lzorlzrity Handler Name
-15 Reset (Reset Vector) 3 - | Reset_Handler
-14 kableInt (Non-maskabl upt) 2 | NonMaskableInt_Handler
-13 HardFault (Hard Fault) =il | HardFault_Handler
== SvCall (SuperVisor Call) 0 | SvCall_Handler
2 PendsV (Pendable Service) 0 -+ | PendsV_Handler
-1 SysTick (System Tick Timer) ] |o | SysTick_Handler
1] PM (Power Manager) |:| 3 | PM_Handler
1 SYSCTRL (System Controller) I:‘ 3 | SYSCTRL_Handler
2 WDT (Watchdog Timer) I:‘ 3 | WDT_Handler
3 RTC (Real Time Counter) I:‘ 3 ~ | RTC_Handler
4 EIC {External Interrupt Contraller) D 3 | EIC_Handler
5 MNVMCTRL (Non-Volatile Memory Controller) D 3 | NVMCTRL_Handler
3 DMAC {Direct Memory Controller) D 3 ~ | DMAC_Handler
7 USE {Universal Serial Bus) D 3 ~ | USB_Handler
8 EVSYS (Event Systems) I:‘ 3 ~ | EVSYS_Handler
9 SERCOMO (Serial Communication Interface 0) I:‘ 3 | SERCOMO_Handler
10 SERCOM1 (Serial Communication Interface 1) I:‘ 3 ~ | SERCOM1_Handler
11 SERCOM2 (Serial Communication Interface 2) I:‘ 3 | SERCOM2_Handler
12 SERCOM3 (Serial Communication Interface 3) |:| 3 | SERCOM3_Handler
13 SERCOM4 (Serial Communication Interface 4) |:| 3 | SERCOM4_Handler
14 SERCOMS (Serial Communication Interface 5) |:| 3 | SERCOMS_Handler
15 TCCO (Timer/Counter for Control Applications 0) |:| 3 | TCCO_Handler
16 TCC1 {Timer/Counter for Control Applications 1) |:| 3 | TCC1_Handler
17 TCC2 (Timer/Counter for Control Applications 2) |:| 3 | TCC2_Handler
13 TC3 (Timer /Counter 3) I:‘ 3 | TC3_Handler
15 TC4 (Timer/Counter 4) I:‘ 3 | TC4_Handler
20 TCS (Timer/Counter 5) D 3 | TC5_Handler
23 ADC {Analog-to-Digital Converter) D 3 | ADC_Handler
24 AC (Analog Comparators) D 3 ~ | AC_Handler
25 DAC {Digital-to-Analog Converter) D 3 ~ | DAC_Handler
26 PTC {Peripheral Touch Controller) D 3 ~ | PTC_Handler
27 125 (Inter-IC Sound Controller) I:‘ 3 ~ | 125_Handler
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MHC interface

Easy View Configuration

ADC Configuration ]

* Tools : ADC Configu ration [ will not shows in a new project

Input to scan Scan start off set

b B o &

Software Trigger

Frea Run

ADC Configuration

- 22 x

Hardware Trigger Pin Scan

Fluzh Event [g—

Start Event E— i

|SW Trigger

Conversion Trigger

12-bit result

ADC AIN2Pin ~

I

H
H
Anslog Input }
H

ap

H
Analuglnputi
i
:

Internal Ground 12 VDDANA (o... ™~

f

Runin standby D

Prascaler

Peripheral clock divided b... v

Left-aligned result
I Result Interrupt

Re=ult Register

Automatic Window Comparison

RI3

1,024

-

Mo window mode (def.., | ]

Result Event

WINMON Interrupt

d

EVENT

GCLK
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MHC interface

Easy View Configuration

* Tools : Event System Configuration

1 [] EVENTO Easv View

Event System Manager

Channel Configuration

Channel Event C: o Event [User Remove
MNumber enL eneralor Statns  Ready Channel
Add Channel

User Configuration

UZER Channel Mumbar Remove User

Add User

Channel Settings

Path Selection: SYNCHROMOUS

Event Edge Selection: Mo _EVT _CUTFUT
Enable Event Detection Interrupt:

Enable Owerrun Interrupt:

-%I:I'x
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MHC interface

Easy View Configuration

* Tools : DMA Configuration

(] DMA Settings =0 x|
Active Channels List [ Use Linked List Mode
Channel Mumber Trigoer .
Channel Settings
Trigger Action: ione Block Transfer Fer DRA Request
Source Address Mode: Increment Address After Every Transfer

Destination Address Mode: | Increment Address After Everv Transfer

Eeat Size: 2-bat bus transfer

Add Channel Remove Selected Channel
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PORT 1/0 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

OUTIi]n

%

x: A,B etc..

n:0,1,2, etc..
i:Register Offset
DIRn:0:Input, 1:0Ouput
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PORT Block Diagram

« SAMD21G18A PORT Block Diagram

PERIPHERALS

PORT

Peripheral Mux Select

Port Line
Bundles

1/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

Lo i

0x00

0x01

0x02

0x03

DIR

7:0

15:8

23:16

31:24

0x04

0x05

0x06

0x07

DIRCLR

70

15:8

23:16

31:24

0x08

0x09

0x0A

0x0B

DIRSET

70

15:8

23:186

31:24

0xoC

0x0D

0x0E

0x0F

DIRTGL

70

15:8

23:16

31:24

0x10

Ox11

0x12

0x13

ouT

70

15:8

23:186

31:24

0x14

0x15

0x16

0x17

OUTCLR

70

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; /* 0xa1004480U : PORTB DIR */

* Access by Pre-defined Struct
PO RT_REGS'>G ROU P[O] .PORT_DIR - 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

* <reg> Toggle (<reg>TGL) —
* <reg> Clear (<reg>CLR) PN, =
* <reg> Set (<reg>SET) <reg>SET — e
<reg>CLR v
] ] ] ] ] <reg> —> reg .
 Setting the manipulation register bits correspotr ill set the

LS4 (=4

bits to 1, clear to 0 or toggle.
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Atomic Bits Manipulation

reg 1 1 1 0 1 0 1 1 reg (0 I 0 I 0 1 0 1 0|0
~~ ~~
regCLR 1/0(1|1|10|1]|0 regSET 1, 0|1|1|1|0|1 0
v v v v y y ‘ ‘
reg 0 1 Oo(O0|O0|[O0]O 1 reg 1 0 1 1 1 1 1 0
regCLR : corresponding bits clearto 0 regSET : corresponding bits setto 1
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)
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Lab1l PORT Output

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

*How to start ?
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Check Schematic

3.3V
3.3V
LED EN
] -/l PA20
2 : LEDI H Green A A A 330 PA20
LED1 PA20
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Lab1l PORT Output

Step 1

e Add code segment to your main loop

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

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

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

while(1) Period Control
{ N G
for (i=0;i<2000000;i++)

{}
/[l TODO 1.03
*(__I0 uint32_t *)(0x41004400U + Ox1CU) = ©x00100000;

h
k

@ Program firmware to target board
then observe result.

@ MICROCHIP



Lab1l PORT Output

Register Description

0x00100000

3322 2222 2222 1111 1111 11

(Hex)

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

1098 7654 3210 9876 5432 1098 7654 3210

/[l TODO 1.01
uint32_t i = o;

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

while(1)
for (i=0; i< 2000000 ; i++)
710oD0 1.03

¥

LED1 Pin PA20

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

*(__I0 uint32_t *)(ox41004400U + OX1CU) = 0x00100000;

0x00
Ox01
0x02
0x03
0x04
0x05
Ox06
Ox07
0x09
0x0A
0x0B

0x1D
Ox1E
Ox1F

DIR

DIRCLR

DIRSET

OuUTTGL
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Lab1l PORT Output

Step 2
e Modify code segment to your main loop
/[ TODO 1.01
uint32_t i = 0; [Access by Pre-defined Struct]

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

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

/— Period Control

while(1)

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

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

}
}

O Program firmware to target board
then observe result.




Pin Configuration using MHC

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

Tools Window Help

( Embedded JEmbedded

Licenses
Packs

|

st

MPLAB® ;[ MPLAB® Harmony 3 Configurator ]

3 4B

B

MPLAB® Harmony 3 Configurator :
MPLAB® Code Configurator v3: Open/Close

* Following MHC reopen steps reviews.

2 Configuration Database Setup

Configure Device Family and CMSIS Pack Paths:
DFF: ‘dev_packs\WMierochip\SAMD21_DFF'3.2.84\amd2 la'atdf\A TSAMD21 G 184 atdf|

CMSIS: Mev_packslar m\CMSIS\S.6.0

Em\ch Cancel

[ Click launch and wait a while ]

2 Open Default Saved State X

Open defanlt saved state file?

CMExercises’Lab0_First_Project\firmware'sre\eonfizgiefanltdefanlt.xml
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Pin Configuration using MHC

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

=2

= MPLAB Harmony Configurator - default

File Generate Tools Utilities Window

| = P Clock Configuration
DMA Configuration

Lgsive Comp Event System Configuration
XiEmm NVIC Configuration

B CMSIS F Pin Configuration

""" Device Faimmy rack (urrj %
-~ EVSYS
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Pin Configuration using MHC

* Docking three Pin Configuration windows as below.

2 MPLAB Harmony Configurator - default* - *
File Generate Tools Utilities Window
) EX: ) |‘ Framework: E:\HarmonsFramework_3.3.0
(] Active Components = B 53| |(] Pin Settings = EF B % | |(] Pin Diagram =B %
x | il Yl ) Crder: | Pins ~ Table View [“]Easy View Unavailable -
CMSIS Pack Pin ) ) ) Availabla
Device Fa mHy Pack (DFP:} Hamber Pin ID Custom Name Function Meode Direction Latch Pull Up  Pull Dewn Asigned B:.J -
EVSYS 1 PADD Avaiable v| Digital | HighL.. Low M M A~ 589 ;I
= [ars =1 [
NVMCTRL 2 paD1 Availzble v| Digial |Hehi. | Low 0 0 %8Q2§§%§§2g§
3 PADZ Available v| Digital | HehL.. ~| Low ] ] BB B AL fn A a. B
System ; o — e [ i 0 0 i T o i e e e Ve ]
vailable v .~
e _@h il © 48A74P454443424 140303337
5 GHDANA Digilal | Heht... Low 0 0 Fagn O | 3% vDDIo
3 VDDANA Digitsl | HighL... Low O O gﬁgé % gg % (PSEQ%IO
7 PEDG Available ~ | Digital HighL... Low |:| |:| PAQ3 3 3300 PA%A
8 PEOS Avalable ool Trigital | HighLee el Low O O \G‘%B ANA O 5 320 Pa23
9 PAD4 = S L O O . .
S Pin Setting - — Pin Diagram
oW UF gy TATY
1 PADE Avaiable v| Digital | HghL.. v Low O O PA0s B 10 2?% PAIB
12 PADT Availzble ~| Dhgilal | HighL.. ~ Low ] Ol gﬁg? %é % | ;i%;
5 paos Avaiable | Digital | Hehl. ~|  Low 0 ] 131415161718192021222324
14 PADS LED2 GPIO | Dhgital Qut ~ High L g |
15 PAL0 Avaiable ~| Dagilal | HighL.. ~ Low O O é:%i%%%i%gig
16 PALL Available v Digital | HighL.. ~|  Low [l | ﬂ-qﬂ-ﬂ-g%mmﬂ-ﬂ-
17 VDDIO Digital | HighL.. Low ] ] v
18 GNDIO Digital | HighL.. Low Ll | vl < >
(1 Available Components | (] Active Components (] Project Graph | (] Pin Settings (1 Confignration Qptions | (] Help | (] Pin Diagram
(] Pin Table =%
== oo oo = a|8|=s
Package: 8688%8%%38858SEZEEQ:QQﬁm2&225&&‘%?&&@%%&&‘&%?@@8%%588
S e R R o s e A A e R A e e = A e o e e e s e e A s A s e e A = A e A s oA = = e s
Module Function L2345 6|7 8|00l (12(13[14]15|16)17[18[19|20|21(22(23|24|25|26|27 (28|20 (3031323334 |35|36|37 (38 (304041 (424344 )145|46(47 |48
AC_AINO ~
AC_AINIT
AC AINZ
.
e KA Pin Table
AC_CMPD
AC CMP1
ADC_AINO
ADC_AINL "
(1 Conscle | (1 Pm Table

Welcome to the MPLAE Harmony Configurator!
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Labl PORT Output

Step 3
* Pin Table configure. (Enable or Disable Pin)
(] Pin Table PA20 B
Fackage: [TQFF4S |~ clalalelzlgl2zx|lelels|el2lgls8 3
ol I e PV NPT S O = -+ -+ - - . o [ . . S . S .
A = B I T T (. T BT . T BT D (T (T . =T T
Module Function l17]1g| 192021 22|23 24|25 |26 |27 |28 |20 | 30| 31|32 33
GCLE_ 107
GPIC GPIC s
GPIO 125_FS0 Click @%—
Tt % AT A [ | [ [ -
(] Fin Table
e o | 'l'l
Package: [TQFP4Z | v clalalelz|elzzlzlels|e|2elsl88] 5
ol Qe - SO R - -+ o - o O . O (O . R e .
A = B R RSN T AT (T BT ST (- BT - (4o T BT . T (Y- e
Module Funetion 611718119 20|21 |22 23 24|25 26 |27 (28|20 3031|3233
GCLE_I07
GPIO GFIC
125_F50 Green is Enable
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Labl PORT Output

Step 4

* Pin Setting. (Pin Function Setting)

(] Pin Settings = 4 5
Order:  |Pins e Table Wiew Easy View
qum b Pin ID Custom Mame Function Mode Direction Latch Full Up  Full Down
u].]r_lu Bl rELr | AV anauc w LME1LEL DI Laan Leiaing L1 | L1
27 . bl v| Digital || HighL... 1
- i i Pin Function Settin
p- PA20 | Double Click to Edit [ - | Digiml | Fohi. - g ]
29 PAZD GPIO_PAZD GPIO v | Digital | HighL.. Loy [] []
30 Paz1 Available w | Digital HighL.. Lo [] []

A P S w = Ff O
Always remember press [Enter] |7%&)

=1

after to input any value in MHC

T ber Function Mode Cirection Latch Foll Up  Full Diown
z_u AL FVanaue r LAAZ1LAL B Lo | L L1
27 PA1S LED1 Available v | Digital Ou High ] ]
28 PA13 Available v | Digital g | [] ]
29 PAZ0 LED1 GPIO v| Digital |[out | High
30 PaZ1 Available w | Digital HighL.. v Lo [] ]
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Lab1l PORT Output

Step 5

* Pin Diagram. (Hardware design reference)

(] Pin Dhagram = %
Unavailable ~
Available
Assigned @ ZI

e sl a At
S mroE s s aan
. OommEmEEEEEE
D 424746454443424 140303837
Faog O 1 3w @ VDDIO
Fanl O 2 35 @ GNDIS
Faoz O 3 34 @ PAZS
Fanz O 4 33 @ FAZ4
GHNDANA E 5 32% PAZ3
VDDaNA B O aTsaMD21Glsa 3l P PAz PA20 (LED1)
PEOO O 8 L%J LED]
Fand O g
Fans O 10 27 0 PAlR
Faon O 11 26 0 PAILT
Fan? O 12 25 [0 PAlG

<

-

1314151617 18192021222324

OOOO0OO0OOCO 00T

o T e T ettt

0 e

PRI ASRRITES
=i

(] Confignration Cptions

(] Help | [ Fin Diagram
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Labl PORT Output

Step 6

* Click ﬁt&}' to Generate Code and save changes to MHC

configure file.

-

File Generate Tools

2 MPLABR Harmony Configurator - default

Y™"Cick W

=G

-
[
L=

(] Active Components

X ORER4$

(] Project

X THI

2 Generate Project e

1. Confipure Generation Settings

[ Generate Settings
Merge Strategy [USEE_ALL ~|7

(Monse over a property for detailed help)

2. View Warnings

Type Description

2 Generating Project.. X

Task Type Remaining Total

File Marknp 0 56

File Copy 3 56

Libraries 0

Settings 4 /

Source Paths 0 /

\ s added to the project. Di{ Generate ]custom linker script.
Generating file: D:\Har menyFramework_3.3.0Mev_packs'ar m\CMSISAS. 4 0 MSIS\DEF Ineludelarm_commeon_tables.h Generate Cancel
Flease Wait. ..
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MHC GPIO Macros

Plib port.h

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

#define LED1_Clear()

#define LED1_Toggle()

#define LED1_Get()

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

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

Plib port.c
void PORT_Initialize(void)
{

}

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

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

/************************** GROUP 1 Initialization *************************/
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Lab1l PORT Output

Step 7

e Modify code segment to your main loop

/[ TODO 1.01
uint32 t i = 0;

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

SYS_Initialize (NULL );

Comment out this line
/[ TODO 1.02 e
//PORT_REGS->GROUP[@].PORT_DIRSET = 1<<20;

while(1)
for (1=0;1<2000000;i++)
{
[/ TODO 1.03

LED1_Toggle();

}

O Program firmware to target board
then observe result.




MPLAB X IDE Shortcut key

« MPLAB X IDE Provide a few shortcut key to enhance your performance.
* Ctrl + Alt + \ : Show All Code Completion
(Alternative shortcut : Ctrl +\ , Ctrl + Alt + Space)
* Ctrl + Mouse Left Click : Open Macro (Code Trace)
Alt + Left : Backward (Code Trace)

°
* Alt + Shift + F : Code Format
o ° . ¥3 Options X
Ctrl + Shift + C :Toggle Comment B & ciE D B a
@ / \ -
GZaral Editor Fonts & Colors |Keymap| Embedded Teajjn Appearance Plugins Miscellaneous
Profile: MetBeans v Show as HTML Manage Profiles...

aaaaaa

o M o re ? Search: Search in Shorteuts:
L]
ZooT Cut

Alt+hAGUSE_WHEEL_DGWIN
t+h{CUSE_WHEEL _UP

* Tools > Options > Keymap

EREAERE A R
ol ] oo o o o}
|| || ||| o
o | =

=SS S S s S s

::::::
lean and Build Main Project
lidate Fil

i

‘‘‘‘‘‘‘‘

e R kR e R L A A

FEEREEREEEREERE LR
o A
o
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Lab2 PORT Input and Output

* Base On Lab1l, Try to add LED2(PA09) continues toggle
(Period around 500ms ~ 1S).

* Get BT2(PA14) status then use to control LED3(PA17).

Pressed -> LED3 Light
Released -> LED3 Dark

eLet’s go!
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Check Schematic

3.3V
3.3V

3.3V
3.3V
LED EN
./ PA20
2 o LEDI H Green A A A 330 PA20
./ PAO9
LED2 Green A A A 330 PAO9
L
3%33’1\/: 1LED3 H Yellow AN /J/_%i;:l_\ | GND
PA17 g— FDN337N
PA17

LED1 PA20
LED2 PAO9
LED3 PA17
BT2 PA14
BT3 PA15
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Lab2 PORT Input and Output

Step 1

* Pin Table configure. (Enable or Disable Pin)

71 Pin Table PAO9 PA14 PA15 PA17 PA20|
oy s il b By
Fackage: TOFF4E slelelslzlalalel=lalalelelslelzs|205 ]S
A E EEEEEE R R E S E E EE G E
Maodule Function 21131141518 1718|1920 2] |22 |23 24 | 20|20 |27 28|29 | 30
GCLE_1G7
GPIC GPIO 1 | P e
“““““ e \/ ,(
< GPIO e
Click
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Lab2 PORT Input and Output

Step 2

* Pin Setting. (Pin Function Setting)

(] Pin Settings = B
Order:  |Fing Table Wiew Easy Wiew
Ilfjlfmber Fin ID Custom Mame Function Mode Direction Latch Full Up  Full Down

= ] e T Tl AL ke Loy [ LI
PA09 PADS (D2 LED2 | Digil [0t ] low | Out | Low ||

15 PALD Available | Digital HighI... = Lowr L] [ ]

15 PALl Available w|  Digital HighI.. = Lewr [] []

17 VDDIO Digital | HighL.. Low [] []

13 GNDIO Digital | HighL.. Low [] []

19 PE1D Available v| Digital | HighL.. ~ Lowr [] []

20 FB11 Available v|  Digital HighI... = Lewr [] []

21 PALZ Available v| Digital | HighIL.. Laowr [] []

2 PA13 Available v| Digital | HighL.. ~ Lowr [] []
PA14 PAL4 BT2 BT2 Digital [ 1In v  Low In []
PA15 PA15 BT3 BT3 Digital [ In v Low In []
| 25 | PA1G Available v Digital | HohL.. ~| Low ] []
PA17 [Paiz LED3 LED3 Digital || out v Low | Out Low :

27 PA1S Available “ Digital HighI... =~ Lowr L] [ ]

25 PALD Available v | Digital HighI... = Lewr [ ] [ ]
PA20 PAZD = LED1 | Digitn [0t | Hin ]| Out High
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Lab2 PORT Input and Output

Schematic Describe

* Get BT2(PA14) status then use to control LED3(PA17).
Pressed -> LED3 Light , Released -> LED3 Dark

if ( BT2_Get() ) LED3_Clear();

else LED3_Set();
T LED3 H// Yell 30
3V o a GND
4.7k
PA17 FDN337N
PA14 PA14 PA17
BT2 LED3 Light : PA17 =1
[I LED3 Dark : PA17 =0

]’_ Press :PA14=0
Release : PA14 =1

G
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Lab2 PORT Input and Output

Step 3

* Click ﬁ'&&;*' to Generate Code and save changes to MHC

configure file.

-

File Generate Tools

Y™"Cick W

2 MPLABR Harmony Configurator - default

=G

-
[
L=

—

Code

(] Active Components

X ORER4$

‘ (] Project

X THI

2 Generate Project

1. Confipure Generation Settings

[ Generate Settings
Merge Strategy [USEE_ALL

(Monse over a property for detailed help)

2. View Warnings

Type Description

2 Generating Project.. X

Task Type Remaining Total

File Marknp 0 56

File Copy 3 56

Libraries 0

Settings 4 /

Source Paths 0 /

Generating file: D:\Har menyFramework_3.3.0Mev_packs'ar m\CMSISAS. 4 0 MSIS\DEF Ineludelarm_commeon_tables.h

\ s added to the project. Di{

Generate ]custom linker script.

Flease Wait. ..

Cancel
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Lab2 PORT Input and Output

Step 4

e Add code segment to your main loop

uint32_t i = 0;
int main (void)

SYS_Initialize ( NULL );

while(1)
for (i=0;i<2000000 ; i++)
{}
// TODO 2.01

LED1_Toggle();
LED2_Toggle();

/[l TODO 2.02
if ( BT2_Get() ) LED3_Clear();
else LED3_Set();

k
}

8 LED1 Toggle!
i LED2 Toggle!

SN Push BT2 to

@ Program firmware to target board
then observe resulit.

d light LED3
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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(1)

{}

LEDs_Toggle();

LED_Light();
else
LED_Dark();

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

if ( Button_Detected() )

while(1)

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(1)
if (i++ > 2000000 )
i
i=0; How about current LED toggle speed after
/l TODO 2.01 change to state machine flow control ?
LED1_Toggle(); 2
LED2_Toggle(); Why :
// TODO 2.02
if ( BT2_Get() ) LED3 Clear();
) else LED3 Set();

és\ MICROCHIP



Timer/Counter, TC Architecture
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SAMD21 Timer/Counter

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

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

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

ﬁ\ MICROCHIP



TC Block Diagram

« SAMD21G18A TC Block Diagram

BASE COUNTER

Compare / Capture

........ count
2 OVF/UNF
clear (INT Req.)
Joad CONTROL
direction LOGIC
___________ ERR
" (INT Req.)
r = r TOP
h
[ =0 ] zer 5§
“l=
CONTROL
LOGIC
WOx Out
WAVEFORM
GENERATION ¢ |
match MCx
(INT Req.)

@ MICROCHIP



SAMD21 Timer/Counter

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

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

and CCx.

Asserts a into the interrupt request when equal, and resets

TCx to zero.

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

Interrupt
Request

)

CCx
Equal v
<—1—— Comparator

Prescaler

A
—>[ TCx count

[+ J—— ck_Tcx ArB

Reset

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

Match Frequency Generation (MFRQ), 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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Match Frequency Generation (MFRQ) Mode

* For Match Frequency Generation, the period time (T,;) is controlled by the CCO
register instead of PER.
WO[0] toggles on each update condition.

TCx Counter

CCO A——————:I-—FlE—R— i— ———————————— R T TP TR
(PER)
>
WOI[0
[0] | | L
i Clear by: Clear by Clear by
TCx —r/user —r/user —r/user
Overflow IF — i | >
Rule

TCx Counter == CCO -> WO[x] Toggle
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Docking MHC windows

* Return to Harmony and docking windows as below.

2 MPLAB Harmony Configurator - default* - X
File Generate Tools Utilities Window
[ P P |i":t:>_t“ Framework: D:\HarmonyFramewerk_3.3.0%
(1 Active Components = E¥ B3| |(] Pin Settings = B 51 % | (] Configuration Gptions =B
X dRER4 Order: | Pins ™ Table View V] Easy View HH
- (CMETS PDacl =-System
Active Components ber Fin [ID Custom Name Function Mode Direction Latch Pull Up  Pull Down # Device & Project Configuration
e 1 PADD Available ~| Dagital | HighL.. ~|  Low O [l ~ - Cortex-MO+ Configuration
NVMCTRL 2 PADL Available | Digital HighI... Low [ ] Ports
- System 3 PADZ Available v| Digital | HighL.. ~| Low O O -Clock
4 PAD3 Avaiable ~ | Digital HighL.. Low O O - Interrupts (WWIC)
5 GNDANA Digitsl | HighL.. Lew [] [] DMA (DMAC)
6 VODANA Digital || HichL.. | Low O ] fWDT
7 PEOS . . N ] O B PAC
(1 Available Components =0 8 FEO2 Pln SEttlng Low ] L C f' t' O t'
+ El PAD4 Available ~| Digital || HihL.. | Tow O O On Igura I0n p IOnS
R — = " 10 PADS Available ~ | Digital HighL.. Low O O
. 1 PADS Available ~| Digital || Hihi.. v| Lew J [l
Available Components: .- T T T B
5 RV 13 PAOE Available ~| Digital || HighL.. ~| Low O O
- DAC 14 PADS LED2 GPI0 ~| Digital | out ~|  High
- DSU i5 PALD Availzble v| Digital | HghL.. ~| Low [ ]
B EIC 16 PA11 Available v Digital | HighL.. ~| Low O O
B 125 17 VDDIO Digital | HighIL... Low O ]
[ PM 18 GNDIO Digital | HighI... Low O ]
& RTC 15 PB10 Available ~|  Dagital HighL.. Low 1 1 v
. CEDFAM v (O Preject Graph | (] Pin Settings (1 Help | (] Pin Diagram | (] Conflg\.u’aﬁ.lo%iT
(1 Pin Table =8 =
= <k= ol [ a8l
Packege: | TQFP4E_ SR EEE R R BB R EE EHE E R EE B R E R A HE R EHER B EE EHEE R R E R R E EREEE
S A A s A A A b A e A A A e A e s A s s e e e e A A e e A A e kA = R A e e
Module Function tzlala]|s|s|7|e|o|w|infw|z|a]is|w]i7|is|10]20]zt|22]23|24| 25|25 27 28|29 30|31 2233|3435 35|37 |28 30 40|41 42| 43|44 a5]a6]s7] 28
AC_AINO "
AC_AINL
AC_AINZ
AC °
B Pin Table
AC_CMPO
AC_CMPIL
ADC_AINO
ADC AINL v
(1 Console | (] P Table

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

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

(1 Active Components

XERER 4+

= O

- CMSIS Pack

- Device Family Pack (DFP)

~EVSYS
~ NVMCTRL

(] Awailable Components

4

=0

Remove Component

H#FEIC

Available Components

w125
@ RTC
# SERCOM
5 TC
# TCC

TC
-TC3

Double click

|

(] Active Components

=Y T2 X,

-0

SIS Pack

Active Co

mponents

(] Awailable Components

+

-0

= EIC
W 125

& PM

W RTC

“ SERCOM
- ~TC5
© TCC
H-Tools
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TC Configuration Options Example

(] Configuration Options = 4 ]
(=] [+
ST — Value different to default
~Counter Mode | Counter 1n 16-bit mode -
- Select Prescaler | Prescaler: GCLK_TCR56  + will change to green color
****Tind &l @ {TC_CTRLA_PRESCALER Il
= operatl] {NN a : Right click the value
= Compane ear User Setting .
waveford  Display Mode D‘S\ >B| could Clear User Setting
-~ Counter Show User Manual Entry
- Campare
~AFEEE Compare Period is 100000.0 g ¥H***
~Enable One-5hot Mode []
~Inwvert Output Wo[o] []
~Invert Output Wo[1] []
- Enable Period Interrupt |:|
-Enable Compare Match 0 Interrupt |:|
-~Enable Compare Match 1 Interrupt |:|
F-Events
E-5Sleep Configurations
E~----Rur'| during Standby |:|
(] Configuration Options (7] Help
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TC polling
Interface Routines

void TC3_Comparelnitialize( void );

void TC3_CompareStart( void );

void TC3_CompareStop( void );

uint32_t TC3_CompareFrequencyGet( void );

void TC3 _Comparel6bitPeriodSet( uint16_t period );
uintle_t TC3_Comparel6bitPeriodGet( void );
uintle_t TC3 Comparel6bitCounterGet( void );

void TC3_Comparel6bitCounterSet( uintl6_t count );
TC_COMPARE_STATUS TC3_CompareStatusGet( 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 MFRQ Mode Overflow Polling Example

i"t3_Com pareStart();

while(1)
{

{
LED1 Toggle();

if (TC3_REGS->COUNT16.TC_INTFLAG & TC_COMPARE_STATUS_OVERFLOW )

TC3_REGS->COUNT16.TC_INTFLAG = TC_COMPARE_STATUS_OVERFLOW;

Bit 0 — OVF Overflow Interrupt Flag
Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the Overflow interrupt flag.

'FC3_C0m pareStart();

while(1)
{

LED1 Toggle();

on |

TC_INTFLAG will get and clear in function

if ( TC3_CompareStatusGet() & TC_COMPARE_STATUS_OVERFLOW )
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Lab3 TC MFRQ Polling

* Try to use TC3 to replace software delay to control LED1(PA20) continues
toggle.

* The TC3 setup to MFRQ, 16 bit mode,
The Timer period is 100mS.

* Enable waveform output of TC3 on pin PA18 and PA19.

eLet’s go!
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Lab3 TC MFRQ Polling

Step O

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

(1 Active Components =FO0 (] Active Components =B
AL LLE, Remove Component | X oo @
- CMSIS Pack SIS Pack
----- Device Family Pack (DFP) o ice Family Pack (DFP)
""" EVSYS ----- EVSYS
""" NVMCTRL """ NVMCTRL
- System %em Active Components
(] Awailable Components =58 (] Awailable Components =B
+ . +
wec | Available Components T EIC ,\
-- 125 -- 125
" SERCOM -- SERCOM
5 TC -TC3 5 TC
- TCs Double click B TCC
H TCC | =+ Tools ¥
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Lab3 TC MFRQ Polling

Step 1

(] Cenfiguration Options
(=] [+

=& 8

E-TC3

~Cgunter Made Connter in 16-bit mode -~
- Gelact Prescaler  Prescaler: GCULE_TC/256 v‘
- FEFETIimer resolution is 5333.33333333 ng****

16-bit mode

GCLK_TC/256

- Operating Mode |Compare

Compare

E--Cumpare
- Waveform Mode
- Counter Direction

- Compare 0 Yalue (Period)

MFRG | MFRQ
UF Count ~|UP count

- AFEE Compare Period is|100000.0 usg|****

-~ Enable One-Shot Mode

100ms

[l

- Inyert Qutput Wol0]
- Inyert Output Wiol1]

-~Enable Period Interrupt

[+ Events
E-Sleep Configurations
- Run during Standby |:|

[l

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

18,750'%1/18750
CCco

System Clock = 48MHz
One second counts of system clock :
48,000,000 counts
One second counts after Prescaler :
48000000 / 256 187,500 counts
100ms counts for LAB3 target :
187500 / 10 18,750 counts

(] Configuration Cpticns | (] Help

ccor . TC Gounter
OVIF ;
WoOI0] :
WO[1] :
*1 Manually Clear
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Lab3 TC MFRQ Polling
Step 2

e TC support waveform output through WO([x] pin depend on different mode.

(] Pin Table JPA18/ PA1S"
e T
Fackage: | TQFF4E ~lalalelzmlalal JlalelBlel=ls
JHEIRERERAEEE R E
Module Function BI17| 18| 19|20 |21 |22|23 |24 |25 |26 |27 |28 |29
SYSCTRL_XCUT...
TC3_WO0 | Click
r 13 TC3_ WOl %h
TC3 TC3_WO0 ey
TC3_WO1 | : ; h
: TC3_WO00/TC3_WO1
(] Pin Table . s
Fackage: | TOFP4E » % % slz|lalalilalel B8 ?—1' ﬁ =
JEEIEERE AR E IS E
Module Function BII7 18| 19|20 21 |22 |23 |24 |25 20| 27 |28 | 20
SYSCTRL_XCUT...
TC3 W0 :
TC3 3 Wol IGreen is Enable
|
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Lab3 TC MFRQ Polling

Step 3

* Click ﬁtﬁzﬂ to Generate Code and save changes to MHC

configure file.

2 MPLABR Harmony Configurator - default

-

File Generate Tools U‘-'-‘--—‘-‘-’--'jn' alalnis W
Click J
L RE A2

R Care >
[ Active Components Gmte Code ‘ [l Project

X oRER 4 X omi

2 Generate Project e

1. Confipure Generation Settings

[ Generate Settings
Merge Strategy [USEE_ALL ~|7

(Monse over a property for detailed help)

|
2. View Warnings
Type Description

2 Generating Project.. X

Task Type Remaining Total

File Marknp 0 56

File Copy 3 56

Libraries 0

Settings 4 /

Source Paths 0 /

\ s added to the project. Di{ Generate ]custom linker script.
Generating file: D:\Har menyFramework_3.3.0Mev_packs'ar m\CMSISAS. 4 0 MSIS\DEF Ineludelarm_commeon_tables.h Generate Cancel
Flease Wait. ..
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Lab3 TC MFRQ Polling

Step 4

e Add code segment to your main loop

int main (void)
SYS_Initialize ( NULL );

// TODO 3.01
TC3_CompareStart();

while(1)
// TODO 3.02

if ( TC3_CompareStatusGet() &
TC_COMPARE_STATUS_OVERFLOW )
{

}

o
}

LED1_Toggle();

Period Control

@ Program firmware to target board
then observe resulit.
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Lab3 TC MFRQ Polling

Waveform Output

PA21
PA20

PA19
PA18

PAT7

IV

LrMALl

29 PA20
28 PA19
27 LPAILS )
26 PA 17

Arduino UNO Socket
PAO6 15

D8
PAOT__16 D9/PWM
PAIS 17 PWM/SS
Ei}g ig D11/PWM/MOSI
;L D12]MISO
PAl7 20 BercEK

PA18 WO[0] (D10)
PA19 WO[1] (D12)

R v v

qm{,‘ﬂ.’-_\

o

21
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Lab3 TC MFRQ Polling

Waveform Output

A:100ms - —|=
@:-748.571ms I_||I l Ll Ll ID.E:'

PA18 WO[0] (D10) . _

-—745 .571ms

PA19 WO[1] (D12)

PA19 WO[1] (D12)
PA18 WO[0] (D10)
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Lab4 TCs MFRQ Polling

* Try to add TC4 to replace software delay to control LED2(PA09) continues
toggle.

* All setting same as TC3 except period.

* The TC4 set timer period to 50ms.

* Enable waveform output of TC4 on pin PA22 and PA23, then you can
measure the waveform signal from PA22 and PA23 also.

*Let’s go!
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Lab4 TCs MFRQ Polling

Step 1

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

(] Active Components = B 5

Remove Component |

X imEm 4
~ CMSIS Pack

Device Family Pack (DFP)
- NVMCTRL

System

[ Awvailable Components =58
+

= e |Available Compo

nents

i 125
#- PM

i RTC TC

# SERCOM

B TC -TC4

TS k&
B TCC Double click

# Tools

(] Active Components

=& O

CRER ¢
i IS Pack
----- DevVice Family Pack (DFP)

""" EVSYS
""" NVMCTRL

Active Components

(1 Available Components

+

=& O

FTUSU
W EIC
W 125
i PM

¥ RTC

W SERCOM
..... TC 5

# TCC

# Tools
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Lab4 TCs MFRQ Polling

Step 2

(] Configuration Options
=] [+

= 5

E-TC4

- Caunter Made Counter in 16-bit mode - 16-bit mode

~Gelect Prescaler  Prescaler: GCLE_TC/256 V‘ GCLK TC/256

- FEFETImar resolution is 53332.33333333 nSH*+*

=-Operating Mode Compare v‘ Compare

50ms

- Inyert Qutput Wol0]
- Inyert Qutput Wio[1]

NN

-Enable Compare Match 0 Interrupt |:|
-Enable Compare Match 1 Interrupt |:|
[+ Events

F-Sleep Configurations

= Compare
-~ Wayeform Mode MFRG | MFRQ
-~ Counter Direction UF Count ~|UP count
-~ Compare 0 Yalue (Period) 2,370 = ‘ 9375
- AFEEY Compare Period i***
~Enable Cne-Shot Mode cco

-Enable Period Interrupt @m

System Clock = 48MHz
One second counts of system clock :
48,000,000 counts
One second counts after Prescaler :
48000000 / 256 187,500 counts
50ms counts for LAB4 target :
187500 / 20 9,375 counts

(] Configuration Cptions | (] Help

ccoA . TC Counter
OVI F i = o o ;
wWo[o] >
WO[1] >
*1 Manually Clear
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Lab4 TCs MFRQ Polling

Step 3
* TC support waveform output through WO([x] pin depend on different mode.

[] Fin Table PAZZ/ PA23[
_ =z | [
Package: | TQFF48  ~ Flalal L lglelBldldelslalgls]
o 50 I I I I = s A = I s D L
Module Function D121 | 22|23 124 125 |20 | 27 |22 |29 |30 |31 (132133 |3
T3 WO0
ies TC3 WO
S
TC4 PR \ Click
TC4 Wol N
TC4 | Tca_woo | o
(] Pin Table TC4 WO1
T R =
Fackage: | TQFF4E 5 5 == il 5 = TC4_WOO
Slolm|2 DD || TC4_WO1
= = D Y (R I
bAodule Function 27282 303132333
T3 W0
Te3 TZ3 WG
TZ4 W0 G is Enabl
reenis En
TC4 TCa WOl | eenis aple
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Lab4 TCs MFRQ Polling

Step 4

* Click ﬁtﬁzﬂ to Generate Code and save changes to MHC

configure file.

2 MPLABR Harmony Configurator - default

-

File Generate Tools U‘-'-‘--—‘-‘-’--'jn' alalnis W
Click J
L RE A2

R Care >
[ Active Components Gmte Code ‘ [l Project

X oRER 4 X omi

2 Generate Project e

1. Confipure Generation Settings

[ Generate Settings
Merge Strategy [USEE_ALL ~|7

(Monse over a property for detailed help)

|
2. View Warnings
Type Description

2 Generating Project.. X

Task Type Remaining Total

File Marknp 0 56

File Copy 3 56

Libraries 0

Settings 4 /

Source Paths 0 /

\ s added to the project. Di{ Generate ]custom linker script.
Generating file: D:\Har menyFramework_3.3.0Mev_packs'ar m\CMSISAS. 4 0 MSIS\DEF Ineludelarm_commeon_tables.h Generate Cancel
Flease Wait. ..
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Lab4 TCs MFRQ Polling

Step 5

Q Add code segment to your main loop

int main (void)
SYS Initialize (NULL );

:I:éS_CompareStart();
// TODO 4.01
TC4_CompareStart();

while(1)

/[ TODO 4.02
if ( TC4_CompareStatusGet() &
TC_COMPARE_STATUS_OVERFLOW )

{
}

,
}

LED2_Toggle();

Period Control

Q Program firmware to target board
then observe result.
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Lab4 TCs MFRQ Polling

Waveform Output

PA25
PA24

PA22

PA21

o4 U r -
33 D N -
i 32 SCL i R¢
I 31 SDA l R¢
30 PA21

PA22 WOI[0] (SDA/D18)
PA23 WO[1] (SCL/D19)

Arduino UNO Socket

PAO6 15

D8
PATE 17 DOPWM _
PAIG 13 D10/PWM/SS

D11/PWM/MOSI
PA1I9 19
PATT 20 D12/MISO

31 D13/SCK

PAO3 22 GND

AREF
SDA 23
SCL > D18/SDA

D19/SCL
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Lab4 TCs MFRQ Polling

Waveform Output

Az 50ms i
@:-750ms 5 - - .-| .-| .
e ._". 100ms

TC3 PA18 WOI[0] (D10 . | | I: | l
| - s mns

NRREN

TC4 PA22 WO[0] (SDA/D18)

PA18 WO[0] (D10)
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NVIC Architecture

Nested Vector Interrupt Controller Architecture
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Nested Vector Interrupt Controller

ARM°® Cortex’"MO+

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

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

Cortex-MO+

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

* An interrupt request is generated Systick
from the peripheral when the
interrupt flag has been set and the corresponding interrupt is enabled.
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Tail Chaining in the NVIC

* Tail-chaining is back-to-back processing of exceptions. it's can reduce unnecessary POP
and PUSH. when exiting one ISR and entering another because this has no effect on
the stack contents.

IRQ1 :
Highest S OTTTTTII T
IRQ2 ------ -
42 CYCLES
ARM7 | PUSH ISR 1 POP PUSH ISR 2 POP

}4—26—4 16—»}4— 26—»‘ }‘—16*‘
! Tail-chaining

Cortex-MO+ | PUSH ISR 1 ISR 2 POP

== el iz
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Late Arriving in the NVIC

* Late-arriving speeds up preemption. If a higher priority exception occurs during state
saving for a previous exception, the processor switches to handle the higher priority
exception and initiates the vector fetch for that exception.

A !
IRQ1 . /
Highest . i
IRQ2 —’
ARM7 PUSH PUSH ISR 1 POP ISR 2 POP
}4__ 26 —»{4— 26—>‘ }‘—15 —" “_ 16 _"
Cortex-MO+ :PLIJSH ISR 1 ISR 2 POP
2oy ol 1

Tail-Chaining
Extra cycles may be needed to fetch
the new vector
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Natural Priority

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

EIC NMI - External Interrupt Controller NI
P — Power Manager u]
SYSCTAL — System Control 1
WDT — Watchdog Timer 2
RTC — Real Time Counter 3
EIC - External Infermupt Controller 4
NYMCTRL — Mon-valatlie Memory Gontroller 5
Exception number IRQ number Vector Offset DMAC - Direct Memory Access Centroller =
16+n n IRQn USE - Universal Serlal Bus 7
0x40+4n
EW3Y3 — Event System ]
[ T SERCOMO — Serlal Gommunication Interface 0 g
SERCOM1 — Serlal Communication Interface 1 10
18 2 IRQ2
0x48 SERCOM2 — Serial Communication Interface 2 11
17 1 IRQ1
Ox44 SERCOM3 — Serlal Communication Interface 3 12
o TC3 (18
- - 0x40 SERCOM4 — Serial Communication Interface 4 13
15 -1 SysTick, if implemented
14 2 PendSV 0x3C SERGCOMS — Serlal Gommunication Interface § 14
TC4 (19
13 TCCO — Timer Counter for Control 0 15
Reserved
12 TCG1 — Timer Gounter Tor Gontrol 1 16
n -5 SVCall 0x2C T2 — Timer Counter for Control 2 7
10 TC3— Timer Counter 3 18
9 . TC4 — Timer Courter 4 19
8 \ EaCh perlpheral haS been TC5 — Timer Counter 5 20
7 Reserved aSSi ned to one Of TCG — Timer Counter § 21
6
. g Te7 — Timer Counter 7 | 22
4 ..a Vector table and based ADG — ANaIOG-o-Diiel Gonverter |zs
X
3 -13 HardFault AC — Analog Comparator 24
0x0C dd -
2 14 NMI ¢ to a ress 0x00000000 DAC - Digitat-to-Analog Gonverler 25
0x08
1 Reset 0x04 PTC — Peripheral Touch Controller | 26
Initial SP value 0x00 125 - 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
.pfnSERCOMS5_Handler = ( void
.BfnTCCZ_Handler = ( void
.pfnTC3_Handler = ( void
.pfnTC4_Handler = ( void
TpanDC_Handler = ( void

}s

using linker-generated symbols */

* % ¥ X ¥ ¥ *

*

*

N N N N N N o N N N N

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

SysTick Handler,
NVMCTRL_Handler,

SERCOM@_Handler,
TCC2_Handler,
TC3_ComparelnterruptHandler,
TC4_ComparelnterruptHandler,

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 CompareInterruptHandler( void )
TC_COMPARE_STATUS status;
status = TC3_REGS->COUNT16.TC_INTFLAG;

/* clear period interrupt */
TC3_REGS->COUNT16.TC_INTFLAG = TC_INTFLAG_OVF_Msk;

// Getting starter add your code here now. !?
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Now ? Hands-on Lab ?

NO
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Callback Function

* MH3 module provide the interrupt mode driver.

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

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

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

TCn_CompareCallbackRegister( TCn_Overflow, (uintptr_t )NULL );
TCn_CompareStart();

void TCn_CompareinterruptHandler( void )
{
TCn_COMPARE_STATUS status;
status = TCN_REGS->COUNT16.TC_INTFLAG;
H°.°k /* clear period interrupt */
(Register) TCN_REGS->COUNT16.TC_INTFLAG = TC_INTFLAG_OVF_Msk;
if( TCn_CallbackObject.callback != NULL )
{
TCn_CallbackObject.callback( status, TCn_CallbackObject.context );
— H
Callback | | }
v
void TCn_Overflow(TC_COMPARE_STATUS status, uintptr_t context)

{
if( status & TC_INTFLAG_OVF_Msk )

LED_Toggle();
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MHS3 Interrupt Example

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

|:|Conf1gurauon{}puons
(=] [+

=-TC3

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

- Select Prescaler | Prescaler: GCLE_TC/024 -

- HEEATIimer resolution is 21333.3333333 ottt

- DOperating Mode |Compare s

- Compare
~\Waveform Mode MFED -
-~ Counter Direction UF Count w
- Compare 0 Yalue (Period) 46,870 1%
~HEEE Tompare Period is 1000000,0 s+
~Enable One-5hot Made []

 Invert Output WO[D] B Yes! That’s all you need to do.
~Invert Output Wo[1] L]

~Enable Period Interrupt Check Interrupt Enable
-~Enable Compare Match O Interrupt |:|
-Enable Compare Match 1 Interrupt |:|

[+ Events

F-Sleep Configurations
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NVIC Priority Settings in MH3

* Open NVIC Settings windows in Tools » NVIC Configuration.

Tools Utilities Window

(] NVIC Settings

) . Vector Number Vector Enable fonimy Handler Name
Clock Configuration 5 Reset (Reset Vector) 3 Reset Hander
. . -14 {Mon-maskabl upt) = MNonMaskableInt_Handler
DMA Configuration 5 ercFat (rerd ) o HerdFau:_Hander
. . -5 svcall (Supervisor Call) 0 svcall_Handler
Event System Configuration = e = —
g -1 SysTick (System Tick Timer) o SysTick_Handler

NVIC {:Dnﬁg u rat“}n 1] PM (Power Manager) E 3 PM_Handler

P i n C'D n-l:i g u rEItiD n 1 SYSCTRL (System Controller) I:‘ 3 SYSCTRL_Handler
2 WOT (Watchdog Timer) IR E WEOT_Handler
3 RTC (Real Time Counter) I:‘ 3 RTC_Handler
4 EIC {External Interrupt Controller) I:‘ 3 EIC_Handler

18 TC3 (Timer [Counter 3) 3 “ | TC3_ComparelnterruptHandler
19 TC4 (Timer [Counter 4) 3 » | TC4_CompareInterruptHandler

12 SERCOM3 (Serial Communication Interface 3) I:‘ 3 SERCOM3_Handler
13 SERCOM4 (Serial Communication Interface 4) I:‘ 3 SERCOM4_Handler
14 SERCOMS (Serial Communication Interface 5) I:‘ 3 SERCOMS_Handler
15 TCCO (Timer [Counter for Contrel Applications 0) I:‘ 3 TCCO_Handler
16 TCC1 (Timer/Counter for Control Applications 1) I:‘ 3 TCC1_Handler
17 TCC2 (Timer /Counter for Control Applications Z) I:‘ 3 TCC2_Handler
18 TC3 (TimerCounter 3) |i| 3 TC3_ComparelnterruptHandler
19 TC4 (Timer /Counter 4) [] 3 TC4_ComparelnterruptHandler
20 TC5 (Timer/Counter 5) : 3 TC5_Handler
23 ADC (Analog-to-Digital Converter) I:‘ 3 ADC_Handler
24 AC {Anzlog Comparators) I:‘ 3 AC_Handler
25 DAC {Digital-to-Analog Converter) I:‘ 3 DAC_Handler
26 PTC (Peripheral Touch Controller) I:‘ 3 FTC_Handler
27 125 (Inter-IC Sound Controller) I:‘ 3 125_Handler
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TC Interrupt

Interface Routines

void TC3_Comparelnitialize( void );
void TC3_CompareStart( void );
void TC3_CompareStop( void );
uint32_t TC3_CompareFrequencyGet( void );
void TC3_Comparel6bitPeriodSet( uint16_t period );
uintle_t TC3_Comparel6bitPeriodGet( void );
uintle_t TC3_Comparel6bitCounterGet( void );
void TC3_Comparel6bitCounterSet( uintl6 _t count);
void TC3_CompareCallbackRegister
( TC_COMPARE_CALLBACK callback, uintptr_t context );

One new function than polling mode.
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Lab5 TC MFRQ Interrupt Callback

* Try to configure code style to interrupt callback style.
LED1 toggle in callback while TC3 overflow interrupt.

* Modify TC3 period to 1 second in MH3 for easy observe.
* Modify code segment in main() follow below sequence.

* Firstly, remove polling LED1 toggle from main loop.
* Secondary, Create a callback function for LED1 toggle
* Finally, hook up callback function to TC3 overflow event.

*Let’s go!
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Lab5 TC MFRQ Interrupt Callback

Step 1

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

(] Cenfiguration Cptions
= H
E-TC3

~Counter Mode | Counter in 16-bit mode
Select Prescaler | Prescaler: GCLK_TC/1024 || GCLK _TC/1024
- *EEETImer resolution is 21333.3333333 notH**

EHOperating Mode |Compare s

E-Compare

~wWaveform Mods MFEG v How to calculate 46875 ?
UP Connt

- Counter Direction e

- Compare 0 Yalue (Period) 46,375 :1 46875 (CCO)
-~ ®EER Compare Period is ****

- Enahle One-shot Mode 1 secC D
L]

- Inyert Output Wo[0]

~Invert Output Wo[1] []

-~ Enable Period Interrupt |Ch€Ck Interrupt Enab|e|
-Enable Compare Match O Interrupt |:|

-~ Enable Campare Match 1 Interrupt |:|

[+ Events

F-5leep Configurations
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Lab5 TC MFRQ Interrupt Callback

Step 2

* Click ﬁ'&&;*' to Generate Code and save changes to MHC

configure file.

2 MPLABR Harmony Configurator - default

-

File Generate Tools U‘J“'-c'm:‘-ﬁw

L B PP | e >
[ Active Components Gmte Code ‘ [l Project

X oRER 4 X omi

2 Generate Project

1. Confipure Generation Settings

[ Generate Settings
Merge Strategy [USEE_ALL

(Monse over a property for detailed help)

2. View Warnings

Type Description

2 Generating Project.. X

Task Type Remaining Total

File Marknp 0 56

File Copy 3 56

Libraries 0

Settings 4 /

Source Paths 0 /

\ s added to the project. Di{

Generating file: D:\Har menyFramework_3.3.0Mev_packs'ar m\CMSISAS. 4 0 MSIS\DEF Ineludelarm_commeon_tables.h

Flease Wait. ..

Generate ]custom linker script.

Cancel
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Lab5 TC MFRQ Interrupt Callback

Step 3
e Add code segment to your main loop
/l TODO 5.01
void TC3_Overflow(TC_COMPARE_STATUS status, uintptr_t context)
{

if( status & TC_INTFLAG_OVF_Msk )
LED1_Toggle();
}

int main (void)

{
SYS_Initialize ( NULL );

/l TODO 5.02
TC3_CompareCallbackRegister( TC3_Overflow, (uintptr_t )NULL );
TC3_CompareStart();

while(1)

{.
}
}

Q Program firmware to target board
then observe result.
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Lab6 TCs MFRQ Interrupt Callback

* Try to change TC4, LED2 toggle function to interrupt callback style, also.

eLet’s go!
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Lab6 TCs MFRQ Interrupt Callback

Step 1

* Enable Period Interrupt of TC4 in configuration windows.

(=] &

(] Configuration Options

EHTC4

[

~Counter Mode  |Counter in 16-bit mode
~Select Prescaler  Prescaler: GCLE TCR256 -
—*EEETImer resolution is 533333333333 nSH***
- Operating Mode  Compare

E}--Cumpare
-\ aveform Mode MFRQ
- Counter Direction P Count v
-~ Campare 0 Yalue (Period) 9,370 %

- REEE Compare Period is S0000.0 us ****
—~Enable Cne-Shot Mode
- Inyert Qutput Wo[o]

- Inwert Cutput WiO[1]

-~ Enable Period Interrupt
~Enable Compare Match 0 Interrupt |:|
-~Enable Compare Match 1 Interrupt |:|

H-Events

NN

'Check Interrupt Enable)

s

F-Sleep Configurations
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Lab6 TCs MFRQ Interrupt Callback

Step 2

* Click ﬁ'&&;*' to Generate Code and save changes to MHC

configure file.

2 MPLABR Harmony Configurator - default

-

File Generate Tools U‘J“'-c'm:‘-ﬁw

L B PP | e >
[ Active Components Gmte Code ‘ [l Project

X oRER 4 X omi

Merge Strategy [USEE_ALL

2 Generate Project e
1. Confipure Generation Settings
[ Generate Settings
~|2?

(Monse over a property for detailed help)

2. View Warnings

Generate ]custom linker script.

Type Description

2 Generating Project.. X

Task Type Remaining Total

File Marknp 0 56

File Copy 3 56

Libraries 0

Settings 4 /

Source Paths 0 /

\ s added to the project. Di{

Generating file: D:\Har menyFramework_3.3.0Mev_packs'ar m\CMSISAS. 4 0 MSIS\DEF Ineludelarm_commeon_tables.h

Flease Wait. ..

Cancel
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Lab6 TCs MFRQ Interrupt Callback

Step 3

e Add code segment to your main loop

/[ TODO 6.01
void TC4 Overflow(TC_COMPARE_STATUS status, uintptr_t context)

{
if( status & TC_INTFLAG_OVF_Msk )

LED2_Toggle();
}

int main (void)

{
SYS_Initialize ( NULL );

/[ TODO 6.02
TC4_CompareCallbackRegister( TC4_Overflow, (uintptr_t )NULL );
TC4_CompareStart();

while(1)

{..
}
}

O Program firmware to target board
then observe resulit.
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Clock System Architecture
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Clock System

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

OSCULP32K, OSC8M,DFLL48M and FDPLL96M -

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

0.4-32MHz
32.768kHz
8MHz
32kHz
32kHz
48MHz
96 MHz

SYSCTRL
XOSC

XOSC32K
OSC8M
OSC32K

OSCULP32K
DFLL 48M
FDPLL 96 M

N[1]
N[2]

» GCLKGEN[8]

PM

CPU

=

Peripherals
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Clock System Block Diagram

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

GCLK provides nine
Generators that can
Provide a wide range

—

The Generator 0
is always the
direct source of the

except Generator 1.

SYSCTRL

XOSC

> DFLL 48M

FDPLL 96M +

GCLK

Generator 0

GCLK

Generator 1

GCLK

Generator 8

of clock frequencies.

GCLK_MAIN signal.

/

GCLK_MAIN I%\

>

PM CLK_CPU

SYNCHRONOUS g
CLOCK CONTROLLER

CPU

CLK_AHB

CLK_APBx

X

W

A

Y yYyvy YVYY

GCLK_PERIPHERAL

Y Yy VY

y
GCLK GCLK GCLK
Itiplexer 0 Itiplexer1 @ ® @ yltiplexef m \

GCLK_PERIPHERAL

GCLK_PERIPHERAL
Y

\ 4 Y
. DFLL48M Reference == Peripherall |

Peripheralm

AHB

AHB-APBx

modaules,

Mulfiplexers provide the
Clock to the peripheral

as The number of

DFLL48M_REF peripheral is for
DFLL48M close loop

reference clock source,

maximum clock is 33KHz

Peripheral Clocks depends
on how many peripherals
the device has.
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Clock Setting Use MH3

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

Wiew

- Tools Utilities Window

xos2
Oscillators Controller P ——
. OSC3M
. 8 MHz Internal oscam ) {@}
Oscillat
b Clock Configuration . o
- - OSCULP32K GOLKD
= DMA Configuration e 00000 72 000,00 1%
XIN B o X053k
1 . . = a DIV1
E t Syt Canf t 5,000,000/ e 1 z
VEen }I'S em con Igura 10n XOUTE— £
. . CRYSTAL  ~ St
. NVIC Configuration
' Fractional Digita| Phase Locked Loop [FDPLL) D
- - - XOSC32K i
Pin Configuration - e caw [ Jreeenasnin
GOLK DRLL FOPLL e GeLK
FOPLL & goka
XOSC s e e GOLK3
OSCULPI2K e S
Auto osczk 32,768 HzCLS
03] [xosc... !
— Colculate {@f‘ XCSCK 506 Peripheral
Clock BCLKINY 1= e Clock
Source S Digital Frequency Locked Loop [DFLL 48Mhz) g
GCLKO v 4[?
DAL
caiib 48,000,000 Hz .
o o xose etk Genemorx gy [ JOLE 2
En T & CLE 3 e ‘GCLK Input Gutput (10]
o CLK 4 4'7%}—‘
CLK 5 e
= DAL R
@ : OSCULP32K CLK® H’
— CLE 7 —> GCLE 14 Confi,..
CLK 8
XOSC3K ‘
32 KHz Oscilltors Contraller saLINe] 18] !
szx igh Accura osEK QK1 |
ko 32,768 Hz
32K UltraLow Power GRCFuK
32,768 Hz
] xosc 30
32K Crystal Oscillator
1k L]
CRYSTAL v

CPU

——————» Peripherals

[ sasiopd
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(] Clock Easy View

Clock Setting Use MH3

T

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

X0sC
Oscillators Controller GCLK Genarator 0
. oscam
8 MHz Internal oscam TR 63
oscillator i
DAL Main Clack
OSCULF2 GOKO i~ o T
oscaK 48,000,400 Hz 1] 48,000,000 Hz
XIN B il XOSC3K DIV v
8,000,000 |5 GELK_IN[o]
XOoUTR— = )
CRYSTAL v o Peripheral Clock Configuration X
Fractional Digital Phasa Locked Loop (FOPLL) D | G CLK Mu“iplexer | Peripheral Enable Source Peripheral Clock Frequency
- XDSC3ZK - T S0 Feripheral Clock Selection SERCOM2_CORE O GCLED - A
Soiires GOLKL SERCOM3_CORE ] GCLEO -
ek DRl FOPLL osCEM =
GOLKO ~ . —> [ -
E — = saic SERCOM4_CORE U GCLEO
— = s SERCOMS_CORE [] GCLEO -
o= = — SYSCTRL_DFLL4S [] GCLKO =
OSCULFE2K SoLke I P Peripherals N
. o = 3 48 MHz |
0 (XosC.. > Calculate GOLKE I
& KOS | T3, TeC2 “  |GCLEo 48,000,000 Hz
e sy = sue Clock ’. C4,TC5 [1  |ocLke 48,000,000 He
Source Digital Frequency Locked Loop (DFLL 48Mhz)| EiE 7 —| |
GCLK_DALL =
GCLED v = - 48 MHz
wot O |GCLKo - v
= 48,000,000 Hz .
Oven XO5C GOLK Generator x (x=2-8) D}CLK 2 Close
s @ CLKZ
GOLK_INGE]
DFLL 48 Open R T g
I - DAL A GOk
& 1 CLES [ saucickd
OSCULP32K
m— CLE7 —» GCLEK I#C Confi, .
CLE 8
XOSC3K |
32 Ktz Dscillators Controller GeLK_IN] 18] !
W g acura csmze cax GCLK ? CLK_CPU
internal Oscillat C3C8M v DFLL Generator 0 > CPU
32K Ultra Low Pe Litless
interal Callatr e 29k
32760 hz OSC32K
Y Y
v < plo)s ) )
X0SC3A jg O:) SD_).J(A GCLK
Multiplexer
GCLK_PERIPHERAL

CRYSTAL =

SYSCTRL
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Clock Setting Use MH3

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

(] Clock Easy View m‘

XOSC -4
Oscillstors Controller GUR Cenermtor 0
oscam
8 MHz Internal L ‘oscam ERRIL {%}
Oscillator £ ’
DAL Mzin Clock.
CSCULF22| GCLKD n L
CPU
ecank 48,000,§00 Hz '~ 48,000,000 Hz
XIN it
= XOSC3K DIV1 ~
S.OOO.OOE(OvUT GCLK_INJO] | —ra]
CRYSTAL - GOLKL y Peripheral Clock Configuration X
Fractiona Digita| PhassLocked Loop (FOPW) ] | G : LK Multiplexer | Peripheral Enable Source Peripheral Clock Frequency
XOsC32K I
Clock sh ot Peripheral Clock Selection SERCOM2_CORE [} GCLKEO ~ - ~
Source Go SERCOM3_CORE ] GCLEOD v -
GOk DAL FOPLL oscam L
r =
GCLED v «[lj; — — @ T SERCOM4_CORE [ GCLKO v -
o — . SERCOMS_CORE [] GCLEO  ~ -
= 4 0 ol2 1 SYSCTRL_DFLL48 GCLEO =
PSElPRK = Ak I > Peripherals y
>
o] [xosc euls oscazk 32,768 HzSLKE Gﬁm 32,768 Hz
4 .. v calculate & caxs I —
= E e
s sa N = saK Clock ’ TC4, TC5 T |GCLEO v 48,000,000 Hz
Source Digital Frequency Locked Loap (DAL 43Mhz) SO T ~ 4|
GCLK_DALL 4 ||
oy = oz 0SC32K § | 48MH:
calib 48,000,000 Hz el D IGCLKO = - ‘ 7
Cpen v gt saxsemerriza [ JCLE 2 Close
05eEM ] Lz GOLK NG I
DFLL 48M Open o =
B - GCLKx
& 15 i CLEG @ [ saiopd
DSCULP32K
— CLE7? —» GCLK IO Confi...
CLK 8
XOSC3K

22 KHz Oscillators Controller

GCLK_IN[D] 18
M - san \|§ CLK_CPU
osca2k [N R = DFLL 48 - 5 cpu

32,768 Hz

32K UltraLow Power OSCULP32K
Internal Oscillator
32,768 Hz OSC3
QCT
: R, XOSC32!
32K Crystal Oscillator
4t [ |

CRYSTAL ~ SYSCTRL

GCLK
Generator 1

GCLK
Multiplexer

GCLK_PERIPHERAL
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(1 Clock Easy View

Clock Setting Use MH3

l ,

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

Clock

XDSC32K

XIN B
8,000,000 %
XOUTE—

Source

GOLK_DPLL!
GCLED VE =
X0sC

0% [XOSC...

Clock

Source

GCLK_DAL
GCLKO ~ 4{?

2 XOSC
Oscilaters Controller R CEEEETT
. 0sCaM
8 MHz Internal oscam ey &
Oscillator »
bAL Main Clock
0SCULPI2K. aoke | ‘
CPU
os2k 32,468 Hz d 32,768 Hz
XOSC3K " DIVl o
GCLK_INO] [
CRYSTAL v ook xoscazK ~ | Peripheral Clock Configuration x
KOSC32K ~ | |
Fractionz| Digita| Phasa Locked Loop (FOPLL) D ” GCLK Multiplexer Peripheral Enable Source Peripheral Clock Frequency
o FEPr—— ol B ittt SERCOM2_CORE REEETS - ~
e R GELKL SERCOM3_CORE O GCLEQ -
» p— & sak SERCOM4_CORE ] GCLEO -
o= o= e GeLk SERCOMS5_CORE O GOLED =
x = GOLKL SYSCTRL_DFLL48 GCLED -
GSCuLF32K £28 [ P Peripherals =
> c:l:.zt: oscazk GOLKS I = - N 32,768 HZ
. = 1 e 9 e e
GeL N & Su Clock ’. TC4,7CS L1 [GCLko 32,768 He
GOLkE
Digital Frequency Locked Loop (DALL 43Mihz) [ | |
OSCBM v J 32,768 Hz
DAL T
> WDT GCLED - L4
Calib 48,000,000 Hz - B
o o Xose GOLK Generstor x (e=2-8) D‘TCLK Z Close
Pl CLK 3 ‘GOLK input Output (10] |
oscm i GOLK_ING]
= CLE 4 —
CLE S i
: DAL 1<
€83 1 CLE6 I [ ok 1ok
‘OSCULP32K
—
o CLE7 GCLE 140 Confi...
CLE$
XDSC3K
32 KHe Oscilltors Controller ek Ng] 1%
L] 2K High Accura osCazK GeLkl - RN m ? CLK_CPU\
internal Oscillat 0SCEM v DJ"I_.I_. —l.r:jj ,/J Generator 0 e
32K Ultra Low Power GECHPDC
32,768 H PDSC32K
/08 e OSC5ZK \ 1l
o XOSC32K GCLK
ﬁl{(;rvstal Oscilk 32,768 Hz Multiplexer

CRYSTAL M

SYSCTRL

GCLK_PERIPHERAL
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Lab7 System Clock XOSC32K

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

* Connect XOSC32K to Generator 0.

* Connect TC3, TCA4 to Generator 0.

eLet’s go!
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Lab7 System Clock XOSC32K

Step 1

XOSC32K

32 KHz Oscillators Controller |

XIN32 B—
¥0UT32 B—

32 KHz Cscillators Controtler

32K High Accuraoy

OSC32K

Internal Osdllator

Lt

32K UltraLow Power
Internal O=scdllator

OECULPI2K

3

 Check

32K Crystal Oscillator

>
32,768 Hz

XOSC 32K

Vi

b

CRYSTAL

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

Step 2

GCLK Generator 0
i \ ok cenermoro b | Always be Checked
DSCEM
FOPLL {55 Main Clock
i e
DSCULP32K —
OSC32K A,n 32,768 Hz ﬂ
XOSC3K | 32,768 Hz | DIV >
GCLK_IN[O] =
GOLKL

HOSCIZK >l

XOSC32K | RS

CPU

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

Step 3

Peripheral Clock Selection
GCLKD Peripheral Clock Selection
GCLKL \
GCLKD
GCLK3
GCLK4
— Peripherals

GCLKS
e Feripheral
e Clock
GCLKR -

Click

Peripheral Clock Configuration

Peripheral Clock Configuration X
Peripheral Enable Source Peripheral Clock Frequency
SERCOM2_CORE [] GCLED o~ - 2
SERCOM3_CORE [] GCLED  ~ -
SERCOM4_CORE [] GCLED v -
SERCOMS_CORE [] GCLED v -
SYSCTRL_DFLL48 [] GCLED v -
[] Hectea =
1 GCLKO 32,768 Hz |
TC3, TCC2 . GCLED v 32,768 Hz I
GCLED v 32,768 Hz
[ GCLKO 32,768 Hz
[] GCLED  ~ =
WDT [] GCLED o~ - v

=il
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Lab7 System Clock XOSC32K

Step 4

* Configure GCLK Generator 0 to output clock.

GCLE_IN[x]
Sl

GCLK Input Output (10)

<1

GCLK Input Cutput [10)

-«

GCLEx

N

[*,

B4 sak iofx

P

GCLE /0 Confl..

8

Click

SYSCTRL

XOSC32K

. PA14
Genf:fmo —X

Y
GCLK
ultiplexey ?

GCLK_PERIPHERAL
Y

te

GCLK 1/0 Configuration

GCLK I/O Configuration

-'Genemm.[u_lu.LQL In Frequency(Hz) Out Freguency(Hz
ouT . 32,768 Hz |

0
[ 0 Cut 0 32768
i In l@ 0 0
2 In 0 0
3 In 0 0
4 In 0 0
5 In 0 0
3 In 0 0
7 In 0 0
Close
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Lab7 System Clock XOSC32K

Step 5

* Please disable BT2(PA14) GPIO pin function firstly and then reassign PA14 as GCLK_100

output pin.

LRIy Teble = — |PA14 (GCLK_l00)
Fackage: TOFP48 E%EEZEEEZEEﬁmEB;';'E
i =B EE E EE B E R EEEE I E
Module Function 121314151617 | 18| 19|20 21|22 |23 |24 | 25|26 |27 |28 |20
EIC_MMI (’é\ .
GCLK_100 GCLE_100 IR (—:"d‘ Enable
GCLE_IO1 “@
GCLE_I02
GCLE_103
GCLE GCLE_104
GCLE_I05
GCLE_I06
GFIO SRR (:_:D Click Disable
GPIO GPIC %
125_FS0
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Lab7 System Clock XOSC32K

Step 6

* Click ﬁ'&&;*' to Generate Code and save changes to MHC

configure file.

2 MPLABR Harmony Configurator - default

-

File Generate Tools U‘-'-‘--—‘-‘-’--'jn' alalnis W
Click J
L RE A2

R Care >
[ Active Components Gmte Code ‘ [l Project

X oRER 4 X omi

2 Generate Project e

1. Confipure Generation Settings

[ Generate Settings
Merge Strategy [USEE_ALL ~|7

(Monse over a property for detailed help)

|
2. View Warnings
Type Description

2 Generating Project.. X

Task Type Remaining Total

File Marknp 0 56

File Copy 3 56

Libraries 0

Settings 4 /

Source Paths 0 /

\ s added to the project. Di{ Generate ]custom linker script.
Generating file: D:\Har menyFramework_3.3.0Mev_packs'ar m\CMSISAS. 4 0 MSIS\DEF Ineludelarm_commeon_tables.h Generate Cancel
Flease Wait. ..
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Lab7 System Clock XOSC32K

Step 7

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

int main (void)

SYS_Initialize ( NULL );

while(1)
/[l TODO 7.01
// if ( BT2_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

MHC 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

Clock Output
Arduino UNO Socket
PA1l 7 DO/RX
PA10 8 D1/TX
PAOS 9 D2
PAO9 10 N
PALL T11 D3/PWM PA14 (D4)
PA1S 12 D4
D5/PWM
PA21 14 D7
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Lab7 System Clock XOSC32K

Clock Output

r-1044.202s L 35 1

@:437.729s RHH [:;H 1 7|:-LIEI __.;:‘_

32 18 KHz

—l_

1 Ja HH

050us
CH1 IF 1Y PA14 (D4)

2 75%

i w » \
_v A A
r e
D_I.L_A_A.uuu_ﬁ_u_t_ya_u_.u.p_l.u_m.u_t_t,_uu.t it N ops 2AET
-— \\\\ St
A N
N - 2 4 at
x.I D - —, . -
\ 3 ]

v Y
)
»
')
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Lab7 System Clock XOSC32K

Step 8 LED toggle period correct

TC3 @ 32KHz

=TS

~Counter Maode

Counter i 16-bit mode
Frescaler: GCLE TC/A024 -

- *¥EERFTImar resolution s 31250000.0 nS****

-~ Select Prescaler

-Operating Mode | Compare
Ié}--li:u:umpare

W aveform Mode

UF Count

-~ Counter Direction e

bAatch Frequency

[----F‘eriud Value 6,875

- ®EEE Timar Period is 1464843750.0 us ****]

pr

| 1464843750 us = 24 mins

N.

B

~Pernod WYalue

SHERE Timar Pariod is 1000000.0 ys ****

TC4 @ 32KHz

=-TC4

-~ Counter Mode

Counter 1n 16-bit mode
Frescaler: GULE TC/256
- *FEETIimer resolution s 7812500.0 nS****

-Operating Mode  Compare

- Select Prescaler W

- Compare
~\Waveform Mode Match Frequency

IJF Count
0,3751% ]

~Counter Direction w

- Period Value
R Timer Period is 73242187.5 ug ****

73242187 us=73sec | '~

; 7

kHEE Timar Pariod is S46E7.5 g ****

%----F‘erind Yalue

Correct Period Value to 32 to get = 1sec period

Correct Period Value to 7 to get = 50ms period
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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.

Open Loop

Close Loop

SYSCTRL

DFLL 48M

GCLK
Generator x

Calibration

o

turning from fix calibration value
by manufacturer

Calibration

SYSCTRL

XOSC32K

SYSCTRL

GCLK -
Generatory

Y

turning from external
oscillator or crystal

GCLK
Itiplexer O

\ GCLK_PERIPHERAL
Y

. DFLL48M Reference |
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Lab8 System Clock DFLL48M

Close Loop

Configure DFLLA8M(Close loop) as source of main clock(GCLKO).

* Enable XOSC32K clock source.

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

* Select Close Loop calibration of DFLL48M.

* Click Auto Calculate to generate multiplier factor of DFLL48M.

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

eLet’s go!
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Lab8 System Clock DFLL48M

Overview

= xosc
Oxcillators Contraller TR
8 MHz Internal oscam
Osciliator I —>
Main Clock
R GCLKO - o =T
47,972,352 §z = 47,972,352 Hz
X0SC T
‘7 y Crystal Oscialitor m DIV1 |
[CRYSTAL v i
Fractional Digital Phase Locked Loop (FOPLL) [ ] Racipbacal Clock Configusa
xosczk LN = e b e -
sk Peripheral Clock Selection
SC'D ck XOsC GCLK Generator 1 Peripheral Enable Source Peripheral Clock Frequency
ource
T GeLk DPLL FOPL oscam Sk smcomzcore | [ |GCLKO - ~
‘ FOPLL CLKI cake SERCOM3 CORE < = |
X0sC
B bRt S 32,768 Hz
GOLK1 !
= OSCULP32K Gk e %] GCLEL - BT
oscazK 32,768 HzSLS Peripherdls T 71 [ocike B
5y GOLKE - SYSCTRL_FDPLL32K GCLED ~
i 0K eriphera = =
‘ %_ i TC3, TCC2 é GCLED 47,972,352 Hz
Clock GOLK_IN[Z; —— . g > Te4, TC5 GCLEO  ~ 47,572,352 Hz
Source =] B 2
[GCLK1 v XOSCIK | 48 MHz
— DAL = v

GCLK 1 47,972,352 Hz LXngs_ZKJ e |

X0SC GCLK Generator x (x=2-8) DiCLK 2 -
CLK 3 GCLK Input Output (10)
=" E2eH GOLK_IN
DFLL e CLK4 e
CLK 5 eai
03 DAL N
2 0SCULPA2K CLK6 N Lr e e ioa!
L5 ”

gz CLK 7 | GCLK 1f0 Confi.. |

e N c XOSC3K b
m_l GOLK_INO] L 184

[ . /{ ? CLK_CPU
32K High A GOLK1 £ R
{I_lmem'il oscltor = oscaM | DFLL 48M ‘ > CPU
32K Ultra Low Power oscuLPa2K — GCLK
> OSC32K Generator 1
32,768 Hz v v
'ﬁ XOSC32K GCLK
XIN32 (R— XO0R Multiplexer
j GCLK_PERIPHERAL
XOSC3 Z K R it f;l( Crystal Osallatu 32,768 Hz SYSCTRL _
[CRYSTAL  v|
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Lab8 System Clock DFLL48M

Setup Steps Overview

- XOSC f
Oscillators Controller GCLK Generator O M
=) oscam
8 MHz Internal y osceM FoRiE
i = CLK_CPU
DAL Main Clock —
[FRE.. v s
OsCULPR2 GOk _ 2
> » CPU
0SC32K 47,972,352 §z 47,972,352 Hz
XOSCIK
2 DIV1 v
I i
‘ Crystal Oscialitor GaKIN]
|CRYSTAL i
Fractional Digital Phase Locked Loop (FOPLL) |:] £ el el i
ik XOSC32K : i Peripheral Clock Selection
5 c X0sC M Peripheral Enable Source Peripheral Clock Frequency
ource N
GCLK) v H> = i itivi e swcowacore | []  [GCLKO - - ~
L Gak2 SERCOM3_CORE ] GCLKD  ~ -
i e SERCOM4_CORE ] GCLEO  ~ -
DAL _— SERCOMS_CORE [l GCLED  ~ -
OSCULP32K SaKs L SYSCTRL_DFLL4S M |oCLEl  ~ 32,768 Hz
0sC32K 32,768 H,GUJG T SYSCTRL_FDPLL L GCLED v -
“ SYSCTRL_FDPLL3K [] GCLEO =
ier) GCLKE e B L
s XOSCK - UL TC3, Tecz ] GCLED 47,972,352 He
= sakr Clock > ¥
Clock SOLKINE L J P s [ [6ClKo 47,072,352z
Source GCLKS T, TCC1 L] GCLEO  ~ -
2 Use ] GCLEO v~ -
|GCLK1 v S woT OO0  [ocLko - v
GCLK1 47,972,352 Hz )(mu Close
xosc
- LCEK3 ‘GCLK Input Output (10)
. i o] GCLK_IN[x]
DFLLASM Click — ClKs ‘_H_‘
: GOLKx
DAL : N X cak.ioix &
e '_L;|
. GCLK Output
{
;;K g§c = L@ GCLK /0 Configural P X
GeLKIN] \ ;
i Generator In/Out
.$2KHighA(curacy 0se2K GaK1 i ! GCLKO : out [|
i}lntemal Osdillator ~ q N 0 Ont
1 Out |
: =1 GCLK1:Out
32K Ultra Low Power OSCULP32K @ 3 In * u
Internal Oscillator i
32,768 Hz * I o o
5 In 0 0
'ﬁ [3 In 0 0
XOSC32K ‘ - — ° D
2enCre—+=1 Oscll
X0 M 32,768 Hz

3

|CRYSTAL v

@ MICROCHIP



Lab8 System Clock DFLL48M

Step 1

XOSC32K
X0ou

32 KHz Oscillators Controller

32 KHz Os=cillators Controller

32K High Accuracy

OSC32K

Internal Oscillator

3

CSCULP22K

32K Ultra Low Power
Internal Oscillator

>
32,768 Hz

XOSC32K

,

>
32,768 Hz

32,768 Hz |
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Lab8 System Clock DFLL48M

Step 2
GCLK Generator 1
XOSC \ GCLK Generator 1 \/ ¢

FOPLL

DAL

F ! GOk -
OSCULP3ZK ; :
05C32K 32,768 Hz
®OSC3K 32,768 Hz

155
GCLK_IMN[1] /( =1 3

HLRLEE

XOSC32K %@
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Lab8 System Clock DFLL48M

Step 3

Digital Frequency Locked Loop (DFLL 48Mhz)

Clock
- Si)urcg | N GGLK_DAL Digital Frequency Locked Loop (DFLL 48Mhz) z
GCLK1 E & DRLL
GCLK1 47,972,352 Hz
47,972,352 Hz
DFLL48M
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Lab8 System Clock DFLL48M

Step 4

XOSsC

GCLK Generator 0

oscem

\ GCLK Generator O )é

FOPLL

DAL

OSCULP22K

OSC32K

GCLKO

XOSC3K

GCLK_IN[O]

GCLK1

(O U —

47,972,352 Hz

@

Main Clock

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

Step 5
GCLK Input Output (10)
GLLE Input Cutput [10)
GOLK_IN[x] 2
= N
GCLKx e .
L b saiobd GCLK 1/0 Configuration
[ GCZLE /D Cenfli., ]—i. GCLK I/0 Configuration X
% Click
|
oGe erator In/Cut %ﬂﬁ{ﬂz} 47972352
| 0 Cut ut =\ 47972352
.1 . Ot JT @ 32768
2 n D N - 32768
3 In 0 U
4 In 0 0
X 5 In 0 0
Generator0 2 In 0 o
<
] ’ d : :
SYSCTRL
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Lab8 System Clock DFLL48M

Step 6

* Please disable BT3(PA15) GPIO pin function firstly and then reassign PA15 as GCLK 101

output pin.

[ Pin Table —. (= | PA15 (GCLK_101)
Fackage: TQFF4E Eg%g:%%g:ﬂﬂﬁlﬁlgaiﬁa
SMEME N EERERBEE S FHE R EE
Module Function 121314 15|16 (17 | 18| 19|20 |21 | 22|23 |24 | 25|26 | 27 | 28| 29
EIC_NMI
GCLE_IC0 (2 . !
GCLK_'O]. GCLE_ 101 \ R cI:|ICk Enable
GCLE_I02 w33
GCLE_1C3
GCLE GCLE_1C4
GCLE_IC5
GCLE_IC6
GFIO ST (D Click Disable
GPIO GPIO %
125_FS0
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Lab8 System Clock DFLL48M

Step 7 LED toggle period correct

=TS

-~ Counter Mode Counter 1 16-bit mode
~Select Prescaler  Prescaler: GCLE TCA024
- HERRTImer racolution is 213456284153 nS****

TC3 @ 48MHz

TC4 @ 48MHz

=-TC4

-~ Counter Mode Counter 1 16-bit mode
- Select Prescaler  Prescaler: GCLE TC/R256
- HERETImer racolution is 5336.40710383 nS****

- Operating Mode | Compare EHOperating Mode | Compare
- Compare £ Compare
- avefarm Mode Match Frequency ~Waveform Moda Match Frequency
 Counter Direction UP Count W ~Counter Direction UF Count i
- Period Value 46,8755 ] [ - Period Value 0,375 ]
o HEEE Timer Period 15 1000576.33197 us ***#* S HEEE Timer Period 15 30028.8165984 ys *
-~ Compare Yalue o4 - Zompare Yalue 24
- - PRI - - PRI

Correct Period Value to 46875
to get = 1sec period

Correct Period Value to 9375
to get = 50ms period
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Lab8 System Clock DFLL48M

Step 8

* Click ﬁ'&&;*' to Generate Code and save changes to MHC

configure file.

2 MPLABR Harmony Configurator - default

-

File Generate Tools U‘-'-‘--—‘-‘-’--'jn' alalnis W
Click J
L RE A2

R Care >
[ Active Components Gmte Code ‘ [l Project

X oRER 4 X omi

2 Generate Project e

1. Confipure Generation Settings

[ Generate Settings
Merge Strategy [USEE_ALL ~|7

(Monse over a property for detailed help)

|
2. View Warnings
Type Description

2 Generating Project.. X

Task Type Remaining Total

File Marknp 0 56

File Copy 3 56

Libraries 0

Settings 4 /

Source Paths 0 /

\ s added to the project. Di{ Generate ]custom linker script.
Generating file: D:\Har menyFramework_3.3.0Mev_packs'ar m\CMSISAS. 4 0 MSIS\DEF Ineludelarm_commeon_tables.h Generate Cancel
Flease Wait. ..
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Flash Access Time and Wait State

 MHC will auto adjust proper NVM Wait State, also.

plib nvmctrl.c
void NVMCTRL _ Initialize(void)

{

NVMCTRL_REGS->NVMCTRL_CTRLB =
NVMCTRL_CTRLB_READMODE_NO_MISS_PENALTY |
NVMCTRL_CTRLB_SLEEPPRM_WAKEONACCESS |
NVMCTRL_CTRLB_RWS(1) |
NVMCTRL_CTRLB_MANW._MsKk;

NVM Wait States Maximum Operating Frequency

1.62V to 2.7V 14 MHz

2.7V to 3.63V

VDD = 3.3V

48 | CPU_CLK = 48MHz
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Lab8 System Clock DFLL48M

Clock Output
Arduino UNO Socket

PA1l 7 DO/RX
PA10 8 D1/TX
PAOS 9 D2
PAO9 10 D3/PWM
PA14 11 Y
lEAl 5 ! 12 .,

D5/PWM
PA20 13 D6/PWM
PA21 14 D7

PA15 (D5)

PA14 (D4)
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Lab8 System Clock DFLL48M

Clock Output

w18 s 38
R ] g 428 4
CH1 #g %2

47 62 MHz

CH1 J 84

21.00 ns

r"l.l'1 —— B 41

PA15 (D5)
PA14 (D4)

e
T
)
I
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Pin Multiplexer (PINMUX)
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What’s PINMUX ?

PORT

Peripheral Mux Select

Port Line
Bundles

PERIPHERALS

l/O
PADS

Digital Controls of Analog Blocks

Analog Pad
Connections

ANALOG
BLOCKS
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What’s PINMUX ?

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

Function Groups (A~ H)

15 23 31 PA14 | VDDIO | EXTINT[14] SERCOM2/ SERCOM4/ | TC3/WO[D] TCCO/ GCLK_I0[0]
PAD[2] PAD[2] WO[4]

16 24 32 PA15 | VDDIO = EXTINT[i5] SERCOM2/ SERCOM4/ | TC3/WO[1] TCCO/ GCLK_IO[1]
PAD[3] PAD[3] Wo[s]

19 27 37 PA18 | VDDIO | EXTINT[2] X[6] SERCOM1/ SERCOM3/ | TC3/WO[0] TCCO/ AC/CMP[0]
PAD[2] PAD[2] wo[2]

20 28 38 PA19 | VDDIO | EXTINT3] X[7] SERCOM1/ SERCOM3/ | TC3/WO[1] TCCO/ 125/SD[0] ACICMP[1]
PAD[3] PAD[3] wo[3]

21 31 43 pa22 | VDDIO | EXTINTIE] X[10] SERCOM3/ SERCOMS/ | TC4/WO[D] TCCO/ GCLK_IO[6]
PAD[0] PADIO] WO[4]

22 32 44 Pa23 | VDDIO | EXTINT[7] X[11] SERCOM3/ SERCOMS/ | TC4/WO[1] TCCO/ USBISOF | GCLK_IO[7]
PADI[1] PADI[1] Wo[s] 1kHz

Pin Name
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PINMUX PLIB Analysis

main() @ main.c

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

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

SYS_lnitialize() @ initialization.c | ®3F  PMUX15]

0x40 | PINCFGO DRVSTR PULLEN INEN | PMUXEN
PORT _Initialize(); PINCIFG_ |
0x5F | PINCFG31 DRVSTR PULLEN INEN | PMUXEN
PORT _Initialize() @ plib_port.c INEN!/|PMUXEN

PORT_REGS->GROUP[0].PORT_DIR = 0x120200;
PORT_REGS->GROUP[0].PORT_OUT = 0x200;

PORT_REGS->GROUP[0].PORT_PINCFG[14] = 0x3; PA14 (GCLK_100) INEN = 1 (Button)
PORT_REGS->GROUP[0].PORT_PINCFG[15] = 0x3; PA15 (GCLK_101) INEN = 1 (Button)
PORT_REGS->GROUP[0].PORT_PINCFG[18] = 0x1; PA18 (TC3_WOO0)
PORT_REGS->GROUP[0].PORT_PINCFG[19] = 0x1; PA19 (TC3_WO1)
PORT_REGS->GROUP[0].PORT_PINCFG[22] = 0x1; PA22 (TC4_WOO)
PORT_REGS->GROUP[0].PORT_PINCFG[23] = 0x1; PA23 (TC4_WO1)

PORT_REGS->GROUP[0].PORT_PMUX[9] = Ox44; PMUX[9] : PA19, PA18
PORT_REGS->GROUP[0].PORT PMUX[11] = 0x44; || PMUX[11] : PA23, PA22

PORT_REGS->GROUP[0].PORT_PMUX[7] = 0x77; PMUX[7] : PA15, PA14
|
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PINMUX Configuration Example

2 MPLAB Harmony Configurator - default* - X
File Generate Tools Utilities Window
) P ) | wEPood Framework: D:HarmonyFramevrork_3.3.04
(1 Active Components = F4 1) (] Pin Settings = B 1 % ||(] Pin Diagram =0 x
x ‘ CRER4 Order: Pins ~ Table View [“] Easy View Unavailable
~ CMSIS Pack Pin i ; Available
Device Fa m”y Pack (DFP) Humber Pin ID Custom Name Funstion Mode Direciion Latch Full Up  Pull Down Assignad
EVSYS 15 PALL Available ~| Digital | HghL.. ~| Low O O ~
NVMCTRL 17 VDDIO Digital | HighL.. Low O O Z%Jo 5
i =05
System ® g eI e L g U 8%‘5988%?@%%25&
TC3 19 PE1D Available ~| Digital || HighL.. ~ Low O O §§§§>>O§§§E§
TCa 0 PB11 Available w| Digital | HghL.. ~|  Low O O il e D i)
2 PAL2 Avaizble | Digital || tight.. ~|[ Low [l Ol O 484746454443424 140393837
2 PA13 Availabl FighL.. Pa00 01 3 [ YDDIC
== > Digtl jrcht || Low U u a0l 02 35[0 GNDIG
23 PAL4 GCLK_I0D GCLK_IOD v| Digital |[In y nfa ] [l PAOS E 3 En % PADS
s Pa03 O 4 33 0 PAZA
24 PA1S GCLK_101 GCLK_I01 v| Digital |[In : afa ] [l GNDANA O 5 20 o4 wol
25 PAS Available v| Digital || HighL.. ~| Low ] [l VDDF}}EI}J% Eg ATSAMDZLGLEA %é% gcglwoo
2% PAL7 LED3 GPIO ~| Digital | out | Low PE0 O £ %0 0 LEDL
27 PALS TC3_Woo TC3_WOo0 v| Digital | Hehr. - nha ] ] PADA O 9 22 0 TC3_WO1L
— PADS O 10 27 B TC3_WO0
3 PAL9 TC3_ W01 TC3_ W01 | Digital | HighL.. = nfa 1 | Pacs O 11 % 0 LEDS
2 pAz0 LEDL GPIO v | Digital | out v| Low PA07 O 12 25 0 Fals
30 PA21 Available ~| Digital | HighL.. ~| Low O O BEEEEEBEE{%E%
31 PAZZ TC4_ W00 TC4_ W00 ~| Digital | HghL.. - nfa O O BNS-ooSoangz
32 PAZ3 TC4_ W01 TC4_WO1 ~| Digital | HghL.. - nfa O O = = b 8 % Q@ ;,;,
33 PA24 Available v| Digital | HighL.. ~ Low O O =il a4
3 PAZS Available v| Digital || HghL.. v| Low ] O o
35 GNDIO Digital | HighL.. ~| Low ] ]
3 \DIO Digital | HighL.. | Low ] ]
7 PB22 Available v| Digital || HighL.. ~| Low ] O
8 PB23 Available v| Digital || HghL.. ~| Low ] O
q PAZT Availahle Thimital | HiohT 1 na 1 M hal | S >
(1 Available Components | (1 Active Compenents (1 Project Graph | [ Pin Settings (1 Cenfiguration Optiens | (1 Help | (] Pin Diagram
(1 Pin Table =F 8 %
== oo i = == ole = |38 =
. < | < == - 218 =2 =
Package: |TQFP48 S E B EEE R HE BB EEE BEE BB B E EE R e EE EEE HE R R E R EEEEEEE
ol Il el Il il o el Il I Il el Il e el ol ol vl Il ol el sl el S S el el A = Il el = el e = = e s R
Module Function tlzl3lals|el7|s|olwlt|z|zlis|s|ir|is]e|zo]zr|2z|23|za) 25 26|27 2820|3031 (32|33 34 |35| 3 | 27 |38 |39 |40 | 41|42 | 43| 42|45 | 46 | 47 | 48
GCLE_IST ~
GPIO GFIC
125_Fs0
125_MCKO v
(] Console (] Pin Table
Welcome to the MPLAE Harmeny Confignrator!
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PINMUX PLIB Analysis

PA14 (7) 1 PA14 VDDIO | EXTINT[14]

PA15 (7) 2 PA15 VDDIO | EXTINT[15]

PA18 (4) 7 PA18 | VDDIO | EXTINT[2] X[6]

&
)
&
w

PA19 (4) VDDIO | EXTINT[3] X[7]

[
)
B
ra

VDDIO | EXTINTIG] X[10]

PA22 (4)

PAZ3 (4) 4 PA23 VDDIO EXTINT[7] X[11]

Tc¥mee

SERCOM2/ SERCOM4/ | TC3/WO[D]
PAD[2] PAD[2]

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

AC/ GCLK

GCLK_lO[0] || °""

GCLK_lOo[1] || °*""

TC3/W0[0] 3 | Tcaworo]

TC3/W0[1] y | TC3awor]

TC4/WO[0] 5/ | Tcaworo]

TC4/WoO[1] © | =

PORT_REGS->GROUP[0].PORT_PMUX[7] = 0x77;
PORT_REGS->GROUP[0].PORT_PMUX[9] = 0x44;
PORT_REGS->GROUP[0].PORT_PMUX[11] = 0x44;

TCCO/ AC/CMP[0]

wo[2]
TCCO/ 125/SD[0] ACICMP[1]
wo[3]

TCCO/ GCLK_IO[6]
WO[4]

TCCO/ USBISOF | GCLK_IO[7]
Wo[s] 1kHz

PA15 (7), PA14 (7)
PA19 (4), PA18 (4)
PA23 (4), PA22 (4)

ﬁ'\ MICROCHIP



SERCOM — UART Architecture
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SERCOM! Introduction

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

* 12C SERCOM
* SPI T — —
* USART : RS232, RS485, IrDA - T ——
* There are up to six instances A | woea
of the serial communication

interface SERCOM peripheral.

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

* Pin Multiplex

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

SERCOMO

SERCOM1

SERCOM2

SERCOM3

SERCOM4

SERCOM5

00 6 O O6 0 0 0o O 6 0 o O

VDDIN
Y¥DDOORE

PB03
PB02
ol RESET N

Ll GNDIO
W PA2T

EN PA28

43

|
MicracHIP .
7 P2t
10 27 |

S SRlI=F(=KI=§]=

0
L
@
B
¥

OIOND |
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SERCOM! Introduction

* Pin Multiplex in Harmony (Clear)

(] Fin Table
Fackage: TOFP4E -

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

4?|48|?|8|19|20|3'?|38

A

B

0

1

2

3

4

3

B

7

g

9

10

11

12

13

14

15

16

17

18

19

20

el

22

23

24

25

27

28

30

31

2

3

8

9

10

11

22

23

SERCOMD_FPADO

SERCOMO_PAD]

SERCOMO

SERCOMO_PADZ

SERCOMD_FAD3

SERCOMI_FPADO

SERCOMI_PADI

SERCOMI

SERCOMI_FADZ

SERCOMI_FPADS

SERCOMZ2_PADO

SERCOMZ_FADI

SERCOMZ

SERCOM2_PADZ

SERCOMZ FPADS

SERCCOM3_FADO

SERCOM3_PADI

SERCOM3

SERCOMS_PADZ

SERCOMS_FPADZ

SERCOM4_FADD

SERCOM4_PADI

SERCOM4

SERCOMA_PADZ

SERCOM4_FAD3

SERCOMS_FPADO

SERCOMS_PADI

SERCOMS

SERCOMS_FADZ

SERCOMS_FADS
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SERCOM! Introduction

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

* Single data direction mode frees
unused MISO or MOSI pin

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

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

ea M 100us T Pos: 10.00% 52 MHz
B:-1.5 4.50 KHz |
o N e
t | 51.5us=19417.48Hz | | e
"""""" T [ F e oy CFH*%EE
e
e e S
[ | ! H ! ! ' 156 us |
? U TRV OO L O N NS S
o000 0]ifof
D 1 5 FEL VDU N UORRNR VO R

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

A
1
1 : 0 ]
! e ittt ettt > €=
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
ntomal !
asynchronous and i_i'—{ SR G |

syn Ch ronous CTRLA MODE M-12 -116
(9) pe rat i on 4}—»{ TX Shift Register | (] TxD

xck <]
CTRLAMODE —————»{  RX Shift Register }«—B RxD

l

—®»  Status RX Buffer
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Add SERCOM Function using MHC

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

(1 Active Compenents =H O (] Active Componen ACtive components
X ETmEm4e XICRER %
o cMsIis pgck 0 e CMSIS Pack
----- Device Family Pack (DFP} ¢ | Device Family Pack (DFP)
""" EVSYS ..... EVSYS
""" NVMCTRL NVMCTRL
i System
...... TC3 System SERCOMS
______ TC4 - TC3
..... TC4
E'-A\’aﬂable Components - Dl (1 Available Components =38
. +
= pM Available Components — .
® RTC @ RTC
= SERCOM = SERCOM
- SERCOMO - SERCOMO
rncom: IR - SERcon:
» ERCOM2
~sercoms | - SERCOMS - SERCOM3
""" SERCOM4 R SERCOM4
..... . Ea TC
Double click  TCC
— [+ Tranle v
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SERCOM USART Polling

Configuration Options Example

] ICnnfigumﬁnn Options p ﬁ =

(=] #

= SERCOMS

& Select SERCOM Operation Mode | USART withinteral Clock
- Operating Mode Blocking mode w
- Receive Enable
- Transmit Enable
-~ Frame Format UELART frame e
-Baud Rate in Hz 5,600 -2
- Parity Mode Ho Paritr
- Character Size 8 Bite
- Stop Bit Mode Cme Stop Bit
- Raceive Pinout SERCOM PAD[3] iz used for data reception
~Transmit Pinout PAD[Z] = TxD PAD[3] = ECEK e
- Enable Run in Standby [
" (] Help | [] Configuration Options
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APP045 SERCOM USART Schematic

oy [y =
>
wn| < o 5 e e I e
rY Sl [24 &l [a Zlal<lala
[Sa] (44 o] [S3] faW JEa] [Sa]
EREE :
"Tr-ﬁl‘-.% (o] Rand £==1 [=2] £=:=] L
Al ola p21618a-auT | T T T TS
| @Ww —
e o— Z I o0
o= =z, L] [aa]
RELERS0EE
> A P 36
L PAOO VDDIO —52
- GND 5
- PA2S ==
| PAO3 PA24 —=
. GNDANA PA23 —7
. VDDANA PA22 —=
. PBOS PA21 —55
. PB09 PA20 —5%
' PAO4 PA19 —5=
| PAO5 PAI8 —5=
. . s PA0G PAL7 —53
Programming EDBG RX PB22 SERCOMS PAD2 = PAO7 PAIG |

usa —n SAMD21

—_— o — — —

PB23 SERCOMS5 PAD3

——
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SERCOM USART

PINMUX Configuration Example

 SERCOM allow limited alternate pad index assighment.

* Forexample: PB22 as SERCOMS5_PAD2
PB23 as SERCOM5_PAD3

samoz1y __Ec__Rer _Adc | Ac_ PTc_ Dac_ sercom?)d) Tce | __com __ aci ook

)| | A" | TsErcoms/paD[2] | "
sz3 PB23 || VDDIO | EXTINT[7] SERCOMS/ T]SERCOMS/PAD'B] (GCLK_IOU]
PADI[3] -

(] Pin Tabls = @I:I\l
L delolel 1 1 |

)

A = | = E|E olefz|8

Package: TQFP43 v w24 | o | =, ==l ey g
o :3/8|5|8|2|2]8 222121212 |55 |5 | 3PB22 (SERCOMS_PAD?2)
Module Function 22|23 |24 25|26 |27 |28 (20 (30|31 3233 |34]|35|36]37 38|39 PB23 (SERCOMS PAD3)

SERCOM4_PAD3
SERCOMS_PADD
SERCOMS_PADI
SERCOMS_PADZ
SERCOMS_PAD3 [

SERCOMS5 SYSCTRL_XIN

SERCOMS
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SERCOM USART

PINMUX Configuration Example

 Remember arrange pads function in SERCOM module.

SERCOMS5 PAD[2] as USART TXD (PB22)
SERCOMS5 PAD([3] as USART RXD (PB23)

* For example :

(] Configuration Options - ﬁln

=l [+

=+ SERCOMS

- Select SERCOM Operation Mode | USART with intemal Clock +

-Operating Mode Blocking mode Operating Mode is used for Blocking mode
~Receive Enable
~Transmit Enable
- Frame Format URART frame w
~Baud Rate in Hz 5,000 2
- Parity Mode Mo Party
~Character Size B Bits v SERCOM PAD[3] is used for data reception
~Stop Bit Mode Cine Stop Bit
- Receive Pinout SERCOM PAD[3] iz vzed for data reception. -
~Transmit Pinout [ PAD[Z] = T:D; FAD[3] = XCK v ]
~Enable Run in Standby [ ]

| SERCOM PAD[2] is used for data transmission
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SERCOM USART Polling

Interface Routines

void SERCOM5_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 SERCOMS5_ 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 SERCOMS5_USART _ReadByte( void );

USART_ERROR SERCOMS5_USART_ErrorGet( void );

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

{

}

int main (void)

SYS_lInitialize ( NULL );

while(1)
{

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

* Tera Term is a terminal console software.
(http://ttssh2.sourceforge.jp/index.html.en)

* Select COMxx: USB Serial Device (COMXxXx)
* Set 9600-N-8-1.

W Tera Term - [disconnected] VT

File Edit Setup Control Window Help

T
Tera Term: New connec tion >
Setup 9600-N-8-1
O TCPIP myhost.example.com S :
- Serial port .
e p COM20
Telnet Serial port. 3600
SSH Proxy... 8 bit
Other .
UNSPEC SSH... none
SSH Authentication... Stop bits: 1 bit » Help
@® Serial Port: COM20: USB [£F55E [COM20) v SSH Forwarding...
Flow control: none v
SSH KeyGenerator...
Cancel Help
TCP/IP... Transmit delay
General...

:I] msecfchar ll] ‘ msecfline

COMxx: USB Serial Device (COMXxx)

Additional settings...

Save setup...
Restore setup...

Setup directory...

Load key map...
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http://ttssh2.sourceforge.jp/index.html.en

Lab9 SERCOM - UART Tx Polling

* Try to add SERCOM-USART function to project.

 UART set to 9600-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 (0x0A)

eLet’s go!
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Lab9 SERCOM - UART Tx Polling

Step O

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

[ Active Components

X omEE4+

=& 0

-~ CMSIS Pack

~ Device Family Pack (DFP)

..... EVSYS
~ NVMCTRL

[ Awvailable Compeonents

- 70

(] Active Componen

Active Components

XOEREDRE 4

""" CMSIS Pack

..... EVSYS
""" NVMCTRL

----- Device Family Pack (DFP)

""" Sysstem SERCOM5

4

- PM

Available Components

(] Awvailable Components

+

=HO8

# RTC

= SERCOM

~ SERCOMO
-~ SERCOM1
~ SERCOM2
~ SERCOM3
~ SERCOM4

SERCOM
- SERCOMS5

Double click

# RTC

= SERCOM

~ SERCOMO
- SERCOM1
ERCOM2
~ SERCOM3
- SERCOM4
wTC

# TCC

F- Tanle
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Lab9 SERCOM - UART Tx Polling

Step 1

(] Contiguration Options = B4 |
=] [+
5-SERCOMS USART with internal Clock
£} Select SERCOM Operation Made | USART with intemal Clock +
- Operating Mode Blockingmode  + Blocking mode
- Receive Enable
~Transmit Enable
~Frame Format USART frame =
~Baud Rate in Hz 5,600 2] 9,600
- Parity Mode Mo Parity No Parity
~Character Size d Bits 8 Bits
- Stop Bt Mode o™~ | One Stop Bit
~Receive Pinout SERCOM PAD[Z] = SERCOM PAD|3]
~Transmit Pinout PAD[Z] = T2D; PAD[3] = XCK ~ li
~Enable Run in Standby [ | Sliloly oz |

" (] Help | [] Configuration Optinns
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Lab9 SERCOM - UART Tx Polling

Step 2

(] Pin Table — [PB22 =& O
Fackage: TOQFP48 -~ Ml MI o E| E| - | = E| E| 22 = 8 = —_
- e N E MR EEE R L S EEEEEE
mwwmqhhthhmmwbﬁﬁ Dbbmmﬁg
Tl Byt 22|23 24|25 26|27 28|20 30 31|32 |33 |34 | 35|36 |37 | 38 | 30 |40 | 41 |42 | 43 | 44 |45 | 46 | 47 | 43
SERCOM4_PAD3
SERCOMS_PADO
SERCOMS _PAD1
SERE0ND SERCOMS_PADZ [\
SERCOMS_PAD3 Click
SERCOM5
SYSCTRL_KIN
I D o [\// [ [
(1 Pin Table =
— o o (= =) PB22 (SERCOM5_PAD2)
Package: | TQFP4S o%[%|e|=|Z 52555 zc|2 2122 -
- — Al =lO| oo |l0 | e = | = o | oe | S
£|5(8|£|2(8[8|8]2|5[B| 2| 2|28 ]5] | .
Module Function oo l23|oalas o6 |27 28|20 | 303132 33|34 35| 36 |37 | 38 | 30|40 | 41| 42 | 43 | 44| 45| 46 | 47 | 48

SERCOMN4 PADS
SERCOMS PADD
SERCOMS_FADI
SERCOMS_PADZ
SERCOMS PADS .

Green is Enable

SYSCTREL_¥IN T B B E— —
[

SERCOMS

AT TS T T InLT

@ MICROCHIP



Lab9 SERCOM - UART Tx Polling

Step 3

* Click ﬁ'&&;*' to Generate Code and save changes to MHC

configure file.

2 MPLABR Harmony Configurator - default

-

File Generate Tools U‘-'-‘--—‘-‘-’--'jn' alalnis W
Click J
L RE A2

R Care >
[ Active Components Gmte Code ‘ [l Project

X oRER 4 X omi

2 Generate Project e

1. Confipure Generation Settings

[ Generate Settings
Merge Strategy [USEE_ALL ~|7

(Monse over a property for detailed help)

|
2. View Warnings
Type Description

2 Generating Project.. X

Task Type Remaining Total

File Marknp 0 56

File Copy 3 56

Libraries 0

Settings 4 /

Source Paths 0 /

\ s added to the project. Di{ Generate ]custom linker script.
Generating file: D:\Har menyFramework_3.3.0Mev_packs'ar m\CMSISAS. 4 0 MSIS\DEF Ineludelarm_commeon_tables.h Generate Cancel
Flease Wait. ..
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Lab9 SERCOM - UART Tx Polling

Step 4

Q Add code segment to your main loop
void TC3_Overflow(TC_COMPARE_STATUS status, uintptr_t context)

if( status & TC_INTFLAG_OVF_Msk)
LED1 Toggle();

/[ TODO 9.01
SERCOM5 USART_Write( "Hello world!\r\n", 14 );

¥
k

int main (void)

SYS |Initialize (NULL );

}

O Program firmware to target board

then observe result. |
@Mlcnocmn



Lab9 SERCOM - UART Tx Polling

Result

v COMG - Tera Term VT

File Edit Setup Control

Hello Yorld!!
Hello World!!
ello World!!

ello World!!
Hello World!!

Window

Help
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SERCOM USART Interrupt

Configuration Options Example

 SERCOM provide callback(interrupt) mode, also.

1 I
(] Confignration Options - ﬁ M [ NVIC Settings I ﬁ M %
=1 [+ Vector Humber Vector Enable IEDHZIIl-Itfg;]wst} Handler Wame
EH-SERCOMS 3 RTC (Real Time Counter) ] |3 “ | RTC_Handler ~
£ Select SERCOM Operation Mode  TSART with internal Clock 4 EIC (External Interrupt Controller) N « | EIC_Handler
- Operating Mode Won-blocking mode Non'bIOCking mode I 5 MNVMCTRL (Non-Volatile Memory Controller) O 3 “ | NVMCTRL_Handler
.Receive Enable 6 DMALC (Direct Memory Controller) O 3 ~ | DMAC_Handler
. 7 USE {lUniversal Serial Bus) 3 ~ | USB_Handler
~Transmit Enable N
USART § 3 EVSYS (Event Systems) ] 3 ~ | EVSYS_Handler
2t iz - g SERCOMO (Serial Communication Interface 0) ] 3 ~ | SERCOMO_Handler

~Baud Rate in Hz 56002 10 SERCOM1 (Serial Communication Interface 1) 0 |3 “ | SERCOM1_Handler

~Parity Mode No Parity 11 SERCOM2 (Serial Communication Interface 2) RRE + | SERCOM2_Handler

-Zharacter Size 8 Bits 12 SERCOM3 {Serial Commurnication Interface 3) O

. . : — Check Enable Interrupt
- Stop Bit Mode One Stop Bit - 13 SERCOM4 (Serial Communication Interface 4) D & Yo T
- SERCOM PAD[3] is vsed for dats reception 14 SERCOMS (Serial Communication Interface 5) 3 ~ | SERCOMS5_USART_InterruptHandler
. 15 TCCO {Timer/Counter for Control Applications 0) 3 ~ | TCCO_Handler
~Transmit Pinout PAD[Z] = T:D; PAD[3] = XCK v =
. 16 TCC1 {Timer/Counter for Control Applications 1) O 3 ~ | TCC1_Handler
~Enable Run in Standby |:| 17 TCC2 (Timer/Counter for Control Applications 2) ] 3 ~ | TCC2_Handler W
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SERCOM USART Interrupt Callback

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 );

size_t SERCOM5_USART_WriteCountGet( void );

void SERCOM5_USART_WriteCallbackRegister( SERCOM_USART_CALLBACK
callback, uintptr_t context );

bool SERCOMS5_USART Read( void *buffer, const size_t size );

bool SERCOMS5_ USART _ReadlsBusy( void );

size_t SERCOM5_USART_ReadCountGet( void );

void SERCOM5_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 TxRx 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-Sho

SYS_|Initialize ( NULL );

Callback Register
SERCOMS USART_ReadCallbackRegister( USART5_Receive, (uintptr_t )NULL );
SERCOMS5_USART_WriteCallbackRegister( USART5_Transmit, (uintptr_t )NULL );
SERCOMS5_USART_Read( USART5_ReceiveData, 1); o
while(1)
{ ..

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 C provided string functions to convert multi
valuables to an output string.
Here to introduce two string functions sprintf( ) and strlen( ).
* int sprintf(char *s, const char *format, ...);

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

* size_t strlen(const char *s);

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

* For example

uint8_t USARTRTxBuffer[100];

uintl6_t USART5_ReceiveData;

sprintf((char *) USARTRTxBuffer, "Received Data : %1c\r\n", USART5 ReceiveData);
SERCOM5_USART_Write( USARTRTxBuffer, strlen((char *)USARTRTxBuffer));
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Lab10 SERCOM - UART TxRx Interrupt Callback

* Try to enable SERCOM-USART Interrupt Callback driver.

* Modify polling transmit function to asynchronous function.

* Add new USART receive function base on interrupt callback function.

* Try to receive character from PC and loopback to TeraTerm as string
format “Received Data : x” .

 SERCOM - UART setting same as Lab9

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

Step 1

=1 [+

E-5ERCOMS

1 I
Contfiguration Options (] WVIC Bettings = B %
[ =] =
Vector Humber Vector Enable IEDHZIIl-Itfg;]wst} Handler Wame
3 RTC {Real Time Counter) ] 3 ~ | RTC_Handler -
£ Select SERCOM Operation Mode  TSART with internal Clock 4 EIC (External Interrupt Controller) N « | EIC_Handler
- Operating Mode Won-blocking mode Non'bIOCking mode I 5 MNVMCTRL (Mon-Volatile Memory Controller) O 3 ~ | NVMCTRL_Handler
--Receive Enahle ] DMAC (Direct Memory Controller) O 3 ~ | DMAC_Handler
. 7 USE {lUniversal Serial Bus) 3 ~ | USB_Handler
~Transmit Enable N
USART ¢ 8 EVSYS (Event Systems) ] 3 ~ | EVSYS_Handler
Frame Format - g SERCOMO (Serial Communication Interface 0) ] 3 ~ | SERCOMO_Handler
~Baud Rate in Hz 560012 10 SERCOM1 (Serial Communication Interface 1) 0 |3 “ | SERCOM1_Handler
~Parity Mode No Parity 11 SERCOM2 (Serial Communication Interface 2) RRE + | SERCOM2_Handler
-~ Character Size g Bitz 12 SERCOM3 (Serial Communication Interface 3) [l ChECk Enable Interrupt
- Stop Bit Mode One Stop Bit - 13 SERCOM4 (Serial Communication Interface 4) D , Yo T p
e SERCOM PAD[3] is used for data reception 14 SERCOMS (Serial Communication Interface 5) 3 ~ | SERCOMS5_USART_InterruptHandler
L. 15 TCCO {Timer/Counter for Control Applications 0) 3 ~ | TCCO_Handler
~Transmit Pinout PAD[E] = TxD; PAD[3] = HCK w -
. 16 TCC1 {Timer/Counter for Control Applications 1) O 3 ~ | TCC1_Handler
~Enable Run in Standby |:| 17 TCC2 (Timer/Counter for Control Applications 2) ] 3 ~ | TCC2_Handler W
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Lab10 SERCOM - UART TxRx Interrupt Callback

Step 2

« Click 5= to Generate Code and save changes to MHC
configure file.

2 Generate Project

2 MPLABR Harmony Configurator - default

-
1. Confipure Generation Settings

File Generate Tools Y===smti—tyw 5 Generate Sofgs — _
CI|Ck } Merge Stratagy USER_ALL ~|Z
I o o | [.,;L-.'.-cl;' >

[ Active Components Gmte Code ‘ [l Project
x | @ G E G * x | E G i (Monse over a property for detailed help)

2. View Warnings

Type Description

2 Generating Project.. X

Task Type Remaining Total

File Marknp 0 56

File Copy 3 56

Libraries 0

Settings 4 /

Source Paths 0 /

\ s added to the project. Di{ Ge ate ]custom linker script.
o o
Flease Wait. .
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Lab10 SERCOM - UART TxRx Interrupt Callback

Step 3

e Create UART TxRx Callback function, related buffer and

// 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 TxRx Interrupt Callback

Step 4
e Add code segment to your main loop

int main (void)

// TODO 10.03

SERCOM5_USART_ReadCallbackRegister( USART5_Receive, (uintptr_t )NULL );
SERCOM5_USART_WriteCallbackRegister( USART5_Transmit, (uintptr_t )NULL );
SERCOM5_USART_Read( USART5_ReceiveData, 1 );

while(1)

{ ..
/[ TODO 10.04
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 TxRx Interrupt Callback

Step 5

e Modify TC3 Callback for UART Tx
void TC3_Overflow(TC_COMPARE_STATUS status, uintptr_t context)

if( status & TC_INTFLAG_OVF_Msk)
{
LED1 Toggle();

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

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

h
¥

int main (void)

SYS |Initialize (NULL );

}

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

Result

W COMY7T - Tera Term VT — O X

File Edit Setup Control Window Help

Hello world!

Received

Received Data :

Received Data :

Received Data : s

Received Data :
Hello world!

Received Data : 7
Hello world!
Hello world!
Hello world!
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Lab1l1 SERCOM - UART TxRx Interrupt Callback with myprintf

* Try add myprintf code for user code.

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

* SERCOM - UART setting same as Lab10

eLet’s go!
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Lab1l1 SERCOM - UART TxRx Interrupt Callback with myprintf

Step 1

©

Add software flag control of TC3 and TC4.

/[ TODO 11.01
#include <stdarg.h>
#define SYS_CONSOLE_PRINT BUFFER_SIZE 200

static char consolePrintBuffer[SYS_CONSOLE_PRINT_BUFFER_SIZE];
/[ TODO 11.02

volatile uint8 t TC3 IsOverflow
volatile uint8_t TC4_IsOverflow

9;
9;

void TC3_Overflow(TC_COMPARE_STATUS status, uintptr_t context) /* CallBack */
if( status & TC_INTFLAG_OVF_Msk )

// TODO 11.03
TC3_IsOverflow = 1;

}
}

void TC4_Overflow(TC_COMPARE_STATUS status, uintptr_t context) /* CallBack */
if( status & TC_INTFLAG_OVF_Msk)

/[ TODO 11.04
TC4_IsOverflow = 1;

¥
s

ﬁ\ MICROCHIP



Lab1l1 SERCOM - UART TxRx Interrupt Callback with myprintf

Step 2

e Add code segment to user code.

void TC4_Overflow(TC_COMPARE_STATUS status, uintptr_t context) /* CallBack */
{

¥
/[ TODO 11.05
void myprintf(const char *format, ...)

{
size_t len = 0;
va_list args = {0};
va_start(args, format);
len = vsnprintf(consolePrintBuffer, SYS_CONSOLE_PRINT_BUFFER_SIZE, format

» args);
va_end(args);

if ((len > @) & (len < SYS_CONSOLE_PRINT BUFFER_SIZE))

{
consolePrintBuffer[len] = '\0';
SERCOM5_USART_Write(consolePrintBuffer, len);
while (SERCOM5_USART_WriteIsBusy());

}
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Lab1l1 SERCOM - UART TxRx Interrupt Callback with myprintf

Step 3

e Add code segment to your main while loop.
while(1)

/[ TODO 11.06
if (TC3_IsOverflow)

{
TC3_IsOverflow = 0O;

LED1_Toggle();
myprintf( "Hello World!!\r\n" );

}

if (TC4_IsOverflow)

{
TC4_IsOverflow = 0O;

LED2_Toggle();
}

If( USARTS_IsReceived )

/[ TODO 11.07
myprintf( "\r\nReceived Data : %1c\r\n", USART5_ReceiveData[@] );
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Lab1l1 SERCOM - UART TxRx Interrupt Callback with myprintf

Result

Ml COMT - Tera Term VT

File Edit Setup
Hello world!

Control

Received Data :

Received Data :

Received Data :

Received Data :

Received Data :

Hello world!

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

Window

Help
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High Speed ADC Architecture
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What’s ADC ?

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

domain.

Quantify

111

110

101

100

011

010

001

000

A

N

\\O

N

| >

Sample Time
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Resolution

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

Quantify

A

1111
1110
1100 o
1011 4

1010

1001
1000
0111 o
0110
0101 A4
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
A

1111
1110
1100
1011
1010
1001
1000
0111
0110

o1 A

0100
0011
0010

0001
0000

=

N

e

S

)

O
A
o)

S

5

N
| I’

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.

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

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

 External or Internal reference voltage.

* Oversample accumulation
average and window monitor
feature.

AN, — Vper_
Reusult,, = (V i VRef X 2"> -1
Ref+ = Y Ref—
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ADC Channel Selection & Gain

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

Temperature Sensor — Gain Ox2 4X
Bandgap (1.1V) voltage — ;
0x3 8X
1/4 core supply — :
1/4 10 supply — i Ox4 16X
DAC output —1 ADC Ox5-0xE Reserved
Negative OxXF 1/2x
AIN[O] T :
AIN[7] Gain
GND —
IOGND —
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ADC Reference Voltage Selection

Positive

Negative

VREF

INTIY ]
INTVCCO —
INTVCC1 —

VERFA
VREFB
/

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

REFSEL[3:0] Name Description

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

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

| Gain |
ADC

| Gain |
CLK_ADC

DIvV4

A

DIV8

A

DIV512

Prescaler

GCLK_ADC
4—

PRESCALER[2:0] | Name

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

DIV4
DIV8
DIV16
DIV32
DIV64
DIV128
DIV256

DIV512
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ADC Trigger Source

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

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

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

ﬁ\ MICROCHIP



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.

Analog Signal

<— Propagation Delay of ADC

»
»

y

)

Sample Conversion

Start
Conversion

Start
Sample

\ 4

ADC
Done

N A L

Resolution bits
fc.k_apc ADC Clock frequency 30 2100 kHz
Sample rate Single shot ' 5 300 ksps
Free running 5 350 ksps
Sampling time 0.5 cycles
Conversion time 1x Gain 6 cycles
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Add ADC Function using MHC

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

(1 Active Components

X SEREER+

=&

""" CMSIS Pack

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

""" NVMCTRL

Available Components

~cmsts i ADC |

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

dad  Active Components

g

) Qly gag oy

4

(] Available Components

=H 0

@ DAC
- DSU .

@ EIC Double click
[E:

[

[

H-
3..

- Peripherals

& AC
& ADC ADC

- ADC

H- 125

PM
RTC

+

{1 Awvailable Components

=0

=}

Peripherals
B AC

5 DAC

w DSU

B EIC
125

© PM

B RTC

i SERCOM
B TC

. T
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ADC Polling

Configuration Options Example

[] Configuration Options = 5
[=] [+
[=-aDC
- Select Prescaler Feripheral clock divided by 312
~Select Sample Length (cycles) 45
o MEEE Conwersion Time is 170765027322 y§ *H**
- Select Gain 1%
- Select Reference 1/2 VDDANA (only for VDDANA = 2.0V ~
- Select Conversion Trigger SW Trigger A
E-Channel Configuration
- 5elect Pasitive Input ADC AINZ Fin At
- Select Megative Input Internal Ground
-~Mumber of inputs to scan =

E-Result Configuration

- 5elect Result Resolution 12-bit result ~
- Left Aligned Result ]

-Enable Result Ready Interrupt |:|

~Enable Result Ready Event out [

E-Window Mode Configuration

= Sleep Mode Configuration
“-Run During Standby []

- Select Window Monitor Mode e window mede {default) )

(] Confignration Cptions | [1 Help
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ADC Polling

Easy View Configuration Example

Utilities Window

Clock Configuration
DMA Configuration
- Event System Configuration
NVIC Configuration

Pin Configuration

ADC Configuration

Input to scan Scan start offset

Software Trigger

Run in standby I:‘

Hardware Trizger Pin Scan

Prescaler
|Peripheral clock divided b... |
SW Trigeer
Conversion Trigger Left-alignad result
Automatic Window Comparison F Result Interrupt

12-bit result

ADC AINZPin

Razult Ragistar

AnzlogInput Result Event

WINMON Interrupt

Analuglnputi

[nternal Ground v 1/2 VDDANA (o, v o emlonr o ({7
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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)

7 PBO8 || VDDANA | EXTINT[8] AIN[2] | Y[14] | SERCOM4/ | TC4/WO[0] TCC3/
PB08 AIN[2] Tl wols]
8 PBog I PB09 | VDDANA = EXTINT[9] AIN[3] ] A|N[3] I SEF:(E)C[);'W TC4/WO[1] TCC3/
' ' WO[7]
{] Pin Table I L — @VD
Facksge: TQFP4E AEEEHE B ngJngJ%ISJeJ:J%J% RN B EEBEE
SMEEEELE EE Fresres v SElRREEgsEgE
Module Function 1Lj2)3|4|5[6 7|8 §PB08 (ADC—AINZ) 181920 |21 | 22|23 24|25 |26 |27
— ADC_AINE PBO09 (ADC_AIN3)
ADC_AINLO
ADC_AINZ
ADC ADC_AIN3 oy
ADC_AIN4/VREFP
ADC_ATNS
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)

[ Confignration Crptions
[=] [#

= A00C
- Selact Prescalar

~5alect Sample Length (cycles)

~Salect Gain
~5Select Reference
- Select Conversion Trigger

E-Channel Configuration

Feripheral clock divided by 212

45

- HEEE Conyersion Time 1s 170, 765027322 S #H***

?----Select Positive Input

?----Select Megative Input

- Mumber of inputs to scan

1i2x
1/2 VDDANA (only for VDDANA = 2.0V
=W Trigger e
ADC ATNZ Pin ADC AIN2 Pin
[nternal Ground
0%
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ADC Polling

Easy View PINMUX Configuration Example
awcEsves |

-ﬁ:llx

Start Event E—

Flush Event E—

I

Analog Input §

op

Analuglnputi

f

ADC Configuration

Input to scan Scan start offset

Run in standby l:‘

Hardware Trigger Pin Scan

Prescaler

1r

ADC AINZFmm v

Internal Ground 12 VDDANA (0., v

\Peripheral clock divided b... v

| =W Trigger ™

Conversion Trigger

Avutomatic Window Comparison

12-bit result

Mo window mode (def..,

Left-aligned rasult
? Result Interrupt
Rezult Register !l

Result Event

WINMON Interrupt

@ MICROCHIP



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, uintl6_t high_threshold);
void ADC_WindowModeSet(ADC_WINMODE mode);

@ MICROCHIP



ADC Polling

Software Trigger Code Example

int main (void)

{
SYS_lInitialize ( NULL );

XDC_EnabIe();
while(1)
{

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 MHC generated ADC

initial function.
plib_adc.c

{..

}

void ADC _Initialize( void)

/* Write linearity calibration and bias calibration */

ADC_REGS->ADC_CALIB
(uint32_t)( ADC_CALIB_LINEARITY_CAL( adc_linearity® | (adc_linearityl << 5) ) ) |
ADC_CALIB BIAS CAL( ( ( (*(uint64_t*)OTP4_ADDR + 1) & ADC_BIASCAL Msk ) >>

ADC_BIASCAL_POS) );

0x00806040

0x00806020

0x00806010

0x00806008

0x00806000

AUX1

Area 4: Software
calibration area (256bits)

Software
Calibration Area

Area 3: Reserved
(128bits)

Area 2: Device configuration
area (64 bits)

Table 10-5. NVM Software Calibration Area Mapping

34:27 ADC LINEARITY ADC Linearity Calibration. Should be written to ADC CALIB
| ADC_LINEARITY | register.

37:35 ADC BIASCAL ADC Bias Calibration. Should be written to ADC CALIB
|__ADC_BIASCAL | register.

Area 1: Reserved (64 bits)
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Lab12 ADC Polling Software Trigger

* Try to add ADC function to project.

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

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

eLet’s go!
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Lab12 ADC Polling Software Trigger

Pin(1) VO Pin | Supply B(2)(3)
SAMD21E | SAMD21G | SAMD21J ADC
7 11 PB08 | VDDANA | EXTINT[8] AIN[2] Y[14]
\, /
8 12 PB09 | VDDANA | EXTINT9] AIN[3] Y[15]
3.3V
VRI1
_10k___|PBOS
GND
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Lab12 ADC Polling Software Trigger

Step O

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

(1 Active Components = E
X ZCRER4$

""" CMSIS Pack

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

""" NVMCTRL

Available Components

dad - Active Components

g

) Qlwy gag m

B ~oc]
- cmsts £ ADC

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

4

(] Available Components = B

T = w1 L T

= Peripherals 2

- AC
- ac ADC

- ADC

- DAC
H- DSU

1 EIC Double click
H- 125

7 PM

o RTC

{1 Awvailable Components

+

=0

= Peripherals
B AC

i DAC

i DSU

i EIC

B 125

B PM

B RTC

i SERCOM
B TC

. T
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Lab12 ADC Polling Software Trigger

Step 1 (Use Configuration Options)

- Result Configuration

%----Select Result Resolution 12-bit result
Left Aligned Result |:|
%----Enahle Result Ready Interrupt |:|
i----Enahle Result Ready Event Cut |:|

(] Cenfiguration Cptions = = &
=l
= a0
~Select Prescaler Peripheral clock divided by 512 ~ | Prescaler : divided by 512
—Select Sample Length {cycles) 4 - | Sample Length 14
cREEE Conversion Time 15 170765027322 yS ****
- Select Gain /2%~
- 5elect Reference 1/2 VDDANA (only for VDDANA = 2.0V~ Vier : 72 VDDANA
-~ 5Select Conversion Trigger SW Trizger ~ SW Trigger
- Channel Configuration
%----Select Positive Input ADC AINZ Pin . ADC AIN2 Pin
?----Select Megative Input Internal Ground Internal Ground
E~----f*~]|_u'r|t|er of inputs to scan =

« | 12-bit result
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Lab12 ADC Polling Software Trigger

Step 1 (Use Easy View)
O ADCEsyView

ADC Configuration

Scan start offset

o B

Input to scan

o3

Software Trigger

Free Run

- O %

Run in standby |:|

Hardware Trigger Pin Scan

Flush Event E—

Start Event E——‘—
+

SW Trigger e

SW Trigger

[12-bit result
ADC AINZ Pl v

ADC AIN2 Pin

T

Analog Input §

ADC

op

1/2x

(Tnternal Ground ]

512 12

Analuglnputi

f

=) (L2 VDDANA (0., v~

Prescaler

|Peripheral clock divided b... |

Peripheral clock divided by 512

Automatic Window Comparison

]

e window mode (def..,

Left-aligned result
T Result Interrupt
Re=ult Registar !l

Result Event

WINMON Interrupt

EVENT

GCLK
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Lab12 ADC Polling Software Trigger

Step 2

(] Pin Table . .
Package: | TQFP48 v gagg%%g PBOS%%%SE:%%E:QQ%%EB?I
R G SRR R R R R E B R S R
Module Function 1|2|3|4|5|6|7|8|afw|1|1z]13|14|15(16|17|18|19]|20|21|22]|23|24|25|26(27
ADC_AIN18
ADC ADC_AIN1Z
ADC ADC_AINZ
ADC_AIN2 Click
ALN_AINSIWVEREERE
ADC_ATNS
ADC_ATNG
(] Pin Table _ ZT - . _
Package: TQFF48 c:-—-mm‘ﬁqﬂqﬂ' ~999~NMMIMI@MB|
o SEHEEE B SRR REREEREE
Modnle Function t{2|3|4|s5|6|7|s|9o|tofin|1z|13]1a]|15/16[17|18|19|20|21|22|23|24]25|25]27
ADC_ATNIS
ADC ADC_ATN19
ADC_AINZ
ADC_AIN3 Green is Enable
ADC_AIN4/VREFP
ADC_AINS
ADC_AING
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Lab12 ADC Polling Software Trigger

Step 3
* Click ﬁ'&&;*' to Generate Code and save changes to MHC
configure file.

2 Generate Project

2 MPLAB Harmony Configurator - default
1. Confipure Generation Settings

-

File Generate Tools Y===smti—tyw 5 Generate Sofgs — _
CI|Ck } Merge Stratagy USER_ALL |7
| P ) | o >

[ Active Components Gmte Code ‘ [l Project
x | E g E G * x | E g i (Monse over a property for detailed help)

|
2. View Warnings
Type Description

2 Generating Project.. X

Task Type Remaining Total

File Marknp 0 56

File Copy 3 56

Libraries 0

Settings 4 /

Source Paths 0 /

\ s added to the project. Di{ Generate ]custom linker script.
Generating file: D:\Har menyFramework_3.3.0Mev_packs'ar m\CMSISAS. 4 0 MSIS\DEF Ineludelarm_commeon_tables.h : Caneel
% Flease Wait. ..
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Lab12 ADC Polling Software Trigger

Step 4

Add code segment to your main.c

/[l TODO 12.01
uintl6_t ADC_Result;

int main (void)

/| TODO 12.02
ADC_Enable();

while(1)

if( TC3_IsOverflow )

{
/[ TODO 12.03
ADC_ConversionStart();
while( !ADC_ConversionStatusGet() );
ADC_Result = ADC_ConversionResultGet();
myprintf( "ADC Data : %d\r\n", ADC_Result );

¥
¥

Q Program firmware to target board then observe result.
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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.

T COMB - Tera Term VT

Hello World!!
ADC Yalue : 4095
ello HWorld!!
ADC VYalue : 4095

ello HWorld!!
ADC Yalue : 4095
Hello Yorld!!
ADC Yalue : 4095
Hello World!!
ADC VYalue : 4095
Hello World!!
ADC VYalue : 4095
ello World!!
ADC VYalue : 4095
ello World!!
ADC VYalue : 4095
ello HWorld!!

ADC VYalue : 1
ello HWorld!!
ADC Yalue : 0

File Edit Setup Control Window Help
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ADC Interrupt Callback and Pin Scan
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ADC Pin Scan

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

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

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

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

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

Positive

AIN[O]

AIN[1]

Positive Input Pin = 2 E> AIN[2] Scan Start Offset=0

Number of Inputs to scan=1
AIN[3]

AIN[8]

AIN[9]

AIN[10]

AIN[19]

Temperature Sensor

DAC output
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ADC Pin Scan

Configuration Options Example

(] Configuration Options = F
(=] [+
= ADC
- Select Prescaler Peripheral clock divided by 512
%----Eelect Sample Length {cycles) 45
**** Conversion Time is 170, 765027322 yg ****
%----Select Gain 12w
- Select Reference 1/2 VDDANA (only for VDDANA > 2.0¥) ~
%----Eelect Conversion Trigger =W Trigger b
E%}--Chaﬂﬂel Configuration
- Select Positive Input ADC AINZ Pin v | Positive Input Pin
%----SEIect Megative Input Internal Ground
%----Number of inputs to scan . 1 :} Number of Inputs to scan
--Sean start offset L 0= | Scan Start Offset
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ADC Interrupt

Configuration Options Example

[] Configuration Options — ﬂ
[=] [+
E-anC
-Select Prescaler Feripheral clock divided by 512~
- Select Sample Length (cycles) 45
coREEE Conversion Time is 170765027322 yg ****
~Select Gain 12x ~
- Select Reference 1/2 VDDAMNA (only for VDDANA = 2.0V) ~
-Select Conversion Trigger =W Trigoer b
E-Channel Configuration
- Select Positive Input ADC AINZ P W
-Selact Negative Input Internal Ground =
- Murmber of inputs to scan =
--5can start offset =

E-Result Configuration
-Select Result Resaolution 12-bat result e
- Laft aligned Result |:|

~Enable Result Ready Interrupt ]| Check Enable Result Ready Interrupt
-~Enable Result Ready Event Out |:|

FH-Window Mode Canfiguration Yes! That’s all you need to do.
- Sleep Mode Configuration
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ADC Pin Scan
Easy View Configuration Example
() ADC Esey View ' | - @ %

Input to scan Scan start offset

GCLK

Start Evant [Bg— i H
Hardware Trigger Pin Scan Bei=tanby D
Prascsler
Flush Event [ Peripheral clock divided b... v~
|SW Trigzer d
Conversion Trigger Left-aligned result
Automatic Window Comparison Result Interrupt
12-bat result
ADC AINZ Pin v
Result Register
E.
Reasult Evant

Anslog Input

WINMON Interrupt

op

Analuglnputi

Internal Ground 1/2 VDDANA (o... ~

i

EVENT

Wao window mode idef.,,
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ADC Interrupt

Easy View Configuration Example

_ Easy View

Start Event E— +

Fluzh Event [<}

Free Run

T

Anslog Input

op

Analuglnputi

i

Software Trigger

Hardware Trigger

Input to scan

1

B o K&

ADC Configuration

Scan start offset

- O %

Pin S5can

|SwW

Trigzer

ADCAINZFin v

Internal Ground 1/2 VDDANA (o... ~

12-bat result

Conversion Trigger

Run in standby I:‘

Wao window mode idef.,,

Automatic Window Comparison

Yes! That’s all you need to do.

Laft-ali

Result Interrupt

Result Register !l

Rasult Event

WINMON Interrupt

EVENT

Check Result Interrupt
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ADC Interrupt Callback

Interface Routines

[/*** ADC Interface Routines***/
void ADC _Initialize( void );
void ADC_Enable( void );
void ADC_Disable( void );
void ADC_ChannelSelect( ADC_POSINPUT positivelnput,
ADC_NEGINPUT negativelnput );
void ADC_ConversionStart( void );
uintle_t ADC_ConversionResultGet( void );
void ADC_ComparisonWindowSet(uint16_t low_threshold,
uint16_t high_threshold);
void ADC_WindowModeSet(ADC_WINMODE mode);
void ADC_CallbackRegister( ADC_CALLBACK callback, uintptr_t context );
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ADC Interrupt Callback

Software Trigger Code Example

void ADC_Complete( ADC_STATUS status, uintptr_t context )

{
if( status & ADC_INTFLAG_RESRDY_Msk )

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

}

ADC_ConversionStart();

}

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

ADC_ConversionStart();

while(1)

{ ..

}
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Lab13 ADC Pin Scan

* Please start this Lab from Lab12 (do not from Lab12-1)

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

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

values to PC.

eLet’s go!
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Lab13 ADC Pin Scan

“W T ﬂ-EHH..

PBOS8 VDDANA EXTINT[E AIN[2] Y[14]
8 12 PB09 | VDDANA = EXTINT[9] AIN[3] Y[15]
J \_ )
33V U7 |
3.3V MCP9700AT-E/TT
T | [ YouT 2o IPB09|
VR1 &
_10k__ |PBOS
= (20 . - (21
O0.1uF 0.1uF
GND GND GND GND
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Lab13 ADC Pin Scan

Step 1 (Use Configuration Options)

(] Configuration Options — I
[=] [+
= abc
~Select Prescaler Peripheral clock divided by 512 ~ | Prescaler : divided by 512
~Select Sample Length (cycles) 45 Sample Length : 4
kR Conversion Time 15 170765027322 yS
- Gelect Gain 12% Gain : 1/2x
~Select Reference 1/2 VDDANA (only for VDDANA = 2.0V) Vger : % VDDANA
- 5elect Conversion Trigger =W Trigger e SW Trigger
- Channel Configuration
- Select Positive Input ADC AINZ Fin i ADC AIN2 Pin
- Select Negative Input Internal Ground Internal Grou:'nd
~Mumber of inputs to scan = 1
~5can start offset W= 0
= Result Configuration
~Select Result Resolution 12-bit result 12-bit result
- Left Aligned Result D
- Enable Result Ready Interrupt [/ | Check Enable Result Ready Interrupt
-Enable Result Ready Event Out D
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Lab13 ADC Pin Scan

Step 1 (Use Easy View)
_Easy‘hew | | = ﬁﬂlx

ADC Configuration

Input to scan Scan start offset

1 B o B

Software Trigger

GCLK

Free Run

Start Evant [Bg— + :
Hardware Triggar Pin Scan it ~dnckry D . |
Flush Event [} » Peripheral clock divided b.,,
Left-aligned result
Automatic Window Comparison T Result Interrupt
|Result Interrupt

Result Register !l

Rasult Event

T

Anslog Input

WINMON Interrupt

Anslog Inputi
EVENT

Wao window mode idef.,, | ]
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Lab13 ADC Pin Scan

Step 2

(] Pin Table PB09
|z = il B ot
Package: TQFP4S - SEEIEIEEE E =lglalel=|E8|alzlal=]Xe|g]D
s R R EEE B R R R R EEEE R R R B R R R EELE
Module Funection 1121314131678 Wi 1211311415116 17 181920 (2] |22 |23 2425|2627
ADC AINIE
APE ADC ATN1D
ADC AINZ
ADC =
ADC_ATN3 -
ADC_AIN3 Click
AL AIINT
ADC_AING
(] Pin Table
Z Z E E i 1 I I 1 I I O '_'I ’_'I %
Packaze: S 2|z|gls|g|E|%|<|=|{PBO8 (ADC_AIN2): (S |=|=|a(z|H |82 (B] o
||| | S| olglalx == V=2 |m || || OO m |
[ =T - e I -l G PBOQ(ADCA|N3) [T I I B I T O v v I B O
Module Function 1121314516788 e e eV | 1E 19 20|21 |22 23 24|25 26 | 27
ADC_ATN1E
56 ADC_AIN1G
ADC AINZ
ADC ATNZ
ADC_ATN4/VREFP Green is Enable
ADC AINS
ADC ATNG
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Lab13 ADC Pin Scan

Step 3

* Click ﬁtﬁzﬂ to Generate Code and save changes to MHC

configure file.

2 MPLABR Harmony Configurator - default

-

File Generate Tools U‘-'-‘--—‘-‘-’--'jn' alalnis W
Click J
L RE A2

R Care >
[ Active Components Gmte Code ‘ [l Project

X oRER 4 X omi

2 Generate Project e

1. Confipure Generation Settings

[ Generate Settings
Merge Strategy [USEE_ALL ~|7

(Monse over a property for detailed help)

|
2. View Warnings
Type Description

2 Generating Project.. X

Task Type Remaining Total

File Marknp 0 56

File Copy 3 56

Libraries 0

Settings 4 /

Source Paths 0 /

\ s added to the project. Di{ Generate ]custom linker script.
Generating file: D:\Har menyFramework_3.3.0Mev_packs'ar m\CMSISAS. 4 0 MSIS\DEF Ineludelarm_commeon_tables.h Generate Cancel
Flease Wait. ..
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Lab13 ADC Pin Scan

Step 4

e Add code segment to your main.c

/[ TODO 13.01

uintl6_t ADC_Result[2];

volatile uint8 t ADC_IsCompleted =
volatile int8_t ADC_Channelldx = ©;

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

ADC_IsCompleted = 1;

}

}

}

int main (void)
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Lab13 ADC Pin Scan

Step 5

e Add code segment to your main.c

int main (void)

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

while(1)
{

|f( TC3_IsOverflow )

/[ TODO 13.04
ADC_ConversionStart();
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Lab13 ADC Pin Scan

Step 6

e Add code segment to your main.c

int main (void)

while(1)
{

/I TODO 13.05
if( ADC_IsCompleted )

{
ADC_IsCompleted = 0O;

myprintf( "VR1 Value : %4d\r\n", ADC_Result[O] );
myprintf( "Temperature Value : %4d\r\n", ADC_Result[1] );
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Lab13 ADC Pin Scan

Result

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

v COM®6 - Tera Term VT — [] X

File Edit Setup Control Window Help

Hello World!!
Hello World!!
VR1 Value : 4079
Temperature Value
Hello World!!
Hello World!!
VR1 Value : 4078
Temperature Value
Hello World!!
Hello World!!
VR1 Value : 4078
Temperature Value
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VT100 Console Control

* Use VT100 command to control Tera Term UART output as

¥l COMB - Tera Term VT - O >

File Edit Setup Control Window Help

Hello World!!
VR1 Value : 4095
Temperature Yalue: 2012

Received Data : s

myprintf("\033[2]"); // Clear screen
myprintf("\033[?251"); // Hide cursor

myprintf("\033[y;xH"); // set cursor to (x,y)
// Left-up corner is from (1,1)

eLet’s go!
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TCC — PWM Architecture
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What’s PWM

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

power control applications.
* There have two important terms

* Period :
The single square
wave duration.

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

Signal

A

<
<

Period

»
»

Pl

Duty

|

time
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SAMD21 TCC

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

* Up to four compare/capture channels

* Waveform (PWM, Frequency generation)

* Input capture (Event, Frequency, PWM Capture)

* Fault protection for safe disabling

* 3 input Event, 3 output Event

* Support Interrupt, DMA, Event
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TCC Block Diagram

Base

Counter

Counter

"count”

"direction"

Control Logic

» OVF (INT/EventDMA Req.)
» ERR (INT Req.)

"TCCx_EV0" (TCEQ)

"TCCx_EV1" (TCE1)

BOTTOM

L A

"TCCx_MCx"

Event

"event”

UPDATE

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

"capture

"

Yy Y Y

Control Logic

System

Output
Matrix

Waveform
Generation

l i Y Y

A

A 4
Recoverable
Faults

Y

Y

Dead-Time
Insertion

vV oV oV

Y

Y

v ¥V v V¥V

Pattern
Generation

YV vV VvV Vo

—X] WOIT7]
—X] WOIs]
—X] WOI5]
—{X] wop
=[] WO[3]
~X] wopz]
—<] WOI1]
-] WO[0]

Non-recoverable
Faults

A4

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
* TCC1: 4 pins = WO

* TCC2 : 2 pins = WO

0!
0]
0]

~ WO
~ WO
~ WO

7]
3]
1]

=» Channel
=» Channel
=» Channel

0,1,2,3,0,1, 2, 3]

0,1,0,1]
0, 1]
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Normal Pulse-Width Modulation
NPWM Mode

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

A TCCx Count
PER

cCx’”’
cCx’
CCx”’

>

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
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Add TCC Function using MHC

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

X ERER+¢

[ Active Components = FF

= B

(1 Ac 2
X | Actlvg Components

""" CMSIS Pack

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

----- NVMCTRL

----- SERCOMS

Available Components

~ADC

- CMSIS Pack

- Device Family Pack (DFP)
- NVMCTRL

- SERCOM5

@A | TCC2

= PM

W RTC

i SERCOM

B TC

- Tec TCC
~Tcco | - TCC2

Double click

+ Tools

b

(1 Available Compenents =5
+

i 12S ~
# PM
i RTC
# SERCOM
@ TC
= TCC
~TCCo

++ Tools
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TCC Configuration Options Example

(] Configuration Crptions

ElE

=-TCCZ

- Select Prescaler Mo division w
- Select PWM Type
~PWM Direction - Count Down [

- Period Walue 43,000 %
- AEEE DM Frequency s 999 Heg ¥+
~Enable Period Interrupt []

~Enable Period Event Out []

~Channel Configurations

single slope PW

= Channel 0

- Dty WValue =

- Ctput Polarity Cutpat 15 ~DIE and set to DIE when counter matches CCx value ~
~Enable Compare Match Interrupt |:|

~Enable Compare Match Event QUT |:|

~Enable Compare Match Event 1IN [ ]

E-Channel 1

- DUty Walue 0,600 =

- Dutput Palarity Output 13 ~DIE and set to DIE when counter matches CCx value -
-Enable Compare Match Interrupt |:|

~Enable Compare Match Event OUT [

~Enable Compare Match Event IN - [

Input Events Configuration
‘Fault Configurations
- Run during Standby |:|

ﬁ\ MICROCHIP



TCC PMUX Configuration Example

e TCC could output waveform to corresponds pins of different channel.

* Forexample: PA17 as TCC2/WO[1] (TCC2 Channel 1) or
TCCO/WO[7] (TCCO Channel 3)

VDDIO | EXTINT[1] X[5]

L I e e
18 26 P A 1 7 PA1T

(] Pin Table —
olo — = b | =
Package: | TQFP48 ~ ole | @ § o | = é é o|=|a|m é é ) gl ;I ;I é = gl
M BEREEE B R EREREE B EEEEE
Module | Lttt LA 12 IS [ 10 |17 18|19 20 |21 |22 |23 |24 |20 20 27 |28 | 29| 30 | 31
! ees TCC2 Wl
(] Pin Table
ole < 2 E | E =
Package: TOQFF4& ALK § _ﬁ‘: 8 % o= |a|m é § o g 8| 8| é = 8|
fzzq&:,omazzoofhhhqxh
Module ‘ i Bl 13| 14| 15 1711819 (20|21 |22 |23 |24 |25)26 27 |28|29|30(31
TCCO TCCO reco_ oy
| TCCO_Wo7
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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);
uintle_t TCC2_PWM16bitPeriodGet(void);

void TCC2_PWM16bitCounterSet(uintl6_t count);

__STATIC_INLINE void TCC2_PWM16bitDutySet(TCC2_CHANNEL_NUM channel,
uintl6_t duty);
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TCC Polling Code Example

int main (void)

{
SYS_Initialize ( NULL );
TCC2_PWMStart();
TCC2_PWM16bitDutySet( 1, 9600 );

(] Configuration Options

Runtime update duty

hile(1
AL, Channel 1, Duty 9600

1=k
E-TCiC2
- Select Prescaler Mo division o
~Select PWM Type Single slope P

=+ Channel Configurations

-~ Py¥M Direction - Count Down [

- Period Value 48,000 =
- EEEE DM Frequency is 999 Hz #*+*
-Enable Period Interrupt |:|

~Enahle Period Event Out ]

- Channel 0

- Duty Value =
- Output Polarity Cutput 15 ~DIR and set to DIR wh
--Enahle Compare Match Interrupt |:|
- Enable Compare Match Event OUT |:|
- Enahle Compare Match Event IN - [ ]

[ E-Channel 1 ]

£

9,600/2] |
Cntput 15 ~DIE and set to DIR wh

[--Duty Walue

I Preset duty in MHC |

--Enable Compare Match Event OUT |:|
- Enable Compare Match Event IN |:|

t- Input Events Configuration

t-Fault Configurations

- Run during Standby |:|

ﬁ\ MICROCHIP



Lab14 TCC NPWM

* Add TCC2 NPWM Mode (Single Slope PWM) function to your project.
 Disable LED3(PA17) GPIO function firstly.

* Configure TCC2 to output PWM waveform to LED3(PA17).

* PWM frequency is 1KHz with 20% Duty.

TCCx Count

*Let’s go! T T
%

wolx] | | _ _| |_

20% |
" 1KHz
(1ms)
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Lab14 TCC NPWM

raly
PALS 27 PA18
: 26 PA17
PAL7 25 PA16
PA16 -
Ardumo UNO Socket
PAOG6 15
, DS
BT Lol Do _
P;\ T < DI10/PWM/SS
. D11/PWM/MOSI
D12/MISO

I D13/SCK I

W/
3 3y kL3 H Yellow

GND

[~ FDN337N

PA17

PA17 TCC2_WO[1] (D13)

B LED3 (PA17) |

* N\W_‘;\Of—
W ?\QQQA"':;

-

= 3
~2.00 % N
’1‘55"«’0“'4" e ‘7

@ MICROCHIP



Lab14 TCC NPWM

Step O

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

[1 Active Components

X ZTRER4®

-3

= B

(1 Ac 2
X | Actlvg Components

Avallablbe Componentiﬂ

~ADC

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

- SERCOM5

== | TCC2

# RTC
# SERCOM

B TC

TCC
- TCC2

Double click

W

(1 Available Compenents =5
+

i 12S ~
# PM
i RTC
# SERCOM
@ TC
= TCC
~TCCo

++ Tools

@ MICROCHIP



Lab14 TCC NPWM

Step 1

|:| Confizuration Cptions
j [+

[F-TCCZ2
- Select Prescaler
-~ Select PWM Type

Mo division

~PYWM Direction - Count Down [

- Qutput Polarity

-Enahble Compare Match Interrupt
~Enahle Compare Match Event OUT [ ]

""Ef'lEII:IlE C PRTTITENPTP ¥, [P SN PR i
= .channel 1 | Channel 1
- Duty Walue

- Dutput Polarity

ent Ih

-Enable Compare Match Interrupt
~Enable Compare Match Event OUT

- No division

- Period Value 43,0002/ | Period : 48000
AR DWW Frequency i@ o
-~Enable Period Interrupt |:r-|«
-~ Enable Period Event Out []
- Channel Configurations
[i}-ChanneI 0
- DUty Walue 0

Cmtput 15 ~DIE and set to DIE when con

[]
[]

96005 | Duty : 9600

Cutput 1z ~DIE and et to DIE when con

[]
[]

| —

System Clock = 48MMHz
One second counts of system clock :

48,000,000 counts
One second counts after Prescaler :
48000000 / 1 48,000,000 counts

1ms counts for LAB14 period target :
48000000 / 1000 48,000 counts
1/5ms counts for LAB14 duty target :
48000/ 5 9,600 counts

TCC2 Count
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Lab14 TCC NPWM

Step 2
e Disable LED3(PA17) GPIO function firstly.

(] Pin Table I_
T e
Package: TQFP4S b le|slala=|B18 ala]aln]%]%]e| =] LED3 (PA17)
AR E R B EEE E R R R R E B E
Module Function 11213 14|15|16| 17| 18| 192021 |22 (23|24 (25| 26|27 |28 |20 30|31
L% L I S L
GPIC GFPL N
p— 125_F50 “'ﬁ Click

(] Pin Table \ |
3 i T B
Fackage: TQFF4E %E%EEZQEE:QEEEEEM' PA17

dHHEERIEERHEEEEEE B EE R

Module Function 1112113 1415161718 | 19|20 2] |22 |23 |24 |25 |26 |27 (28|29 30 ] 31
L I N ()
GPIC GPIC
[25_F=0

Blue is free
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Lab14 TCC NPWM

Step 3
e Enable TCC2 Waveform Output 1 (TCC2_WO1).

[] Fin Table
Package: TOFP4E %:5%Eg:ggg:ﬂﬂﬁﬁgzﬁ|mij7N§
c|2|=|8|2|2|2 (8|55 |2|=|8 |8 |2 £ [C[E]Z]8
Module Function V1211311151617 18|19 |20 2] |22 |23 |24 |20 |26 | 27 |28 | 29 30| 31
O W3
TCC2 WO
e TOC2 Wl [\
TCC2 | TcC2_Wo1 _ | |
Click
[] Pin Table
| T = e
Package: TOFF48 A EIRIELEE % % o= |a|m -'Ej ﬁ < SI ﬁ LCCQZ—‘CQIOJ
A EREE R E R R R R E R E
todule Function V1213|1516 17|18 |19 2021 |22 23|24 |25 26|27 |28 29|30 351
[CCT_Wos
TCC2 W0
Hiee2 TCOCZ WOl
UsE DM Green is Enable
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Lab14 TCC NPWM

Step 4

* Click ﬁtﬁzﬂ to Generate Code and save changes to MHC

configure file.

2 MPLABR Harmony Configurator - default

-

File Generate Tools U‘-'-‘--—‘-‘-’--'jn' alalnis W
Click J
L RE A2

R Care >
[ Active Components Gmte Code ‘ [l Project

X oRER 4 X omi

2 Generate Project

1. Confipure Generation Settings

[ Generate Settings
Merge Strategy [USEE_ALL

(Monse over a property for detailed help)

|
2. View Warnings
Type Description

2 Generating Project.. X

Task Type Remaining Total

File Marknp 0 56

File Copy 3 56

Libraries 0

Settings 4 /

Source Paths 0 /

]custom linker script.

Generating file: D:\Har menyFramework_3.3.0Mev_packs'ar m\CMSISAS. 4 0 MSIS\DEF Ineludelarm_commeon_tables.h

\ s added to the project. Di{

Flease Wait. ..

Generate

Cancel
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Lab14 TCC NPWM

Step 5

e Add code segment to your main.c

int main (void)

/[l TODO 14.01
TCC2_PWMStart();

while(1)
{

i

Q Program firmware to target board then observe result.
RS\ MicrocHIP



Lab14 TCC NPWM

Result

M 400us T Pos: 50.00% 2HMSis

i)

CH1 #1:

96 81 Hz PP — PA17 chz w0[1] (D13)

- —
. Iﬂ * w—.anc“—,_ o0 A\
.t e\9° EN

“““““““

Y
b
» b
. N
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100% Duty Issue

* How to generate 100% duty PWM ?

* Rule Review
1.TCCx Counter = CCx -> Output Set to low
2.TCCx Counter = PER -> Output Set to high

* This means CCx = PER must be set for 100% duty output.
Which rule be executed ?
* Result : Glitch ! S
* To prevent this issue,
set CCx > PER for 100% duty.

if( DutyValue >= PER ) /* 100% duty */
TCC2_PWM16bitDutySet( 1, PER + 1 );
else

TCC2_PWM16bitDutySet( 1, DutyValue );
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Lab15 TCC NPWM ADC Duty Control

* Use VR1 to adjust TCC2 PWM duty for LED3 dimming control.
* VR1 ADC Value = 0 -> TCC2PWM Duty 0%
* VR1 ADC Value =4095 -> TCC2 PWM Duty 100%

iIf( ADC_IsCompleted )

{
/[ TODO 15.01
if (ADC_Result[@] >= 4095)
TCC2_PWM16bitDutySet( 1, TCC2_PWMlébitPeriodGet()+1 );
else
TCC2_PWMi16bitDutySet( 1,
(uint32_t)ADC_Result[@] * TCC2_PWMl6bitPeriodGet()/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
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Lab16 TCC NPWM Auto Duty Control

* Use Timer(TC4) to control PWM duty for breathing light effect on LED3.

Duty change interval 50ms with stepping 2% ~ 5%. (Duty 0% -> Duty 100% -> Duty
0% -> ... repeat)

// TODO 16.01
uint8_t Duty = 560;
int8_t DutyDistance = 2;

int main (void) Oo 100
(y

{ 0oc N ‘L.
if (TC4_IsOverflow) ~\x// x\\K
{ oo Q&/ \‘3/
// TODO 16.02 0

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

if (Duty >= 100)
TCC2_PWM16bitDutySet( 1, TCC2_PWMlebitPeriodGet() + 1 );
else

TCC2_PWM16bitDutySet( 1, ((uint32_t)Duty * TCC2_PWM16bitPeriodGet()) / 100 );
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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.
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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
SS2
ss3

»| SCLK
» MOSI SPI
MISO Slave
» SS
»| SCLK
» MOSI SPI
MISO Slave
»| SS
P SCLK
—» MOSI SPI
MISO Slave
——— | SS

https://zh.wikipedia.org/wiki/%E5%BA%8F%E5%88%97 %E5%91%A8%E9%82%8A%EA%BB%8B%HEI%ID%A2
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https://zh.wikipedia.org/wiki/%E5%BA%8F%E5%88%97%E5%91%A8%E9%82%8A%E4%BB%8B%E9%9D%A2

APP045 OLED SSD1306 Schematic

OLEDI
WEA012864DWPP3N00002
PB10 MOSI 1 /
PB11 SCK > Igdccsls g]EA
o e 3_I~GND/AO
PAQ7 1 I
PAOS | Npa
-1 6 ]
3.3ViI—e - 33V
= 5V
GND

0.1uF 0.1uF 0.1uF

GND GND GND GND
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Lab17 SERCOM - SPI (OLED SSD1306)

* Add SERCOMA4-SPI module to your project.

* Add OLED control function to shows bitmap logo on your OLED display.
* Create your own Logo and replace original one.
* Pre-build Logo Image and Font header file at

\Appendix\LogoFont\Microchip_Logo.h
\Appendix\LogoFont\Alphabet_Fonts.h

* Logo image create application at

.\Tools\LCDAssistant.exe

eLet’s go!
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Lab17 SERCOM - SPI (OLED SSD1306)

Step 1

* Find SERCOM component in Available Components window.
* Double click SERCOMA4 to add to Active Components window.

[ Active Componsnts

=1 T I K,

X

~ADC

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

- NVMCTRL
-~ SERCOM5S
~ STDIO

-~ System
~TC3
~TCC2

(1 Active Components Active COmponentS |

X ZTmam4+
- ADC

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

-~ NVMCTRL

B | SERCOM4

-~ SERCOMS
-~ STDIO

- System

- TCC2

e

[] Available Components

Available Components

= SERCOM
~ SERCOMO

SERCOM
- SERCOM4

-~ SERCOM1
-~ SERCOM2
~ SERCOM3
8 SERCOM4

Double click

[ Awailable Components = B

+

= SERCOM

- SERCOMO
- SERCOM1
-~ SERCOM2
- SERCOM3
® TC
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 2
* Setup SERCOMA4 SPI Configuration.

(] Configuration Cptions
(=] [+

=+ SERCOM4
B Select SERCOM Operation Maode | SPI Master
~Enable Interrupts 7
-Enahle operation in Standby mode
~SPI Data Out Pad
~SPI Data In Pad Seleckion
~SPI Data Order
-~ 5PI Speed in Hz
~SPI Data Character Size
~5PI Clack Phase
-~ SPI Clock Polarity

- 5Pl Receiver Enable

~®E*Sp] Transfer Mode 0 is Selected®**
Mode 0

+| SPI Master

[]

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

DG on FAD[2], 5CK on PAD[3] and 55 on FAD[1] ~

SERCOM FAD[O]
MEE 1z transferred first -

1,000,000 =

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 SCK edge -~
SCK 15 low when idle -«

~Enable SPI Master Hardware Slave Select [ ]
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Lab1l7 SERCOM - SPI1 SSD1306 OLED
Step 3
* Pin Table Configuration of SERCOM4

[] Pin Table = - PB10 | ey .
Package: | TQFFAS SRR R E B EE B E B EIHMHERE
AMHEEFEEREEEREE SRR SR
Module Function o |11z 13415 16| 17| 18| 1920|2122 23 2425|2627 |28 | 20| 30| 31
SERCOM3_PAD3
SERCOMA_PADD
SERCOMY_PAD]
PERCOMA SERCOM4_FAD2 N
SERCOM4 SERCOM4_PAD3) N /1 Click
| SERCOMS_PADO || O lﬂ‘@
ﬂpp‘i WET — § o [ET5) |PB10 (SERCOMA_PAD2)|-
= :|2/2|512|8|3 38|55 5| dpena (sercoma_papg)
Module Function o |11z 13| af1s|6]17| 1819|2021 22 23| 24| 25|26 |27 28293031
SERCOM3_PAD3
SERCOM4_PADD
SERCOM4_PADI
SERCOMA SERCOM4_PAD2
SERCOM4_PAD3 .
SERCOMS_PADO (Iirtleerll 'SI E'I‘at?lel
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 4
* Pin Table Configuration of GPIO

(] Pin Table
PAO3 | | = PAO8 ||~ |~ 15
Fackage: TOFF42 EEQEQQUIUlgggE%dH:EEH
s S E I EEE R B R E E R R EEE
Module Function tlz|alafls|e|7|s|o|w|tn|12[13|14]15[16|17]18] 19
GCLE_IOS
GCLE_IC6
GCLE_IO7
GPIC GPIG Click -
|/ GPIO RS T |Ic| | l‘@_ . (.:hcuk .
- T"‘“f'lemm : -] |GPIO_PA03| T = | GPIO_PA0S | -
Module Function 1{2|3|4|5|6|7|8|o|w|1|1z{13]|14]|15/16]|17]18|19
GCLE_IO5
GCLE_ICH
GCLE_IO7
GPIC GPIC
1S _FS0 Glreeln if Erlmat?le
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Lab17 SERCOM - SP1 SSD1306 OLED

Step 5

* Pin Setting of GPIO for direction and custom name.

(] Pin Settings = 4 O]
Order:  Fins s Table View Easy View
IP:JIEmber Fin ID Custom MName Function Maode Direction Latch Full Up Full Down
1 PAOD | Avaiable v| Digital [Hehim... ~|  Low ] ]
2 PAO1 v| Digital | Hghim... v| __ Low [] []
3 PAO3 || SSD1306_RS_PIN v|  Digital Out i High [] []
4 PAD3 55D 1306_RS_PIN GPIO w| Digital || out «|  High
5 GNDAMNA - Digital High Im... Low ] []
& VDDANA - Digital High Im... Low ] []
7 PEDS ADC_AINZ ADC_AINZ v|  Analog || HighIm... nfa
8 PEOS ADC_AIN3 ADC_AIN3 v|  Analog || HighIm... nfa
g PAD4 Available wv| Digital | HohIm... ~|  Low [] ]
10 PADS Available v|  Digital |HghIm.. ~|  Low [] []
11 PADG ~ | Dagital High IM... Lou
S haos | SSD1306_CS_PIN | Drsl e e O
13 PADE 55D 1306_CS_PIN GPIO v|  Digital ||| Out w|  High
14 PADS LED2 GFIO v|  Digital || Out v L.;}:;-J
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 6

* Select exist module System in Active Component.

* Enable SysTic

k for Delay Function.

X

[] Active Components

Active Component 2
I=1 Yl K.

CMSIS Pack

Device Family Pack (DFP)
EVSYS

NVMCTRL

SERCOM4

SERCOMS5

System

(] Configuration Options
=l [+

E--Sy5tem| Svstem |
--Deviu:e 2 Project Configuration

£ Cortex-MO+ Configuration | Cortex-MO0+ Configuratio

n

Ii:|"5'5.l'STiI2k SysTick

= Enable SysTick M | Enable SysTick |

B SysTick Configuration
%----Enable Interrupt
i’""S'y'STiEk Clock
i----SHJrSticIc: Period(Milliseconds)

K| Enable Interrupt |

Frocessor clock

=

I1ms
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 7

* Click ﬁ'&&;*' to Generate Code and save changes to MHC

configure file.

-

File Generate Tools

Y™"Cick W

2 MPLABR Harmony Configurator - default

-
[
L=

=G

—

Code

(] Active Components

X ORER4$

‘ (] Project

X THI

2 Generate Project

1. Confipure Generation Settings

[ Generate Settings
Merge Strategy [USEE_ALL

(Monse over a property for detailed help)

2. View Warnings

Type Description
2 Generating Project.. X
Task Type Remaining Total
File Marknp 0 56
File Copy 3 56
Libraries 0
Settings 4 /
Source Paths 0 /
\ s added to the project. Di{

Generating file: D:\Har menyFramework_3.3.0Mev_packs'ar m\CMSISAS. 4 0 MSIS\DEF Ineludelarm_commeon_tables.h

Generate ]custom linker script.

Flease Wait. ..

Cancel
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 8

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

Font image file : Alphabet_Fonts.h [\firmware\src]
» firmware » src
[ \Appendix\LogoFont P ~
RTC_SAM2001v200 > Appendix > LogoFont

config
&| Alphabet_Fonts.omp [ Copy files ] packs
® Alphabet_Fonts.h ® Alphabet_Fonts.h
| Microchip_Logo.bmp ® main.c
® Microchip_Logo.h ® 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...

Projects * | Files SEIVICES =]

=63 Labl7_SERCOM_SPI_CLED_S3D1306 ‘

[Source Files] EI M
P e B

(_Right click } New
| N Tk New Logical Folder [Add Existing Item...]

"ﬁ Important Fs Add Existing ltem...

#0 Linker FI_IES Add Bxsting Items from FE@EI’S...
" Sonrce Files Find
ind..

ﬁ' Libraries
H-[EF Loadables Cut
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Lab17 SERCOM - SPI1 SSD1306 OLED
Step 10

 Select folder in \firmware\src
* Add Alphabet_Fonts.h and Microchip_Logo.h into project.

B4 Select It . X
N \ firmware\src
LR

= BT "Alphabet Fonts.h" "Microchip Logoh"

STE v| BcFE-
,,A __ config Store path as:
_ e packs O Ao
S Alphabet_Fonts.h [ Select Alphabet_Fonts.h ] Check Relative [O)S%Re
B | Emainc , - Absoluta
e s Microchip_Logo.h [ Select Microchip_Logo.h ] |(:|:)C -
R op¥

Selectii
BiE

N EIERT: R ;
=4 Labl7 SER _GLED_=ED1306

=@ Header Fil
Alphabet_Fonts.h Badel Mes

| : ..... EI ‘-'-"-‘]_1::-]'1:3,]::-Et._F'Z:Z'Tlt-'E?-]'l
dl;/llsr.OChIl-lp_ngol'rl -- config
a edin \ eader rlies ----- EI I-.,.-Ii-:::r-:::-u:::]'liI:-_L-':I:'.EZ'ii'-h

-3 packs
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 11
e Add code segment to your project

/[ TODO 17.01
#include "Microchip_Logo.h"

#include "Alphabet_Fonts.h"

/[ TODO 17.02

#define LCM_WIDTH 128

#define LCM_HEIGHT 64

#define FONT_WIDTH 7

#define FONT_HEIGHT 8

uint8_t LogoX, LogoY;

unsigned char LCM_Blank[1024];

char Alphabet[95] = "©123456789ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijk\
1mnopgrstuvwxyz~!@#$% "&()[1{}_\\|;:, .  "\"<>+-*/=2 ";

const uint8_t LCM_InitCMD[] = {
OxAE, OxD5, Ox80, OxA8, Ox3F, oxD3, Ox00, 0x40, ox8D, 0x1l4, 0x20, O0x02, OxAl,
oxC8, OxDA, ©ox12, ox81, OxCF, oxD9, OxFl, oxDB, Ox40, OxA4, OxA6, OxAF

}s
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 12

e Add code segment to your project
/ TODO 17.02

void LCM_SetCursor( uint8_t x, uint8 t y )

{
uint8_t OUT[3] = { OxOF & x, Ox10 + (x >> 4), O6xBO + 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;
}
}
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 13

e Add code segment to your project
/ TODO 17.02

void LCM DrawFont( uint8_t sx, uint8_t row, char ch )

{
int chIdx = 0;

while( ch != Alphabet[chIdx] ) { chIdx++; }

LCM_SetCursor(sx, row);

SSD1306_RS_PIN_Set();

SERCOM4_SPI Write( ( void* )(Alphabet_Fonts+(chIdx*FONT_WIDTH)),
FONT_WIDTH );

}

void LCM_DrawString( uint8_t sx, uint8_t row, char *str )
{
for( int x=0 ; x<strlen(str); x++ )
{
LCM_DrawFont( sx+(x*FONT_WIDTH), row, str[x] );
}
}
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 14
e Add code segment to your project

int main (void)
{ ...
/[ TODO 17.03

SYSTICK TimerStart();

SSD1306_CS_PIN Clear();

SSD1306_RS_PIN Clear();

SERCOM4_SPI_Write(( void* )LCM_InitCMD, sizeof (LCM_InitCMD));
memset(LCM_Blank, 0, 1024);

LCM_DrawBitmap(@, ©, LCM_WIDTH, LCM_HEIGHT, LCM_Blank);

LogoX = 127;

LogoY = O;
for( 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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Step 15

e Add code segment to your project

int main (void)

{

// TODO 17.03

SYSTICK DelayMs(1000);
memset(LCM_Blank, 0, 1024);
LCM_DrawBitmap(®, @, LCM_WIDTH, LCM_HEIGHT, LCM_Blank);
sprintf( (char *)USARTRTxBuffer, "SysClock %1ld.%-1dMHz",
SYSTICK _TimerFrequencyGet()/1000000,
(SYSTICK TimerFrequencyGet()%1000000)/1000 );
LCM_DrawString( @, 0, (char *)USARTRTxBuffer );
sprintf( (char *)USARTRTxBuffer, "TC3 period %ldms",
TC3_ComparelébitPeriodGet()*1000/TC3_CompareFrequencyGet() );
LCM_DrawString( @, 1, (char *)USARTRTxBuffer );
sprintf( (char *)USARTRTxBuffer, "TC4 period %ldms",
TC4_ComparelébitPeriodGet()*1000/TC4_CompareFrequencyGet() );
LCM_DrawString( @, 2, (char *)USARTRTxBuffer );
sprintf( (char *)USARTRTxBuffer, "Received Data :" );
LCM_DrawString( @, 7, (char *)USARTRTxBuffer );
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Step 16

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

{

while (true)
{...
If (TC3_IsOverflow)

{..
/l TODO 17.04

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

}

if (TC4_IsOverflow)

{..
/l TODO 17.05

sprintf( (char *)USARTRTxBuffer, "PWM Duty : %3d%%", Duty);
LCM_DrawString( 9, 4, (char *)USARTRTxBuffer );

}
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Step 17
e Add code segment to your project

while (true)

{...
iIf (USARTS_IsReceived)

{...

/[ TODO 17.06

sprintf( (char *)USARTRTxBuffer, "Received Data : %1c",
USART5_ReceiveData[@] );

LCM_DrawString( @, 7, (char *)USARTRTxBuffer );

by
if (ADC_IsCompleted)

{..
/[ TODO 17.07
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 );
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Result

Temp
Recelved Data
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* To create your personally welcome page (logo) !
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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

\firmwarejsrcl

» firmware » src

=

config
packs
® Alphabet_Fonts.h

B main.c

Overwrite old

Microchip_Logo.h
I

¥ Microchip_Logo.h
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Create your own logo result
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