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Class Objectives

* When you finish this course, you will be able to:
* Be familiar with MPLAB X IDE and MCC Harmony
* Understand how to configure and use the SAMD?21 series peripherals.

* There have two level course included.
* Major course : General study of basic features.
* Appendix : Advance features and appendix.
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Major Course (1/3)

O®SAMD21 ARM Cortex-MO0+ Microcontroller Introduction
®MPLAB® X IDE, MCC Harmony and Development Tools Introduction
®SAMD21 EVB APP045 v4.20 Introduction
@ Getting Started with First Project
= Lab0 First Project
®MPLAB® Code Configurator Harmony Interface introduction
@Study Advanced Features
®PORT I/0 Architecture
SHLabl PORT Output
ZLab2 PORT Input and Output
®Timer/Counter, TC Architecture
ELab3 TC Timer Method Polling
ELab4 TCs Timer Method Polling
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Major Course (2/3)

O®NVIC Architecture
= Lab5 TC Timer Method Interrupt Callback
ELab6 TCs Timer Method Interrupt Callback
@Study Advanced Features

®Clock System Architecture
SHLab7 System Clock XOSC32K
= Lab8 System Clock DFLL48M

®Pin Multiplexer (PINMUX)

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

®High Speed ADC Architecture
= Lab12 ADC Polling Software Trigger
®ADC Interrupt Callback and Pin Scan
ZLab13 ADC Pin Scan
®TCC — PWM Architecture
ELab14 TCC NPWM
HLlab15 TCC NPWM ADC Duty Control
SLlab16 TCC NPWM Auto Duty Control

®SERCOM-SPI (OLED SSD1306)
HLab17 SERCOM - SPI SSD1306 OLED
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SAMD21 ARM Cortex-MO0O+
Microcontroller Introduction
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ARM'’s history

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

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

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

* On 13 September 2020, it was announced that Nvidia would buy Arm from SoftBank for S40
billion, subject to regulatory approval, with the latter acquiring a 10% share in Nvidia.

SoftBank
ARM

Arm decided to create “Arm China” Joint Venture

ll PU
Multiple

e @Mlcnocmp

arm

Largest single
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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
BT all Coocrs
ARMV4 )
1.1 DMIPS/MHz QU COrtex=RX" B—75T rearime |

-i:!- TCIVI
ARMV7E-M Cortex-M7

SO
VIRV COrtex=IViS3

ARM7 ARMV7E-M Cortex-M4 1.25 pmips/MHz

TrustZone 1.5 DM|PS/MHZ

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

ARMvV6-M Cortex-MO0O+ 0.93 DMIPS/MHz

ARMV6-M Cortex-MO0 0.84 pmiPs/MHz

- Cortex-A15 3.5 DMIPS/MHz
Cortex-A9

2.5 pmips/MHz

2.0 bmIPS/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-Al5
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

oy 15
Legacy Current Automotive
Cortex-A9

| —
[ —

Cortex-Ad 50
ARIVIAS M
Cortex-A7 SAMASD
Cortex-A5

/ Cortex-
'
C Ofr‘,_J N \ 3 4
Q .

SAM3
cortex=lvis s
SAML10 SAML11
Cortex-M23

Cortex=IVi0:

SAMASD

PMIC = Flash

DDR2 EEPROM ENET PHY

SAME7 SAMS7 SAMV7
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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.
e Cortex-M3, Cortex-M4 (Legacy)
* SAM3x, SAM4x, SAMG5x.

@ MICROCHIP



Microchip Cortex-M MCU Series (cont.)

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

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

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

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

: i : MEMORY
intelligent and flexible 256KB Flash
peripherals, Event System 32K SRAM
f?r |nt.er-per|pheral m e
signaling, and support for 3 x RC OSC. USB FS Device
capacitive touch button, e — 6 x SERCOM

. DFLL 48M PTC
slider and wheel user SR

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

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

* Cortex MO+ is Von Neumann architecture, RISC

o | | 256/128/64/32KB 32/16/8/4KB
CORTEX-M0+ |8 r NVM RAM
PROCESSOR [i4]

Fmax 48 MHz [0 S SRAM

CONTROLLER
Cache

CONTROLLER

= 1RrRA

R
HIGH SPEED MK DMA
BUS MATRIX —
s s 5
ZN AN Z0N
@ AV NS
AHB-APB AHB-APB
BRIDGE B BRIDGE A
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Architecture

* Cortex M0O/MO0+ Von Neumann

Cortex-M0+ Components Cortex-M0 components
Cortex-MO processor -
Cortex-M0+ Processor { Nocied Optional debug
Optional Debu i
Interrupts »| Nested 0 Optional =Interrupts: » Vectored Cortex-M0 Bre:hzomt
Vectored Cortex-M0+ Breakpoint & MicrpoIOTr::ce Interrupt @y processor = watchpoint
Interrupt  [«gme——gp| processor | $ Watchpoint B #®  Controller core :
. uffer unit
Controller core Units (MTB) (NVIC)
> (NVIC) t I
7y t t Optional Optional
Wakeup . Debugger P
Optional Optional Interrupt Bus matrix €= interface | [T Dgt())urtg (gc;c:)ss
Wakeup Memory Debugger | o Controller (WIC) [)
Interrupt Protection interface i ’
Controller Unit (MPU) v v
(WIC) ) AHB-Lite interface to system Serial Wire or JTAG debug-port
Optional
Debug
— Bus matrix A?e:tis Figure 1-1 Cortex-M0 implementation
o
A A
A
4 v v
o Optional Optional
AHB{;";e |{:?nrface singlecycle Serial-Wire or JTAG
ys 1/O port debug port

Figure 1-1 Cortex-M0+ implementation
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Architecture

e Cortex M3 Harvard

Cortex-M3 processor
. Optional
> Dﬂfga' > N\VIC [ P'DCC;ZSD' &> Embedded |e
Trace Macrocell
. . Optional
Optional Debug Optional Memory . :
DERg Access Port protection unit Ser_lal Wire >
viewer
A 1 I A
DE:;DSTI Optional Data
patch watchpoints
Y t t Y
Bus matrix
) SRAM and
Code Interface peripheral interface
4 A

v v

Figure 1-1 Cortex-M3 implementation @MICROCHIP



Architecture

Interrupt latency
(if zero-wait state RAM)

16 cycles

15 cycles

23 for NMI
26 for IRQ

12 cycles

12 cycles

12 cycles
14 worst case

27 security ext

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

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

ARM Cortex-M instruction variations
A Cortex Cortex Cortex Cortex Cortex Cortex Cortex Cortex Cortex Cortex
rm Core Mo?] MO+L] M1 m30] M4/6] M7l Mm23(] m33('7] M35P M55
) 9 9 9 10 10 10 ARMv8-M ARMv8-M ARMv8-M
ARM architecture ARMvE-MET | ARMVE-MET | ARMVE-MET | ARMV7-MITOT | ARMV7E-MI1O1 | ARMV7E-MITO] R L e | Armv8.a-M
Baselinel '®] Mainline('®] | Mainlinel!®!
Computer architecture Von Neumann | Von Neumann | Von Neumann Harvard Harvard Harvard Von Neumann Harvard Harvard Harvard
Instruction pipeline 3 stages 2 stages 3 stages 3 stages 3 stages 6 stages 2 stages 3 stages 3 stages | 4tob stages
Thumb-1 instructions Most Most Most Entire Entire Entire Most Entire Entire Entire
Thumb-2 instructions Some Some Some Entire Entire Entire Some Entire Entire Entire
Multiply instructions
. Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
32x32 = 32-bit result
Multiply instructions
. Yes Yes Yes Yes Yes Yes
32x32 = 64-bit result
Divide instructions
. . Yes Yes Yes Yes Yes
32/32 = 32-bit quotient
Saturated instructions Yes Yes Yes Yes Yes
DSP instructions Yes Yes Optional Optional Optional
Single-Precision (SP) . . . . .
) . . Optional Optional Optional Optional Optional
Floating-point instructions
Double-Precision (DP) X
) o . Optional
Floating-point instructions
Half-Precisions (HP)
TrustZone instructions Optional
Co-processor instructions
Helium technology
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https://en.wikipedia.org/wiki/ARM_Cortex-M

SAMD21 Memory

* Up to 256KB Flash and 32KB SRAM

0x00000000

0x20000000

AHB-APBA

0x20008000
Undefined
0x40000000

0x43000000
Reserved

AHB-APBB

AHB-APBC

0x60000000

Undefined
0x60000200

Reserved

0xE0000000

OXFFFFFFFF

Private Peripheral Bus, PPB

0x40000000
PACO
0x41000000
PM PAC1 X
SYSCTRL
oK DSU PAC2
NVMCTRL EVESYS
2o PORT
SERCOMn
RTC
DMAC TCCn
EIC
USE TCn
Reserved mTB ADC
Reserved
Reserved

0x42000000

System Control Space, SCS

System Timer, SysTick

Nested Vectored Interrupt Controller, NVIC

System Control Block, SCB

Micro Trace Buffer, MTB
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Part Number

SAMD 2 1 - T
Product Family [ Package Carrier
SAMD = General Purpose Microcontroller No character = Tray (Default)
Product Series T = Tape and Reel
21 = E%r[tﬁﬁ IJ\r/I%JéBCPU Basic Feature Set Package Grade
Pin Count U =-40 - 85-C Matte Sn Plating
E = 32 Pins (35 Pins for WLCSP) F= -40 - 125C Matte Sn Plating
G = 48 Pins (45 Pins for WLCSP)
J =64 Pins Package Type
Flash Memory Density A=TQFP
18 = 256KB M= QFN
17 = 128KB U=WLCSP
16 = B4KB C=UFBGA
15 = 32KB
Device Variant

A = Default Variant
B = Added RWW support for 32KB and 64KB memory options
C = Silicon revision F for WLCSP35 package option.
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Soft Request In this Course

MPLAB® X IDE v6.20 https://www.microchip.com/mplab/mplab-x-ide
MPLAB® XC32 Compiler v4.35 https://www.microchip.com/mplab/compilers

MPLAB® Code Configurator (MCC) v5.5.0
MCC Core v5.7.0

MCC Harmony Framework (From X IDE MCC Content Manager)
* MCC Harmony Core v1.5.1
* Harmony 3 - Chip Support Package
* cspv3.18.2
e dev_packsv3.18.1
* Harmony 3 - Harmony Services v1.3.2
* Harmony 3 - Reference Apps v1.6.0
* CMSISv5.9.0

MPLAB® X IDE Packs

* SAMD21 DFP v3.6.144 (Device Family Pack)
* CMSIS v5.8.0 (Device Family Pack)

* SNAP_TP v2.4.1239 (Tool Firmware Pack)

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

@ MICROCHIP
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https://www.microchip.com/mplab/compilers

MPLAB® X IDE, MCC Harmony and
Development Tools Introduction
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All in One Development
MPLAB® X IDE

* New generation integrated Development Tools, Support PIC, dsPIC, AVR, CEC and SAM
Series MCU/MPU, Provide Plug-in function to extend more advance function. Java
Based, Cross platform, Current version is v6.20.

%3 MPLAB X IDE v6.05 = X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q- Search (Cto+]

8 BT % P22 QAR 00wk

StrtPage x| MPLABX Store x O

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

PROJECTS MY MPLAB® X IDE

# Open Sample

# Create New " ) y .
B knport Daeet Recent Projects Microchip Login

#® Import Prebuilt
£ <o t project> Already Registered? 1o Microchip?
il Addyess: Register now to enjoy the benefits of software update alerts and easy software purchasing, licensing
j nd ace wing.
-

N .

és\ MICROCHIP

PRUEGERNATMEfgING References & Featured Links

» Errata » Technical Articles and White Papers
NSTALL MORE » Product Selection Tools » Buy Direct from Microchip
P L U G | N S » User Guides » Open Source 4 PIC




Official Site Download Page
www.microchip.com/mplabx

Downloads, Documentation and Other Resources

Downloads Features Documentation Debug Features

Features and Enhancements in MPLAB X IDE v6.20

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

development tools.

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

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

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

e Improved clarity of error and warning messages

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

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

e Stability improvements in USB tool interface connectivity

Please see the release notes for more details and information.

Version Number

MPLAB X IDE (Windows) ok M 28db195f... 7782 6.20 31 Jan 2024 &k Download

@ MICROCHIP


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

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

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

* Features

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

Supply 150 mA to the target.

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

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

@ MICROCHIP


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

Programmer/Debugger
MPLAB SNAP (Part No. PG164100)

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

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

@ MICROCHIP


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

Programmer/Debugger
Power Debugger (Part No. atpowerdebugger)

* Simultaneous debug & power measurement
* Debugging over CMSIS-DAP
* Extended to support SWO trace, same as Atmel-ICE
* Two independent channels for power
measurements
* Channel A for high accuracy, lower currents
* Channel B for higher currents with lower resolution

* CDC virtual COM port

* DGI for streaming application & power data
* Open specification, docs provided

* Provides target power, 1.6 — 5.5V,

up to 100mAStatus LEDs for debugging & target supply

ﬁ\ MICROCHIP


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

Programmer/Debugger

Atmel-ICE (Part No. ATATMEL-ICE)

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

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

3 different editions
* USD 71.99 - Low cost PCBA only
* USD 114.99 - Basic edition with most common cables
* USD 160.99 - Including all cables and adapters

$203.65

@ MICROCHIP


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

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

* The Debug Adapter Board Gives ICD 4 / PICkit 4 cable compatibility with Atmel-ICE,
Power Debugger and J-Link style connectors.
It supports JTAG, SWD and ICSP
protocols in multiple connector formats. \ $54.38

« Package Contents o
* 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.microchip.com/en-us/development-tool/AC102015

SAMD21 EVB
APP045 v4.2 ES.e Introduction
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APP0O45 v4.2 ES.e Features

* On board SAMD21G18A 32Bit ARM Cortex M0+ Microcontroller
* Support plugged MPLAB SNAP external programmer/debugger
* Onboard USB CDC Virtual COM Port and Power Current Monitor
* Multiple Power Supply Source

* Li-on Battery, boost/charger supported (Optlon) 0L (R0 -
» 2 x Buttons, 3 x LEDs je G % SN
* 1 x 12C Temperature Sensor A o e

* 1 x12C EEPROM with Unique ID

* 1 x 12C Accelerometer

* 1 x MicroSD Socket (SPI interface)

* 1 x SPI OLED (128 x 64, SSD1306 Compliant) 5=
* 1 x Potentiometer, Analog Temperature Sensor and Buzzer

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

* 1 x mikroBUS™ Click Board Socket

* 1 x Arduino® Shield Socket (Arduino MO Pro board Compliant)
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APP045 v4.2 ES.e Overview

SD Card Socket Li-Polymer Battery
Reset Button _
SWD / ICD / ICSP [24AA025E64 (120) |
UART to USB CDC SN R
USB Virtual COM % “ : : .. Sy G-Sensor
OLED (128x64) ;' SRR L " ' SERCOM Switch
PAC1720 { SAMD21G18A
Current monitor | Buzzer
LEDs — = ~. 4
Native USB | e ,%j?‘s '
DC Jack (9~12V) " ﬁﬁm
MIC2877 1 mikroBUS Shield
BOT\:tIcZ:g:(::tor 1 Arduino Shield
LDO Regulator User Buttons
MCP18265S [ Driven shield |
LDO Regulator 1 MCP9700A
Potentiometer | | 32K Crystal

@ MICROCHIP



APPO045 v4.2 ES.e Programmer and Debugger

| MPLAB PICkit4 | MPLAB SNAP

I\|uo Aiayieg
uol-11 005v1

v

_Llllllll

519&666666 ![} u

L B B ) ) ) e R e, -
¥ T 32 Accelecometer

U’ %%%
4

o s
Eg m&%%ozg‘::% S ‘Msnnnzm\aa
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APPO045 v4.2 ES.e Block Diagram

CDC USB (
DL ) UART to USB CDC
o’ L(Virtual COM Port)
9~12v
. w 12¢ 12¢
MIC29300 MIC2877 ¥ 33ve UART
3.0A LDO Boost PAC1720 )
Sense [r
__Regulator ) Regulator Power Resistor |
Monitor J* .
( MCP1826S ) T sense |
LDO Resistor VBAT ¢
Regulator —LFZ]
. < ADC

< ':, ° <
Native USB

l PTC
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Getting Started with First Project
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LabO First Project

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

*How to Start 7
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LabO Create Project
Step 1

* Open MPLAB X IDE v6.20 firstly.

29 MPLAB X IDE v6.20 - X

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

FEES D LB -2-T-AR Do w- 2@ B @ oo rwar

StartPage x|
LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW
~
m Helpful Links
— T T —  — g D E ‘, Tu ﬂ L s Development Tools Overview
MACHINE LEARNING P -
: DEVELOPMENT SUITE ICT5 « MPLAB Discover
= IN-CIRCUIT DEEUGGER .
‘\V/ SO T + MPLAB XC Compilers
v v + MPLAB Code Configurator
« Browse Evaluation Boards
i
« Developer Help
Double cllck! MPLAB® Machine MPLAB® PICKkit™ 5 In- Dev Tool Bits « Microchip University
Learning Development Circuit Debugger Now * Support
Suite Now Available Available View these short and informative
M PLAB X lDE videos for words of wisdom from
MPLAB Machine Learning Our favorite pocket-sized Microchip experts themselves. Leave
VG.ZO Development Suite Model Builder is debugger/programmer lets you a comment about any topic you'd
available as a plug-in for MPLAB X prototype and debug your solution, like to see covered in future videos,
DE. This plug-in fully automates and then unplug and bring the
each step of the Machine Learning device with you to deploy that
(ML) workflow and speeds up your solution out in the field.
. P ) v
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LabO Create Project
Step 2

* Select to File > New > Project or Click icon

%4 MPLAB X IDE v6.20 -
File Edit View MNavigate Source Refactor Production Debug Team Tools Window Help b g - ke How do1?
=t v . - . -l am[ce
- e T )

]

||MPLAB || @ MICROCHIP
X IDE

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

PROJECTS MY MPLAB® X IDE
# Open Sample

# Create New . ) : )
® Import Legacy Recent Projects Microchip Login
® Import Prebuilt

Alrcady Registered?
<no recent project>
E-mail Addsess:

New to Microchip?

Register now to enjoy the benefits of software update alerts and easy software purchasing, licensing

Passwoud:

m Forgot Password? REGISTER NOW

PRUCGERNATMEPHING References & Featured Links

» Errata » Technical Articles and White Papers
NSTALL MORE » Product Selection Tools

PLUGINS > U?erGu.ides.

» Buy Direct from Microchip
» Open Source 4 PIC

ﬁ\ MICROCHIP



LabO First Project
Step 3

* Categories : Microchip Embedded
* Projects : 32-bit MCC Harmony Project

%4 New Project X
Steps Choose Project
1. Choose Project Q Filter: Choose
= Catennries: [ Application Project(s) ] - -
oo e 32-bit MCC Harmony Project ]
Microchi Embedded] = :;M:p:::se ided S tee Image) Project
oL R e 9 s Mokefle Projec In MPLAB X IDEv6.15

& Library Project

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

< Back Finish Cancel Help )
N @ MICROCHIP



LabO Create Project

Step 4

* Family
* Device
* Tool

: All Familes

: ATSAMD21G18A

: Snap-SN:BURxxxxxxxxx or No Tool

4 New Project X

Steps Select Device

1. Choose Project

2. Select Device

3. Select Header Family: All Families v

4. Select P|ugin. Board

:owecrme e wswszcs | Input: ATSAMD21G18A |

Folder
B et Tool: Snap-SN:BUR 205072759 ~ Oshewar [ Select: Snap-SN:BURXXXXXXXXX
or
% No Tool
1' Next r'
< Back Add Another Project II 3 Finish Cancel Help

ﬁ'\ MICROCHIP



LabO First Project
Step 5

Assign Compiler Toolchains
e XC32: XC32 (v4.35) [C:\...]

a New Project

Folder
7. (Optional) Add Project

Steps Select Compiler

1. Choose Project

2. Select Device Compiler Toolchains [ . ]

3. SelectHeader =}-XC32 [Download Latest] XC32 (v4.35) [C:\...]

4. Select Plugin Board OC32 (v4,35) [C:\Program Files Microchip \c 32\v4. 35\bin]

5. Select Compiler .. .

6. Select Project Name and v Click

| Next |

< Back Add Another Project [

Next > | | Finish Cancel

Help
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LabO Create Project

Step 6

Configure the Project Location and Project Folder Name.

* Project Name

: LabO_First_Project

* Project Location: C:\Exercises\LabO_First_Project

* Project Folder

9 New Project

Steps

bs

Select Project Name and Folder

Choose Project

Select Device

Select Header

Select Plugin Board

Select Compiler

Select Project Name and
Folder

(Optional) Add Project

N oguh

MPLAB

[ LabO_First_Project ]

Project Name: LabO_First_Project
Project Location: C:\Excerdses\Lab0_First_Project [ C:\Exe rciseS\La bo First Project ]
Project Folder: Ct\Excerdses\Lab0_First_Project\Lab0_First_Project.X

[ Auto generated ]

te existing project.
Also delete sources.

Set as main project

- Open MCC on Finish
] use project location as the project folder

Encoding: 150-8859-1
X IDE
v
| Click Finish! |
< Back Add Another Project

Finish [ Cancel Help

: C:\Exercises\Lab0_First_Project.X\firmware\Lab0_First_Project.X
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LabO Create Project
Step 7

* Click Finish and Wait Download Framework.

ﬁ MCC Content Manager - Editor — O >

MCC Content Manager x] |II| E] @

=

Content Download Required

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

“' Required Content

Component Ti Version Update progress Description
> Harmaony 3 - Chip
Support Package

2> Hammony 3 - Harmony
Services

2> am CMSIS

> Harmony 3 - Reference
Apps

%Iick Finish |
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LabO Create Project
Step 8

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

8 MPLAB X IDE v6.20 - Lab0_First_Project : default - X

File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q> Search (Ctrl+])

- BBr - 5 LB . . - o B @
PR DE VBB DR L 00 OB 2T @ fodwmer
Classes | Projects | Files | ResourceMa... x| [ [StartPage x| Project Graph x| Configuration Options x | =
MCCv5.5.0 b 4 ‘ CEERE4+ ~ Profiles: | Main ~ View:  Root “
Project Reso... | Gene. | Imp.. | B | @ | ©)
¥ Libraries = -
NVMCTRL Device Family Pack (DFP) CMSIS Pack
> Harmony Peripheral Library
¥ System MEMORY
() System
Device Resources | (X Content Manager
¥ Libraries
» () Harmony
Labo_First_Project - Dashboard x | Havigator | (=
% g Labo_First_Project
) i 98 Project Type: Application - Configuration: default o
=) Device
= - ATSAMD21G18A Snap x MPLAB® Code Configurator x
i i Ch:d{sum:ﬁlark, no code loaded L8188 20. 28y ANFUD (HEImONY) (HArmony UATECAse’ =) LOSJINg SYSTEm NeIVICes IOr AINAMUZICLIDA A
e i CRC32: Hex file unavailable 889  INFO: (Harmeny}(Plugin>[Info]: Loading plugin: C:\Users\A76905\ mcc\HarmonyContent\csp\arch\..\.. \harmeny-services\plugins\generic_plugin. jar
© |z & Packs . 889 INFO (Event Configurator[Info] ze Event Configurator plugin
i} SAMD21_DFP (3.6.144) . 894 INFO: (Bvent Configurator>[Info]: Main HTML path for "Event Configurator” : csp/plusins/confisurators/event-configsurators/event-configurator/build/index. html
g CMsIS (5.8.0) . 834 INFO y}(NVIC Configuration>[Inf ze NVIC Configuration plugin
| Lo Snap (2.4.1239) .894  INFO: 7} CNVIC Confisuration>[Infol: Main path for "NVIC Configuration” : csp/plugins/confisurators/interrupt_configurators/nvic_interrupt_configuration/build/inds
& "}f Compiler Toolchain 26.894 INFO <DMa Configuration)[Info): initialize DM Configuration plugin
- x€32 (v4.35) [C:\Program Fies\Microchip\xe32) 13:38:26.885  INFO: <DMA Configuration[Infe]: Main HTML path for "DMA Confisurstion” : csp/plusins/confisurators/dms-confisurators/dma-confisurator-1/build/index. heml
h Production Image: Optimization: 13:38:26. 895 INFO: v} <Plugin>[Info]: Loading plugin: C:\Users\i76905\. mcc\HarmonyContent\csp\arch\. . \peripheral\port_u2210\plugin‘port_u2210. jar
"Y' Device support information: SAMD21_DFP (3.6. ¥ 13:38:26.895  INFO: (Harmony}<Flugind[Info]: Loading plugin: C:\Users\A76805\.=mcc\HarmonyContent\csp\arch\.. \peripheral\clk_sam_d21\plugin\clk_ssm_d21. jar v
< >
< >
&9 News Notifications MCC] @
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Lab0 Generate Code
Step 9

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

Resource Management [MCC] x |

Project Resources Ge"emt“d. import.. | Export | @ || @ |

v Libraries VY
» Harmony
¥ System
() System

) X

Output - MPLAB® Code Configurator %

11:17-36.085 INFD): #444888884888sestasttssssssssssssssssssssssssssssss s
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36.086 TNFD: #4488 e8ts et sesetettettttssstestsssssessssssetesssss

11:17:36.086 INFO: Generation ocomplete.

11:17:36.19 INFO: {Hamoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryj<Hamony Database> -> interfaceValidationEvent
11:17:36.19 INFO: {Haxmony }<Hamony Databaser -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hammony Database> -> postFinalProcessing W
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MPLAB X IDE Interface

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

¥4 MPLAB X IDE v6.20 - Lab0_First_Project : default - X

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

: - - - - - > - o - - :
PEES DE JE B PR LR OB 2D O fod e
Projects x  Classes | Files | ResourceMan.. [l || StartPage x| Project Graph x| 4» v || configuration Options x | =
= Labo_First_Project x ‘ SRERE4 | ‘Phgrs: v Profiles:  Main - View: | Root -
Linker Files = =
=@ NVMCTRL Device Family Pack (DFP) CMSIS Pack
E Source Files P,
@) config = -
o HoR
D pin_configurations.csv
@ @ Lbraries
[ Loadables
Lab0_First_Project - Dashboard x | Navigator | (=]
% 79 Lab0_First_Project ~
@i} 98 Project Type: Application - Configuration: default Output x =
=) Device
0] 1 OATSAMDZIGIBA Snap x MPLAB® Code Configurator x
i . 18138120, 289 ANFUD (HArmOnY) (HAImONY UATADESEe’ = LOAMINE YYSTEm SErvViCces IOr AINAMUZIGCLDA
# Checksum: Blank, no code loaded ~
B - CRC32: Hex file unavailable 889  INFO: (Harmony}{Plugin>[Info]: Loading plu €:\Users\A76905\. mcc\HarmonyContent\cspharch\. . \. . \harmony-services\plugins\generic_plugin. jar
‘@ @ Packs 889 INFO: (Harmony)(Event Configurator>[Info, lize Event Configurator plugin

.894  INFO: (Harmony)<Event Confisurator>[Info
.894  INFO: (Harmony}(NVIC Confi
.894  INFO: [Harmony}(NVIC Configuration[Info]: Mai

-~ @ SAMD21_DFP (3.6.144) Main HTML path for "Event Cenfisurator” : csp/plusins/confisurators/event-confisurators/event-cenfisurater/build/index. htal

- @l CMSIS (5.8.0)
L & Snap (2.4.1239)

rationd[Infol lize NVIC Configuration plugin

HTML path for "NVIC Configuration” : csp/plugins/configurators/interrupt_configurators/nvic_interrupt_configuration/build/inde

E-“ﬂ‘ Compiler Toolchain 28894 INFO: (Harmony)<DMA Configuration)[Infe]: initialize DMA Configuration plugin
+F %C32 (v4.35) [C:\Program Fies\Microchipxc32) 13:38:26.895  INFO: (Harmony)<DMA Configuration>[Info]: Msin HTML path for "DMA Confisuration” : csp/plusins/confisurators/dms-configurstors/dma-confisurstor-1/build/index. ht=l
‘f Production Image: Optimization: 13:38:26.895  INFO: (Harmony)<Flugin®[Infol: Loading plugin: C:\Users\A76905\. mcc\HarmenyContent\csp\arch\. . \peripheral\pert_u2210\plugin\port_u2210. jar
- Device support information: SAMD21_DFP (3.6. ¥ 13:38:26.895  INFO: [Harmony)(Plugin>[Infol: Losding plugin: C:\Users\A76905\. mcc\HarmonyContent\csp\arch\. . \peripheraliclk_sam_d21\pluginiclk_ssm d21. jar ©
< > z 0
P News Notifications (MCC] @
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MPLAB X IDE Interface

* Project window.

[ Services [ Resource M.
=& LabO_First_Project
@[] Header Files
#-([@ Important Files
@) Linker Files
=-(g Source Files

3 @ config

3 [ pin_configurations.csv
@[ Lbraries
h Loadables
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MPLAB X IDE Interface

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

 Lab0_First Project - Dashboard x |
'y Lab0_First_Project
i ?8 Project Type: Application - Configuration: default

Ei’ Device

‘ ATSAMDZ21G184
- 3 Checksum: Blank, no code loaded
@A CRC32: Hex file unavailable
=g Packs
- @ SAMD21_DFP (36.144)
- @ CMSIS (58.0)
=Y Compiler Toolchain
? HC32 (v4.20) [C:\Program Files\Microchipise 3244 .20'bin)
Y’ Production Image: Optimization: gec O1 g+ 01
”E" Device support information: SAMD21_DFP (3.6.144)
- Memony
&) Usage Symbols disabled . Click to enable Load Symbols.
Labo_First_Project - Dashboard x | Navigator - (d Data 32,768 (0xB000) bytes
G et rvs Aopcaton - Confiuration: et 53 Program 262,144 (0x40000) bytes
TP sz - {53 Stack Usage Guidance
§ Frr et -4 Debug Tocl

& @ Packs W

.-l SAMD21_DFP (3.6.144) o None

- VSIS (5.8.0) - 4F Debug Resources
H . Snap (2.4.1239) ;
= Compler Tookhain “- Program BP Used: 0 Free: 0
5 €32 (v4.35) [C:\Program Files\Microchip\xc32\ 3

;ndu:ﬁ; [m.Ege: O:imizaﬁnn: ? ‘ (] Data BP: No S'U.Ppl:ll.'t

Device support information: SAMD21_DFP (3:;. g Data Capture BP: No Support
‘o] Unlimited BP (8/W): No Support
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MPLAB X IDE Interface

* Source code and Output window.

Sorce | oy |0 [+ B+ QB & By

]

Slfbp|laven|&s @

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

<

13:38:26. 889

13:38:26.885  INFO: (Harmony}<Flugin>[Infol: Loading plugin

12-47.47 988 TNEA- [mrmnnl AAUAN T 102 Een

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

machines of all modules in the system
***!!**************!************!**!***********!!**************H************!**/

EI // e s e i e e e e e e e v e e e e s e e e e e e v s s s e e e s e e e s e e e s sl e e e s sl e e sie sl e e vl sie s e e s e e e ke sie e e e e sl i e e e e e e e e e
// e s s e e s e e e s e s s she e s s e s s she e sk e e s s e ke s e e sk e e s s e e sk e e s e e e e e e s e e s e de e e de de e dede de de de e s s de de de e de de e e e

// Section: Included Files

// e e e e e e e e e e e e e e e e e e e e e e e ke s e e e ke ke e e e e e e e e e o e e ek e ke ke ke ke sk e e e e e e e e e e e e e e e e de de de ke e e de e ke

L // * * Jededede ek * ¥ Jede e dede i * * e e e de e e * Jededede ek * ¥ e e e e e v e e e e

#include <stddef h> // Defines NULL

#include <stdbool h> // Defines true

#include <stdlib.h> // Defines EXIT_FAILURE
#include "definitions.h" // SYS function prototypes

1d: 3820, 244 : (HATmONY}<HATmONY UAtabase; -/ LOBAINE SYstem Services for AISAMUZIGLNA
: {Harmony}<Plugin>[Infol: Loading plugin: C:\Users\A76905\. mcc\HarmonyContent'\csp\arch\.. \.. \harmony-services'plugins\generic_plugin. jar
13:38:26.889  INFO: (Harmony}{(Event Configurator>[Info]: initialize Event Configurator plugin
13:38:26. 894 INFO: (Harmony}<Event Configurator>[Info]: Main HIML path for "Event Configurator” : csp/plugins/configurators/event-configurators/event-configurator/build/index. html
13:38:26. 894 INFO: (Harmony}<NVIC Configuration>[Info]: initialize NVIC Configuration plugin
13:38:26. 894 INFO: (Harmony}{NVIC Configuration[Info]: Main HTML path for "WWIC Configuration” : csp/plusins/configurators/interrupt_configurators/nvic_interrupt_configuration/build/i
13:38:26.894  INFO: (Harmony}<DMA Configuration)[Info]: initialize DMA Configuration plugin
13:38:26. 895 INFO: (Harmony}<DMA Configuration)[Info]: Main HTML path for “DMA Configuration” : csp/plugins/configurators/dms-configurators/dma-configurator-1/build/index. htal
13:38:26. 895 INFO: (Harmony}<Plugin>[Info]: Loading plugin: C:\Users\A76905\.mcc\HarmonyContent'\cspiarch\. . \peripheralport_u2210\plusin‘\port_u2210. jar

\Users\A76805\. mcc\HarmonyContent\csp\arch'. . \peripheral'\clk_sam_d21‘\plugin\clk_sam _d21. jar

e Tl

suoRdo LoneInBlyes
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LabO Project Properties

Step 11

* Now we need do some settings
in project properties :
on Dashboard or

* Click &/

Right click on project and

select to Properties.

Tl THL LT AL A T e [ )

TIPS ™ @ du

Pt A

File Edt View Navigate Source Refactor Production Debug Team Tools Win

TH N

Projects x Classes  Files Resource Man... =] | StartPage x [ Pro
= abd Source  History
Right click { Build
@ tmeo Clean and Build 1 |
1 . Edn an ul
[{r Linker Filk 16 .
=g SourceFi Clean N -
§ EIE[ confi Batch Build... 1y
5 ] main. Set Configuration > 18
[ pinc / /A
- Libraries New 5 19 [,
&-[§@ Loadable Add y 20 // 7
LabD_First_Projec d 21 J
t’%ﬂ Lab0_First_F Show Code Coverage Summary 29 7
- -¥g Project . N
P |j—|- Device Versioning » 23| L
H| @t Hitoy | || 24
/| e "
- EB CRC Properties 25 #Hin
€ |- g Packs TS :
L@ SAMD21_DFP (3.6.144) 26 #in
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LabO Project Properties

Step 12

* Select Connected Hardware Tool : Snap-SN: BURXXXXXXXXX

* SAMD21_DFP :3.6.144

* CMSIS :5.8.0

e Compiler Toolchain : XC32 (v4.35) [C:\Program Files\Microchip...]

9 Project Properties - LabO_First_Project P I ease Confi rm d eVice aga i n
— ATSAMD21G18A
©  File Inclusion/Exclusion All Families ~ ATSAMD21G18A

- = Conf: [default
o Snap % Connected Hardware Tool: Supported Debug Header: %
3 Loadng Snap-SN:BURXXXXXXXXX v|Oshowal  |none .
[_Contf: [ode:?n:ﬂt] ) %Snap SN:BURXXXXXXXXX |

pee @ Xc32-a8 =) CMSIS
bee @ xc32-gcc

b @ ¥e32-g++
b @ xc324d

- @ xc32-ar

@ Analysis Compier To oldwann AN

[ XC32 [Install Latest version] ]
- XC32 (v4.35) [C:\Program F...]

Manage Configurations...

Manage Network Tools...

[Click OK to finish Project Properties] el Help '
RS\ MicrocHIP




Lab0 Add Code

Step 13

* Add below code segment to main.c

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

int main( void )
SYS _linitialize(NULL);
while( true )
SYS_Tasks();

/[ TODO 0.02
for( i = @ ; i < 2000000 ; i++);
X =X + 1;

}

return ( EXIT_FAILURE);
¥
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LabO Build Project

Step 14

e Click Icon

3

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

m MPLAB X IDE v6.20 - LabO_First_Project : default

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

bﬁﬁh‘g ) (@ [default

Projects x (lasses Files Resourc... o | [startPage x | Project Graph x
5@ Labo_First_Project Source | History

JE B )RR Q6 O @ w -

e I g R &
& @ Header F - =
[# Important
& ﬁ Linker Fileg
(g Source Fid
+ ﬁ config
) main.d
[ pin_co
@[ Libraries
(@@ Loadables
24
25 #include <stddef.h>
LabO_First_Project - Dashb... x i || 26 #include <stdbool h>
£4 |78 Labo_First_Project Alll 27) | #include <stdlib.h>
Lo 78 Project Type: Application - Configuration: de * i _
Qg @ Device 28 #include "definitions.h"
= - ATSAMD21G18A 29
g ~ # Checksum: NA e
- CRC32: OXDEFC6ETC 30
@ | =@ Packs
3 SAMNDI DED (36 144 M3l [C] //

e e e 3 e e e e e e e e e ke S e 3k e e 3k e ok Sk e e e 3k e Tk 3k ok ke ok e ko e i ok 3k i sk ke ke sk sk ok 3k e 3k ok 3k ok ok ok 3 ok o ok e

Data (SRAM memory) consume

03 / / Fe Je Je g Je Je e Je Je Je Je e Je Je Je Je e Je Je Je Je Je Je Je Je Je Je e Je I Je e Je Je Je Je Je e Je Je Je Je e Je Je Je Je e Je Je Je Je e Je Je Je Je e Je Je Je Je e e I Je Je e Je I Je Je e Je Je Je e

s 3 e sk e e 3 e 3k e e ke ke e Sk ke e gk g ke sk e ok ke sk ke ok gk ok gk sk sk ek sk e ke sk ok ke gk ke ok ks ok e ek e e e ke e

i N
suondo uokenBiyuod G

Program (Flash memory) consume fectonsinca [ news | =
MPLAB® Code Configurator x Lab0_First_Project (Clean, Build, ...) x
| = a i “C:\Program Files ochip\xc32\v4. 3| roduction/Lab0_First_Project. X. production. elf ~
- Data 32,765 (0x5000) bytes mske[2): Leaving directory *C: ‘E’(cerc[ H Project. X'
[ o% ] B R BL"Id Status N
Data Used: 124 (0x7C) Free: 32,644 »
= 144 . o " . ; 2
- & Program 262 11°/ (0x30000) bytes Loading code from C:/Excercises/Lab0_First_Project/Lab0_First_Project. X/dist/default/production/Lab0_First_Project.X. production. hex...
e e T oA s Prosraz losded with pack, SAMD21_DFF, 3. 6. 144, Microchip
=t QStad(Usage Guidance & Loading completed
- S S s . v
<
(1) 11
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Lab0 Programming Project

Step 15

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

Build
Clean and Build

Build and Programming

Debug Project

* Different Programmer SN of your project while programming.

&3 Snap not found X

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

@ MICROCHIP



Lab0 Debug Project

Step 16

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

Ep

=

@ SIERR ©

Debug Team Tools Window Help

Debug Project (LabO_First_Project)

Discrete Debugger Operation
Finish Debugger Session

Pause
Continue

Step Owver

Step Into

Step Out

Step Instruction
Run to Cursor

Reset
Set PC at Cursor
Focus Cursor at PC

Stack

Toggle Line Breakpoint
New Breakpoint...

New Watch...

Mew Runtime Watch...

Disconnect from Debug Tool
Run Debugger/Programmer Self Test

Hardware Tool Emergency Boot Firmware Recovery

Shift+F5

Ctrl+Alt+8
F5

F8
F7
Ctrl+F7

F4

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

ShA A AR

[ Stop Debug |

[ Pause Debug —

| Reset -

| Continue ;

| Step Over )

| Step Into )
| Step Out |

— |

[ Runto Cursor }

[ Set PC at Cursor }

[Focus Cursor at PC}
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MPLAB® MCC Harmony
Interface introduction
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MCC Harmony Interface

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

Tools Window Help

Analysis > m m i R
| Embedded | Embedded } 2 MPLAB® Harmony 3 Content Manager
Licenses

: 3," [ MPLAB® Code Configurator v5: Open/Close ]

Content Manager

nacks (=% MPLAB® Code Configurator v5: Open/Close
ac

e
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MCC Harmony Interface

* Now let’s walk through MCC Harmony.

g MPLAB X IDE v6.20 - Lab0 First Project : default — X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q- Search (Ctri+)
- BB . B . LB B K - - ey -
Pl D@ e JE-H-B D RRUR Qw20 @ oo
Projects Classes I Files { Resour... x| [ Start Page x}E]src\'nah.c x{PrujectGraph :I {rwid i x
MCCv5.5.0 x ‘ CRERE L 4 | {E) |Plugins: - Profles: Main View: |Root v
Project Re... Gen- | m- || £ | @@
¥ Libraries - -
NVMCTRL EVSYS Device Family Pack (DFP) CMSIS Pack
» Harmony Peripheral Library Peripheral Library
¥ System MEMORY
() System
Device Resources ’ (% Content Manager
¥ Libraries
» ': Harmony
Lab0_First_Project - Dashb... x| Navigator =
22 |7g Lab0_First_Project ~
g Project Type: Application - Configuration: de
@a =) Device
= @R ATSAMD21G 184
E # Chedksum: NA
— CRC32: OxDEFCEE7C
@ |- g Packs
& SAMD21_DFP (3.6.144)
& CMSIS (5.8.0)
- &8 Snap (2.4.1239)
- Compier Toolchain
- XC32 (v4.35) [C:Program Files\Microchi
“ﬂ‘ Production Image: Optimization: Output x[ MNotifications [MCC] " News |
Y Device support information: SAMD21 ™ - - =
g Gf"?demurv o ' Snap x MPLAB® Code Configurator x Lab0_First_Project (Clean, Build, ..) x
£ Data 32,768 (0x8000) bytes
0% Info: Loading file: ./..\src\confiz\default\ATSAMD21¢18A 1d
Data Used: 124 (0x7C) Free: 32,64
[+ {5 Program 262,144 (0x40000) bytes BUILD SUCCESSFUL (total time
/ % Loading code from C:/Excercises/Lab0_First_Project/Lab0_First_Project.X/dist/default/production/Lab0_First_Project. X production. hex. ..
: Program Used: 2,372 (0x944) Free: Program loaded with pack, SAMD21_DFP, 3. 6. 144, Microchip
= [ Stack Usage Guidance Loading completed
: Stack: Not enabled "
< >
< >
@ 321
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MCC Harmony Interface

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

[ Project Resource

Project Resources | Generate | Import.. Export | @ | ©)

¥ Libraries
¥ Harmony
¥ Packs
() CMSIS Pack
() Device Family Pack (DFP)
¥ Peripherals
¥ EVSYS
{ ) EWSYS
v NVMCTRL
(O NVMCTRL
¥ System
() System

Device Resources Content Manager

s

v TC

g3 O TC3
g3 O TC4
& O TCs

» TCC
» Tools
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MCC Harmony Interface

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

=

X

Project Resources | Generate | Import.. | Eort | @ || ©

¥ Libraries
» Harmony
¥ System
() System

Device Resource | | Gz content Manager Device Resources

Content Manager

¥ Libraries

» (O Harmony ¥ Libraries

¥ Harmony

v Peripherals

» AC

» ADC

» DAC

» DSU

» EIC

> PM

» RAM

» RTC

» () SERCOM
» TC

» TCC

¥ Tools

(O sTDIO
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MCC Harmony Interface

e Content Manager.(Existing Framework)

Projects  Classes |Fdes Fu:sourcex| [=]
MCC v5.5.0

Project Res... Gen. | Imp. E. @ |

¥ Libraries

» Harmony
¥ System
) System

[ Project Resource ]

Device Resources Content Manager

¥ Libraries

» () Harmony [Content Manager_]

[ Device Resource ]

ﬂ MCC Content Manager - Editor

MCC Content Manager x

Content Libraries MCC Core Versions

? Hammony 3 - Wireless BLE and Zigbee
applications for PIC32CX BZ3 and WBZ35
arm Mbed OS
MCC Harmony Core
0] -
) ) . 1.5.1 v Latest
com.microchip.mocc.harmony.Harmony3Libra
Harmnony 3 - Azure RTOS sclutions
Hamony 3 - littlefs solutions

Hamony 3 - Wireless Thread ® solutions
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MCC Harmony Interface

* Project Graph. (The connection diagram between modules)

| Device Family Pack (OFP) S System [N CMSIS Pack |
Peripheral Libral
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MCC Harmony Interface
* Project Graph > Plugins. (The Easy View Configuration of modules)

.a4m Plugins
X CORERE 4| o |

CP/IP Configuration
Pin Configuration

DMA Configuration
vent Configurator
lock Configuration

VIC Conﬁguration ADC Configuration
will not shows in a new project

Easy View Configuration Tools will only show
the peripherals you already added-in.
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MCC Harmony Interface

* Project Graph > Plugins : Pin Configuration

g MPLAB X IDE v6.20 - Lab0_First_Project : default < Pin Table > - X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q- Search (Ctrl+])
FREES D@ |- &y - & - b (Pin Diagram ) @ (Pin Settings )& @ Fc o0 rowaor
Projects Classes Iﬁes [Rﬂwmex| [= || StartPage x[@]src\ﬂan.c x[Pru'pctG'ad’l lehDiag'an x}PhT:bh xIPnSe‘mngs xl 4 b wiip
MCCv5.5.0 Order: | Pins v Table View | [ Easy View g‘
Project Res... | Gen | Imp. | E. | @ | O Pin g
—T~1 ber Pin ID Custom Name Function Mode Direction Latch Pull Up Pull Down Drive Strength o
¥ Libraries Number g
¥ Harmony 1 PADO Available ~ Digital High Impedance Low O H NORMAL ~ g
» Pacls 2 PAO1 Available v| Digtal | HighImpedance ~| Low 0 [0 | normAL g
3 PAD2 Available ~ Digital High Impedance Low O n NORMAL
» Peripherals
v Syste 4 PAD3 Available v Digital High Impedance Low O O NORMAL +
m | l
ystem 5 GNDANA Digital High Impedance Low NORMAL
) System
Y 3 VDDANA ~|__Digial | High Impedance Low NORMAL
Device Resources Content Manager 7 P08 T Pin Settings High Impedance | Low O 0 |mnorMAL
v Libraries 8 P09 L g High Impedance |  Low O O | NorMaL +
» O Harmony 9 PAD4 Available ~| Digtal | HighImpedance ~| Low O O | NoRMAL ~
10 PADS Available v Digital High Impedance Low O O NORMAL +
1 PAOG Available || Digital High Impedance ~| Low O O NORMAL v
12 PAD7 Available v Digital High Impedance Low O O NORMAL +
Lab0_First_Project - Dashboard | Navigator x | 13 PAOS Available v Digital High Impedance ~ |  Low O O NORMAL v
@ manD 14 PADS Avaisble v | Digtal | Hghlmpedance | Lon 0 0 | normaL
15 PA1D Available ~ | Digital High Impedance Low O O NORMAL
16 PA11 Available v Digital High Impedance Low O O NORMAL v
17 VDDIO Digital High Impedance Low NORMAL
18 GNDIO v Digital High Impedance - Low NORMAL
19 PB10 Available v| Digital High Impedance ~ |  Low I [1 | NORMAL v v
Output x | Notifications [MCC] | News &
[ Snap x MPLAB® Code Configurator x LabO_First_Project (Clean, Build, ..) x
A
Info: Loading file: . /.. \src\config\default\ATSAMD21¢184. 1d
SSFUL (total
Losding cods from C:/Excercises/Lab0_First Project/Labl_First_Project.X/dist/defsult/production/Lab0_First_Project. X production. hex. ..
Program loaded with pack, SAMD21_DFF, 3. 6. 144, Microchip
Loading completed
v
< >

@ 321
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MCC Harmony Interface

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

a MPLAB X IDE v6.20 - Lab0_First_Project : default - X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q- Search (Ctri+])
;g default - E %‘ @ 2 How do I? - .
g E EI m % L@ @ &I Eﬁ [> Pin Sett"'.gs ﬁ @ @ Pin D|agram
P  Projects Classes I Files Resource ... x | [= || StartPage x}@ srcmain.c x[Prn)ectGraph xl Pin Settings x 4 b widi| confi jon Options Pin Diagram x =
% MCCv5.5.0 Order: Pins v Table View | [ Easy View lailable Lo
3 | ProjectRes... Gen. |mo. | E. @ | © Pin hble
= ———— by PinID Custom Name Function Mode Direction Latch Pull Up Pull Down  Drit
| ¥ Libraries Mumber ned
- v Hamony 1 PADOD Available v| Digital High Impedance ~ | Low O O NC A
E » Packs 2 PAOL Available v Digital High Impedance Low O O NC
2 L
] 3 PAD2 Available ~| Digital High Impedance ~ | Low O O NC
. = » Peripherals Pa03 e — : =
UgINS: e | v system * A va | D Hich Impcdanc v | g O | 4847464544 434241 40393837
5 "
i| . 5ystem 5 GNDANA Digital High Impedance Low NC PAOD VDDIO
i 6 VDDANA : ant_al‘ High Impedance Low NC PADL GNDIO
- 7 PBO3 T . o [ | High Impedance ~ || Low O O e paDz PAZS
3 Pin Settings e b
e 8 PB09 L High Impedance | Lo O 0O In GNDANA PAZ3
— VDDANA Paz2
g PAD4 Available «| Digital High Impedance | Low O O s PBOS PazL
10 PADS Available igital | High Impedar Low NC PEO3 PAZO
v i Do fHovimeime vigESR O | O I« pas P|n Dlagra PA1S
11 PADS Available ~ | Digital High Impedance Low O (] NC paos 8 PALS
12 PAO? Availzble .| Dgita | HighImpedance ~ | Low 0O 0O Inc ::gg ié Sgig
Device Resources Centent Manager 13 PACS ‘Avalable ~| Digital | HighImpedance ~| Low ] O Iwx
v Lib 13141516 1718192021 222324
oranes 14 PAQ9 Available ~| Digital | HighImpedance | Low O O |n o e
* ) Harmony 15 PALD Available v| Digta | Highlmpedance | Low 'ne SESCEEEEDDE D
Dotal | b g | o 33535 0EBF55%
16 PA1L Available v Digital High Impedance Low O O NC ., E v
< . > < >
Pin Table )
Pin Table x News =
Package: TQFP48 v E E ol o
el=|laulal=|z slule|le|lelelal=|8 E8lo|lalalolslvleln|lalelel=lalalsx
olag|lg |2 9 a|l8lB8|3|8|8|5|8|8|=2|=|82 9 = B B0 T T O T B B O o s I A )
I I I A I I I I I A S A - - O = I O - - L
Module Function 1|2|3|4|5|6|7|8|9|w|11|12)13|14|15|16|17|18|19)|20|21|22|23|24|25|26|27|28|290|30|31)32]33
AC_AINO A~
AC_AIN1 H
Pin Table
AC_AINZ ‘
AC
AC_AIN3
AC_CMPO 1~
< >
& [ output @ 321
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MCC Harmony Interface

* Project Graph > Plugins : Clock Configuration

g MPLAB X IDE v6.20 - Lab0_First_Project : default - X

.File Edit View i t_Production Debug Team Tools Window Help Q- |
# ¥ | (Clock Easy View) JE-H-B- PR RUR O aw- 2@ @ foog e

o | Project Graph x | Clock Easy Jiew x . = = 1 4p w3
3 Double Click the tab name to enlarge or shrink the window. | g
H B oseEM g
= 8 MHz Internal . oscam L ) s
® Oscillator o =1 > g
2 DAL Main Qock g
B -
3 OSCULF22K Gaxo :
] » E— CPU
= 0sC2K 48,000,000 Hz 48,000,000 Hz
i X0SCK
5 o . bIv1 v
i| Crystal Oscialitor GOLK_IN[O] 1
»
i, GOLK1
2
5 DFLL ~
DMA Configuration ,
Fractional Digital Phase Locked Loop (FOPLL) ]
t Configurato: % —
vent Con ator 2| clock o T o Peripheral Clock Selection
Clock Configuration £ | Source e e — Gak
. B M - o)
VIC Configuration - E o & sar
§ ki DAL GOLK3
é [sa ok% GOLKL
GCLK4
@ /( PECUERS2N —> > » Peripherals
- Auto 05C32K GCLKS T
g 05| XOSC3X ~ Calculate EE}‘ f— GOLKE . 1
K] 1K GOk ¢ gloeck
= Clock GOLK_IN{1] /( = onfiguration
(=)
2 Source — Digta Frequency Locked Loop (DRLL 4EMha) [ S0
£ GaKD v il 7
£ DAL
H o 48,000,000 bz
3 Open X0SC GOLK Generator x [x=2-8) [] Gax2
§ 2 e - selie GOLK Input Output (10)
2 {0y GOK4 GCLK_INIx]
= FOPLL GCLK S =
- ‘ GOK6 B
3 HH e ihirg GOk 7 % . [ saxok
B OSCULP32K GCLK 8 [ ]
= T GCLK 1/0 Configuration ,
& [ Output Notifications [MCC] News @)
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MCC Harmony Interface

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

B | NVIC Configuration

NVIC CONFIGURATION

Vector Number Vector Priority (0 = Highest) HandlerName

-15 Reset (Reset Vector) -3 v Reset_Handler

(<

NonMaskablelnt (Non-maskable Interrupt) NonMaskablelnt_Handler

(<)

HardFault (Hard Fault) HardFault Handler

NVIC Configuration

(<

SVCall (SuperVisor Call) SVCall_Handler

(<)

PendSV (Pendable SerVice) PendSV Handler

SysTick (System Tick Timer) SysTick_Handler

PM (Power Manager) PM_Handler

SYSCTRL (System Controller) SYSCTRL Handler
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MCC Harmony Interface

* Project Graph > Plugins : ADC Configuration

B4 MPLAB X IDEv6.15 - Lab12_SERCOM_I2C_Access_G-Sensor : default — O x
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help [Qr Search (Cul+1)
: . = = = 3 ] ] - ]
1a1= ADCEasyView) - &-H B >3- %2 H-Q 0 T Q' 2 & B Fotmer
= Project Graph  =| ADC Easy Wiew X} E =
g -
2 3
g ADC Configuration g
= Inputtoscan  Scan startoffset 9
5 = 0s =
A\ = Software Trigger 5
Plugins: : Gak -
é st Evemt B Hardware Trisger e |l
" Prascaler
. . k-] Flush Event [F— Peripheral clock divided b...
Pin Configuration 5 T .
ADC Conﬁguratjon &= Conversion Trigger Left-sligned rasult
ﬁ é Automatic Window Comparison Result Interrupt
DMA Configuration = ResurRasolution
gu 12-bit esult “
Event Configurator g ADCAINZPm - >
< ‘o Resuit Registar
lock Configuration = B
= ansloginput | Result Event
ADC Configuration = B
. . . 2 B ]
= H
will not show in a new project E Jpe— S— sizs e
= | 106.6666666... e EVENT
® No window mode (def... -~
— Internal Greund  ~ 45| /2 VDDANA (0., ~ L .S
_% Sample Length Select Referance
g
g
5
3
=
g
)l
2
=i
o Notifications [MCC] Mews () Netifications [ Qutpnt Q Search Results @| ‘
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MCC Harmony Interface

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

B DMA Configuration

Active Channels List Use Linked List Mode

Channel Number Trigger

DMA Channel 0 Settings

DMAC Channel 0 Software Trigger

Enable Interrupt
ADC Configuration
DMA Configuration

Trigger Action

One Block Transfer Per DMA Request
Add Channel Remove Selected Channel

Source Address Made Increment Address After Every Transfer

vent Configurator
lock Configuration
VIC Configuration

Destination Address Mode | |, roment Address After Every Transfer

Beat Size 32-bit bus transfer

g\ MICROCHIP



MCC Harmony Interface

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

u MPLAB X IDE v6.20 - Lab0_First_Project : default = X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help [Q search (ctrl+) |
PEES D@ = VEH B P-LTIT OB Oy 2D @ coger
S:C“C.;SS.D B Event Configurator - [m] X
Project Res...
Project EVENT CONFIGURATOR
¥ Harmony
» Packs . . .
PR Channel Configuration Channel Settings
v S Event U R Select the channel from Channel Configuration Table to view channel settings
@ O syem Channel Number = Event Generator ven ser emove
Status = Ready @ Channel
No results found
DMA Conﬁgurahon Device Resources
Event ConﬁguratO( » Libraries Add Channel
lock Configuration
INVIC Configuration
User Configuration

Remove

User = Channel Number
User

—@ main0 No results found

Add User
° 6. [February 12, 2024] Aerospace Library v3.5.0 and Applications update

@)| |
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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

y

X : A,B etc..

n :0,1,2, etc..

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

OUT([i]n

IN[i]n
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PORT Block Diagram

* SAMD21G18A PORT Block Diagram

PERIPHERALS

PORT

Peripheral Mux Select

Port Line

I/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

usSB

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 et

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; /* 0x41004480U : PORTB DIR */

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

atsamd21gl8a.h port.h
#define PORT_REGS ((port_registers_t*)0x41004400) typedef struct
{
port.h __10 uint32_t PORT_DIR;
__10 uint32_t PORT_DIRCLR;
typedef struct __10 uint32_t PORT_DIRSET;
{ /* Port Module */ __10 uint32_t PORT_DIRTGL;
port_group_registers t GROUP[GROUP_NUMBER];
} port_registers_t; } port_group_registers_t;
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Atomic Bits Manipulation

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

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

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

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

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

reg 1 1 1 0 1 0 1 1
<_~
regCLR i1/0|1 11|01 ]|0
' ' v v
reg oj1|0|0|0|0]|O0]1
regCLR : corresponding bits clear to 0
reg 1 1 0 1 0 1 1 1
<~
regTGL |1 |0 |1 |0 |1|0|1]|0
v v v v
reg 0 1 1 1 1 1 0 1

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

regSET : corresponding bits setto 1
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Lab1l PORT Output

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

*How to start ?

@ MICROCHIP



Check Schematic

3.3V <
3 3V p—kERL H Green AL /J’E'-:J-\ |GND
FDN337N
PA20PWM(TCCO.6) . paog
D AAA ALK 100K oy

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( true ) Period Control
{ _ . o
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 mml

0x00100000 (Hex) 0x00
0000 0000 0001 0000 0000 0000 0000 0000 b (Binary) 0x01
3322 222222221111 1111 11 Ox02 DIR
1098 7654 3210 9876 5432 1098 7654 3210 X
0x03
/ TODO 1.01 0x04
uint32_t i = 0; LED1 Pin PA20
0x05
int main (void) O0x06 DIRCLR
{
SYS_Initialize (NULL ); 0x07

/[ TODO 1.02
*(__I0 uint32_t *)(0x41004400U + 0x08U) = 0x00100000; 0x09 DIRSET
OX0A

while( true)
{ N | 0x0B
or (1=0;1<2000000 ;i++);
0x1C
/[l TODO 1.03 0x1D
*(__I0 uint32_t *)(0x41004400U + 0x1CU) = 0x00100000; Ox1E
}
} Ox1F
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Labl PORT Output

Step 2

@ Program firmware to target board

e Modify code segment to your main loop

/[ TODO 1.01
uint32_t i = o; [Access by Pre-defined Struct}

int main (void)

{
SYS_Initialize (NULL );

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

while( true ) Period Control
{ e

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

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

}

then observe result.




Pin Configuration using MCC Harmony

* |If you already close MCC Harmony, please open it through below steps.
* Menu Tools > Embedded > MPLAB Code Configurator v5: Open/Close or Click E

g MPLAB X IDE v6.20 - Lab0_First_Project : default [ TOOIS ]
File Edit View MNavigate Source Refactor Production Debug Team Tools Window Help _Q— Seard|
™ = S A [default o - Analysis B2 ¢ N T ov EIm-SER -\ ::-’ M kc:ox0 Howdor?
L Embedded MPLAB ML Model Builder
Servi...  Proj...x Reso.. Classes Files I=] || Project Gp
®
= Labo_First_Project e | Embedded l %LQM;LAL c:"‘fr"":g"?l”’fofnl’%m s L9
G E Header Files —
- Important Files 1 [ Documentation Man[ ] """""" kde ek ke dede X
(] Linker Fies _1 Backs MPLAB Code Configurator v5: Open/CIose
&-(gF Source Fies 3 Manage Network Tools
2@ cnfo C1/ CD Wizard...
] main.c 4
[ pin_configurations.csv 5 Templates LT
e ﬁ Lbraries DTDs and XML Schemas e
-7 Loadables 6
- Plugins
Plugins Download
8
g Options
10 Summarm
11 T f P
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Pin Configuration using MCC Harmony

* Click @ Icon.

EHES D =

8 MPLAB X IDE v6.20 - Lab0_First_Project : default

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

DB B LR QB OB W Z0C T mer

|Q~ Search (Ctrl+])

Servi... | Proj..x Reso.. Classes Files

=

=[5 Lab0_First_Project
G- Header Files
-3 Important Files
i) Linker Files
= (&) Source Files
E--- config
. E‘l main.c
- [ pin_configurations.csv
Ié} (& Libraries
ﬁ Loadables

Project Graph x | & srcymain.c x {rvwi
souce sy R E-F-QOTHFEL (P (G0 0L 360 #
1 E /******************************************************************************* A n
2 Main Source File
3
4 Company:
5 Microchip Technology Inc.
6
7 File Name:
8 main.c
9
10 Summary:
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Pin Configuration using MCC Harmony

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

ﬁ Project Graph - Editor

Project Graph x \

[ X

KD Q|

X ITHRERBE 4| & P

L4

DMA Configuration
Pin Configuration |

I EVSYS

Peripheral Library

Device Family Pack (DFP) |

View:

Root
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Pin Configuration using MCC Harmony

* Docking three Pin Configuration windows as below.

£33 MPLAB X IDE v6.20 - Lab0_First_Project : default
File Edit View Navigate Source Ref Production Debug Team Tools Window Help [QF Search (cti+1)
FEES D@ @ UEHE DL EUB O W 2D @ oo e
Projects | Classes | Files | Resource...x | [ || StartPage x|{srcyman.c x | ProjectGraph x | Pn Settings x |

MCCv5.5.0 Order:  Pins v Table View | [ Easy View

Project Res... | Gen- || Imp- | & |@ /@] 5,

v Libraries Number

PinID Custom Name

&
>

¥ Harmony PAGO

» Packs

» Peripherals
v System
(O System

484746454443424140393837

LabO_First_Project - Dashboard () Navigator Ty

GNDANA
VDDANA
PBO8
PBO9

v olvlolulalw N

PAD4 ATSAMD21G18A

slelslie g g

o
1
2
3
d +
s
6
7
8

5]

PADS

12 s [
131415161718192021222324

PAOS
PADS
PALD
PA1L

gg&8

g8 99888895870 88% &

O|0j0|0|ojojoon|a
O|ojo|o|ojojoona

<

VIZIRIRIZIRIZRIRIZIRIRIRIZIRIZIR

<

| PinTable x| Notifications [MCC] | News
Package: :w7 v

Modue
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Labl PORT Output
Step 3

* Pin Table configure. (Enable or Disable Pin)

[] Fin Table PA20 [ |
............................ D D
Package: |TQFPAS © v Clalalelz(elzzlelels|z2|2ls|sl8 s F
ool QT = (RO PV B o N o B o . o O o B o o . o o o B o I
I = I I B B B T ' T (W W i o I D T T I T T
Module Function BlI7 |18 1920 |21 |22 | 23|24 |22 |26 |27 |28 |29 |30 | 31 | 32| 33
GULE o7
GPIC GFIO i
GPIO [25_FS0 Click &7—
T % AT [ | [ [ Avatiable
(] Fin Table
e o | 'l'l
Package: [TQFP4Z | v clalalelz|elzzlzlels|e|2elsl88] 5
sl Qi = P PO B o B o I o B o . o S o B o N R o B
AN = v T R B I A T ' T ' T W - - (e ] T T (T T
bAadule Funetion BILI7 | 12| 1920021 |22 |23 |24 |25 |26 |27 |28 | 20| 30 | 31 | 32| 33
GCLE _Io7
ORI GEIC
L5 _Fs0 Green is Enable
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Labl PORT Output

Step 4

* Pin Setting. (Pin Function Setting)

[] Fin Settings = 4 5
Order:  |Pins Table Wiew Easy View
qum b Pin ID Custom Mame Function Mode Direction Latch Full Up  Full Down
u].]r_lu Bl rHLr | HVanouIc . LA1E1LAL PIIL Laan % | Loy | L1 | L1
27 . ., B | Digital | HahL.. [ . i - L]
: Pin Function Settin
p- PA20 |i Double Click to Edit [ - o Digial | oL - g ]
29 PA20 GPIO_PA20 GPIO w| Digital | HighL.. ~| Low [] []
30 Paz1 Available w | Digital HighL.. Lo [] []
(]_Fin Sottina = B ]
Always remember press [Enter] | Easy View
after to In pUt a ?y va I uein MCC Ha rmony Function Mode Cirection Latch Foll Up  Full Diown
u]l'.I.UEI rHLr FVanoue w LARIEL |t o Lo | L1 L1
7 PALS LED1 Available ~ | Dugital 4 Ou Low [] L]
23 PA1S Available ~| Digital g | o [] []
2 PAZ0 LED1 GPIO v| Digital [out | Low
30 PaZ1 Available w | Digital HighL.. Lewr [] []
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Lab1l PORT Output

Step 5

* Pin Diagram. (Hardware design reference)

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

“ DESQ%EF o
It I et
r e e h aty
. 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)
PEOG O ¢ (200 LED1 )
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 e A e e
Judfal
fizitopssass
=0

(] Confignration Cptions

(] Help | [ Fin Diagram
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Labl PORT Output
Step 6

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

Resource Management [MCC] x |

Project Resources Ge"emt“d. import.. | Export | @ || @ |

v Libraries VY
» Harmony
¥ System
() System

) X
Output - MPLAB® Code Configurator %
11: INFD): #444888884888sestasttssssssssssssssssssssssssssssss s
11: INFO: Generation complete (total time: 9101 milliseconds)
11 TNFD: #4488 e8ts et sesetettettttssstestsssssessssssetesssss
11: INFO: Generation ocomplete.
11: INFO: {Hamoryy<Hamony Databases -> prebenerateEvent
11: INFO: {Hammoryj<Hamony Database> -> interfaceValidationEvent
11: INFO: {Haxmony }<Hamony Databaser -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hammony Database> -> postFinalProcessing W
< > A%\ MicrocHIP




MCC Harmony GPIO Macros

Plib port.h

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

#define LED1_Clear()

#define LED1_Toggle()

#define LED1_Get()

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

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

Plib port.c
void PORT _Initialize(void)
{

}

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

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

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

ﬁ\ MICROCHIP



Labl PORT Output

Step 7

e Modify code segment to your main loop

/[ TODO 1.01
uint32 t i = 0;

. : : PORT initialization already done here
int main (void) /

{
SYS Initialize (NULL ); T
Comment out this line
/[l TODO 1.02 e
//PORT_REGS->GROUP[@].PORT_DIRSET = 1<<20;
while( true)
{
for (1=0;1<2000000 ;i++);
/[l TODO 1.03
LED1_Toggle();
}
}

@ Program firmware to target board
then observe result.




MPLAB X IDE Shortcut key

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

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

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

* Alt + Left : Backward (Code Trace) & options x
. s%% y @ S | r,w = = Q

® Alt + Shlft + F : COde Form at General Editor Fonts & Colors Kp Embaddad T:am Appdelz;—alnce Pgs M1s§eous

(]

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

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

* Based on Lab1l, Try to add LED2(PA21) continues toggle
(Period around 500ms ~ 1S).

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

Pressed -> LED3 Light
Released -> LED3 Dark

eLet’s go!
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Check Schematic

3.3V
3.3V
10K
PA15
PA1S
/EINT1.

) B

o
33331}1: LED] H S A2 /:.\ GND
J_ﬂ_ FDN337N
PA20PWM(TCCO.6) . paoQ
D AAN ALK 100Ky o
W/
?%V. LED2 Green AL 0N\ |GND
. I | e | I 4
J_ﬂ) FDN337N
PAJIPWM(TCCO.D) _ paoq T
aD AN ALQK l AAAAZE 6
./l
335?’1}’: LED3 H Green AAA 470 /_\\

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

PA17

4 GND
Qw FDN337N
100K

100K
A"AAY

)

. GND
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Lab2 PORT Input and Output
Step 1

* Pin Table configure. (Enable or Disable Pin)

ﬂlPin Table 'PA14 PA15 PA17 PA20 PA21
F o [T9 [ T
Package: TQFP4E AEIFIEIE olalelo|=a]|ololal =
AREIE R G EREERE ERE
Module Function 121920 21|22 23|24 25|26 |27 28| 20/30 31|32
GCLE_107
GFIC GPIO olol |a| | _2te
o \/V
GPIO Click
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Lab2 PORT Input and Output

Step 2

* Pin Setting. (Pin Function Setting)

il IF‘in Settings

irder: | Pins v Table Wiew Easv View
Ii?mber P [D Custom Mame Function Maode Direction Latch Full Up  Full Down  Drive Strength
o) PA13 L BT1 Available w|  Digital | HighImpedance ~| Low [] [] NORMAL w
PA14 PA14 BT1 GPIO v|  Digital f1n In Y Low [] [] NORMAL w
PALS [ rass L BT2 |, GPIO v| Digital | In |+] Low ] ] NORMAL v
| . = o X

25 PA1S Available w | Digital High Im==- w| Low ,_IZL| [] NORMAL e
PAL17 |[ rar LED3 —; GPIO | Digtal [owt | OUt [ Low |LLOW/ NORMAL »
27 PA1S Available w | Digital High Impedance | Low [] [] NORMAL w

25 PA19 LED1 Available w | Digital High I w | Lo [ ] [] NORMAL v
PA20 PA2D LED1 GPIO | Digital font LOUL Y Low JLLOW NORMAL w
PA21 | a2 LED2 |, GPIO v| Digital |louwt |OUt O] Low |[LOW NORMAL v
31 PA22 Available w | Digital High Impedance ~| Low [] [] NORMAL o
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Lab2 PORT Input and Output

Schematic Describe

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

3.3V

10K

PA14
'EINT14

—r—

else

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

| LED3

H// Green AN 470

3.3V}

PA14

i§ =

GINDGIND

BT1

f’?;“\
J_Q ‘ FDN33
PA17/SCK SCL(S1.1)/PWM(TCC2.1, TCCO.7) =T
L

PA17 ]
ANNAA2E

Press :PA14=0
Release : PA14 =1

)

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

|GND
7N

100K GND
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Lab2 PORT Input and Output
Step 3

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

Resource Management [MCC] x |
Pl’OjECt Resources | Generate\J Import... Export | 9 @

v Libraries VY
» Harmony
¥ System
() System

) X

Output - MPLAB® Code Configurator %

11:17-36.085 INFD): #444888884888sestasttssssssssssssssssssssssssssssss s
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36.086 TNFD: #4488 e8ts et sesetettettttssstestsssssessssssetesssss

11:17:36.086 INFO: Generation ocomplete.

11:17:36.19 INFO: {Hamoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryj<Hamony Database> -> interfaceValidationEvent
11:17:36.19 INFO: {Haxmony }<Hamony Databaser -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hammony Database> -> postFinalProcessing W
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Lab2 PORT Input and Output

Step 4

0 Program firmware to target board

e Add code segment to your main loop

uint32_ t i = 0;
int main (void)

{
SYS_Initialize (NULL );

while( true )

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

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

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

k

then observe result.



Lab2 PORT Input and Output

Button Response Discuss

* Button Response Time Issue ?

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

while( true )

{}

LEDs_Toggle();

LED_Light();
else
LED Dark();

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

if ( Button_Detected() )

while( true )

if (i++ > 2000000 )

i
1=0;

LEDs_Toggle();
}

if ( Button_Detected() )
LED_Light();

else
LED Dark();
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Lab2 PORT Input and Output

Step 5

e change coding style to state machine mode

uint32 t i = 0;
int main (void)

{
SYS |Initialize (NULL );

while( true)
{
if ( i++ > 2000000 )
{
i=0; How about current LED toggle speed after
/l TODO 2.01 change to state machine flow control ?
LED1_Toggle(); 2
LED2_Toggle(); Why :
}
// TODO 2.02
if ( BT1_Get() ) LED3 Clear();
else LED3 Set();
}
}

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
. S S count
{COUNTER ke OVF/UNF
i | clear (INT Req.)
. ] load CONTROL
| direction LOGIC
____________________________________________________ 2 ., ERR
(INT Req.)
r ~ r Top
b
[ =0 | Zero 5 §
=
[
Compare / Capture
CONTROL
LOGIC
v WOx Out
WAVEFORM
GENERATION ¢ |
v match MCx
= | (INT Req.)
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SAMD21 Timer/Counter

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

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

and CCx.

Asserts a into the interrupt request when equal, and resets

TCx to zero.

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

Interrupt  Equal
Request

D

Reset

CCx

]

v
Compa rator

Prescaler

e count < + J—— ck_Tcx_APB

1:1
1:2
1:4
1:8
1:16
1:64
1:256
1:1024

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

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

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

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

* Normal Pulse-Width Modulation Operation (NPWM)
toggles on each match & update condition

* Match Pulse-Width Modulation Operation (MPWM)
toggles on each match & update condition
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Docking MCC Harmony windows

* Return to Harmony and docking windows as below.

a MPLAB X IDE v6.15 - Lab0_First_Project : default — X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Qr Search (Ctrl+])
e E B2 '3 .
FHES HE e JE-E-B 0-R-LT-UB- SO Q- 2o e
Projects | Reso... x| Files | Services = || srcymain.c x[StartPagc l}ijectGru:h x}HnSerﬁngs xl 4 » ¥ pinDiagram | Configuration Options x‘ =
MCCv5.3.7 Order: |Pins v Table View | [] Easy View =
ProjectRe... | Gen- | m. | £ | @ © | B7c3
] PinID Custom Name Function Mode Direction Latch PulUp  PullDown Dr H
» Packs Number - Counter Mode  Counter in 16-bitmode
¥ Peripherals 1 PADD Available v | Digitsl | HighImpedance | Low O O |ma ~Select Prescaler | Prescaler: GOLK_TC v
> EVSYS 2 PAOL Available v| Digital | HighImpedance | Low O 0O |m R Timer resolution is 20,8333333333 nS*
» NVMCTRL 3 PAD2 Available v| Digital | HighImpedance | Low O O (m Operating Mode Tmer  «
v 1C 4 PAO3 Avalable v | Digtal | HghlImpedance | Low 0O O |w Sleep Configurations
g0 T3 5 GNDANA Digital | High Impedance Low N
v System & VDDANA Digital High Impedance Low N
. . - b—
O system Project Resource PBO8 Available v | Digital High Impedance ~ | Low O O N
o PBO9 Available w| Digital High Impedance ~| Low O O N
Device Resources | (% Content Manager 9 PAO4 Avaable ~| Digta | Highlmpedance ~| Low O O |w
» RAM I 10 PAOS Available v| Digital High Impedance ~ | Low O O N
» RTC 11 PADS lahl sel  Dicital | Hioh dance ~| Low O O N
. .
» O SERcOM = PAC? ) Pin Settmg = e O | O [w
v 1c 13 PAD3 Available 52 [High Impedance v |  Low O 0O [ . . .
80w 14 PADS heide || D || h i~ | 0 0 |w Conflguratlon Optlons
e - = e o W [wweew P D LD
» TCC < >
.
» o0 | DEVICE RESOUFCE | vntabie x| notibcations 11cc1_| news | |
T
Lab0_First_Project ... in() - Navigator @ || Padage: [TOFP48 v 22
2 Fee = glzlale|8|2|alalzs|sl2|s|elslelz|d|E]e
i ‘ glglE|lélg|eleglg|lF|d|F|F|F|E|E|E)8|5 |8
Module Function 1|2|3|4|5|6|7|8|9|10|11|12|13|14|15|16| 17| 18| 19
AC_AINO A
AC_AINL
AC_AIN2
AC .
AC_AIN3
- Pin Table I
com e o e
< >
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Add TC Function using MCC Harmony

* Find TC3 component in Device Resource window.

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

=

Resource Management [MCC| x

X

Project Resources | Generate

Import... | Export | @ || @

=

Resource Management [MCC| x

v Libraries
» Harmony
¥ System
) System

Project Resources | Generate

Import... | Export | @ || @

¥ Peripherals
b EVEYS
» NVMCTRL

v iC

Project Resource

% () TC3
¥ System
_ Remove Component

_ System

Dev, TC Irces

Content Manager

-TC3 )

v TC
() TC3
TC4

Double click

b TCC

» Tools

Device Resource

Device Resources

Content Manager

v Libraries

» () Harmony
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TC Configuration Options Example

Configuration Options x

=] [+
l& 1c3

Value different to default

will change to green color |

- Counter Made Counter in 16-bit mode
- Select P er Prescaler: GCLK_TCf256 ~
TC CTRLA FRESCALEE

Clear User Setting

Show User Manual Entry

Display Mode

Enable
Timer Pe
E] Time

~ Timer Period

b49.525329 =
65,534 =
- Enable Timer Period Interrupt [

! & Events
4 Sleep Configurations

Right click the value
could Clear User Setting
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TC polling
Interface Routines

void TC3_Timerlnitialize( void );

void TC3_TimerStart( void );

void TC3_TimerStop( void );

uint32_t TC3_TimerFrequencyGet( void );

void TC3_Timerl6bitPeriodSet( uintl6_t period );
uintle_t TC3 Timerl6bitPeriodGet( void );
uintle_t TC3 Timerl6bitCounterGet( void );

void TC3_Timerl6bitCounterSet( uintl6_t count);
bool TC3_TimerPeriodHasExpired ( void );

ﬁ\ MICROCHIP



TC Interrupt Flag Event

* The TC has the following interrupt sources:

* Overflow/Underflow (OVF)
Counter overflow/underflow

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

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

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

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

TC Timer Method (MPWM Mode) Overflow Polling Example

TC3_TimerStart();

while( true )

{
if (TC3_TimerPeriodHasExpired ())

{
LED1 Toggle();

}

—J

bool TC3_TimerPeriodHasExpired( void )
{

bool timer_status;

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

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

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

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

eLet’s go!
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Lab3 TC Timer Method Polling

Step 1

* Find TC3 component in Device Resource window.
* Double click TC3 to add to Project Resource window.

=

Resource Management [MCC) x -

=

Resource Management [MCC) x -

Project Resources

Generate || Import...

Export 0 L:,J

Project Resources

Generate || Import... || Export 0 L:J

v Libraries

» Harmony
¥ System
() System

v Peripherals
P EVSYS
b NVMCTRL

v 1C

Project Resource

O 1C3

¥ System
_ System

Dev, TC Irces

Content Manager

Device Resources

Content Manager

-TC3 |

v TC

) TC3
TC4

Double click

b TCC

» Tools Device Resource

v Libraries

» () Harmony
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Lab3 TC Timer Method Polling

Step 2

Configuration Options =

[=] [+

= TC3

- Counter Mode Counter in 16-bit mode;

16-bit mode

Select Prescaler  Prescaler: GCLK_TC/256 | GCLK_TC/256

¥EX*ETimer resolution s 5333.33333333 nS***e

£ Operating Mode Tmer Timer

- E-Timer
Enable One-Shot Mode
Timer Period Unit

=-Time
Timer Period

Enable Timer Period Interrupt [

H

_ Events
Sleep Configurations

18,749

[

[miisecond - | millisecond |

Y

10075 1ob ms

i

—

Timer Count ‘

System Clock = 48MHz

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

48,000,000 / 256

100ms counts for LAB3 target :

187,500 / 10

Counter clear to zero at the next tick :

18,749 + 1

187,500 counts

18,750 counts

18,750 counts
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Lab3 TC Timer Method Polling
Step 3

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

Resource Management [MCC] x |
Pl’OjECt Resources | Generate\J Import... Export | 9 @

v Libraries VY
» Harmony
¥ System
() System

) X

Output - MPLAB® Code Configurator %

11:17-36.085 INFD): #444888884888sestasttssssssssssssssssssssssssssssss s
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36.086 TNFD: #4488 e8ts et sesetettettttssstestsssssessssssetesssss

11:17:36.086 INFO: Generation ocomplete.

11:17:36.19 INFO: {Hamoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryj<Hamony Database> -> interfaceValidationEvent
11:17:36.19 INFO: {Haxmony }<Hamony Databaser -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hammony Database> -> postFinalProcessing W
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Lab3 TC Timer Method Polling

Step 4

@ Program firmware to target board

e Add code segment to your main loop

int main (void)
{
SYS_Initialize (NULL );

/[ TODO 3.01
TC3_TimerStart();

while( true )

Period Control
{ e
/| TODO 3.02
if ( TC3_TimerPeriodHasExpired() )
{

LED1_Toggle();

then observe result.

4&—




Lab4 TCs Timer Method Polling

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

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

*Let’s go!
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Lab4 TCs Timer Method Polling
Step 1

* Find TC4 component in Device Resource window.
* Double click TC4 to add to Project Resource window.

= X = X
| Resource Management [MCC) x | Resource Management [MCC) x
Project Resources @ Generate || Import.. | Export 0 (;J Project Resources @ Generate || Import.. | Export 0 (;J
T » EVSYS .
v Libraries Project Resource
> Harmony » NVMCTRL
v System v 1C
() System B3 O Tc3
O s
¥ System
_ System
Device Resources Content Manager Device Resources Content Manager
» RTC v Libraries
» SERCOM TC » () Harmony

v TC -TC4

() TC4
TCS

Double click : .
> T Device Resource @ MICROCHIP




Lab4 TCs Timer Method Polling

Step 2
Configuration Options = =
(=] [+]
E-TC3 | k _
Counter Mode  [ounterin 16btmode | [[HGIBIEGHE System Clock = 48MHz
- Select Prescaler |Prescaler: GCLK _TC/256 v GCLK_TC/256| One second counts of system clock:
- Timer resolution is 5333.33333333 ng**** 48,000,000 counts
=-Operating Mode Tmer v Timer One second counts after Prescaler :
~ B-Timer 48,000,000 / 256 187,500 counts
| Enable One-Shot Mode O | 50ms counts for LAB4 target :
Timer Period Unit miisecond | millisecond 187,500 / 20 9,375 counts
B-Time 03] 50 ms Counter clear to zero at the next tick :
Timer Period 9,374 . i
| | Ul (G 9,374 +1 9,375 counts
Enable Timer Period Interrupt @ M|
: +-Events
Sleep Configurations
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Lab4 TCs Timer Method Polling
Step 3

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

Resource Management [MCC] x |
Pl’OjECt Resources | Generate\J Import... Export | 9 @

v Libraries VY
» Harmony
¥ System
() System

) X

Output - MPLAB® Code Configurator %

11:17-36.085 INFD): #444888884888sestasttssssssssssssssssssssssssssssss s
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36.086 TNFD: #4488 e8ts et sesetettettttssstestsssssessssssetesssss

11:17:36.086 INFO: Generation ocomplete.

11:17:36.19 INFO: {Hamoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryj<Hamony Database> -> interfaceValidationEvent
11:17:36.19 INFO: {Haxmony }<Hamony Databaser -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hammony Database> -> postFinalProcessing W
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Lab4 TCs Timer Method Polling

Step 4

e Add code segment to your main loop

int main (void)

{
SYS_Initialize (NULL );

:I:&23_TimerStart();
/[ TODO 4.01
TC4_TimerStart ();

while( true )

Period Control

{.. /
/| TODO 4.02

if ( TC4_TimerPeriodHasExpired() )
{

LED2_Toggle();

0 Program firmware to target board
then observe result.

4&—

LED1 Toggle by TC3 Timer




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.

és\ MICROCHIP



Natural Priority

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

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 o N N N N N N N NS

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

SysTick Handler,
NVMCTRL_Handler,

SERCOM@_Handler,
TCC2_Handler,
TC3_TimerInterruptHandler,
TC4_TimerInterruptHandler,

ADC_Handler,

ﬁ\ MICROCHIP



ISR Function Example

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

plib_tc3.c
#include "plib_tc3.h"
void TC3_TimerInterruptHandler( void )
{
TC_TIMER_STATUS status;
status = (TC_TIMER_STATUS) (TC3_REGS->COUNT16.TC_INTFLAG);
/* Clear interrupt flags */
TC3_REGS->COUNT16.TC_INTFLAG = TC_INTFLAG Msk;
// Getting starter add your code here now. !?
}

ﬁ\ MICROCHIP



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.

@ MICROCHIP



TC Callback Hook Example

void TCn_TimerExpired(TC_TIMER_STATUS status, uintptr_t context) | <

{

LED_Toggle();
}

TCn_TimerStart ();

if( status & TC_INTFLAG_OVF_MSFI

Callback

Hook (Register)

TCn_TimerCallbackRegister (TCn_TimerExpired, (uintptr_t )NULL );

{

}

/* Register callback function */

TCn_ CallbackObject.callback = callback;

TCn_CallbackObject.context = ¢

void TCn_TimerCallbackRegister( TC_TIMER_CALLBACK callback, uintptr_t context )

Application
\ \. System

text;

Function Pointer

/* Timer Interrupt handler */ i

void TCn_TimerInterruptHandler ( void ) Int—e'rru:_p/t
{ %
TC_TIMER_STATUS status;
status = (TC_TIMER_STATUS) TCn_REGS->COUNT16.TC_INTFLAG;
/* Clear interrupt flags */
TCn_REGS->COUNT16.TC_INTFLAG = TC_INTFLAG_Msk;
if( TCn_CallbackObject.callback != NULL )
{
TCn_CallbackObject.callback( status, TCn_CallbackObject.context );
}
}

@ MICROCHIP



MCC Harmony Interrupt Example

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

|
(] Configuration Ophions
=] [+

= % [|

[=ETiZ3
~Counter Mode Counter in 16-bit mode

- Operating Mode | Timer  «
I'él--Timer

- Enable Cne-Shot Mode
~Timer Periad Unit

= Time

- Enahble Timer Period Interrupt
F-Events

E-Sleep Configurations

Run during Standby []

ot

- Salect Prescaler | Prescaler: GCLE_TCA258 -
- ¥EFETImar resolution is 5333.33333333 NS+

]
millizecond -

100 =

----- Timer Period 18,730 2

% Yes! That’s all you need to do.

Check Interru

t Enable

" (] Help [ Configurstion Options

ﬁ'\ MICROCHIP



NVIC Priority Settings in MCC Harmony

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

&7 NVIC Configuration - o x
3 RTC (Real Time Counter) 3 v RTC_Handler
4 EIC (External Interrupt Controller) 3 v EIC_Handler
%4 Project Graph - Editor
5 NVMCTRL (Non-Volatile Memory Controller) 3 v NVMCTRL_Handler
Project Graph = ‘
6 DMAC (Direct Memory Controller) 3 v DMAC_Handler
X ITRERBE 4| & |Phes v
7 USB (Universal Serial Bus) 3 v USB_Handler
8 EVSYS (Event Systems) 3 v EVSYS_Handler
NVMCTRL 9 SERCOMO (Serial Communication Interface 0) 3 v SERCOMO_Handler
T2 Tal o P
. : . NVIC Configuration .
Penpheral lerary - - ’- 10 SERCOM1 (Serial Communication Interface 1) 3 v SERCOM1_Handler
MEMORY Clock Configuration AN
) 11 SERCOM2 (Serial Communication Interface 2) 3 v SERCOM2_Handler
NVIC Configuration
12 SERCOM3 (Serial Communication Interface 3) 3 v SERCOM3_Handler

TC3 (Timer/Counter 3) TC3_Handler

TC4 (Timer/Counter 4) TC4 Handler

18 TC3 (Timer/Counter 3) 3 o TC3_Handler
19 TC4 (Timer/Counter 4) 3 v TC4 Handler
20 TC5 (Timer/Counter 5) 3 v TC5_Handler
23 ADC (Analog-to-Digital Converter) 3 v ADC_Handler
24 AC (Analog Comparators) 3 v AC_Handler

c\ MICROCHIP



TC Interrupt

Interface Routines

void TC3_Timerlnitialize( void );

void TC3_TimerStart( void );

void TC3_TimerStop( void );

uint32_t TC3_TimerFrequencyGet( void );

void TC3_Timerl6bitPeriodSet( uintl6_t period );

uintle_t TC3_Timerl6bitPeriodGet( void );

uintle_t TC3_Timerl6bitCounterGet( void );

void TC3_Timerl6bitCounterSet( uintl6_t count );

void TC3_TimerCallbackRegister( TC_Timer_CALLBACK callback, uintptr_t context );

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

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

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

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

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

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

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

Configuration Options x =
(=] [+]
=-TC3
- Counter Mode Counterin 16-bitmode ~ | 16-bit mode |

- Select Prescaler  Prescaler: GOLK_TC/1024 v |GCLK_TC/1024]
¥EX*ETimer resolution 15 21333.3333333 nS****

= Operating Mode Tmer Timer

= Timer
| ~Enable One-Shot Mode ]
Timer Period Unit miisecond | millisecond
= Time 1,000~ 1000 ms |

Timer Period #5374 % | Timer Count How to calculate count 46874 ?

~Enable Timer Period Interrupt Check Interrupt Enable
#-Events

Sleep Configurations
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Lab5 TC Timer Method Interrupt Callback
Step 2

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

Resource Management [MCC] x |
Project Resources i Ge"em’ﬂe\J Import... | Export

0 ©

v Libraries VY
» Harmony
¥ System
() System

NS
) X

Output - MPLAB® Code Configurator %

11:17-36.085 INFD): #444888884888sestasttssssssssssssssssssssssssssssss s
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36.086 TNFD: #4488 e8ts et sesetettettttssstestsssssessssssetesssss

11:17:36.086 INFO: Generation ocomplete.

11:17:36.19 INFO: {Hamoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryj<Hamony Database> -> interfaceValidationEvent
11:17:36.19 INFO: {Haxmony }<Hamony Databaser -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hammony Database> -> postFinalProcessing W
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Lab5 TC Timer Method Interrupt Callback
Step 3

e Add code segment to your main loop

// TODO 5.01

void TC3_TimerExpired(TC_TIMER_STATUS status, uintptr_t context)
{
if( status & TC_INTFLAG_OVF_Msk )
LED1_Toggle();
}

int main (void)

{
SYS_Initialize (NULL );

// TODO 5.02

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

while( true)

{..
}
}

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

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

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

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

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

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

* Enable Period Interrupt of TC4 in configuration windows.

| Configuration Options x =
=] &
= TC4
- Counter Mode  Counter in 16-bit mode + 16-bit mode

Select Prescaler Prescaler: GOLK_TC/256 ~ | GCLK _TC/256
¥ ATimer resolution is 5333.33333333 nS*H**
= Operating Mode Tmer  « Timer

- B-Timer
| -~ Enable One-Shot Mode ]
Timer Period Unit miisecond | millisecond
=-Time so - | 50 ms

Timer Period 274 > [ Timer Count | How to calculate count 9374 ?

- Enable Timer Period Interrupt Check Interrupt Enable
&-Events

el Sleep Configurations
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Lab6 TCs Timer Method Interrupt Callback
Step 2

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

Resource Management [MCC] x |
Project Resources i Ge"em’ﬂe\J Import... | Export

0 ©

v Libraries VY
» Harmony
¥ System
() System

NS
) X

Output - MPLAB® Code Configurator %

11:17-36.085 INFD): #444888884888sestasttssssssssssssssssssssssssssssss s
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36.086 TNFD: #4488 e8ts et sesetettettttssstestsssssessssssetesssss

11:17:36.086 INFO: Generation ocomplete.

11:17:36.19 INFO: {Hamoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryj<Hamony Database> -> interfaceValidationEvent
11:17:36.19 INFO: {Haxmony }<Hamony Databaser -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hammony Database> -> postFinalProcessing W
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Lab6 TCs Timer Method Interrupt Callback
Step 3

e Add code segment to your main loop

// TODO 6.01

void TC4_TimerExpired(TC_TIMER_STATUS status, uintptr_t context)
{
if( status & TC_INTFLAG_OVF_Msk )
LED2_Toggle();
}

int main (void)

{
SYS_Initialize (NULL );

// TODO 6.02

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

while( true)

{..
}
}

Q Program firmware to target board
then observe result.
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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
96MHz

SYSCTRL
XOSC

XOSC32K
OSC8M
OSC32K

OSCULP32K
DFLL 48M
FDPLL 96 M

N[1]
N[2]

PM

CPU

» GCLKGEN[8] —

' Peripherals
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Clock System Block Diagram

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

2

—

GCLK provides nine

Generators that can
Provide a wide range
of clock frequencies.

—

The Generator 0
is always the
direct source of the

/

GCLK_MAIN

OSCULP32K

> DFLL 48M

Y

except Generator 1. /
¥
SYSCTRL V] e
[Cencrtord=
eax
.

!ec.*

FDPLL 96M -

GCLK_MAIN signal.
%\ PM CLK_CPU
7| SYNCHRONOUS 1 CPU
CLOCK CONTROLLER
CLK|AHB CLK |APBx
& Y
| AHB
Y
AHB-APBX |
=

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

Y )

Yy Y Y VY VY

Multip

GCLK_PERIPHERAL

DFLL48M Reference

lexer O M

GCLK_PERIPHERAL

Peripheral 1

Itiplexer1 ® ©® ®

Y VY VY

Multiplexer m

GCLK_PERIPHERAL

Peripheral m

Multiplexers provide the
Clock to the peripheral modules,
as the number of Peripheral Clocks
depends on how many peripherals
the device has.

N~

N—
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Clock Setting Use MCC Harmony

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

(] Clock Easy View

ﬁ Project Graph - Editor s . pepr—

. OSC3M
8 MHz Internal Oscam FORLL {@}
7 - Oscilstor gy w1 i
Project Graph = o o
FRE.. ~ OSCULPIZK Goke
- - N P], . osck 48,000,000 Hz womonn e Y
’ |m]+
x E - . — U.gln-s. W )‘(INg— . [ ] . r XOSC3K = DIV1 o
- - - 8,000,000}% Gl it cakNo] 15
XOUTE— =
CRYSTAL v S
DFLL ~
. . Fractiona| Digital Phase Locked Loop (FOPLL) [
v XOSC32K ¥
NVMCTRL T{Event System Configuration = . — e [P
= - Source GOLKL
. . Nv[c CCI]'.I.flg l.‘lla.hl:ln GCLE0 ~ GOk DAL B g
Peripheral Library eral ’ o @ cae
s 0 a 0 - DAL s
MEMORY — e
3 Peripherals.
\ Lo osca2k 32,768 HzEREE
0t |HOSC.. ~ Calculate '
el XOSC2K ok Feripheral
Clock GOLK_IN1] < S Clock
. o Source Digital Frequency Locked Loop (DAL 48Mhz) e
Clock Configuration e[ S
DAL
Calib 48,000,000 Hz
@ L xose etk Genemorx gy [ JOLE 2
I sy & CLK 3 ey GCLK inpur Outpt (10]
CINY
o CLE 4 47%}—‘
CLE 5
& s DAL e gt [1\, [ sk ol
OSCULP32K
T CLK7 —» GCLK 143 Confi...
CLK 8
XOSC3K ‘
32 KHe Oscillators Contraller saLINe] 1% ‘
5z|<high Accurac/g osa@EK GO ‘
C I 32,768 Hz T ‘

32K UltraLow Power GRCFuK
Internal Oscillator
32,768 Hz
] xosc 30
32K Crystal Oscillator
1t L]

CRYSTAL ™
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Clock Setting Use MCC Harmony

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

(] Clock Easy View |
XosC o — .|
Oscillators Controller GUK Generator 0
. oscaMm
8 MHz Internal oscam L &
Oscillator *:
DAL Main Clock
OsCuLP32|
GELKO > o cPu
oseK 48,000, 00 Hz 48,000,000 Hz
XIN B ki X0sCaK DIV1 o
8.000.0001% i Ls
ot ;} GCLK_IN[C] L= -
CRYSTAL = EE DF'.L Peripheral Clock Configuration X
Cl .
Fractions| Digita| Phess Locked Loop (FDPLL) [ ] | G K MU|tlp|exer | Peripheral Enable Source Peripheral Clock Frequency
ik XOSC32K Sh T D Gk Peripheral Clock Selection SERCOM2_CORE : GCLED v - ~
Source sak SERCOM3_CORE O GCLED v -
SCLK DPLL] FOPLL oscam L
GCLKO v E —> — £ _— SERCOM4_CORE ] GCLEO -
- e SERCOMS_CORE O GCLKO v -
= ols = DEL SYSCTRL_DFLL4S [] GCLKO =
DSCULPRZK i sa I~ > i =
W Peripherals
0% [xosc el ose =5 I 48 MHz
S e v Calculate
61 P st =] 48,000,000 Hz
o s N L saie Clock TC4,TC5 ] GOLED v 48,000,000 Hz
Source Digital Frequency Locked Loop (DFLL 48Mhz)| £a8 | 4 8
GOLK_DAL |
GOLKO - M . : G % | MHz
wor O  |oclko - - K%
48,000,000 Hz
*0SC GOk Genermmrx ez [ POLK 2 Close
CLE 3
oseam f) GOLK_IN i
o) — CLK4 e
r ! . CLE S &k
L% s = LK 6 b L)l
OSCULP32K
e CLK7? = GCLE 14 Confi...
CLE 8
XOSC3K
32 KHe Oscillators Controller saLe_inio] 1! ?
e — CLK_CPU
S > CPU
32K Ultra Low Power Hathie i
DSC32K
32,768 Hz .):)u:)ajl
Y Y
v o plo)s) )
'_l oo, XOS5C32K GCLK
f;x erystal mdllami Multiplexer
SYSCTRL GCLK_PERIPHERAL
CRYSTAL ~
I
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Clock Setting Use MCC Harmony

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

Lﬂ Clock Easy View

Oscillstors Controller ‘GUK Generator 0
. 0SCaM
8 MHz Internal oscam L &
Oscilitor e *:
DAL Mzin Clock
0SCULP2| GeLko o o
oscazK 48,000,400 Hz 48,000,000 Hz
X05C
AN [ X0scK DIVi 5
3-000-0026“ GELK INO]
CRYSTAL N SEE 'l eripheral Clock Configuration *
c. .
Fractional Digital Phase Locked Loop (FOPLL) D | G KMU|t.p!exer | Peripheral Enable Source Peripheral Clock Frequency
ek XOSC32K s cako Peripheral Clock Selection SERCOM2_CORE : GCLKED v - ~
Source Gokl SERCOM3_CORE ] GCLRKO  ~ -
GOLK_DPLL] FDPLL DsCEM —
GCLED  ~ «[lj; I & — & acic SERCOM4_CORE ] GCLKO  ~ -
- e SERCOMS_CORE | GCLKO v -
— - - DAL
0= 0= oy i - N 1 SYSCTRL_DFLL48 GCLEO ~ =
OSCULF32K W» Peripherals
OBl e cﬂ:‘zk 05C2K 32,768 HzEHKS I GCLKI 323768 HZ
] XOSCK . ol Peripheral Tc3, TCC2 ¥ GCLEL  ~ 32,768 Hz
GOLK_IN[1] 1= ol Clock
Clock = s TC4, TCS [ GCLEO v 48,000,000 Hz
G ' |
Source Digial Frequmend:edLan[DFLL“EMhz)E - || m ™ 48
GCLK_DRL | M Hz
GCLEO ~ ? . ;I 0SC32K L_ — | L ‘
woT ~ -
48,000,000 Hz . 0| v
xosc GOk Genermtor < 2y [ ICLE 2 Close
CLE 3
oscEM & GRLK_IN |
DFLL 48M i o d
T T CLE 5
L = b aks i B saictord
OSCULP2K
m—— CLET —» GCLK If0 Confi..,
CLE &
XOSC3K ‘
y GaLICIN] 1= ?
] CLK_CPU
oz = e e R
Internal Oscillator | >
o DFLL 48M Generator 0
32K Ultralow Power bl
i 0SC32K s
768 Hz Generator 1 v
\ Rk
] o XOSCI2K )( D:)C:)_.Jﬁ lGCL|K
32K Crystal Osci amr Mu tip exer
£+ L] SYSCTRL GCLK_PERIPHERAL
CRYSTAL ™~
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Clock Setting Use MCC Harmony

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

[ Clock Easy View I

X0sC - —
Oscillators Controller GCLK Generator 0
8 MHz Internal L oscam S:?LM i)
Oscillator sy »
DAL Main Clock
OSCULF32K GOLKO [
CPU
ok 32,168 Hz T 32,768 Hz
XIN B et XOSCH DIVl =
BO0000 L caN] I
CRYSTAL v cax XOSC3ZK * Peripheral Clock Configuration x
XOSCRE v i | ClL = |
Fractional Digital Phase Locked Loop (FDPLL) D G K MU|tlp|exer Peripheral Enable Source Peripheral Clock Frequency
o X0sC32K _ e D i | \sriehersl Clock Selection SERCOM2_CORE D GCLED w - ~
Boios sk SERCOM3_CORE ] GCLED  ~ -
SOk DL FOPLL oscam
GCLED ~ — p— & . SERCOM4_CORE ] GCLED -
- e SERCOMS5_CORE L] GCLEO  ~ -
Loz B DAL =
e ol SYSCTRL_DFLL48 [] GCLKO __ ~ =
GCLKL -
(OSCULF32K BRI - :— Peripherals ] ~ |
< Auto os@zE 0K = 1 32,768 HZ
o] [xosc.. - Calculate — I —
{‘é} XOSCIK = Feripheral TC3, TCC2 GCLED ~ 32,768 Hz
Clock GO L — Gy ’. TC4,TCS M |acLko - 32,768 Hz
Source Digital Frequency Locked Loop (DAL 48Mhz) Sar ] = N
GCLKO v ?ﬁm‘w . : B | 32,768 Hz
> wDT GCLEO - v
caiis 48,000,000 Hz . - ‘
= - X0SC GOtk Gansrmiors pez-g) [ POLK 2 Close
PEL CLE 2 ‘GOLK Input Qutput (1)
osem ] AR GALK_INE] &
FOPLL
CLE 5 Gk
= DAL I,
& ! CLE 6 L¢” B cctety
OSCULF32K
r— CLE7 —» GCLE I#C Cenf1..,
CLE 8
XOSC3K ‘
32 KHz Oscill stors Controller GELK_IN[O]
2K High Accura sz GeLkl GCLK ? CLK_CPU
- >
4‘ st~ DELLASIVE Generator 0 > CPU
32K UltraLow Power s
Y Y
.ﬁ GCLK
XOSC 32K
32K Crystal Oscillatar 32,768 Hz Multiplexer
1t \/
v SYSCTRL GCLK_PERIPHERAL
>- CRYSTAL ~
-
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Lab7 System Clock XOSC32K

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

* Connect XOSC32K to Generator 0.

* Connect TC3, TC4 to Generator O.

eLet’s go!
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Lab7 System Clock XOSC32K

Step 1

XOSC32K

32 KHz Oscillators Controller |

XIN32 B—
¥ouT32 B—

32 KHz Cscillators Controller

32K High Accuracy

OaC32K

Internal Osdllator

L

32K Ultra-low Power
Internal O=cillator

CSCULFI2ZK

>
32,768 Hz

XOSC3I2K

=

32K Crystal Oscillator

% Z 1J
CRYSTAL

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

Step 2

GCLK Generator 0
s \ ek cemermmro b | Always be Checked
OECEM
FOPLL 403 Main Clock
i e
OSCULP3ZK A
DSC32K 4“ 32,768 Hz ﬂ
XOSC3K | 32,768 Hz | DIV >
GCLK_IN[O] =
GCLKL

XOBCIZE ~

XOSC32K

>

CPU

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

Step 3

Peripheral Clock Selection

GCLKD

GCLEL

GCLE2

GCLES

GCLES

GCLKG

GCLEE

GCLET

GCLES

ﬁiph&ral Clock Selection

Feripheral
Clock

— Peripherals

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 [] GCLEOD -
[] Hooren =
BN - lecko {savesny
TC3, TCC2 . GCLED v 32,768 Hz I
GCLED L] 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

GCLE Input Cutput [10)

-«

GCLEx

<
I

B4 eax o

P

GCLE /G Confi..,

Click

SYSCTRL

XOSC32K

. PA14
G«:c:mro —

Y

GCLK_PERIPHERAL

GCLK 1/0 Configuration
GCLK I/O Configuration
-'Geuemmzu_lu.LQL In Frequency(Hz) Qut Freguency(Hz
0 ouT . 32,768 Hz |
[ o Cut 1 0 32768
1 T l@ 0 0
2 In 0 0
3 In 0 0
4 In 0 0
5 In 0 0
= In 0 0
7 In 0 0
Close
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Lab7 System Clock XOSC32K

Step 5

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

output pin.

(J Pin Table - —|PA14 (GCLK_I0O) |
Package: TOQFF48 B%BEZEEE:ﬂﬂﬁmEBEEE
slEIEEERls|alel Sl ba]l S8 ]EE]S
Module Function 12|13|14|15|16|17|18|19]|20| 21| 22|23 |24 (25|26 |27 |28 | 29
EIC_NMI (2 :
GCLK_100 GCLK_100 N/ N Click Enable
GCLK_IO1 -
GCLEK_I02
GCLK_I03
T GCLK_IO4
GCLK_IOS
GCLK_IO6
GFIO S (::D + Click Disable
GPIO GPIC I
[25_FS0
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Lab7 System Clock XOSC32K
What’s changed if to change main clock from 48MHz to 32.768KHz ?

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

Configuration Options x | S Configuration Options x | Ll
H =l
B-1C3 E-TC3
Counter Mode Couer i 16-itwode Counter Mode Counter in 16-bit mode
Select Prescaler |Prescaler: GCLK TC/1024 v - Select Prescaler  Prescaler: GOLK_TC/1024 +
****Timer resolution ig 21333.3333333 nS**** ****Timer resolution [s 31250000,0 ns* *|*
£l Operating Mode Timer v £ Operating Mode Timer  +
= Timer - - Timer
Enable One-Shot Mode ] -Enable One-Shot Mode O
Timer Period Unit milisecond v ~-Timer Period Unit milisecond
=-Time 1,000 -2 . = Time 1,000 %]
Timer Period #3574 2 || Timer Count © Timer Period 3115 1 Timer Count |
Enable Timer Period Interrupt [ - Enable Timer Period Interrupt [
# Events  ®-Events
& Sleep Configurations #-Sleep Configurations
Clock Source : DFLL48M Clock Source : XOSC32K
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Lab7 System Clock XOSC32K
What’s changed if to change main clock from 48MHz to 32.768KHz ?

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

Configuration Options x =

= &

E-TC4
Counter Mode Counter in 16-bit mode
Select Prescaler Prescaler: GCLK_TC/256
****Timer resolution §s 5333.33333333 ngl****
= Operating Mode Timer

Configuration Options x

= Timer
Enable One-Shot Mode O
Timer Period Unit milisecond v
= Time | 5012
Timer Period =27+ 2 || Timer Count

Enable Timer Period Interrupt [
#-Events
Sleep Configurations

Clock Source : DFLL48M

=] [+
=-TC4
Counter Mode Counter in 16-bit mode
- Select Prescaler  Prescaler: GCLK_TC/256

- Timer resolution{is 7812500.0 ng**

E}-Operating Mode | Timer v

. B-Timer
- ~Enable One-shot Mode |
~Timer Period Unit milisecond
=-Time 50 -3
~ Timer Period 2| | Timer Coun

;--Enable Timer Period Interrupt [
# Events
#-Sleep Configurations

Clock Source : XOSC32K
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Lab7 System Clock XOSC32K
Step 6

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

Resource Management [MCC] x |
Pl’OjECt Resources | Generate\J Import... Export | 9 @

v Libraries VY
» Harmony
¥ System
() System

) X
Output - MPLAB® Code Configurator %
11: INFD): #444888884888sestasttssssssssssssssssssssssssssssss s
11: INFO: Generation complete (total time: 9101 milliseconds)
11 TNFD: #4488 e8ts et sesetettettttssstestsssssessssssetesssss
11: INFO: Generation ocomplete.
11: INFO: {Hamoryy<Hamony Databases -> prebenerateEvent
11: INFO: {Hammoryj<Hamony Database> -> interfaceValidationEvent
11: INFO: {Haxmony }<Hamony Databaser -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hammony Database> -> postFinalProcessing W
< > A%\ MicrocHIP




Lab7 System Clock XOSC32K

Step 7

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

int main (void)

SYS |Initialize (NULL );

while( true )
/[ TODO 7.01
// if ( BT1_Get() ) LED3_Clear();
// else LED3_Set();

¥

}
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Flash Access Time and Wait State

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

MHz

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

1 28

2 42

3 48
2.7V t0 3.63V 0 24 || CPU_CLK =32.768KHz |
VDD =3.3V| = plib_nvmctrl.c

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

void NVMCTRL _Initialize(void)
NVMCTRL_REGS->NVMCTRL_CTRLB =

NVMCTRL_CTRLB_READMODE_NO_MISS_PENALTY |

NVMCTRL_CTRLB_SLEEPPRM_WAKEONACCESS |

» NVMCTRL_CTRLB_RWS(0) |
NVMCTRL_CTRLB_MANW _Msk;
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Lab7 System Clock XOSC32K

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

L —



Lab7 System Clock XOSC32K

Clock Output

h:1044.2025 N L

@:437.729s RHH [:;H1 r-_uli_-l;;_

32 18 KHz

Ji HH
050us
CH1 IE#HH
42 75%
CH2 fg

9.56 MHz

PA14 (D4)

T | RS\ MicrocHIP



Clock source from DFLL48M

* There are 2 different mode for DFLL48M clock source

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

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

Close Loop
SYSCTRL
Open LOOp DFL48M Generator x
SYSCTRL GERK Calibration
DFLL 48M Generator x
1 SYSCTRL 3
| Calibration | XOSC32K Generator
N turning from fix calibration value .
by manufacturer " Multiplexer 0
turning from external
oscillator or crystal \ IR, TS
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 MCC Harmony.

eLet’s go!
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Lab8 System Clock DFLL48M

Overview

Xxosc

Oscilators Contraller

GQLK Genarator 0

8 MH2 Internal

> FOPLL
Oscilistor o3

Main Qock

— > >  cpU
48,000,000 Hz 48,000,000 Hz

DIVl v

DAL

OSCULP32K

0sC2K

_’XW XOSC3xK

Crystal Oscinlitor GQUK_IN[O)

CRYSTAL v Gax

DFLL

l i
Fractions| Digital Phaza Locked Loop (FOPL) 7] —

XOSC32K

Clock
Source

GCLKO = ‘E GALK_DPLL
X0sC

N, Peripheral Clock Selection
X05C GOK Genenator 1 [V] Peripheral Enable Source Peripheral Clock Frequency

FOPLL 0s5ceM GQLK1

- GCLK1

DAL caxs R D /i

sscoM2CoRE | [ GCLKD v - ~

1,024 Hz

GCLK1 v 1,024 Hz -
GCLKO ~ —

= Auto osG2K 1,024 HzSG%S
s GCLED < _
GCLKO ~ 43,000,000 Hz

X0SCK :I Saxs ||
R —— 2k

Gak_IN1] L 32 S TC4, TCS GCLKO v 38,000,000 Hz
X0SCIK o . 48 MHz

| XOSC32K | D )
48,000,000 HZ

Close
GCLK2

GOLX Generator x (x=2-8)

ol Rl

P GOLK Input Output (I0)
w27 GCLK4 GOLK_IN]

FOPLL GCLKS ‘_—Q—l
DAL GCLK6 GOLKx 'l?

—=— GCLK 7
CLK8
S | GCLK 10 Co

OSCULP32K Gaxé

SYSCTRL_DFLL48

—— Peripherals —
seeSaeS <

3

¢

AapoE

TC3, TCC2

[ cax.iop

. nfiguat..

XOSC3K

&

GQLK_INO] 1

[} CLK_CPU
32K High Ac oseRK cax / ? _
32K Ultra Low Power oscura 5 GCLK
= cenmaor

32,768 Hz 7

Y
'W XOSC32K GCLK

o Multiplexer
GCLK_PERIPHERAL
32,768 Hz SYSCTRL -

YSCTRL_DFLL48

Y

%
32K Crystal Oscillstor
/]

XOSC32K [

CRYSTAL v
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Lab8 System Clock DFLL48M

Setup Steps Overview

WD, | i
Oxcillstors Contraller 0K Guaron O E
osaM |
8 MH: Internal oscant = ]
S ot CLK_CPU
DAL Main Oock —
05CLLPRK 6OXO0
> P> CPU
0os@2K 48,000,000 Hz 48,000,000 Hz
: XOSC3K DIV1 v
Crystal Oxnamo‘ru’ IO} 4 1444
CRYSTAL v gaw
Fractions! Digital PhasaLocked Loop (FOPW) [ — S
HoRAIK — Peripheral Clock Selection
Clock xosc I GOK Generator >, Peripheral Enable Source Peripheral Clock Frequency
Os(oill.‘l::e Saxomt i N — SERCOM2_CORE O GCLKO ~ - ~
v > o |
E FOPLL Gcml sax SERCOM3_CORE [m] GCLED < -
—xw Gax3 SERCOM4_CORE O GCLKO ~
i ik SERCOMS5_CORE [m] GCLKOD ~ —
OscupPRK > gax = SYSCTRL_DFLL48 [=] GCLK1 - 1,024 Hz am
Calcula 05G32K 1,024 HzSQKS SYSCTRL_FDRLL O  |eclko  © =
s 255 f GOLKE SYSCTRL FDPLLIX [l GCLKO ~ =
i X0SCK
_?J 32 can TC3, Tec2 %] GCLKO v 48,000,000 Hz |
Clock GAK_IN(1 | T4, TCS = GCLKD v 48,000,000 Hz )]
Source "m GQks TCeo, Tl O GCLKO ~
GCLKI use I -
e DRL woT O [oclko  ~ - v
GCLK 1 48,000,000 H3 Close
N GOLK Input Output (10}
b {5 oCLK4 GALK_ING]
FoPLL GCLK S “_‘—_q_l
GCLK 6 GOLKx
DAL N GaKIop
NPT GCLK 7 X &
CLKG GCLK 100 Configunst...
= = o 3 | GCLK Output
xose | o " [eck /o configurat ;
i
GALK_INO] 1}
§ Generator ‘Out [|
.32!( High Accuracy 0SCRK_ Gax / i o GCLKO : out
internal Oscillator o 0SCaM = i 0 Cup
R oSS ALI 1 o)
i ||
: 1 GCLK1:0
32K Ultra Low Power FRK @ 3 In L] ut
Internal Oscillator 32,768 Hz 4 Tn 0 0
5 In 0 0
& In 0 0
XOSC32K s o ” ”
32,768 Hz

CRYSTAL v
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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

XOSC

0osCaM

W

FDPLL

DAL

OSCULP32K

0sC32K

XOSC3K

GCLK_IN[1]

/

GCLK Generator 1

v

:
s |

“wvy :
.

XOSC32K o

XOSC32K %@

1,024 Hz

1,024 Hz
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Lab8 System Clock DFLL48M

Step 3

Digital Frequency Locked Loop (DFLL 48Mhz)

Clock
Source { Digital Frequency Locked Loop (DFLL 48Mhz)
TEE N, GOLK DFLL M
DAL
GakL D @ | oy
48,000,000 Hz
48,000,000 Hz

DFLL48M

g ok — Ca - ‘é
T‘WST ﬁ i Click
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Lab8 System Clock DFLL48M

Step 4

XOSC

GCLK Generator 0

OsCaM

\ GCLK Generator 0

FOPLL

DAL

OSCULP32K

0sC32K

XOSC3K

GCLK_IN[O]

GCLK1

GCLKO

Main Clock

......

Main Cock

48,000,000 Hz

@

CLK_CPU

DI¥1 v

»
48,000,000 Hz

1‘8,000,000 Hz

CPU
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Lab8 System Clock DFLL48M

Step 5

GCLK Input Output (10)
GLLE Input Cutput [10)
GCLK_IN[x] e
% N
GO Kx o
> 4] sek jol GCLK 1/0 Configuration
[ GCLK 10 Cpnfi.,— GCLK /0 Configuration
%Chck
__In Freauency( .
b perstor  IVOut = H) 48000000
: 0 Out u @ 48000000
‘ 1 Out 2/ 1024
1 ; - Out
%—T 1024
3 In 0 0
4 In 0 0
< 5 In 0 0
Generator0 6 In 0 0
X<
7 In 0 0
SYSCTRL
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Lab8 System Clock DFLL48M

Step 6

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

output pin.

(] Pin Table . — (= |PA15 (GCLK_IO1)
Package: | TQFF48 v sl=zlalalelzlag|=%NlelBl=l=2]5
o sl = e R I I S R S L S
Module Function 1516 (17| 18| 19| 20|21 |22|23 |24 | 25|26 |27 |28 20
EIC_NMI
GCLE _IC0 ’é\ . |
GCLK_101 | [ cck ol = NEEEErat e
GCLE_I02 %
GCLE_I03
o GCLE_I04
GCLE_IO5
GCLE_IO6
GFIO = T Click Disable
GPIO GPIC [\@
125_FS0
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Lab8 System Clock DFLL48M
What’s changed if to change main clock from 32.768KHz to DFLL Close Loop ?

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

_ Configuration Options x =
Configuration Options x | = = &
(=] [+
=-TC3
E-TC3

Counter Mode  Counter in 16-bitmode

Select Prescaler Prescaler: GCLK_TC/1024 ~
~xxx*Timer resolution i 21333.3333333 no}***
[%:}--Dparating Mode |Timer v

Counter Mode | Counterin 16-bitmode
Select Prescaler |Prescaler: GCLK_TC/1024
e xTimer resolution if 31250000.0 ng***J*
[%}-Dparating Mode |[Timer

Tope - &-Timer
. B-Timer --Enable One-Shot Mode O
..'E-nahle One-Sth Mode D Til‘l‘ler PEfiDd Uﬂlt millisecond "
Timer Period Unit milisecond  + =-Time 1,000 -5
Ti 1,000 -5 : _ - T
B |m|=,: — - . = Timer Period 46,874 ] Timer Count |
31
T|mer_F'er|u _ -] Timer Count ~-Enable Timer Period Interrupt
~ Enable Timer Period Interrupt & Events
#-Events

3 Sleep Configurations

B Sleep Configurations

Clock Source : XOSC32K Clock Source : DFLL4A8M
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Lab8 System Clock DFLL48M
What’s changed if to change main clock from 32.768KHz to DFLL Close Loop ?

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

, Configuration Options x | =
Configuration Options x | = =] [+
=]
=-TC4
=-TC4

Counter Mode Counter in 16-bit mode ~

Select Prescaler |Prescaler: GCLK_TC/256

- ****Timer resolution ig 5333.33333333 nS]***
[%]--Dperating Mode |[Timer  «

Counter Mode Counter in 16-bit mode
Select Prescaler Prescaler: GCLK_TC/256
****Timer resolution js 7812500.0 nS***}
[%:I--Dparating Mode |[Timer  «

P - E-Timer
- Timer ~Enable One-Shot Mode O

---E_nable Or_‘ue-Shcft Mode O : Timer Period Unit milisecond

Timer Period Unit milisecond - B-Time 50 -2
=-Time 5015 Timer Period 9,374 ] Timer Count |
- - 5 B ° I
Timer Periog i Timer Count § - Enable Timer Period Interrupt
~-Enable Timer Period Interrupt . B-Events
#-Events

: 8 Sleep Configurations
- Sleep Configurations

Clock Source : XOSC32K Clock Source : DFLL4A8M
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Lab8 System Clock DFLL48M
Step 7

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

Resource Management [MCC] x |
Pl’OjECt Resources | Generate\J Import... Export | 9 @

v Libraries VY
» Harmony
¥ System
() System

) X
Output - MPLAB® Code Configurator %
11: INFD): #444888884888sestasttssssssssssssssssssssssssssssss s
11: INFO: Generation complete (total time: 9101 milliseconds)
11 TNFD: #4488 e8ts et sesetettettttssstestsssssessssssetesssss
11: INFO: Generation ocomplete.
11: INFO: {Hamoryy<Hamony Databases -> prebenerateEvent
11: INFO: {Hammoryj<Hamony Database> -> interfaceValidationEvent
11: INFO: {Haxmony }<Hamony Databaser -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hammony Database> -> postFinalProcessing W
< > A%\ MicrocHIP




Lab8 System Clock DFLL48M

Step 8

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

int main (void)

SYS |Initialize (NULL );

Y{W‘ No code need to change or modify.

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

}
}
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Flash Access Time and Wait State

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

plib nvmctrl.c
void NVMCTRL _ Initialize(void)

{

NVMCTRL_CTRLB_RWS(1) |

Vpp range

1.62Vto 2.7V

2.7V to 3.63V

VDD = 3.3V

NVMCTRL_REGS->NVMCTRL_CTRLB =
NVMCTRL_CTRLB_READMODE_NO_MISS_PENALTY |
NVMCTRL_CTRLB_SLEEPPRM_WAKEONACCESS |

NVMCTRL_CTRLB_MANW_Msk:

NVM Wait States

Maximum Operating Frequency Units

14
28
42
48
24

MHz

0
1
2
2
0
1

48

| CPU_CLK = 48MHz
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Lab8 System Clock DFLL48M

Clock Output
Arduimo UNO Socket

PA1l 7
PALD 3 g?%
PAOS 9 Do
PAO9 10 D3/PWM
— :
PA14 |11
= ph
PA20 13 :)G/PWM
PA21 14 I)?

32.7"

PA15 (D5)

PA14 (D4)
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Lab8 System Clock DFLL48M

Clock Output

CH1 #

4813 MHz

CH1 #fF HH

2075 ns

PA15 (D5)

PA14 (D4)




Pin Multiplexer (PINMUX)

@ MICROCHIP



What’s PINMUX ?

PORT

Peripheral Mux Select

PERIPHERALS

l/O
PADS

Digital Controls of Analog Blocks

Analog Pad
Connections

ANALOG
BLOCKS
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What’s PINMUX ?

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

IfO Pin

PA14

PA15

Supply

VDDIO

VDDIO

EXTINT[14]

EXTINT[15]

Function Groups (A~ H)

e — " — ——

pDAC | SERcom(23) | sErcom-ALT | Tcl¥)Tee

SERCOM2/ SERCOM4/ | TC3/WOI0]
PAD[2] PAD[2]

SERCOM2/ SERCOM4/  TC3/MWO[1]
PAD[3] PAD[3]

TCC

TCCo/
WO[4]

TCCO/
WO[5]

AC/ GCLK
GCLK_I0[0]

GCLK_IO[1]

Pin Name
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PINMUX PLIB Analysis

main() @ main.c

SYS_Initialize ( NULL );

PMUXO[3:0]

0x30 | PMUXO
PMUX |

|PMUXO (ODD)|

SYS_lInitialize() @ initialization.c | @37 | FMUX15]

PMUXO[3:0]

0x40 | PINCFGO

PINCFG
0x5F |PINCFG31

PORT _Initialize();

PORT _Initialize() @ plib_port.c

DRVSTR

DRVSTR

PORT_REGS->GROUP[0].PORT_DIR = 0x120200;
PORT_REGS->GROUP[0].PORT_OUT = 0x200;
PORT_REGS->GROUP[0].PORT PINCFG[14] = Ox3;
PORT_REGS->GROUP[0].PORT PINCFG[15] = Ox3;

PMUXE[3:0]

PMUXE (EVEN)|

PMUXE[3:0]

PULLEN INEN

PULLEN INEN |

PMUXEN

'PMUXEN

INEN

PMUXEN

PA14 (GCLK_100)

INEN = 1 (Button)

PA15 (GCLK_101)

INEN = 1 (Button)

PORT_REGS->GROUP[0].PORT_PMUX[7] = Ox77; |““l PMUX([7] : PA15, PA14
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PINMUX PLIB Analysis

mmmﬂ“mmmmmmw sercom-ALT | Tcl)TCe

PA14 (7) PA14 | VDDIO | EXTINT[14] SE;%?ZTQI SE;%?;}MI TC3/WO[0] Ivcc(::[z,GCLK—IO[O] GCLK_IO[0]
16 PA15 (7) PA15S  VDDIO | EXTINT[15] SE;%%TZJ SEF:%C[);MI TC3/WO[1] Jvcc?[f,GCLK—IO[]'] “ GCLK_IO[1]

PORT _Initialize() @ plib_port.c

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

PMUX[7] : PA15, PA14
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PINMUX Configuration Example

a MPLAB X IDE v6.15 - Lab0_First_Project : default

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

A DE e VB BB )R L Q6 @ 8 2 W@ e
ProjectGraph x| PmSettings x| [« +|[Z) (@) [ P Diagram

Order: |Pins | | Tableview | [AEasyView I unavaiabie

Pin [ avaisbe
PulUp  PulDown DriveStrength _

Assigrad

PinID Custoen Name

5
2

oooo
oooo

Bague

Y

BRRYBES

ATSAMDZ1G1EA

Blele| w|o| v blwn e

-
=

<]

]

3

-
o

0O0j0ooojooaolo
0|0joooojojoaolo

-
~

§
:
o
5
:
®

895888888888 %8858 8T S

fEEEEEEEEEEEEEEEEEEE §

a
0|0
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SERCOM - UART Architecture
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SERCOM! Introduction

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

* 12C 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

B =
=2 m
PAD[0] PAD[1] PAD[2] PAD[3] PMUX s 3 % 2
SERCOMO C 1 36
5 35
SERCOM1 c\ v [
C 4 33
D MicrocHIP »
SERCOM2 C 5 31 l
D : 0 |
|
SERCOM3 D 9 ! 28 l
C 1 7 |
D XY 26
SERCOM4 D 5207 B 25 R
e E
HIE AEIEHEEBIBIE
SERCOMS5 D =f|e 5
D
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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.

Ready 1 100us T Pos: 10.00% 52 MHz
ATSL.Ops T T IO A A N STl
Bi-1.5ps . ; . i : , 450 K |
e N e Y orir gy
4 51 5US = 19417 48HZ ] 205,25 19
”””””” P P : ”””””” o R CHTW‘f‘ﬁE
o | | ! | | | 522515 ]
S 1 O S S A S S e N
: : : 156 us |
et B - " "
070070 0[1]0] -
WS S RO VO I S S T W

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

Start Bit Data

1 |
<>
Stop Bit
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SERCOM - USART

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

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

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

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

* Find SERCOMS5 component in Device Resource window.
* Double click SERCOMS to add to Project Resource window.

=

| Resource Management [MCC) x|

Project Resources | Generate

Import... | Export | @ || @&

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

Device Resources

Content Manager

B8 O SERCOMZ
) SERCOMS3
) SERCOM4

") SERCOMS
» TC

» ¢ Double click

» Tools

SERCOM
- SERCOM5S

Device Resource

=

| Resource Management [MCC) x|

Project Resources | Generate

Import... | Export | @ || @&

» NVMCTRL

v sercon | SERCOMS

() SERCOMS
v TC

O TC3

B3 O TC4

¥ System

Project Resource

Device Resources

Content Manager

v Libraries
> '_'

Harmony
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SERCOM USART Polling

Configuration Options Example

(] Configuration Options = [
=] [+
5 SERCOMS
5 Select SERCOM Operation Mode | USART with internal Clock
~Dperating Mode Elocking mode ~
~Receive Enable
~Transmit Enahle
~-Frame Format USART frame d
~Baud Rate in Hz 15,2002
~Parity Mode No Parity
~Character Size 5 Bits

- Stop Bit Mode
- Recelve Pinout

~Transmit Pinout

Cne 3top Bit - <
RERCOM PAD[3] iz used for data reception -
PAD[E] = TxD; PAD[3] = ECE -

--Enahle Run in Standby []

" (] Configuration Options (] Help
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APP045 SERCOM USART Schematic

-~
v )
47 = 24
oo | S 77
| = " Z ==
A sl e leaf e | <22 =l
2 | | BleBEE 22EE | | BlpEn
A7z aladies |ac]as ZEEE ZIZ|EEE
R43 330 R43 330 BS12 E18_PA0O/TX(S1.0)
Q———mrJWV—m T~ R42 Wm 35118:8 E18 PADT/RX(SL.1)
| VWA SRS SR "A
[lelolz|olzl=ls 2l '1G18A-AUT < GND
W bl had had b ad bad e el B
G [l ] @~ ]
: Eg%ﬁgxzﬁj SEE €37
1O Z O sl ek e aEdaECalgaEa 0.1uF
Vo »éx'—_f‘l.;;fl“"“ 1 V?.?-“-‘-“E 36 T
Aol b ¥ ~—{ PAOD =2 E DDIO (= 3.3V_MCU
w e A al = A 2 o L 2
G252 = 36 3| PAOl = By [4PABD P GND
s 0 VDDIO (—=— 1 7PAO3 pa [P R
S 3 35 5 37 PAJ3/SCLS3 1) R4l 4TK |, 2y
GND 33 6 | ooDaNA Pazy [ 3LPAJYSDA(S30) R0 w 7K v
PA2S |—/ 7| pRoz oa3] |30 PA2UPWM(TCCOT) '
PAYA E [ par0 |29 PA20PWMITCCO6)
" T2 9 | baos pAlo | 28 PAIOMISO(S3)
- T30 | paos pale |27 PAIB/SS(ST./DS(IC3.0, TCCO)
1 PAOG pal7 [ ¢ BS0ANRIR AAASTKI3 3y
PAO7 PA16 AR5 37
EEE:%EE:EEEE S
fEEE56ER5E:EE >
CDC USB RX SERCOMS PAD2 2‘1 miels=elR E‘R | 3

CDC Bridge SAMD21G18A

TX SERCOMS5 PAD3
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SERCOM USART

PINMUX Configuration Example

 SERCOM allow limited alternate pad index assighment.

* For example :

PB22 as SERCOMS5_PAD2
PB23 as SERCOMS5_PAD3

49

PB22 |
PB23

__Ec_ Rer_apc_ ac_ Prc_ DAC | sercomd) Tcc | com  Aci coik
PB22 VDDIO EXTINTIE] SERCOMS/ Tezanaio | TR L GCLK_IO[0]
PADE SERCOMS5/PAD[2]
PB23 VDDIO EXTINT[7] SERCOMS/ ';l SERCOMS/PAD[3] (GCLK_IOU]
PAD[3] T wory
(] Pin Table S -0
olofl318) Lol laloled 1 1 |
Package: [TOPPAS & 815|3(8|2|5|2|2|3PB22 (SERCOMS_PAD2)
A B (A 2 | D =n | ) o
Module Function 31|22 |33|34 35|36 | 37| 32| PB23 (SERCOMS5 PAD3)
SERCOM4_PAD3
SERCOMS_PADO
SERCOMS_PADI
SERCOMS SERCOMS_PAD2
SERCOMS_PAD3 b
SFRCOMS SYSCTRL_XIN
e |
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SERCOM USART

PINMUX Configuration Example

 Remember arrange pads function in SERCOM module.

* For example :

SERCOMS5 PAD[2] as USART TXD (PB22)

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

|

Confignration Options
Ll
=]

E-SERCOMS

= Select SERCOM Operation Mode |USART wiﬂiintemﬁ Clock -~

-0

- Operating Mode

Elocking mode Operating Mode

is used for Blocking mode

~Recelve Enable
~Transmit Enable
- Frame Format
~Baud Rate in Hz
- Parity Mode
~Character Size
- Stop Bit Mode
~Receive Pinout

~Transmit Pinout

USART frame v
115,200 =
Mo Parity

8 Bitz -«
Cne stop Bit -

SERCOM PADI3] is

used for data reception

{

~N

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

J

~Enahle Run in Standby [

SERCOM PADI[2] is

" (] Configuration Options | (] Help

used for data transmission
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SERCOM USART Polling

Interface Routines

void SERCOMS5_USART _Initialize( void );

bool SERCOM5_ USART _SerialSetup( USART_SERIAL_SETUP * serialSetup,
uint32_t clkFrequency );

bool SERCOMS5_USART_Write( void *buffer, const size_t size );
bool SERCOM5_USART_TransmitterlsReady( void );

bool SERCOMS5_USART_TransmitComplete( void );

void SERCOMS5_USART_WriteByte( int data );

bool SERCOM5_USART_Read( void *buffer, const size_t size );
bool SERCOMS5_USART_ReceiverlsReady( void );

int SERCOMS5_USART_ReadByte( void );

USART_ERROR SERCOMS5_USART _ErrorGet( void );

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

{

}

int main (void)

SYS_Initialize ( NULL );

while( true )

{

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

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

* Select COMxx: USB Serial Device (COMXxx)

* Set 115200-N-8-1.

Tera Term: New connection

O TCPAP

@LSgriaI Port: COMS5: USB [£544E (COMS)

myhost.example.com
History
Telnet
SSH
Other

Cancel Help

22

S5H2

AUTO

COMXxx: USB Serial Device (COMXxx)

T Tera Term - [disconnected] VT -

File Edit Setup Control Window Help

Terminal...

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

Keyboard...

Serial port...

Proxy... %
SSH...

SSH Authentication...

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

General ..

Additional settings...

Save setup...
Restore setup...

Setup directory...

Load key map...

Tera Term: Serial port setup and connection X
Port: COMS5 v ]
New setting
Speed: 115200 . '
: : 115200
Data: 8 bit e
Parity: none ~
Stop bits: 1 bit ~ Help
Flow control: none v

Provider N

<

Transmit delay

0 msecjchar

ame: Microsoft

Driver Date: 6-21-2006
Driver Version: 10.0.19041.906

D msecfline

Device Friendly Name: USB [=31Z£E (COMY)
Device Instance ID: USBWID 04D8&PID 000AV7&4D72A55808
Device Manufacturer: Microsoft
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Lab9 SERCOM - UART Tx Polling

* Try to add SERCOM-USART function to project.

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

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

* Character \r for carriage Return (0x0D)

* Character \n for New line (0Ox0A)

eLet’s go!
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Lab9 SERCOM - UART Tx Polling

Step 1

* Find SERCOMS5 component in Device Resource window.
* Double click SERCOMS to add to Project Resource window.

= X = X
I Resource Management [MCC) x| . I Resource Management [MCC) x| .
Project Resources @ Generate || Import... | Export 9 rﬁ;h Project Resources @ Generate || Import... | Export 9 rﬁ;h
v Libraries > NYMETRE Project Resource

v sercom | SERCOMS
() SERCOMS

¥ Harmony

» Packs

¥ Peripherals v TC
b EVSYS .—.: TC3
» NVMCTRL g ) TC4
v 1C ¥ System
Device Resources Content Manager Device Resources Content Manager
: ) SERCOM2 SERCOM ¥ Libraries
O) SERCOM3 - SERCOMS b () Harmony

) SERCOM4

") SERCOMS
» TC

* ¢ Double click '
» Tools Device Resource
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Lab9 SERCOM - UART Tx Polling

Step 2
| | . |
(] Confignration Options = = 5
=
= SERCOMS USART with internal Clock
£ Select SERCOM Operation Mode |USART with intemal Clock
-~ Qperating Mode Elocking mode v Blocking mode |
-Receive Enahble
~Transmit Enahle
- Frame Format UEART frame v
~Baud Rate in Hz 115,200 .= 115,200
~Parity Mode Wo Parity No Parity
~Character Size 8 Bits 8 Bits
~Stop Bit Mode One 3top Bit One Stop Bit
~Recelve Pinout wERCOM PAD[Z] 15 vzed for data reception SERCOM PADI[3]
e PAD[Z] = TxD; PAD[3] = XCK v] SERCOM PADI[2]
--Enable Run in Standby [ ]

" (] Configuration Options (] Help
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Lab9 SERCOM - UART Tx Polling

Step 3

(] Pin Table — [PB22 . & -&0
Package: TQFP48 -~ amﬁﬁggﬁmg:ﬁ::_gggg;gg
MMEBRFEESEEE = E R
Module Function 31|32]33|34|35|36 | 3738|320 | 40|41 |a2|43|44] 45|46 47| 48
SERCOM4_PAD3
SERCOMS_PADO
SERCOMS_PAD!
TERSELY SERCOMS_PAD2
SERCOMS SERCOMS_PADS3 Click
SYSCTRL_XIN
| e eemaan \\/ 1
DPPIZ TilMBT FP43 2|2 ﬁ PB22 (SER CQMS:PEA D2)
e 318/3 4/2|8|5| 5| 1pB23 (SERCOMS_PAD3
Module Function 31|32(33(34(35(36|37[38] 30| 40|41 | 42| 43| 44| 45464748
SERCOM4_PAD3
SERCOMS_PADO
SERCOMS_PADI
SERCOMS

SERCCM3_FADZ

SERCOMS_FAD3

SYSCTRL_XIN

Green is Enable

LTIV LB T I LN

1

T
|

T
|
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Lab9 SERCOM - UART Tx Polling
Step 4

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

Resource Management [MCC] x |
Project Resources |Ge"em"e\J import... | Export | @ || @

v Libraries VY
» Harmony
¥ System
() System

) X
Output - MPLAB® Code Configurator %
11: INFD): #444888884888sestasttssssssssssssssssssssssssssssss s
11: INFO: Generation complete (total time: 9101 milliseconds)
11 TNFD: #4488 e8ts et sesetettettttssstestsssssessssssetesssss
11: INFO: Generation ocomplete.
11: INFO: {Hamoryy<Hamony Databases -> prebenerateEvent
11: INFO: {Hammoryj<Hamony Database> -> interfaceValidationEvent
11: INFO: {Haxmony }<Hamony Databaser -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hammony Database> -> postFinalProcessing W
< > A%\ MicrocHIP




Lab9 SERCOM - UART Tx Polling

Step 5

e Add code segment to your main loop

void TC3_TimerExpired(TC_TIMER_STATUS status, uintptr_t context)
{

if( status & TC_INTFLAG_Msk )

{
LED1 Toggle();

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

}
}

int main (void)

{
SYS |Initialize (NULL );

}

O Program firmware to target board

then observe result. |
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Lab9 SERCOM - UART Tx Polling

Result

T COMY7T - Tera Term VT — [l ey

File Edit Setup Control Window Help
world!
world!
world!
world!
world!
world!
world!
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SERCOM USART Interrupt

Configuration Options Example

 SERCOM provide callback(interrupt) mode, also.

(] Configuration Cptions

=08

1 I
(] NYIC Settings = %
=l [+ i
= SERCOMS Vector Humber Vector Enable IEDHZIIl-Itfg;]wst} Handler Wame
EISE|EI:t SERCOM DDEratiDn Mode USAR T with internal Clock 3 RTC (Real Time Counter) l:l 3 ~ | RTC_Handler ~
- Operating Mode Non-blocking mode 4 EIC (External Interrupt Contraoller) O 3 ~ | EIC_Handler
= - Erabl 5 NVMCTRL (Mon-Volatile Memory Controller) O 3 ~ | NVMCTRL_Handler
~mECEIVE ENadle v .
_ N (0] n-bIOCkl ng mOde ] DMAC (Direct Memory Controller) O 3 ~ | DMAC_Handler
~Transmit Enable 7 USB (Universal Serial Bus) ] 3 ~ | USB_Handler
~Frame Format USART frame ~ a EVSYS (Event Systems) nRE | EVSYS_Handler
—~Baud Rate in Hz 115,200 .= g SER.COMD (Serial Communication Interface 0) nRE « | SERCOMD_Handler
F‘aritﬁ; Mode Mo Parity 10 SERCOM1 (Serial Communication Interface 1) | 3 w | SERCOM1_Handler
—Character Size O Bity 11 SERCOM2 (Serial Communication Interface 2) ] 3 ~ | SERCOM2_Handler
--Stop Bit Mode One Stop Bit 12 SERCOM3 (Serial Communication Interface 3) O] Check Ena ble |nterru pt
_ . - - 13 SERCOM4 (Serial Communication Interface 4) [] 3 ~ | SERCOM4 Handler
- Raceive Pinout SERCOM PAD[3] iz vsed for data recephion -
14 SERCOMS (Serial Communication Interface 5) 3 ~ | SERCOMS5_USART_InterruptHandler
~Transmit Pinout PAD[Z] = T=D; PAD[3] = XCK e 15 TCCO (Timer/Counter for Control Applications 0) [l 3 ~ | TCCO_Handler
-Enable Run in Standby |:| 16 TCC1 {Timer/Counter for Contral Applications 1) O 3 w | TCC1_Handler
17 TCC2 (Timer/Counter for Control Applications 2) ] 3 ~ | TCC2_Handler W

" (] Configuration Options | (7] Help
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SERCOM USART Interrupt Callback

Interface Routines

void SERCOMS5_USART _Initialize( void );

bool SERCOM5_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 SERCOMS5_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 SERCOMS5_USART_ReadCallbackRegister( SERCOM_USART_CALLBACK callback, uintptr_t context );
USART_ERROR SERCOMS5_USART _ErrorGet( void );

uint32_t SERCOM5_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)

{

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);
while( true )

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

}

}
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About String Functions

* UART generally to used for text string communication,
We can use the string functions provided by C to convert multiple
variables to an output string.
Here introduce two string functions, 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 settings are the same as Lab9.

eLet’s go!

ﬁ\ MICROCHIP



Lab10 SERCOM - UART TxRx Interrupt Callback

Step 1

(] Configuration Options - g M - .IWIC — | i o |
ElE ' _ ings ~ 8 x
= SERCOMS Vector Number Wector Enable IEDHZIIl-Itfg;]wst} Handler Name
él--SElEI:t SERCOM Operation Mode | USART with internal Clock 3 RTC (Real Time Counter) |3 ~ | RTC_Handler ~
- Operating Mode Non-blocking mode 4 EIC (External Interrupt Contraoller) O 3 ~ | EIC_Handler
- 5 NVMCTRL (Mon-Volatile Memory Controller) O 3 ~ | NVMCTRL_Handler
~Receive Enabla Non-bIOCking mOde ] DMAC (Direct Memory Controller) O 3 ~ | DMAC_Handler
~Transmit Enable 7 USB (Universal Serial Bus) ] 3 ~ | USB_Handler
~Frame Format USART frame ~ a EVSYS (Event Systems) ] |3 | EVSYS_Handler
—~Baud Rate in Hz 115,200 .= g SER.COMD (Serial Communication Interface 0) nRE « | SERCOMD_Handler
F‘aritﬁ; Maode Mo Parity 10 SERCOM1 (Serial Communication Interface 1) | 3 “w | SERCOM1_Handler
—Character Size O Bity 11 SERCOM2 (Serial Communication Interface 2) ] 3 ~ | SERCOM2_Handler
--Stop Bit Mode One Stop Bit 12 SERCOM3 (Serial Communication Interface 3) O] Check Ena ble |nterru pt
- - 13 SERCOM4 (Serial Communication Interface 4) [] 3 ~ | SERCOM4 Handler
- Receive Pinout SERCOM PAD[3] iz vsed for data recephion -
14 SERCOMS (Serial Communication Interface 5) 3 ~ | SERCOMS5_USART_InterruptHandler
~Transmit Pinout PAD[Z] = T=D; PAD[3] = XCK e 15 TCCO (Timer/Counter for Control Applications 0) [l 3 ~ | TCCO_Handler
~Enable Run in Standby [] 16 TCC1 (Timer/Counter for Control Applications 1) O 3 w | TCC1_Handler
17 TCC2 (Timer/Counter for Control Applications 2) ] 3 ~ | TCC2_Handler [¥]

" (] Configuration Options | (7] Help
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Lab10 SERCOM - UART TxRx Interrupt Callback
Step 2

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

Resource Management [MCC] x |
Project Resources i Ge"em’ﬂe\J Import... | Export

0 ©

v Libraries VY
» Harmony
¥ System
() System

NS
) X

Output - MPLAB® Code Configurator %

11:17-36.085 INFD): #444888884888sestasttssssssssssssssssssssssssssssss s
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36.086 TNFD: #4488 e8ts et sesetettettttssstestsssssessssssetesssss

11:17:36.086 INFO: Generation ocomplete.

11:17:36.19 INFO: {Hamoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryj<Hamony Database> -> interfaceValidationEvent
11:17:36.19 INFO: {Haxmony }<Hamony Databaser -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hammony Database> -> postFinalProcessing W

< > @ MICROCHIP




Lab10 SERCOM - UART TxRx Interrupt Callback
Step 3

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[1];

volatile uint8 t USART5_ IsReceived = 0;
volatile uint8_t USART5_IsTransmitted = 1;

void USART5_Transmit( uintptr_t context )

{
USART5_IsTransmitted = 1;

}

void USART5_Receive( uintptr_t context )

{
USART5_IsReceived = 1;

}

int main (void)

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

Step 4
e Modify TC3 Callback for UART Tx

void TC3_TimerExpired(TC_TIMER_STATUS status, uintptr_t context)
{
if( status & TC_INTFLAG_OVF_Msk)
{
LED1 Toggle();
/[ TODO 10.03
sprintf((char *) USARTRTxBuffer, "Hello world!\r\n" );
SERCOM5_USART_Write( USARTRTxBuffer, strlen((char*)USARTRTxBuffer) );
¥
by
int main (void)
{
SYS_lInitialize (NULL );
¥

@ Program firmware to target board
then observe result.
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Lab10 SERCOM - UART TxRx Interrupt Callback
Step 5

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

{

[/ TODO 10.04

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

while( true)

{

/I TODO 10.05
if( USART5_IsReceived )

{
USART5_IsReceived = 0;

sprintf((char *) USARTRTxBuffer,

"\r\nReceived Data : %1c\r\n", USART5_ReceiveData[@] );
SERCOM5_USART_Write( USARTRTxBuffer, strlen((char*)USARTRTxBuffer) );
while( SERCOM5_USART_WriteIsBusy() );

SERCOM5_USART_Read( USART5_ReceiveData, 1 );

@ MICROCHIP



Lab10 SERCOM - UART TxRx Interrupt Callback

Result

¥ COM7 - Tera Term VT — ] XK
File Edit Setup Control Window Help

Hello world!

Received Data :

Received Data :

Received Data :

Received Data : s

Received Data :
Hello world!

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

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

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

convenient use as the C printf() function.

(] Active Components

X OmER 4+

=#3

- CMSIS Pack

Device Family Pack (DFP)
- EVSYS

- NVMCTRL

- SERCOM5

§----System

~TC4

(] Available Components

5

=&H3

# Peripherals
= Tools

[ ] Project Graph

X THREARE4| & 7|

NWMCTEL
Peripheral Library
MEMORY

= O

View: EFoot

Device Family Pack (DFP)

TC3 TC4
Peripheral Library

EVSYS
Peripheral Library

Peripheral Library
TMR TMR

SERCOMS _ _
Peripharal Library STDIO

UART < s - UART |
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VT100 Console Control

* Use VT100 command to control Tera Term UART output as

| COMS - Tera Term VT

File Edit Setup Control Window Help

Hello World!
VR1 Value : 492

Temperature Value : 984

Received Data : m

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

eLet’s go!

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

// Left-up corner is from (1,1)
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Lab1l1l 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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Lab1l1l SERCOM - UART TxRx Interrupt Callback with myprintf

Step 1

e Add software flag control of TC3 and TC4.

/[ TODO 11.01
#include <stdarg.h>

/[ TODO 11.02

#define SYS_CONSOLE_PRINT_BUFFER_SIZE 200

static char consolePrintBuffer[SYS_CONSOLE_PRINT BUFFER_SIZE];
volatile uint8_t TC3_HasExpired= 0;

volatile uint8 t TC4 HasExpired= 0;

;}'oid TC3_TimerExpired(TC_TIMER_STATUS status, uintptr_t context)
if( status & TC_INTFLAG_OVF_Msk)

{
// TODO 11.03
TC3_HasExpired= 1;
by

b
void TC4_TimerExpired(TC_TIMER_STATUS status, uintptr_t context)

if( status & TC_INTFLAG_OVF_Msk)

{
/[ TODO 11.04
TC4_HasExpired= 1;
b
¥
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Lab1l1l SERCOM - UART TxRx Interrupt Callback with myprintf

Step 2

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

=

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

{

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

len = vsnprintf(consolePrintBuffer, SYS_CONSOLE_PRINT_BUFFER_SIZE, format , args);
va_end(args);

if ((len > ©) && (len < SYS_CONSOLE_PRINT_BUFFER_SIZE))
{
consolePrintBuffer[len] = '\0';
SERCOM5_USART_Write(consolePrintBuffer, len);
while (SERCOM5_USART_WriteIsBusy());
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Lab11l SERCOM - UART TxRx Interrupt Callback with myprintf
Step 3

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

{

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

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

if (TC4_HasExpired)
{
TC4_HasExpired= 0;
LED2_Toggle();
}
}
}
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Lab1l1l SERCOM - UART TxRx Interrupt Callback with myprintf

Step 4

e Add code segment to your main while loop.

int main (void)

{

while( true)
{
if (TC4_HasExpired)
{
TC4_HasExpired= 0;
LED2_Toggle();
}

If( USARTS5_IsReceived )

{
USART5 IsReceived = 0;

/[ TODO 11.08
myprintf("\033[6;1HReceived Data : %1c", USART5_ReceiveData[@] );
SERCOM5 USART_Read( USART5 ReceiveData, 1 );
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Lab1l1l SERCOM - UART TxRx Interrupt Callback with myprintf

Result

al COM4 - Tera Term VT — [] X
 File Edit Setup Control Window Help

Received Data : H
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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

&

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.

R It (AN+ —AN- 2") 1
eusu AD — —
Vies — AN_
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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

DIV4

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.
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ADC Characteristics

* Maximum Sampling Rate :
Single-shot :2.1M/Round(6+0.5) = 300k samples/second.

Free-running :2.1M/6 = up to 350k samples/second.
gl o e Gontions it e
<— Propagation Delay of ADC — Resolution bits
9] feLk_apc ADC Clock frequency 30 2100 kHz
@ Sample rate Single shot 5 300 ksps
- - Free running 5 350 ksps
Sample' Conversion :
Sampling time 0.5 - cycles
Start Start ADC _ _ _
Sample Conversion Done Conversion time 1x Gain 6 - cycles
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Add ADC Function using MCC Harmony

* Find ADC component in Device Resource window.
* Double click ADC to add to Project Resource window.

= X 1] P e
I Resource Management [MCC) x| . I Resource Management [MCC) x| .
Project Resources Generate || Import.. || Export 9 rﬁ;h Project Resources Generate || Import.. || Export 9 rﬁ;h

. ?;T;? v Libraries Project Resource
¥ Harmony
() SERCOMS > Packs
v ic ¥ Peripherals
) TC3 v ADC ADC
B3O TC4 (O ADC
v System b EVSYS
Device Resources Content Manager Device Resources Content Manager
¥ Libraries ¥ Libraries
¥ Harmony » () Harmony
¥ Peripherals ADC
» O AC | = ADC
v ADC
) ADC
» DAC % Device Resource
Double click
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ADC Polling

Configuration Options Example

=
Configuration Options x |
= #
= ADC
E""'SEIEE’: Preccaler Peripheral clock divided by 5121 o
- Select Sample Length (half ADC dock cycles) =
E-----**"‘* Conversion Time is 106.666666667 S ***#*
- Select Gain 12x% v
E-----Sglgct Reference 12 YDDANA (only for VDDANA = 20V)
- Select Conversion Trigger SW Trigger v
E} Channel Configuration
- Select Positive Input ADC AINZ Pin v
- Select Negative Input Internal Grownd v‘
- “Number of inputs to scan 02
E} Result Configuration
-~ Select Result Resolution 12-bit result v
Left sligned Result O
Enable Result Ready Interrupt  []
.- Enable Result Ready Event Out []
El Wmduw Made Configuration
- Select Window Monitor Mode lﬂo window mode (default) v

El Sleep Mode Configuration
~Run During Standby []
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ADC Polling

Easy View Configuration Example

Plugins:

NVIC Configuration

ADC Configuration

Start Event E—

Fluzh Event B<g—

I

Ansloglnput

op

Analuglnputi

T

1y

Software Trigger

Frae Run

Hardware Trigger

Input to scan

Pin Scan

|SW Trigger

Conversion Trigger

12-bit result

ADC AINZFin

Internal Gronnd > 1/2 VDDANA (o... ~

ADC Configuration

Scan startoffset

Run in standby |:|

Y

ﬁ
o

g,

©wn
X
v

o window mode (def..,

-ﬂl:llx

Prescaler

|Peripheral clock divided b... ~|

Automatic Window Comparison

Reszult Register

Result Evant

WINMON Interrupt

Left-alizned result
T Result Interrupt
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ADC Polling

PINMUX Configuration Example

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

mm SAMD21J SERCOM -aLT | ¢4 ree - Ac.f GCLK
7 PB08 || VDDANA | EXTINT[8] AIN[2] | Y141 | SERCOM4/ | TC4/WO[0] TCC3/
PBOS AIN[2] PADID wore
8 PBOQ PB09 | VDDANA = EXTINT[9] AIN[3] A|N[3] SERCOM4/ | TC4/WOI1] TCC3/
. . PAD[1] wor]

L] Fin Table AR L
Package: TQFP4S v slzlals %|%[3| 5|1 PBO8 (ADC_AIN2)
= =28 5[2]2|iPB09 (ADC_AIN3)
Module Function t{2|3]4]s]slzle)ofwofufi]s
ADC_AINIS
i ADC_AIN19
ADC ADC_AIN2
| ADC_AINZ
ADC_AIN4/VREFP
ADC_AINS
ADC_AING

@ MICROCHIP



ADC Polling

PINMUX Configuration Example

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

D>

Configuration Oplions x |
[=]

=-ADC

- Select Prescaler

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

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

Penipheral clock divided by 512

1%

1/2 YDDANA (only for YDDANA » 20V)

SW Trigger

M

S

ADC AINZ Pin

ADC AIN2 Pin

Internal Ground
n -
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ADC Polling

Easy View PINMUX Configuration Example

ADC Configuration

Input to scan Scan start offset

-ﬁ:llx

Start Evant pg— Run in standby [_]

Hardware Trigger Pin Scan

Fluzh Event [d—

1r

\SW Trigger v

Conversion Trigger

12-bit result

ADC AINZ P ~

I

T
Anslog Input §
H

op

Analuglnputi
H

Internal Ground 12 VDDANA (0., ~

i

Automatic Window Comparison

Mo window mode (def.,,

Prescaler

\Peripheral clock divided b... v

Left-aligned result
I Result Interrupt

Rezult Register

Result Event

WINMON Interrupt

EVENT

GCLK
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ADC Polling

Interface Routines

void ADC _Initialize( void );

void ADC_Enable( void );

void ADC_Disable( void );

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

uintl6_t ADC_ConversionResultGet( void );

bool ADC_ConversionStatusGet( void );

void ADC_ComparisonWindowSet(uintl6_t low threshold, uint16_t high_threshold);
void ADC_WindowModeSet(ADC_WINMODE mode);
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ADC Polling

Software Trigger Code Example

{

}

int main (void)

SYS_Initialize ( NULL );

ADC_Enable();
while( true )

{

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

}
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ADC Factory Calibration

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

plib_adc.c

void ADC _Initialize( void)
{...

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

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

0x00806040 AUX1

Table 10-5. NVM Software Calibration Area Mapping

Area 4: Software

Rl Wl Bt Position Name  Description
Software
0x00808020 Calibration Area

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

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

0x00806000
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Lab12 ADC Polling Software Trigger

* Try to add ADC function to project.

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

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

eLet’s go!
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Lab12 ADC Polling Software Trigger

Pin(1)

SAMD21E | SAMD21G | SAMD21.J

/0 Pin

Supply

B(2)(3)

ADC

AC

VDDANA

7 11 PBO3 EXTINT[8] AIN[2] Y[14]
8 12 PBOS = VDDANA | EXTINT[9] \ AIN[3] J Y[15]
3.3V
VRI
_10k__ |PBOS
GND
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Lab12 ADC Polling Software Trigger

Step 1

* Find ADC component in Device Resource window.
* Double click ADC to add to Project Resource window.

=

| Resource Management [MCC) x|

X

=

| Resource Management [MCC) x|

Project Resources | Generate

Import... || Export 9 rﬁ;h

Project Resources | Generate

Import... || Export 9 rﬁ;h

» NVMCTRL
v SERCOM
() SERCOMS
v TC
O TC3
B3 O TC4
¥ System

v Libraries

¥ Harmony

» Packs
¥ Peripherals
() ADC
b EVSYS

Project Resource

Device Resources

Content Manager

Device Resources

Content Manager

v Libraries

¥ Harmony

v Peripherals ADC
» O Ac | -ADC

¥ ADC

") ADC
» DAC

Device Resource

v Libraries

» () Harmony

Double click
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Lab12 ADC Polling Software Trigger

Step 2 (Use Configuration Options)

1) X
Configuration Options !]
=l
=-aADC
- Select Prescaler Peripheral clock divided by 512 + | Prescaler : divided by 512
Select Sample Length (half ADC clock cycles) ¢ 2| Sample Length : 4

- ¥EEE Conversion Time is 106.666666667 uS ****

Select Gain P Gain : 1/2x

- Select Reference 1/2 VDDANA (only for YDDANA »>207) | Vg : % VDDANA
Select Conversion Trigger SW Trigger v SW Trigger

= Channel Configuration
- Select Positive Input ADC AIN2 Pin ~ | ADC AIN2 Pin
Select Negative Input Internal Ground. | Internal Ground
- Number of inputs to scan 02

=l Result Configuration
--Select Result Resolution 12-bit result v | 12-bitresult |
Left sligned Result |

Enable Result Ready Interrupt [ ]
“~Enable Result Ready Event Out []
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Lab12 ADC Polling Software Trigger

Step 2 (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——‘—
+

Prescaler

|Peripheral clock divided b... |

SW Trigger e

Peripheral clock divided by 512

SW Trigger

[12-bit result
ADC AINZ Pl v

ADC AIN2 Pin

i

]

512 1%
e window mode (def..,

Analog Input §

ADC

op

1/2x

(Tnternal Ground ]

Analuglnputi

f

=) (L2 VDDANA (0., v~

Automatic Window Comparison

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 3

(1 Fin Table PBOS
= | =
Package: | TQFP48 glzlalal&lEle A
|| =lolz2 22222
[= T = T TR o I = < Y= = T R Y I e
Module Function 12|zl 4|5|6]|7]el9|w]|i]1z]13
ADC_AINIS
G ADC_AIN19
ADC_ATNZ
ADC - ) .
ADC_AIN2 Click
AL ATNEYWERERE
ADCATNG
ADC_ATNG ‘\
6/
(] Pin Table [
CIZ: CIZ: E Il 1 1 1 1 1
Packeze: | 2|3 |8|g|2|£| % |{PBO8 (ADC_AIN2)
zlZ|z 2= a]a]|; LU
T T B T B T B B = o e e e e e e e =
Module Funetion 1lz|3l4|s56l7|e|lo|w]it|iz]13
ADC_AINIS
PG ADC_AINIO
ADC_AINZ
ADC_AIN3 Green is Enable
ADC_AINANREFP
ADC_AINS
ADC_AING
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Lab12 ADC Polling Software Trigger
Step 4

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

Resource Management [MCC] x |
Project Resources |Ge"em"e\J import... | Export | @ || @

v Libraries VY
» Harmony
¥ System
() System

] X

Output - MPLAB® Code Configurator %

11:17-36.085 INFD): #444888884888sestasttssssssssssssssssssssssssssssss s
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36.086 TNFD: #4488 e8ts et sesetettettttssstestsssssessssssetesssss

11:17:36.086 INFO: Generation ocomplete.

11:17:36.19 INFO: {Hamoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryj<Hamony Database> -> interfaceValidationEvent
11:17:36.19 INFO: {Haxmony }<Hamony Databaser -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hammony Database> -> postFinalProcessing W
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Lab12 ADC Polling Software Trigger

Step 5

Add code segment to your main.c

// TODO 12.01
uintl6_t ADC_Result;

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

while( true)
{..
iIf( TC3_HasExpired)

{ ...
myprintf( "\033[1;1HHello World!\r\n™);

/[ TODO 12.03

ADC_ConversionStart();

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

¥
¥

O 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 COM4 - Tera Term VT — L] X

 File Edit Setup Control Window Help

Hello Yorld!
VR1 Value : 755

Received Data :
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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[0]

AIN[1]

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

AIN[8]

AIN[9]

AIN[10]

AIN[19]

Temperature Sensor

DAC output
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ADC Pin Scan

Configuration Options Example

>} X
Conhguration Oplions x |
[=]
=-ADC ~
-~ Select Prescaler Perspheral clock divided by 512
Select Sample Length (half ADC clock cycles) 415
- REEE Conversion Time is 106.666666667 uS ****
Select Gain 12% «
- Select Reference 1/2 YDDANA (only for VYDDANA » 20V)
Select Conversion Trigger SW Trigger v
= Channel Configuration
- Select Positive Input ADC AINZ Pin v ] Positive Input Pin
- Select Negative Input Intemal Ground
T T e —— (| 1 = | | Number of Inputs to scan
.- Scan start offset X 0 %J Scan Start Offset
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ADC Interrupt

Configuration Options Example

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

Yes! That’s all you need to do.
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ADC Pin Scan

Easy View Configuration Example

1 ADC Basy Viow | | - %0 x

Input to scan Scan start offset

GCLK

Start Event [B— i :
Hardwara Trigger Pin Scan Runin standoy [ ] .
rescaler
Flush Event [} |PeriDhera1 clock divided b... V|
|SW Trigzer b
Conversion Trizger Left-aligned result
Automatic Window Comparison Result Interrupt
12-bat result
ADC ATNZ Pin~
Re=ult Registar
B
I rFY
Anslog Input 1,024 IEI Result Event

WINMON Interrupt

op

.ﬂ\naluglnputi

512 14
Mo window mode {def,,,

Internal Gromnd v 12 VDDANA (0., ~

EVENT

i
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ADC Interrupt

Easy View Configuration Example

_ Easy View |

- % x

ADC Configuration

Scan start offset

Input to scan

Software Trigger

Free Run

3tart Event E— +

Flush Event E

Run in standby |:|

Hardware Trigger Pin Scan

|SW Trigzer

Conversion Trizger

12-bit result

ADCAINZFin ~

T

Anslog Input

op

.ﬂ\naluglnputi 512- Iil
:

Internal Gromnd v 12 VDDANA (0., ~

i

Mo window mode {def,,,

Automatic Window Comparison

Yes! That’s all you need to do.

Left-ali

Check Result Interrupt

B Result Interrupt

WINMON Interrupt

Re=ult Registar !l

EVENT

Result Event
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ADC Interrupt Callback

Interface Routines

/*** ADC Interface Routines***/

void ADC_Initialize( void );

void ADC_Enable( void );

void ADC_Disable( void );

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

uintl6_t ADC_ConversionResultGet( void );

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

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

Software Trigger Code Example

void ADC_Complete( ADC_STATUS status, uintptr_t context )

{
if( status & ADC_INTFLAG_RESRDY_Msk )

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

ADC_ConversionStart();

}

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

ADC_ConversionStart();

while( true)

{ ..
}
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Lab13 ADC Pin Scan

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

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

values to PC.

eLet’s go!
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Lab13 ADC Pin Scan

WW T HW-EHH..

F'EDE VDDANA EXTINTIE AIN[2] Y[14]
8 12 PB09 | VDDANA = EXTINT[9] AIN[3] Y[15]
J \_ Y,
33V U7 |
3.3V MCP9700AT-E/TT
T 1 [ YouT 2 o IPBOQI
VRI1 Z
_10k  |PBOS
— C20 . = (21
0.1uF 0.1uF
GND GND GND GND
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Lab13 ADC Pin Scan

Step 1 (Use Configuration Options)

]

Configuration Options x]
=]

=-aDC
- Select Prescaler
Select Sample Length (half ADC clock cycles)

Select Gain
- Select Reference
Select Conversion Trigger
= Channel Configuration

- Select Positive Input ADC AINZ Pin

Select Negative Input Internal Ground

- Number of inputs to scan 1.2

--Scan start offset =
= Result Configuration

Select Result Resolution 12-bit result

Left aligned Result Il

Peripheral clock divided by 512

~¥¥EX Conversion Time is 106.666666667 uS ****

Prescaler : divided by 512

47 | Sample Length : 4

172%

Gain : 1/2x

172 VDDANA (only for YDDANA = 2.0Y)

SW Trigger

Ve : % VDDANA

v SW Trigger

ADC AIN2 Pin

Internal Ground

v 12-bit result

Enable Result Ready Interrupt [ | Check Enable Result Ready Interrupt

--Enable Result Ready Event Out []

@ MICROCHIP



Lab13 ADC Pin Scan

Step 1 (Use Easy View)
(1 ADC Basy View

- % x

Software Trigger

Free Run
Start Event [B— +

Input to scan
(s
1

Hardware Trizger
Flush Event E »

12-bit result
ADC AINZ Pin

T

Anslog Input

op

.ﬂ\naluglnputi

i
¢

=W Trigeer s

ADC Configuration

Scan start offset

0

GCLK

Run in standby |:|

Prescaler

Automatic Window Comparison

WHi

1,024 14

512 [#
VLo

Mo window mode {def,,,

Peripheral clock diwided b,

ult Interrupt

Left-aligned result
T Result Interrupt
El Res

Re=ult Registar !l

Result Event

WINMON Interrupt

EVENT
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Lab13 ADC Pin Scan

Step 2

(] Pin Table o —
Package: TQFPAS slzlals 2|5 o |LPBO9 | |,
FlElalaE B8 E B E e B
Module Function 1l2l3|4|5|6|7]s 11213
ADC_AINIS
e ADC_AINI9
ADC ADC_AINZ
ADC_AIN3 A
ADC_AIN3 Click
ADC AN
ADC_AING - |
(] Fin Table — [
Package: TQFP48 v ol =lal= 212155 < | Oonias
E % % % % é é é E PB0O8 (ADC_AIN2)
Maodule Function L2131 415|6|7]&8]9 PBOQ(ADC—AIN3)
ADC_AINIS
L ADC_AIN19
ADC_AINZ
ADC_AIN3 :
ADC_AINAVREFF =Green is Enable
ADC_AINS
ADC_AING
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Lab13 ADC Pin Scan
Step 3

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

Resource Management [MCC] x |

Project Resources Ge"emt“d. import.. | Export | @ || @ |

v Libraries VY
» Harmony
¥ System
() System

) X
Output - MPLAB® Code Configurator %
11: INFD): #444888884888sestasttssssssssssssssssssssssssssssss s
11: INFO: Generation complete (total time: 9101 milliseconds)
11 TNFD: #4488 e8ts et sesetettettttssstestsssssessssssetesssss
11: INFO: Generation ocomplete.
11: INFO: {Hamoryy<Hamony Databases -> prebenerateEvent
11: INFO: {Hammoryj<Hamony Database> -> interfaceValidationEvent
11: INFO: {Haxmony }<Hamony Databaser -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hammony Database> -> postFinalProcessing W
< > A%\ MicrocHIP




Lab7 ADC Pin Scan
Step 4

* Remove or comment the following code in the previous Labs before next steps.

If (TC3_HasExpired)
{

// ADC_ConversionStart();

// while (!ADC_ConversionStatusGet());

// ADC_Result = ADC_ConversionResultGet();

// myprintf("\033[2;1HVR : %4d", ADC_Result);
}
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Lab13 ADC Pin Scan

Step 5

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 6

e Add code segment to your main.c

int main (void)

{

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

while( true)

{

If( TC3_HasExpired)

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

Step 7

e Add code segment to your main.c

int main (void)

{

while( true)

{..

If( USART5_IsReceived )
{...}

/[ TODO 13.05
if( ADC_IsCompleted )

{
ADC_IsCompleted = 0O;

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

T COM4 - Tera Term VT — L] X

 File Edit Setup Control Window Help

Hello Yorld!
VR1 Value : 156

Temperature VYalue : 931

Received Data : H
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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

»
»

b

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

"load"
"direction”

Control Logic

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

"TCCx_EV0" (TCEO)

"TCCx_EV1" (TCE1)

BOTTOM

L A

"TCCx_MCx"

Event

"event"
UPDATE

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

"capture

Yy vYY¥Y

Control Logic

System

Output
Matrix

Waveform
Generation

A

i i Y Y

Y
Recoverable
Faults

Y

v

Insertion

Dead-Time

Y

v ¥V v ¥

Y

v v v ¥ vo¥v ¥

Pattern

Generation

Y Y V¥ VvV

—[X] WO[7]
—{X] wole]
=] WOI5]
X Wo[4]
-] WO[3]
X Wo[2]
-] wort]
—X] WoIo]

Non-recoverable
Faults

v

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

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

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

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

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

A TCCx Count

PER F--oo g
CCXIII

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 MCC Harmony

* Find TCC component in Device Resource window.
* Double click TCC2 to add to Project Resource window.

= X = X
I Resource Management [MCC) x| . I Resource Management [MCC) x| .
Project Resources @ Generate || Import... | Export 9 rﬁ;h Project Resources @ Generate || Import... | Export 9 rﬁ;h
v Libraries > NVMCTRL Project Resource

¥ Harmony » SERCOM
» Packs > TC
¥ Peripherals v TCC TCC2
v ADC O TCC2
() ADC v System
» EVSYS () System
Device Resources Content Manager Device Resources Content Manager
» SERCOM v Libraries
» TC TCC » () Harmony
v TCC -TCC2
() TCCo
) TCC
) TCC2
» Tools % Device Resource
Double click
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TCC Configuration Options Example

(] Confignration Cptions - ﬁ =

[=] [+
=TCC2

Run during Standby []

i’""SE|EI2t Prescaler Hodivision  «

é}--Operating Mode PWM .

Iél--F"-.-"‘-.-'I"-"I

~Select PWM Type HEPWH ~
~ Py Direction - Count Down [
-~ Period Yalue 43,0002
o HEEE DWW Frequency is 999 He #H**
~Enable Period Interrupt ]
~Enable Period Event Qut ]
- Channel Configurations
[i}--ChanneI 0

- Dty Walue 1] =
- Cutput Polarity Cutput iz ~DIE and =et o DIE when counter matehes CCx value

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

=-Channel 1
- Dty Walue 9,600 -
- Cutput Polarity Cutput iz ~DIE and set to DIR when comnter matches CCx value

-Enable Compare Match Interrupt [
-Enable Compare Match Event OUT []
-Enable Compare Match Event IN - []
[+ Cutputs

- Input Events Configuration @ MlCRDCHlP

- Fault Configurations




TCC PMUX Configuration Example

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

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

26 PA17 PA1T VDDIO EXTINT[1]

(] Pin Table PA17 | 17 pin Table | PA17
oo T | oo Al =5
Package: | TOFF42 sl=lalalel=|al= ﬁ ﬁ o | £ Fackage: TOFF48 sl=lalglel=|al = ﬁ ﬁ e |5
s I E R R R - s B R B R e b
Module Function 1216|1718 1920 |21 |22 |23 |24 |25 |26 blodule Function 5|16 171819 2021 |22 23| 24 | 20 | 26
[CCT_Wis U WoD
TCC2 W0 T TCCO_WO6
TCC2
TCCZ Wl TCCD WOY
TCC2 TCC2/WO[1] TCCO TCCO/WO[7]
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TCC Polling

Interface Routines

void TCC2_PWMinitialize(void);

void TCC2_PWMStart(void);

void TCC2_PWMStop(void);

void TCC2_PWMForceUpdate(void);

void TCC2_PWMPeriodinterruptEnable(void);
void TCC2_PWMPeriodinterruptDisable(void);
uint32_t TCC2_PWMinterruptStatusGet(void);
void TCC2_PWM16bitPeriodSet(uintl6_t period);
uintl6_t TCC2_PWM16bitPeriodGet(void);

void TCC2_PWM16bitCounterSet(uintl6_t count);
__STATIC_INLINE void TCC2_PWM16bitDutySet(TCC2_CHANNEL_NUM channel, uint16_t duty);
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TCC Polling Code Example

int main (void)

{

SYS_Initialize ( NULL );

TCC2_PWMStart();
TCC2_PWM16bitDutySet( 1, 9600 );

Configuration Options x

Runtime update duty

while(true) | o el 1, Duty 9600

{

=] [#]

=-TCCZ

--Select Prescaler

=

- QOperating Mode PWM v
= PWM
- Select PWM Type WM v
--PWM Direction - Count Down [
Period Value 47,999 %
%% WM Frequency is 1000 Hz ****
Enable Period Interrupt ]

Run during Standby O]
Mo division v

Prescaler and Counter Synchronization Reload or reset counter on ne

--Enable Period Event Out []
E} Channel Configurations

‘Channel 0

Preset duty in MCC Harmony

= Channel 1
| Duty Value ( 9,600 -5
Output Polarity Qutput is ~DIR and

~Enable Compare Match Interrupt ]
Enable Compare Match Event OUT [ ]
-Enable Compare Match Event IN [
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Lab14 TCC NPWM

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

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

* PWM frequency is 1KHz with 20% Duty.

*Let’s go! .k TCex Count

VNV

woix] | ] :‘I 7 I—I)

—

-
20%

" 1KHz
(1ms)
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Lab14 TCC NPWM

U8
ATSAMD21GI8A-AUT
LAL0
PA17 25 -

PATG

[ 25 IE

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

FATO/MOST SDA(ST.U)

PA06/MOSI(S0.2)

15

SOCKET3C
ARDUINO-MO0-PRO

PA07/SCK(50.3) 16 | Dot
PAL8/SS(SL.2YDS(1C3.0, ICC0.2) 7 D10 PWMSS
PA16/MOSI SDA(SI0) 1 0 pwaMMOST
<13 19 nm‘.«'m
PAL7/SCK_SCL(SL.)/PWM(ICC2.1, TCC0.7) 2 1 D13 PwhiscK
GND CND
GND|—C38 | —O.IuF_PAOSVREFA 2| DS AREF
PA22/SDA(S3.0) 3 | DiesDA
PA23/SCL(S3.1) 24 Dimscr

PA17 TCC2_WO[1] (D13)

TLED3 | Green R52 470
> A

LED3 (PA17)

PA17/SCK SCL(S1.1)/PWM(TCC2.1, TCCO.?)]

G_DBSIS

R50 10K
A4

AP [~
K 370 |GND
FDN337N
100K GND

@ MICROCHIP




Lab14 TCC NPWM

Step 1

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

=

| Resource Management [MCC) x|

X

=

| Resource Management [MCC) x|

Project Resources | Generate

Import... || Export 9 (;J

Project Resources | Generate

Import... || Export 9 (;J

v Libraries
¥ Harmony

» Packs

v ADC

¥ Peripherals

() ADC

> EVEYS

» NVMCTRL
» SERCOM
» TC
v TCC TCC2
) Tce2
¥ System
_) System

Project Resource

Device Resources

Content Manager

Device Resources

Content Manager

» Tools

» SERCOM

» TC TCC

v TCC -TCC2
O TCCo
() TCC1

% TCC2

Device Resource

v Libraries

» () Harmony

Double click
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Lab14 TCC NPWM

Step 2

Configuration Options =

=] [+

=-TCC2
Run during Standby ] i
Select Prescaler No division v No division
Prescaler and Counter Synchronization  Reload or reset counter on ne|
=-Operating Mode PWM v Single slope PWM
= PWIM |
-~ Select PWM Type NeWM v
- PWM Direction - Count Down [ ] |
- Period Value | 47,99 3| | Period Value : 47999
*EEE DM Frequency is 1000 Hz *#%* |
~~Enable Period Interrupt ]

Enable Period Event Qut L]
= Channel Configurations

l+f} Channel DO

I-E] hannel 1 Channel 1

| Duty Value 9,600 || | Duty : 9600
Output Polarity Qutput is ~DIR and ¢

Enable Caompare Match Interrupt [
Enable Compare Match Event OUT []
Enable Compare Match Event IN [

System Clock = 48MHz

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

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

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

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

TCC2 Count
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Lab14 TCC NPWM

Step 3

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

(] Fin Table
o | o T
Package: | TQFP4§ v alz|Z2|g|e|z|a|a|X|%|e|=f PALZ
SIEEg|lRgEEE 8 EE
Module Function 15|16 (17| 18| 19|20 |21 |22|23|24 |25 26
LS L Y o L /
GPIO APIO GPIO Al Click Disable
125_F30
(] Pin Table v
oo I e 7
Package: TQFP48 ol=lalgle|=|ala®|%]e|a ) TCC2_WO1
ol s = el = = e I A e e
Module Function 15(16 (17|18 19|20 |21 | 22|25 |24 25] 26
| L T
TCC2_WO0 (2 :
TCC2 TCC2 TCC2 WOl &/ N Click Enable
Tcc2_Wo1 "
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Lab14 TCC NPWM
Step 4

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

Resource Management [MCC] x |

Project Resources Ge"emt“d. import.. | Export | @ || @ |

v Libraries VY
» Harmony
¥ System
() System

) X
Output - MPLAB® Code Configurator %
11: INFD): #444888884888sestasttssssssssssssssssssssssssssssss s
11: INFO: Generation complete (total time: 9101 milliseconds)
11 TNFD: #4488 e8ts et sesetettettttssstestsssssessssssetesssss
11: INFO: Generation ocomplete.
11: INFO: {Hamoryy<Hamony Databases -> prebenerateEvent
11: INFO: {Hammoryj<Hamony Database> -> interfaceValidationEvent
11: INFO: {Haxmony }<Hamony Databaser -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hammony Database> -> postFinalProcessing W
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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( true)

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



Lab14 TCC NPWM

Result

T Pos: 10.00% 25MS/s  MEASURE

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

CH1 Frequency

|
CH1 Period CH1 +Duty

1.00 ms . 8
&ﬁ: Sﬁmﬂ gt

CH1 Frequency ) e W= . PA17 TCC2_WO[1] (D13)

. mmt) S Ey T, L SecEed
1.00 KHz | B beve 57 R
2 - el '.‘ - i : e\.. ; = =

CH1 +Duty
20.00%

v
v
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100% Duty Issue

Vil

PER
ccxnf

cox!

* How to generate 100% duty PWM ? il
* 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 is executed ?

* Result : Glitch !
* To prevent this issue,
set CCx > PER to 100% duty.

TCCx Count

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 )

{
ADC_IsCompleted = 0;

/[l TODO 15.01
if (ADC_Result[@] >= 4095)
TCC2_PWM16bitDutySet( 1, TCC2_PWMlé6bitPeriodGet()+1 );
else
TCC2_PWM16bitDutySet( 1, (uint32_t)ADC_Result[@] * TCC2_PWMle6bitPeriodGet()/4095 );

TCC2_ PWM_Peroid = 48000
ADC Result[0] = 0~ 4095
ADC Result[0]/4095=0.0~1.0

ADC_Result[0] * TCC2_ PWM_Peroid / 4095 =0 ~ 48000 .
@Mlcnocmp



Lab16 TCC NPWM Auto Duty Control

* First remove or comment the following code in the previous Labs.

if (ADC_IsCompleted)
{

// if (ADC_Result[@] >= 4095)

// TCC2_PWM16bitDutySet(1, TCC2_PWMlé6bitPeriodGet() + 1);

// else

// TCC2_PWM16bitDutySet(1, (uint32_t) ADC_Result[@] * TCC2_PWMl1l6bitPeriodGet() / 4095);
}
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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) Cz 100
{... 4
if (TC4_HasExpired)
{
TC4 HasExpired = 0;
/[ TODO 16.02

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
* |t’s a serial communication interface.

Synchronous, inside-board level, short distance communication.

SPI
Master

SCLK
MOSI
MISO
SS

q

>

<4

SCLK
MOSI
MISO
SS

SPI
Slave

SPI
Master

SCLK
MOSI
MISO

Ss1
552
SS3

https://zh.wikipedia.org/wiki/%E5%BA%8F%E5%88%97 %E5%91%A8%E9%82%8A%EA%BB%8B%HEI%ID%A2

» SCLK
» MOSI SPI
< MISO Slave
» SS
+—» SCLK
» MOSI SPI
MISO Slave
» SS
» SCLK
—» MOSI SPI
MISO Slave
» SS
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APP045 OLED SSD1306 Schematic

OLEDI1
WEAOQ12864DWPPIN00002
PB10/MOSI(S4.2) 1 e
PB11/SCK(S4.3) e 2 ggf;fﬁ
PA 12 MISO(S4.0 IS 3 |
PA27 W N N oy
PA13/SS(S4.1 S S N ﬂ
G
S N
3 SV
GND

:|: 0.1uF .111F:|: 0.1uF
GND

0
1 GND GIND
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Lab17 SERCOM - SPI1 SSD1306 OLED

* Add SERCOMA4-SPI module to your project.

* Add OLED control function to shows bitmap logo on your OLED display.
* 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 - SP1 SSD1306 OLED

Step 1

* Find SERCOM4 component in Device Resource window.
* Double click SERCOMA4 to add to Project Resource window.

=

| Resource Management [MCC) x|

X

Project Resources Generate || Import... Export 9 rﬁ;h

» NVMCTRL
» SERCOM
b TC
v TCC
) Tce2
¥ System
_) System

Device Resources

Content Manager

g8 O SERCOM1
) SERCOM2
) SERCOM3
) SERCOM4
» TC b@
» TCC

» Tod Double click

SERCOM
- SERCOM4

Device Resource

=

I Resource Management [MCC) x|

Project Resources | Generate

Import... || Export 9 rﬁ;h

> NVMCTRL

v sercom | SERCOMA4

() SERCOM4
B4 (O SERCOMS
» TC
v TCC

B3 O Tee2

Project Resource

Device Resources

Content Manager

v Libraries

» () Harmony
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 2

* Setup SERCOMA4 SPI Configuration.

(] Configuration Cptions -
=] #
=+ SERCCOM4
= Select SERCOM Operation Mode | SPT Master ~| SPI Master
-~ Enahle Interrupts ?
~Enable operation in Standby mode [] DO on PAD[2], SCK on PADI[3] ...
- SPI Data Out Pad D on FAD[Z], SCE on FAD[3] and 55 on FAD[1] -~
~5PI Data In Pad Selection SERCOM PAD[0] ~ | SERCOM PADI[0]|
~SPI Data Crder MSE is transferred first | IMSB is transferred first
~5SPI Speed in Hz 1,000,000/ 1,000,000
~5PI Data Character Size g bits ~ 8 bits
~5PI Clock Phase The data 15 sampled on a leading SCE edge and changed on a traling SCE edge -
~5PI Clock Palarity SCK 15 low when 1dle -
~Enable SPI Master Hardware Slave Select [ |
~SPI Receiver Enable
- *¥**EP] Transfer Mode O is Selected***
' ModeO |
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 3

* Pin Table Configuration of SERCOM4

(] Fin Table
Package: | TQEP4S o= %: U GLar A | o g'
=|£|2|5]|2 2| IPBILIR | = |2
Module Function 15(16|17] 1819|2021 |22|23]|24] 25|26
SERCOM3_PAD3
SERCOMA4_PADO
SERCOM4_PADI
SERCOMA SERCOM4_PAD2 | [\
| SERCOM4 SERCOM“—PA‘P{\ A Click

SERCOMS5_PA] V= I W
(] Pin Table -

kL
PB10 (SERCOM4_PAD?2)

= =N
Package: TQFPAS SAEEE R
<|<|2|z|u|=f §PB11 (SERCOM4_PAD3)
Modulz Function | 15| 16| 17 | 18| 18] 20 | 21 |22 | 23] 24 |25 | 28

SERCOM3_FADS
SERCOM4_FPADO
SERCOM4 PADI
SERCOM4_FADZ
SERCOM4_FADS
SERCOMS_PADO

SERCOMA

Green is Enable

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

* Pin Table Configuration of GPIO

(] Fin Table PA12 | PA13
= = ] Y
(SN ReEFEE e ' '
Package: TOFF4E - o le s | e ol 2200 e = oo
) SlEZ2=22Da el =] — = | &
HEHEHEEEEEEEEEIEIE:
Maodule Function W12 13 14115 161718192021 |22 23|24 |25 26
o CLE o7
GPIC GPIC
[2= F=n .
GPIO - Click
[25 MCED | | | T
N
(] Pin Table VGPIO_PA12 GPIO_PA13 |
olol|3|3 fﬂ_’ﬁ 5y ;' ;'
IR R A S Q o H| A \LZ | ) [ [
Module Function W1 1211311151617 18192021 | 22|23 242526
GiCLE TO7
ORI GFIC
[22 F=0 .
— Green is Enable
[25_WCED | | | | |
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Lab17 SERCOM - SPI1 SSD1306 OLED
Step 5

* Pin Setting of GPIO for direction and custom name.

(] Fin Settings
Order:  Pins w Table View Easy View
El]fmber Pin ID e Pt Mode Direction Latch  PullUp Pull  Drive
“{eatz | SSD1306_RS | i 1l out b Wgn | o
21 [ pa1z 5501306_RS_PIN GPIO w|  Digtal Out e Hizh MORMAL
22 PA13 5501306_CS_PIN GPIO v Digital Out v High | NORMAL -
P13l 55p1306 CS [ ot FL Mieh oot
TS B igital | HigrmpEDERTE - [] [] |noRmAL ~
25 PAlG I Available w | Digtal High Impedance Low [] [] MORMAL
26 PA17 LED3 GPIO w| o Dagital Out v Low NORMAL
27 PA13 TC3_Woo w | Digital High Impedance - nfa [] [] | mormaL -~
28 PA1S TC3_Wo1 w | Digital High Impedance - nfa [] [[] | MORMAL -~
29 PAZ0 LED1 GPIO w| o Digatal Out v Lowr NORMAL
30 PA21 LED2 GPIO w| o Dagital Out v Low NORMAL
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Lab17 SERCOM - SPI1 SSD1306 OLED
Step 6

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

] X
I Resource Management [MCC) x|
Project Resources Generate || Import.. | Export | @ || (&) . . .
» NVMCTRL [ (] Configuration Cptions = F
» SERCOM Project Resource E ®
P TC E}"S'}.-'StEITI| System |
v TCC --Deviu:e & Project Configuration
O Tee2 B+ Cortex-M0+ Configuration | Cortex-MO0+ Configuration
¥ System I'é}--Sﬁ;STiI:k
~ system| System =-Enable SysTick k/] | Enable SysTick |
Device Resource Content Managar = SEySTic:k Configuration
BE () SERCOMT ~Enable Interrupt KA Enable Interrupt |
™) SERCOM2 ?""S'y'STiEk Clock Frocessor clock
~ SERCOM?2 “-Systick Period(Milliseconds) = 1ms
") SERCOM4
» TC
» TCC
» Tools
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Lab17 SERCOM - SPI SSD1306 OLED
Step 7

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

Resource Management [MCC] x |
Project Resources |Ge"em"e\J import... | Export | @ || @

v Libraries VY
» Harmony
¥ System
() System

) X
Output - MPLAB® Code Configurator %
11: INFD): #444888884888sestasttssssssssssssssssssssssssssssss s
11: INFO: Generation complete (total time: 9101 milliseconds)
11 TNFD: #4488 e8ts et sesetettettttssstestsssssessssssetesssss
11: INFO: Generation ocomplete.
11: INFO: {Hamoryy<Hamony Databases -> prebenerateEvent
11: INFO: {Hammoryj<Hamony Database> -> interfaceValidationEvent
11: INFO: {Haxmony }<Hamony Databaser -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hammony Database> -> postFinalProcessing W
< > A%\ MicrocHIP




Lab1l7 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 . ~
RTC_SAM2001v200 > Appendix > LogoFont
config

| Alphabet_Fonts.omp ( copyfiles | = packs
® Alphabet_Fonts.h ® Alphabet_Fonts.h
| Microchip_Logo.bmp ® main.c
o Microchip_Logo.h ® Microchip_Logoh
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 9

* Add pre-build logo image header files into project
Right click Header Files > Add Existing item...

Frojects * | Files Services

=& Labl7_SERCOM_SPI_CLED_SSD1306 ‘

[Source Files] EI
[ .Ri;;t click -ﬁ. New
I

o EE] packs New Logical Folder [Add Existing Item...]
H & Important Fi agq Existing ltem...

H Linker FI_IES Add Existing ltems from F%ers...
" Source Files Find
ind...

ﬁ' Libraries
H-[EF Loadables Cut
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Lab1l7 SERCOM - SPI1 SSD1306 OLED
Step 10

 Select folder in \firmware\src

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

= BT "Alphabet Fonts.h" "Microchip Logoh"

B4 Select Item . X
\firmware\src |
(D SIC w &5 Ef-
= config Store path as:
. Bt packs () Ante
RSl Alphabet_Fonts.h [ Select Alphabet_Fonts.h ] Check Relative O3
Val B main.c Abeo]
N 1 Mlicrochip_Logo.h [ Select Microchip_Logo.h ] (ch some
- opy

Select
B ﬁ

v

'-:J Header Files
AIphabet_Fonts.h """ EI Alphabet Fonts.h

Microchip_Logo.h __ confie

added in \Header Files ok coochip Loso.h

IR packs

N fEERE(T:  FrEfEs
E-Ed Labl7_SER _OLED_S5D1306
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 11
e Add code segment to your project

/[ TODO 17.01
#include "Microchip_Logo.h"

#include "Alphabet_Fonts.h"

/[ TODO 17.02

#define LCM_WIDTH 128

#define LCM_HEIGHT 64

#define FONT_WIDTH 7

#define FONT_HEIGHT 8

uint8_t LogoX, LogoY;

unsigned char LCM_Blank[1024];

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

és\ MICROCHIP



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_Font+(chIdx*FONT_WIDTH)),
FONT_WIDTH );

}

void LCM_DrawString( uint8_t sx, uint8_t row, char *str )
{
for( int x=0 ; x<strlen(str); x++ )
{
LCM_DrawFont( sx+(x*FONT_WIDTH), row, str[x] );
}
}
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 14
e Add code segment to your project

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

/[ TODO 17.03

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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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 15
e Add code segment to your project

int main (void)

{

[/ TODO 17.03

SYSTICK DelayMs(1000);
memset(LCM_Blank, 0, 1024);
LCM_DrawBitmap(®, ©, LCM_WIDTH, LCM_HEIGHT, LCM_Blank);
sprintf( (char *)USARTRTxBuffer, "SysClock %1d.%-1dMHz",
SYSTICK _TimerFrequencyGet()/1000000,
(SYSTICK TimerFrequencyGet()%1000000)/1000 );
LCM_DrawString( @, 0, (char *)USARTRTxBuffer );
sprintf( (char *)USARTRTxBuffer, "TC3 period %ldms",
TC3_Timerlé6bitPeriodGet()*1000/TC3_TimerFrequencyGet() );
LCM_DrawString( 0, 1, (char *)USARTRTxBuffer );
sprintf( (char *)USARTRTxBuffer, "TC4 period %ldms",
TC4_Timerlé6bitPeriodGet()*1000/TC4_TimerFrequencyGet() );
LCM_DrawString( @, 2, (char *)USARTRTxBuffer );
sprintf( (char *)USARTRTxBuffer, "Received Data :" );
LCM_DrawString( @, 7, (char *)USARTRTxBuffer );
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 16
e Add code segment to your project

while (true)

{..
if (TC3_ HasExpired)

{..
LED1 Toggle();

/I TODO 17.04
sprintf( (char *)USARTRTxBuffer, "Hello World!");
LCM_DrawString( @, 3, (char *)USARTRTxBuffer );

k

If (TC4_ HasExpired)
{...
/[ TODO 17.05

sprintf( (char *)USARTRTxBuffer, "PWM Duty : %3d%%", Duty);
LCM_DrawString( @, 4, (char *)USARTRTxBuffer );

LED2_Toggle();

k
}
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Lab17 SERCOM - SPI1 SSD1306 OLED

Step 17
e Add code segment to your project

while (true)

{...
if (USART5_IsReceived)

{..

/[ TODO 17.06

sprintf( (char *)USARTRTxBuffer, "Received Data : %1c",
USART5_ReceiveData[@] );

LCM_DrawString( @, 7, (char *)USARTRTxBuffer );

¥

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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Lab17 SERCOM - SP1 SSD1306 OLED

Result

]
w4 &

SysClock : 48.0MHz
TC3 period : 1000ms
TC4 period : 50ms

1 Sec. Hello World!

PWM Duty : 20%
VR1 :2048

Temp : 940
Receive Data : M

MICROCHIP
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Lab17 SERCOM - SPI1 SSD1306 OLED

* To create your personally welcome page (logo) !

Let’s go!
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Lab17 SERCOM - SP1 SSD1306 OLED

Create your own logo

o5 | |£IE) s | SamplePicture02.bmp - &=
2R B
2F o B Q N\VOOOMLA - 7ME- S
- an lfgmma] £ A M\ OOOD GG - pmne
= = amm- P AQ | F| O RROOD:
mesE] | | | z
...} adichinke Lol [e20,
E « v 1T « Appendix > LogoFont
[ SEERN = - @
2 4 EESBN): [Microchip_Logo.bmp Microchig o.bmpg
1 FREEED): | EcBEE (*bmp*.dib) Monochrome Bitmap
~ EEER%k #1E(S)

=7l
{xEE): OBak
+—
] x=e
DI EE(V):
[Oessrmeaom
e (F)
+—F
J (D)
ﬂ I ZEH(E):
BT

® &=

HA
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Lab17 SERCOM - SPI1 SSD1306 OLED

Create your own logo

Settings

* Execute \Tools\LCDAssistant.exe

Byte orientation
@ Vertcal
Load Microchip_Logo.bmp and Save output to Microchip_Logo.h LA
Size
Width [128
. LCD Assistant - http://en.radzio.dxp.pl/bitt X . LCD Assistant - http)/.. — O X Height |64
File Help File Help
: : —Other
Load image ture preview Load image icture preview [~ Indude size
Save output Save output ~Size endianness
Exit Exit (e Litte
| Size [ Size (" Big
Width |Edit1 Width |128 ‘ Pixels/byte
Height [Edit2 Height 54 =
e
—Other 1
:

MICI‘OChIp Logo.bmp

1 Mlcrochlp Logo.h [ W
~| RO I EELE Q). [Microchip_Logo h | | TFEO IM' IJJI;DEI : '
— icrochip_Logo
EFEFRD: v RLiH BEHID: v LA
v l - —‘ | e —j (Bitmap Array name)
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Lab17 SERCOM - SPI1 SSD1306 OLED

Create your own logo

* Copy new Microchip Logo.h to overwrite old one in folder

\firmware\src\

> firmware » src

=578

config
packs
% Alphabet_Fonts.h

® main.c

Overwrite old

Microchip_Logo.h
I

® Microchip_Logo.h
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Create your own logo result
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Trademarks

* The following are registered trademarks of Microchip in the U.S.A. and other countries: The Microchip name and logo, the Microchip logo, Adaptec,
AnyRate, AVR, AVR logo, AVR Freaks, BesTime, BitCloud, chipKIT, chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, HELDO, IGLOO,
JukeBlox, Keelog, Kleer, LANCheck, LinkMD, maXStylus, maXTouch, MedialLB, megaAVR, Microsemi, Microsemi logo, MOST, MOST logo, MPLAB,
Optolyzer, PackeTime, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer, QTouch, SAM-BA, SenGenuity, SpyNIC, SST, SST Logo,
SuperFlash, Symmetricom, SyncServer, Tachyon, TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA.

* The following are registered trademarks of Microchip in the U.S.A: AgileSwitch, APT, ClockWorks, The Embedded Control Solutions Company,
EtherSynch, Flashtec, Hyper Speed Control, HyperLight Load, IntelliMOS, Libero, motorBench, mTouch, Powermite 3, Precision Edge, ProASIC, ProASIC
Plus, ProASIC Plus logo, Quiet-Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra, TimeProvider, TrueTime, WinPath, and ZL.

* The following are registered trademarks of Microchip in other countries: BeaconThings, GestIC, Silicon Storage Technology.

* The following are trademarks of Microchip in the U.S.A. and other countries: Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor,
Anyln, AnyOut, Augmented Switching, BlueSky, BodyCom, CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, Espresso T1S, EtherGREEN, IdealBridge, In-Circuit Serial Programming, ICSP, INICnet,
Intelligent Paralleling, Inter-Chip Connectivity, JitterBlocker, maxCrypto, maxView, memBrain, Mindi, MiWi, MPASM, MPF, MPLAB Certified logo, MPLIB,
MPLINK, MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple
Blocker, RTAX, RTG4, SAM-ICE, Serial Quad I/0, simpleMAP, SimpliPHY, SmartBuffer, SMART-I.S., storClad, SQI, SuperSwitcher, SuperSwitcher Il,
Switchtec, SynchroPHY, Total Endurance, TSHARC, USBCheck, VariSense, VectorBlox, VeriPHY, ViewSpan, WiperLock, XpressConnect, and ZENA.

* The following is a service mark of Microchip in the U.S.A.: SQTP.

* The following are logos of Microchip in the U.S.A. and other countries: The Adaptec logo, Frequency on Demand, Silicon Storage Technology,
Symmcom, and Trusted Time

* The following is a registered trademark of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of Microchip Technology Inc., in other
countries: GestIC
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