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SAM2001ADV-01 (Day1)

* Timer/Counter Operation Mode
= Lab6-1 TC Operation Mode - NFRQ,
ZLab6-2 TC Operation Mode - MFRQ
HLab6-3 TC Operation Mode - NPWM
ZLab6-4 TC Operation Mode - MPWM

* DAC Architecture
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SAM2001ADV-01 (Dayl) cont.

e Event System (EVSYS)
ELab16-2 EXTINT Trigger Timer Counter
ZLab16-3 EXTINT Callback and Trigger Timer Counter
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SAM2001ADV-01 (Day2)

* Direct Memory Access Controller (DMAC) - Single Transfer Block
SHLlab13-3 ADC with DMAC
SHLlab13-4 ADC with DMAC and Interrupt
* Direct Memory Access Controller (DMAC) - Linked List Transfer
ZLab13-5 ADC with Descriptors Link of DMAC
* Power Debugger
* Power Manager - Sleep Mode
ZLlab13-6 ADC with IDLE
ZLab13-7 ADC with STANDBY
* Application : Sleepwalking
ZLlab13-8 ADC_with_DV
EHLab13-9 ADC_with_DV_DMAC_SleepWalking
SLlab13-10 ADC_with_DV_DMAC-Linked_SleepWalking
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SAMD21 EVB APP045 v4
Introduction
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APP045 v4 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

e Support Li-on Battery, boost and charger

* 2 x Buttons, 3 x LEDs

* 1 x12C Temperature Sensor

* 1 x12C EEPROM with Unique ID

* 1 x 12C Accelerometer

* 1 x MicroSD Socket (SPI interface)

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

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

* 1 x mikroBUS™ Click Board Socket

* 1 x Arduino® Shield Socket (Arduino MO Pro board Compliant)
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APP045 v4 Overview
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APPO045 v4 Programmer and Debugger
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APPO045 v4 Block Diagram
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Timer/Counter Operation Mode
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Review the Timer/Counter

* The TC module consists 3 functions “Counter, Compare and Capture”.
The counter can be set to count events, or it can be configured to count
clock pulses.

* TC support three counter resolutions, 32-bits, 16-bits and 8-bits

* The counter can be set to up or down count.

* Timer/Counter (TC) provide 4 waveform generation operation.

* Normal Frequency Generation (NFRQ)
* Match Frequency Generation (MFRQ)
* Normal Pulse-Width Modulation Operation (NPWM)
* Match Pulse-Width Modulation Operation (MPWM)

ﬁ\ MICROCHIP



Compare 4 waveform generation mode

* There are 4 difference waveform generation mode, below figure show the

behavior at 4 modes
Based on up count and
16-bits setting.

At this section,
We will focus on
the output waveform
for difference modes.

NFRQ, 16Bit, Up Count

NPWM, 16Bit, Up Count

e

TC Counter

/]

*1 Manually Clear

MAXA

cco |
cc1

eyt

TC Counter

T/

OVIF

WOI0]

WO[1]

*1 Manually Clear

MPWM, 16Bit, Up Count

YYVYY

*1 Manually Clear

TC Counter

OVIF

A\ 4

WOI1]

*1 Manually Clear
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Waveform Generating of Timer/Counter

* The mode is determining the waveform output style from WO[n] pins.
* It’s selected by the waveform generation operation

bit group in the Control A register. (ctriawavegen(i:0]) [ == - e[
» At MCC-Harmony, e

It’s selected by “Operating Mode”,

You can determine the mode under

“Compare” mode. e

- ¥EEX Compare Period is 1365.3125
~Enable One-5hot Mode
Invert Output YWolo]

* Normal Frequency Generation (NFRQ) ;
* Match Frequency Generation (MFRQ) v e
~Enahle Compare Match 0 Interrupt [

* Normal Pulse-Width Modulation Operation (NPWM) D
* Match Pulse-Width Modulation Operation (MPWM)

- Sleep Configurations
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UP/DOWN Count and Counter Update

* Let me discuss the up and down counter firstly.
* TC counter can be set to up or down count, when the value is reached,

TC counter was updated to or m UP Count Mode
e For UP Count Mode TOPK B2 D
* Timing : when Counter = |0z
* Result : was updated to /43;{e, ﬁ —a—&o——>
* If (Counter == TOP) Counter = 0; g L L — ' ) G)
* For DOWN Count Mode DOWN Count Mode
® Timing : COU nter - ZERO TOP ““““““““ TC Counter
* Result : was updated to "
* If (Counter == ZREO) Counter = TOP;
ZERO 2
OVIF >

c\ MICROCHIP



Definition for TOP or ZERO

¥rop

* The determine by the timer counter mode bit group in the

Control A register.
And

waveform generation operation bit group in the Control A register.

(CTRLA.MODE[1:0]) and (CTRLA.WAVEGEN([1:0])

* The m always “0”.

TOP

16-bits
MAX(216-1)

32-bits
MAX(232-1)

0

CCOg.pits) CCOug-bits) | CCO@2-bits 0
PER MAX(2:6-1) | MAX(23-1) 0
CCObity | CCOusbis) | CCO@abite 0
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Mode Selecting at MHC

* At MHC, It’s selected by “Operating Mode”

and “Counter Mode”.

under “Compare” mode

=g

Configuration Ophions =

=l #

=-TC3

—Counter Mode Cownter i 16-bit mode -
~Gelect Prescaler §
*EEETimer resolu
B Operating Mode | Compare
I'é}--CDmpare
- Waveform Mode NFRQ
- Counter Direction
- REEE Pariod Value is Ox=ffff ***+*
~Compare 0 Yalue 16,383 =
~Compare 1 Walue 32,7072
- HEEE Compare Period is 1365,.3125 ug *rE
~Enable One-Shaot Made |
- Inyvert Output Wolo] 1
- Invert Output Wo[l1] |
--Enable Period Interrupt
--Enable Compare Match O Interrupt []
~Enahble Compare Match 1 Interrupt [
- Ewents
BF-Sleep Configurations
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Waveform at difference mode

* Refer below figures, this show the waveform was changed timing at difference modes.

UP Count Mode

Output

Match

Update

Stable

Interrupt

Stable Toggle TOP
Clear Set TOP
Clear Set TOP

DOWN Count Mode

Output

Match

Update

Stable

Interrupt

Stable Toggle ZERO
Set Clear ZERO
Set Clear ZERO
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Waveform at difference mode - cont.

NFRQ, 16Bit, Up Count

NPWM, 16Bit, Up Count

MAXA . TC Counter MAX A . _.TcCounter
- | - SR £ 4:--"'“" ———————————————————————————————————————————————— —- focoo—oo—co 17 é—‘\-v"—' ———————————————————————————————————————————————
co| AN A cco| ¢ A
) cca| 4
OVIF E . x ; OVIF L " " :
wo[0] 2 WO[0] >
WO[1] WOI1]
*1 Manually Clear ) *1 Manually Clear )
’ i ’ u ) i ’ u
MFRQ, 16Bit, Up Count MPWM, 16Bit, Up Count
ccod . TeCewer ccof . TSGewmer
cc1|
v
OVIF : - : ; OVIF - - " - ;
WO[0] >
WO[1] WO[1]
*1 Manually Clear ) *1 Manually Clear )

() Match
(_} Update

UP Count Mode

Interrupt

Toggle Stable TOP
Stable Toggle TOP
Clear Set TOP
Clear Set TOP
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%€ Lab6-1 TC Operation Mode - NFRQ

 Please continue from SAM2001 Lab6 (TCs Timer Method Interrupt Callback)
* Try to config TC3 to

Compare - NFRQ (Normal Frequency Generation) mode and

enable waveform output to PA14 and PA15.

- WO[0] -> PA14, WO[1] -> PA15

* GCLKO -> 48MHz

* CCO->16,383

* CC1->32,767

°Let’s go !
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%€ Lab6-1 TC Operation Mode - NFRQ
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SOCKETIB
ARDUINO-MO0-PRO
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APP045 Ov2 Ov3 Mva

%€ Lab6-1 TC Operation Mode - NFRQ
Step 1

* Configure TC3 Period to NFRQ mode and Enable Interrupts in configuration.

B4 Configuration Options - Editar - O hd
T ane=
=l H
T3 16-bit mode
~Counter Mode  Comer in [6-bitmode: |
—5Salect Prescaler | Prescaler: GCLE_TC ~ GCLK_TC
~*¥E*¥*Timer resolution is 20.8333333333 nS****
E-Operating Mode | Compare « NFR
I'é}--CDmpare compa re Q
- Waveform Mode NFRQ -~ UP count
- Counter Direction UF Count w
- HERE Dariod Value is Dxfff #* e CCO c 16,383
- Compare 0 Yalue .
—Compare 1 value = CC1: 32’767
- H¥EEE Compare Period is 1365.3125 g *E¥*
- Enable One-5haot Mode O
- Invert Output Wold] ]
—Invert Output Wo[1] O
--Enable Period Interrupt B4 Check Interrupt Enable
~Enable Compare Match 0 Interrupt [
-Enable Compare Match 1 Interrupt [
F-Events
#-Sleep Configurations
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APP045 Ov2 Ov3 Mva

%€ Lab6-1 TC Operation Mode - NFRQ
Step 2

* Disable BT1(PA14) and BT2(PA15) GPIO function firstly.

* Enable TC3 Waveform Output 0 (WO0[0], TC3_WOO0) and
TC3 Waveform Output 1 (WO[1], TC3_WO1) to PA14, PA15

(] Pin Table

Package:  TQFP48 v ol g
AEIEIEEEIE R
AEEIREERE R BT1, BT2
Module Function 6|17 1819|2021 | 220oaloa
GCLE 107 (ji\)
e . .
GPIO GPIO GPIO | Click Disable
-
125_FS0 %
128 MC
(] Pin Table
G| o
Package: TQFP48 v oo - N El al IC3 WO[O 1]
il I =l =l ==l o]
FEEEREE B oL,
Module Function 61718192021 |22 23] 24
SYSCTRL_XOUT32 L
TC3_WOO kg)
C3 -
TC3 1C3Wol Click Enable

o ﬁ\ MICROCHIP



%€ Lab6-1 TC Operation Mode - NFRQ
Step 3

* Click to Generate Code.

File Edit View Navigate Source Refactor Production Debug Tea @ Loading.. n %
TS D@ e 1A A .
. c
Projects | Files | Services | Resource Management [MCC] x | = : sl DEUETL,
MCC v5.3.0

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

¥ Libraries Click ]

¥ Harmony

Output * | Scarch Results | Notifications [MCC] | News |

>
Core Snap *x MPLAB® Code Configurator *  Snap-Labl_SYS TIME Delay * Scripting * Snap-SYS_SERVICE * SYS .

S PaCkﬂ 14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\instance\wdt.h Success. New file.
14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\pic\samd21lgl8a.h Success. New file.

14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\samd21gl8a.h Success. New file.

[ 3 Fﬁerir)hfgralﬂ 14:11:59.279 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cachell armv7.h Success. New file.
14:11:59.279 INFO: ...rc\packs\CMSIS\CM5IS\Core\Include\cmsis_armcc.h Success. New file.

v . 14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_armclang.h Success. New file.
S}"'St'em SENICES 14:11:59.279 INFO: ...s\CMSIS\CMSIS\Core\Include\cmsis_armclang_ltm.h Success. New file.
14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_compiler.h Success. New file.

::} TlME 14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\cmsis_gcc.h Success. New file.

14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\cmsis_iccarm.h Success. New file.

14:11:59.286 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cmsis_version.h Success. New file.

v S}"Stem 14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\core_cm@plus.h Success. New file.

14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\mpu_armv7.h Success. New file.
' 14:11:59.462 INFO: {Harmony}<MHC>[Info]: Executing generate hook
— S}@tem 14:11:59.473 INFO

14:11:59.473 INFOlGener‘ation complete (total time: 1995 milliseconds)]
14:11:59.473 INFO:

14:11:59.473 INFO: Generation complete.

14:11:59.572 INFO: {Harmony}<Harmony Database> -> preGenerateEvent
14:11:59.572 INFO: {Harmony}<Harmony Database» -» interfaceValidationEvent
14:11:59.572 INFO: {Harmony}<Harmony Database> -> processDataModel
14:11:59.572 INFO: {Harmony}<Harmony Database» -> postFinalProcessing
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APP045 Ov2 Ov3 Mva

%€ Lab6-1 TC Operation Mode - NFRQ
Step 4

uint32 t i = 0;

// TODO 6-1.01

//
//
//
//
//
void TC3_CompareUpdated(TC_COMPARE_STATUS status, uintptr_t context)
{
if (status & TC_COMPARE_STATUS_ OVERFLOW)
{
LED1_Set();
for (1 = 0; i < 50; i++);
LED1_Clear();
}
}
void TC4 TimerExpired(TC_TIMER STATUS status, uintptr_t context) { ... }

int main (void)
{

b .
@ MICROCHIP



APP045 Ov2 Ov3 Mva

%€ Lab6-1 TC Operation Mode - NFRQ
Step 5

int main (void)

{
SYS_Initialize(NULL);

// TODO 6-1.02

//

//

TC3_CompareCallbackRegister(TC3_CompareUpdated, (uintptr_t) NULL);
TC3_CompareStart();

TC4 _TimerCallbackRegister(TC4_TimerExpired, (uintptr_t) NULL);
TC4 TimerStart();

while ( true )

{
SYS Tasks();

// TODO 6-1.03
//
//

}

return ( EXIT_FAILURE);

@ MICROCHIP



APP045 [v2 Ov3 Mva

%€ Lab6-1 TC Operation Mode - NFRQ

Result
NFRQ, 16Bit, Up Count

* Measure the waveform of LED1, WO[0] and WO[1]. — m_m_n:,

— I cco | AT T
M 400us T Pos: 50.00% 25MS/s M EEEE
>
OVIF

WOI0] ;
. - >
CH1 i HH 1 Manually Clear
S Wo[] (PA14/D4)
WO[1] (PA15/D5)

i

26X

Il e Vol e il e e e e

T T T STV A T VA TS A T

2022-05-05 01:11:57

1.97V
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%€ Lab6-2 TC Operation Mode - MFRQ

 Please continue from SAM2001 Lab6-1 (TC Compare Mode - NFRQ)

* Try to config TC3 to
Compare - MFRQ (Match Frequency Generation) mode

* CCO->4,799

eLet’s go !
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* Lab6-2 TC Operation Mode - MFRQ

Step 1

* Configure TC3 Period to MFRQ mode in configuration.

B4 Configuration Options - Editar

Confignration Options % |

- O X

DSl

=&

E-TC3

~Counter Mode | Lounter i 16-bit mode.
-5Gelect Prescaler |Prescaler: GCLE_TC

16-bit mode

- ***F*Timer resolution is 208333333333 nS****

B Operating Mode |Compae

E-Compare

~Waveform Mode
- Counter Direction
- Compare 0 Value (Period)

~Enable One-Shot Mode
- Invert Qutput Wo[0]
- Thvert Output Wo[1]
~Enahble Period Interrupt

F-Events

- Sleep Configurations

- GCLK_TC

Compare MFRQ
MFRQ UP Count
TP Count -
CCO : 4,799

- HEEE Compare Period is 99.9791666667F Lg FEE#

O
O
O

-Enable Compare Match O Interrupt [
-Enable Compare Match 1 Interrupt [}

Check Interrupt Enable

APP045 Ov2 Ov3 Mva
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APP045 Ov2 Ov3 Mva

% Lab6-2 TC Operation Mode - MFRQ
Step 1

* Click to Generate Code.

File Edit View Navigate Source Refactor Production Debug Tea @ Loading.. n %
TS D@ e 1A A .
. c
Projects | Files | Services | Resource Management [MCC] x | = : sl DEUETL,
MCC v5.3.0

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

¥ Libraries Click ]

¥ Harmony

Output * | Scarch Results | Notifications [MCC] | News |

>
Core Snap *x MPLAB® Code Configurator *  Snap-Labl_SYS TIME Delay * Scripting * Snap-SYS_SERVICE * SYS .

S PaCkﬂ 14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\instance\wdt.h Success. New file.
14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\pic\samd21lgl8a.h Success. New file.

14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\samd21gl8a.h Success. New file.

[ 3 Fﬁerir)hfgralﬂ 14:11:59.279 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cachell armv7.h Success. New file.
14:11:59.279 INFO: ...rc\packs\CMSIS\CM5IS\Core\Include\cmsis_armcc.h Success. New file.

v . 14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_armclang.h Success. New file.
S}"'St'em SENICES 14:11:59.279 INFO: ...s\CMSIS\CMSIS\Core\Include\cmsis_armclang_ltm.h Success. New file.
14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_compiler.h Success. New file.

::} TlME 14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\cmsis_gcc.h Success. New file.

14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\cmsis_iccarm.h Success. New file.

14:11:59.286 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cmsis_version.h Success. New file.

v S}"Stem 14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\core_cm@plus.h Success. New file.

14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\mpu_armv7.h Success. New file.
' 14:11:59.462 INFO: {Harmony}<MHC>[Info]: Executing generate hook
— S}@tem 14:11:59.473 INFO

14:11:59.473 INFOlGener‘ation complete (total time: 1995 milliseconds)]
14:11:59.473 INFO:

14:11:59.473 INFO: Generation complete.

14:11:59.572 INFO: {Harmony}<Harmony Database> -> preGenerateEvent
14:11:59.572 INFO: {Harmony}<Harmony Database» -» interfaceValidationEvent
14:11:59.572 INFO: {Harmony}<Harmony Database> -> processDataModel
14:11:59.572 INFO: {Harmony}<Harmony Database» -> postFinalProcessing
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APP045 [v2 Ov3 Mva

* Lab6-2 TC Operation Mode - MFRQ

Result

MFRQ, 16Bit, Up Count

* Measure the waveform of LED1, WO[0] and WO[1]. oA Tetmme
T Pos: 50.00% 25 MS/s BI85 E i

‘ AN

| OVIF
Wo[o] | | | ;
CH1 3 1 Manually Clear
-0264" __ WO[0] (PA14/D4)
102.12 us WOI[1] (PA15/D5)

,. ..An-ﬂﬁ.a-hw-umu.'w——! ra i s

102.36 us

“ i il ol etk ' v e Y

2022-05-05 01:13:15
197V

\% LED1 Pulse when TC3 updated

m i
w—-’
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% Lab6-3 TC Operation Mode - NPWM

 Please continue from SAM2001 Lab6-1 (TC Compare Mode - NFRQ)

* Try to config TC3 to
Compare - NPWM (Normal Pulse-Width Modulation Operation) mode

* CCO->16,383
* CC1->32,767

eLet’s go !
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* Lab6-3 TC Operation Mode - NPWM

Step 1

* Configure TC3 Period to NPWM mode and Enable Interrupts in configuration.

B4 Configuration Options - Editar - O hd
T ane=
=&

E-TC3

16-bit mode

~Caounter Mode Counter in 16-bit mode

R Deriod Walue s Oxffff ****

- Compare 0 Yalue 6,383 =

~Select Prescaler | Presaler: GCLE_TC w GCI.K_TC
- FEEETIimer resolution is 208333333333 no¥ ¥+
=-0Operating Mode | Compare NPWM
E}--Compare Compa re
- Wayeform Mode WEWH UP count
- Counter Direction UP Comnt “

CCO : 16,383

CC1:32,767

—Compare 1 value =
- H¥EEE Compare Period is 1365.3125 g *E¥*

- Enable One-5haot Mode O

- Invert Output Wold] ]

—Invert Output Wo[1] O

--Enable Period Interrupt B4

Check Interrupt Enable

~Enable Compare Match 0 Interrupt [
-Enable Compare Match 1 Interrupt [
F-Events

#-Sleep Configurations

APP045 Ov2 Ov3 Mva
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%€ Lab6-3 TC Operation Mode - NPWM
Step 2

* Click to Generate Code.

File Edit View Navigate Source Refactor Production Debug Tea @ Loading.. n %
TS D@ e 1A A .
. c
Projects | Files | Services | Resource Management [MCC] x | = : sl DEUETL,
MCC v5.3.0

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

¥ Libraries Click ]

¥ Harmony

Output * | Scarch Results | Notifications [MCC] | News |

>
Core Snap *x MPLAB® Code Configurator *  Snap-Labl_SYS TIME Delay * Scripting * Snap-SYS_SERVICE * SYS .

S PaCkﬂ 14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\instance\wdt.h Success. New file.
14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\pic\samd21lgl8a.h Success. New file.

14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\samd21gl8a.h Success. New file.

[ 3 Fﬁerir)hfgralﬂ 14:11:59.279 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cachell armv7.h Success. New file.
14:11:59.279 INFO: ...rc\packs\CMSIS\CM5IS\Core\Include\cmsis_armcc.h Success. New file.

v . 14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_armclang.h Success. New file.
S}"'St'em SENICES 14:11:59.279 INFO: ...s\CMSIS\CMSIS\Core\Include\cmsis_armclang_ltm.h Success. New file.
14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_compiler.h Success. New file.

::} TlME 14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\cmsis_gcc.h Success. New file.

14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\cmsis_iccarm.h Success. New file.

14:11:59.286 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cmsis_version.h Success. New file.

v S}"Stem 14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\core_cm@plus.h Success. New file.

14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\mpu_armv7.h Success. New file.
' 14:11:59.462 INFO: {Harmony}<MHC>[Info]: Executing generate hook
— S}@tem 14:11:59.473 INFO

14:11:59.473 INFOlGener‘ation complete (total time: 1995 milliseconds)]
14:11:59.473 INFO:

14:11:59.473 INFO: Generation complete.

14:11:59.572 INFO: {Harmony}<Harmony Database> -> preGenerateEvent
14:11:59.572 INFO: {Harmony}<Harmony Database» -» interfaceValidationEvent
14:11:59.572 INFO: {Harmony}<Harmony Database> -> processDataModel
14:11:59.572 INFO: {Harmony}<Harmony Database» -> postFinalProcessing
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% Lab6-3 TC Operation Mode - NPWM

APP045 [v2 Ov3 Mva

NPWM, 16Bit, Up Count

TC Counter )

A .

Result
* Measure the waveform of LED1, WO[0] and WO[1]. —
:50.00% 25MSis  HI B E cco| /
OVIF
WO[0]

>
>
>
>

*1 Manually Clear

2022-05-05 01:17:06
T g? ‘IUII.

WO[0] (PA14/D4)
WO[1] (PA15/D5)
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* Lab6-4 TC Operation Mode - MPWM

 Please continue from SAM2001 Lab6-1 (TC Compare Mode - NFRQ)

* Try to config TC3 to
Compare - MPWM (Match Pulse-Width Modulation Operation) mode

* CCO0->4,799
* CC1->2,399

eLet’s go !
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* Lab6-4 TC Operation Mode - MPWM

Step 1

* Configure TC3 Period to MPWM mode and Enable Interrupts in configuration.

B4 Configuration Options - Editar

Confignration Options % |

O X

DSl

=&

EHTC3
~Counter Mode Counter in 16-bit mode <
-5Gelect Prescaler |Prescaler: GCLE_TC

16-bit mode

. GCLK_TC

- ***F*Timer resolution is 208333333333 nS****

B Operating Mode |Compae

E-Compare

~Waveform Mode
- Counter Direction
- Compare 0 Value (Period)

—Compare 1 Yalue

-Enable One-Shot Mode
- Thvert Qutput Wolo]
~TIhnvert Qutput Wol1]

~Enahble Period Interrupt

F-Events

B-Sleep Configurations

--Enable Compare Match O Interrupt [

~F*EEE Compare Period is 99.9791666667 us *YEE

Compare MPWM

MPWM UP Count
TP Connt v

CCO0: 4,799
CC1:2,399
O

0

0

& | Check Interrupt Enable

~Enable Compare Match 1 Interrupt [

APP045 Ov2 Ov3 Mva
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% Lab6-4 TC Operation Mode - MPWM
Step 2

* Click to Generate Code.

File Edit View Navigate Source Refactor Production Debug Tea @ Loading.. n %
TS D@ e 1A A .
. c
Projects | Files | Services | Resource Management [MCC] x | = : sl DEUETL,
MCC v5.3.0

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

¥ Libraries Click ]

¥ Harmony

Output * | Scarch Results | Notifications [MCC] | News |

>
Core Snap *x MPLAB® Code Configurator *  Snap-Labl_SYS TIME Delay * Scripting * Snap-SYS_SERVICE * SYS .

S PaCkﬂ 14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\instance\wdt.h Success. New file.
14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\pic\samd21lgl8a.h Success. New file.

14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\samd21gl8a.h Success. New file.

[ 3 Fﬁerir)hfgralﬂ 14:11:59.279 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cachell armv7.h Success. New file.
14:11:59.279 INFO: ...rc\packs\CMSIS\CM5IS\Core\Include\cmsis_armcc.h Success. New file.

v . 14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_armclang.h Success. New file.
S}"'St'em SENICES 14:11:59.279 INFO: ...s\CMSIS\CMSIS\Core\Include\cmsis_armclang_ltm.h Success. New file.
14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_compiler.h Success. New file.

::} TlME 14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\cmsis_gcc.h Success. New file.

14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\cmsis_iccarm.h Success. New file.

14:11:59.286 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cmsis_version.h Success. New file.

v S}"Stem 14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\core_cm@plus.h Success. New file.

14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\mpu_armv7.h Success. New file.
' 14:11:59.462 INFO: {Harmony}<MHC>[Info]: Executing generate hook
— S}@tem 14:11:59.473 INFO

14:11:59.473 INFOlGener‘ation complete (total time: 1995 milliseconds)]
14:11:59.473 INFO:

14:11:59.473 INFO: Generation complete.

14:11:59.572 INFO: {Harmony}<Harmony Database> -> preGenerateEvent
14:11:59.572 INFO: {Harmony}<Harmony Database» -» interfaceValidationEvent
14:11:59.572 INFO: {Harmony}<Harmony Database> -> processDataModel
14:11:59.572 INFO: {Harmony}<Harmony Database» -> postFinalProcessing
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* Lab6-4 TC Operation Mode - MPWM

Result

* Measure the waveform of LED1, WO[0] and WO[1].

M 40us T Pos: 50.00% 25MS/s  HIESTIE

CH1 1Y
CH1 #5%
B s

T T T T g PP P e T L4 T P e P T S st TR | (113

49.75%

2022-05-05 01:24:41
1.97V
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MPWM, 16Bit, Up Count

OVIF

TC Lounter

Y YY

Q

*1 Manually Clear

WO[0] (PA14/D4)
WO[1] (PA15/D5)

\% LED1 Pulse when TC3 updated

o W

o ;,..»
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DAC Architecture
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DAC, Digital-to-Analog Converter

* One channel analog output, 10-bits resolution. Up to 350ksps.
* Multiple trigger sources, High-drive capabilities and DMA support.
* Output can be used as input to the Analog Comparator (AC) or Analog-to-Digital

Converter (ADC)- Fixed to Right-Adj. at Harmony Positive
Value Description ™
/— 0 DATA and DATABUF registers are right-adjusted.
1 DATA and DATABUF registers are left-adjusted.

/

DATABUF

K

—c\\-—plntemal input = AC

‘ — ADC Input » DAC output
DATA ” DAC10 >——n-. VOUT

VDDANA L
Ref voltage (VREF)

2

0]
oq

Y]

L TR

DAC Controller

Value Name Description
R lt DATA V 0x0 INT1V Internal voltage reference
= X 0x1
eusuitpsc o Ref x VDDANA Analog voltage supply VREFA and VREFB range
0x2 VREFA External reference <+— -
0x3 Reserved | 1.0V~ (Vopana - 0-6V)

)
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Add DAC Function using MCC-Harmony

* Find DAC component in “Device Resources” window.
* Double click DAC to add to “Project Resources” window.

Project Resources

Resource Management [MCC] x

MCCv5.3.0

Resource Management [MCC] =

MCCv5.3.0

Pro‘j;e'ct Resource... |_Gener.. | Impor.. | Excort | @ g Project Resource... | _Gensr || Impor.. | Export 9
TS \€
¥ Harmony > ADC
» Packs ¥ DAC
v Peripherals ") DAC
» ADC » EVSYS
» EVSYS » NVMCTRL DAC
» NVMCTRL v SERCOM
» SERCOM E3 O SERCOMS
» TC » TC
¥ System . v System
) System Device Resources ) System

Device Resources

‘ (Z Content Manager

Device Resources

| (Z Content Manage

r

¥ Peripherals ) Emulated EEPROM
» AC 12C_BB
v DAC DAC ¥ Peripherals
—» DAC » () AC
> DSU - DAC » DsU
» EIC » EIC
» PM » PM
> RAM Double click > RAM
» RTC » RTC
» SERCOM » SERCOM
» TC » TC
» TCC » TCC
» System Services » System Services
» Third Party Libraries » Third Party Libraries
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DAC Output

Configuration Options Example

1] X
Configuration Options X |
=
=-DaC
é-----EnabIe output buffer in Standby Sleep mode? [
- DAC Reference Voltage Source Internsl reference
~ Select DAC Output Mode DAC output to YOUT pin v
- Disable voltage pump to save power DAC output to Anslog Comparator
- DAC output to AC, ADC and VOUT pin

E-DAC Event Configuration
Generate Event On Data Buffer Empty [
" Trigger conversion on event Detection [

DAC output to VOUT pin
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DAC Output

* The DAC output path is selectable.
* |OEN : determine that the output is connected or not to internal Analog Compare (AC)

* EOEN : determine that the output buffer is enabled or not to driver to ADC input and VOUT pin.
* PINMUX : determine that the output connected or not to VOUT pin (PAO2, fixed).

— IOEN =bac
%----Enable output buffer in Standby Sleep mode? [
DAC Reference Voltage Source Internal reference
J - Select DAC Output Mode DAC outputto VOUT pin -
AC Negative Input - Disable voltage pump to save power DAC output to Analag Comparatar

. : DAC output to AC, ADC snd ¥OUT pin

B-DAC Event Configuration o -

DAC output to VOUT pin

—— ADC Input

DAC DAC_VOUT (PA02)
IOEN  EOEN
To AC
To AC, ADC, VOUT
MR To VOUT, (ADC)
EOEN
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DAC Output

PINMUX Configuration Example

* Analog pins will all belong to PINMUX function group B.
* DAC output is fixed pin, that assign to PA02.

PTC SERCOM-ALT Tl TCC com ACI
mee GCLK
1 1 1 PADD

VDDANA | EXTINT[O] SERCOM1/ TCC2WO(D]
PADD]
2 = 2 PAD1 VDDANA | EXTINT[1] SERCOM1/ TCC2WO[1]
PAD[1]
3 3 3 PAD2 VDDANA | EXTINT[Z] AIN[D] ¥ l VOouT TCcear
] ; I i S
PAO2 VOUT
(] Pin Table
] = | -
Package: |[TQFP4E = 2| =
= =] R 2= sl S| Z | 22|52 E
E E g E Oleoleal = ] 5| = E z
Module Function | 2 2 4 PAOZ (DAC—VOUT) 12 |1

ADC_ATNANEEED

ATC_ATHE

ATC_ATHG

ATVC_ATHT

DAC_WOUT

DAC DAC_VEEFF

| EIC._BEETINTO

Dac
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DAC Functions & Code Example

Interface Routines & Waveform Output Example

void DAC_Initialize( void );
void DAC_DataWrite( uint16_t data );

{

}

int main (void)

SYS_Initialize ( NULL );

;/.\}hile( true)

{

|f (TCx_HasExpired)
{
TCx_HasExpired = 0;
DAC_DataWrite( WaveArray[Index++] );
if ( Index >= ArraySize )
Index = 0;
}

}
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€ Lab12-2 DAC Output to ADC Measurement

* Please continue from SAM2001 Lab12 (ADC Polling Software Trigger)

* Try to add DAC module to project.

* Initial DAC to output 1.65V to VOUT(PAO02) and ADC.
* Voltage Reference : AVCC (3.3V at APP045)
* DAC Output : DAC output to VOUT pin

*Let’s go !

*Reference

To AC

To AC, ADC, VOUT —_ DATA
eusultt = X
To (ADC), VOUT DAC ™ om Ref
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% Lab12-2 DAC Output to ADC Measurement

 PAO2 was connected to R1 and R2, that use for detected the Native USB was attached
or not. So, Please don’t Power by Native USB at this lab. Power by Native USB cause to

MCU burn-out possible.

Fl
CON2 1.0A NAT_VBUS

1

VBUS 55D N — 1
D [Sraspe ZDI
A I ) RI R2 BZX84C5V1
3 100K 100K
GND 1—=¢ | | /x — e
Shield + GND 0.1uF
USB-MICRO-AB | PA02/AINO s

| 22uF/16vNL)

Native USB ™A GND  GND GNDGND
*A VSEN of NAT_VBUS
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% Lab12-2 DAC Output to ADC Measurement

Step 1

* Find DAC component in “Device Resources” window.
* Double click DAC to add to “Project Resources” window.

Resource Management [MCC] =

MCCv3.3.0

ProfEct Resource... | Gener.. || Impor.. || Bxport | @ || €
v oS

¥ Harmony

» Packs

¥ Peripherals
» ADC
» EVSYS
» NVMCTRL
» SERCOM
» TC

Project Resources

Resource Management [MCC] =

MCCv5.3.0

¥ System

) System

Device Resources

Device Resources

‘ (X Content Manager

¥ Peripherals
> AC
v DAC
") DAC
DSU
EIC
PM

DAC
- DAC

Double click

RTC
SERCOM
» TC
» TCC

»
>
»
» RAM
»
»

» System Services
» Third Party Libraries

Project Resource... Gener... || Impor.. || Bport | @ || €
» ADC
v DAC
) DAC
> EVSYS
» NVMCTRL DAC
v SERCOM
4 () SERCOMS
> TC
¥ System
) System

Device Resources

| (Z Content Manager

) Emulated EEPROM

12C_BB
¥ Peripherals
) AC
DSU
EIC
PM
RAM
RTC
SERCOM
» TC
» TCC

Yy v ¥ v v v v

» System Services
» Third Party Libraries

APP045 Ov2 Ov3 Mva
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% Lab12-2 DAC Output to ADC Measurement

Step 2

* Configure DAC in configuration.

Generate Event On Data Buffer Empty []
“-Trigger conversion on event Detection []

1] X
Configuration Options x |
=]
= DAC
~Enable output buffer in Standby Sleep mode? [] AVCC
DAC Reference Voltage Source AVCC v
- Select DAC Output Mode DAC ouiput to VOUT pm v
Disable voltage pump to save power O
=-DAC Event Configuration DAC output to VOUT pin

APP045 Ov2 Ov3 Mva
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€ Lab12-2 DAC Output to ADC Measurement

Step 3

» Enable DAC VOUT (DAC_VOUT, PA02)

(] Pin Table = ] %
= | =
Packaze: | TQFPAB o 2|z s
=lelzlelélelel=lzslalzlzlzzlalz]z]|E |z
A I I I A A I E R A R R EE R
Module Function tlalslafs|a|7]|a|o|w|o|wz]wz|ta]ts|16|17|18]19
DAC_¥OUT | Click Enable .
DAC .
DAC_VREFP
DAC | EEE— | '\/;I
(] Bin Table =0 x
1 = | o=
Package: | TOFP48 V EI =l (o ]
AR BRI RHEHE R EE BRI EE I E
I I I E L E A A E R R R R R E LR
Module Function talslafs|a|7|a|o|w|o|wz]ws|ta]ts|16|17]18]19
DAC_VOUT A
DAC
DAC_VREFP
DAC |
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€ Lab12-2 DAC Output to ADC Measurement
Step 4

* Change ADC positive channel to “DAC Output” in ADC configuration.

D X
Configuration Oplions x N
= &
=-ADC
--Select Prescaler Peripheral clock divided by 32
Select Sample Length (half ADC clock cycles) 415
~**%* Conversion Time is 6.67050887978 ug ¥*++*
Select Gain 2% ~
- Select Reference 1/2 YDDANA (only for YDDANA » 207)
Select Conversion Trigger SW Trigger v
=-Channel Configuration
Select Positive Input DAC Output v DAC Output
~Select Negative Input Internal Ground

‘- Number of inputs to scan 05

+

#-Result Configuration

(ral

Fwindow Mode Configuration

+

#-Sleep Mode Configuration

APP045 Ov2 Ov3 Mva
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% Lab12-2 DAC Output to ADC Measurement
Step 5

* Click to Generate Code.

File Edit View Navigate Source Refactor Production Debug Tea @ Loading.. n %
TS D@ e 1A A .
. c
Projects | Files | Services | Resource Management [MCC] x | = : sl DEUETL,
MCC v5.3.0

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

¥ Libraries Click ]

¥ Harmony

Output * | Scarch Results | Notifications [MCC] | News |

>
Core Snap *x MPLAB® Code Configurator *  Snap-Labl_SYS TIME Delay * Scripting * Snap-SYS_SERVICE * SYS .

S PaCkﬂ 14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\instance\wdt.h Success. New file.
14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\pic\samd21lgl8a.h Success. New file.

14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\samd21gl8a.h Success. New file.

[ 3 Fﬁerir)hfgralﬂ 14:11:59.279 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cachell armv7.h Success. New file.
14:11:59.279 INFO: ...rc\packs\CMSIS\CM5IS\Core\Include\cmsis_armcc.h Success. New file.

v . 14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_armclang.h Success. New file.
S}"'St'em SENICES 14:11:59.279 INFO: ...s\CMSIS\CMSIS\Core\Include\cmsis_armclang_ltm.h Success. New file.
14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_compiler.h Success. New file.

::} TlME 14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\cmsis_gcc.h Success. New file.

14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\cmsis_iccarm.h Success. New file.

14:11:59.286 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cmsis_version.h Success. New file.

v S}"Stem 14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\core_cm@plus.h Success. New file.

14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\mpu_armv7.h Success. New file.
' 14:11:59.462 INFO: {Harmony}<MHC>[Info]: Executing generate hook
— S}@tem 14:11:59.473 INFO

14:11:59.473 INFOlGener‘ation complete (total time: 1995 milliseconds)]
14:11:59.473 INFO:

14:11:59.473 INFO: Generation complete.

14:11:59.572 INFO: {Harmony}<Harmony Database> -> preGenerateEvent
14:11:59.572 INFO: {Harmony}<Harmony Database» -» interfaceValidationEvent
14:11:59.572 INFO: {Harmony}<Harmony Database> -> processDataModel
14:11:59.572 INFO: {Harmony}<Harmony Database» -> postFinalProcessing

@ MICROCHIP



€ Lab12-2 DAC Output to ADC Measurement

Step 6

int main (void)

{

SYS Initialize(NULL);

// TODO 12-2.01
DAC_DataWrite = ( (uintlé6_t) 511 );
ADC_Enable();

while ( true )

//myprintf("VR1 Value : %d\r\n", ADC_Result);

{
SYS Tasks();
if (TC3_HasExpired)
{
// TODO 12-2.02
myprintf("DAC Value : %d\r\n", ADC_Result);
}
}

return ( EXIT_FAILURE);

APP045 Ov2 Ov3 Mva

@ MICROCHIP



APP045 [v2 Ov3 Mva

% Lab12-2 DAC Output to ADC Measurement

Result

DAC_VOUT (PA02/D24/A0)

* Measure the waveform at DAC_VOUT.

Tria'd M 200ms T Pos: 50.00%

A:1.59 W
@:1.59 VvV

W COMG - Tera Term VT

File Edit Setup Control Window Help

Reusultyp + 1
Reusultygjaage = T X VRef+ — VRef-
2022-06-01 14:41:16 2044 + 1
162V
1.647V = | ———x 3.3V
< 4096 >
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€ Lab12-2 DAC Output to ADC Measurement

* Discuss

* How to generate a sine wave use DAC module ? How to control the frequency of waveform ?

#tinclude <math.h>

for (i = @; i < DAC_Array_Size; i++)

{

Use sin() function to generate the sine wave array.

Radias = (( (-189) + (AngleDistance * 1)) * 3.14159) / 180.0;
Wave Array[i] = (uintl6_t) (sin(Radias) * 512.0 + 511.0);

if (TCx_HasExpired) /* Period Control */

{
TCx_HasExpired = ©;
DAC_DataWrite(Wave_Array[Index]);
if (++DACIndex >= DAC_Array Size)
DACIndex = 0;
}

Use TCx to control output period.

* Please Refer Lab 12-3 DAC Wave Output for details.
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% Lab12-3 DAC Wave Output

* This is a demo lab, that demo how to output a difference waveforms.
* Just open, build and program the firmware to MCU, then try it.

* The project provide a few definitions use to
adjust waveform and alighment/scale of waveform.

/* Lab 12-3 */
#define DAC_Array Size 200

//#define FIXED VOLTAGE Lovrmana o T e
//#define SQUARE_WAVE T et onssnatrae O
#tdefine SINE_WAVE_CENTRAL me [
//#define SINE_WAVE_LEVEL s o

#define DAC_Wave Scale 0.5

°Let’s go !
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% Lab12-3 DAC Wave Output

Result

M 10ms T Pos: 50.00% I E M 10ms T Pos: 50.00%

2022-06-01 15:1 2022-06-01 15:1
/ 1

T Pos: 50.00% ; T Pos: 50.00%

2022-06-01 2022-06-01

ﬁ\ MICROCHIP



MPLAB® Data Visualizer
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MPLAB Data Visualizer

 MPLAB Data Visualizer is a program used for processing and visualizing data.
* It can receive data from various sources such as the DGI (Data gateway Interface) and
COM ports.
* And has a graph plotter and an oscilloscope, a terminal and a configurable dashboard
with buttons, sliders, and various indicators. It can decode protocols and log data to
file. ' g
* |t‘s an MPLAB X IDE plugin and
cross platform standalone application.
It’s installed at X IDE right.
don’t need do anything before use.
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MPLAB Data Visualizer

* To open MPLAB Data Visualizer. You can select Window > Debugging > Data Visualizer
at MPLAB X IDE

>pwalking : default
Debug Team Too

Window Help

98- T -

MPLAB® Code Configurator v5
2 MPLAB Discover

2 E @ FC:0 HowdoI?

& Kit Window J'Elnmnc x
B Projects Ctrl+1 y [T VLN | SEE| @ B |
D Fies —_ e e i
@] Classes Ctrl+9
Favorites Ctrl+3
B Services Ctrl+5
Y8 Dashboard
) Navigator Ctrl+7
= ion
ctoniierns Sk | TimerExpired, (uintptr_t) NULL);
Tasks Ctrl+Shift+6
v
M=
U Output Ctrl+4 | TimerExpired, (ulntptr_t) NULL);
i Ctrl+0
Qutput >
& Variables Alt+Shift+1
IDE Tools & Watches Alt+Shift+2
Target Memory Views [ Call Stack Alt+Shift+3
Simulator Breakpoints Alt+Shift+5
g Programming Center B Sessions Alt+Shift+6
S Alt+Shift+8
Configure Window & sources '
Reset Windows [ Disassembly
) [ 10View
Close Window Ctrl+W - -
IC Appl
Close All Documents Ci+Shiftew | P
o B ITM Display
Close Other Documents :
~ o Trace
Document Groups . h
topwatc
Documents... Shift+F4 o _:i: :
7T TTFR_TITEMOUEENTET] T @ PC Profiling
132 PU_StandbyModeEnter(); Lose
133 lm Data Visualizer
134 if (TC3_HasExpired) W
135 i
R Tniggers
136 TC3_HasExplred = 0; | St -
f10%in] 137 LEDl Toggle(); @ DebuggerConsole

3 MPLAB Data Visualizer - Editor

7] MPLAE Data Visvalizer %
Workspace: [} cear D toad.. [save [ savess.

- X
EIEO

Connections

E Power Debugger CMSIS-DAP
Coel

COM7
A

5| nEDBG CMSIS-DAP

) DGl

B8] serial Ports

COM4
A

COM3
A

Parity:

Stop Bits:

1bit

EY

43

7 Marker
[EXS)
as0-| Data values

n/a

150

100

Terminal X

Time Axis
0s

# Mark

Data Axis

No Source 3 e
@ add Plot

(@ Add Data Axis

Input

Source:

Ne Source s

Display As:

Input Fiftering:

Output

Newine Character: s

Echo to Screen: v}

Views: B Tmesiot [ Teminal @ Dastboara  More ¥ @ pocumentation Use Dark Theme
Time Plot X

105 »
1

o, snapshot

512 3
[]

8-bitASCl &

Clear Terminzl

DATA

VISURLIZER

S~
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MPLAB Data Visualizer

* To open MPLAB Data Visualizer. You can click icon at MPLAB X IDE, also.

Vindow Help 3 MPLAB e Vit cirer “

x
Cear 2 toad.. [ save Save As.. | Views:

..... T é B ‘Ii?\?-\/Ge‘rDebuggerCMSISfDAP .

StartPage x| @ mainc x | maine = £~

i R . . i B nEEgG CMSIS-DAP . s - .
Source  History i Click to Open Data Visualizer | % | < s a
121 -

(o ADC CallbackRegister( ADC Complete, (nlntptr_t )&
123 ADC_Enahle():
124
125 while { tre )
126 {
127 /* Maintain state machines of all polled MPLAR HEl =™
128 SYS_Tasks ( );
- I e
=
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MPLAB Data Visualizer

Workspace of MPLAB Data Visualizer

Waorkspace:

L CunnediunsJ

Workspace I Load /Save || Show Plot / Terminal / Dashboard .

X
CYEO

D Clear aﬁ Load..

H Save H Save As.

B Timepiot B Terminal @ Dastboard  More ¥

Views:

9 Documentation Use Dark Theme

Time Plot X
Power Debugger CMSIS-
20ma = Time Axis
E DAP v Marker Power Analysis
|os78s 2 cursors requin Au . "
@ Data values
10mA [7:33ma Mark P, snapshot..
i, Power J439mw * -
(SR | |331v Data Axis
Irva . o=
» Debug GPIO Ll 75 512 I @
* 2 =
- b Channel A Current on Power Debugger (3 |2 @ © [T
50miv @ Add Plot
+
[N 4 Dats Axis
P A 512 T .m
5 v » LR N R N e e L g R N R O R Nl Rl N gl Rl I unsee]
+ ow - . Channel A Power on Power Debugger e | @ © [T
J . . .
! 7 T Plot Graphic Wind
A " ime Flo rapnic wWinaows vz
F y
2av Data Axis
USART - =
A 7 S S — — . S — 512 T - O
Koo
3.2v - Channel A Voltage o Power Debugger (3 B @ © [T
COM7
oo ] @ Add Plot
3 Data Axis
nEDBG CMSIS-DAP . a =
H| F— v 0 41k oS il
L
I 2k Source Disconnected s e
A Fvm Source Disconnected s 6o
Add Plot
. o ®
[B8] serial Ports v T T T T T T T T T r
959.55 0805 86055 o6l 6155 a2 08255 2635 £62.55 8845 h B B
An ToH Channel A Current on Power Debugger CMSIS-DAP Channel A Power o Debugger CMSIS A P Source Disconnected Source Disconnected G ra p Ic Pro pertles
flerminal 3

Connectio

ns

FC 03 0% 0% B3 03 FC 03 0B 09 BY 03 FC 03 0% 0% B7 03 FC 03 0A 0% B 03 FC 03 0% 0% B7 03 FC 03 06 09 B4 03 FC 03 0A 0% B8 03 FC 03 0A 09 B3 03
FC 03 0B 08 BY 03 FC 03 07 09 B5 03 FC 03 0A 09 BB 03 FC 03 07 0% g oy ce 0% B8 03 FC 03 0B 0% BA 03 FC 03 OA 09 B4 03 FC 03 08 0% BY 03
03 0A 09 B8 03 FC 03 0B 0% B8 03 FC 03 OE 09 BA 03 FC 03 0% 09 o '3 B6 03 FC 03 0OC 09 B6 03 FC 03 0B 0% B7 03 FC 03 0C 09 BY 03 F

Scrolling

IC 03 0A 0% B> 03 FC 03 08 09 BB 03 FC O3 0A 09 B8 03 FC 03 OB 09 B9 03 FC 03 0% 09 BY 03 FC 03 OB 09 Be 03 FC 03 OC 0% BY 03 FC 03 0C 09 B7Y 03 FC
03 08 0% B8 03 FC 03 0A 0% B6 03 FC 03 OE 09 B4 03 FC 03 07 0% B5 03 FC 03 07 09 BY 03 FC 03 0D 0% B& 03 FC 03 0C 09 BY 03 FC 03 09 09 BY 03 FC
03 08 09 B8 03 FC 03 08 0% B9 03 FC 03 0C 09 B8 03 FC 03 08 09 B9 03 FC 03 08 0% B> 03 FC 03 0A 09 BY 03 FC 03 0A 09 B4 03 FC 03 08 09 B& 03 FC O

3 DA 0% B% 03 FC 03 OB 09 B8 03 FC 03 DA 0% BS 03 FC 03 0C 09 B8 03 FC 03 0B 0% B3 03 FC 03 0OC 09 B3 03 FC 03 08 09 BY 03 FC 03 0B 0% B8 03 FC 03
% 09 BE& 03 FC 03 09 09 B5 03 FC 03 09 09 B6 03 FC 03 OB 09 B3 03 FC 03 0A 0% BE 03 FC 03 OC 09 B9 03 FC 03 09 0% B6 03 FC 03 O7 0% B6 03 FC 03 0%
3 B9 03 FC 03 OB 09 B2 03 FC 03 O0C 0% B> 03 £ 03 0B 09 Be 03 FC 03 07 09
7 03 FC 03 0B 09 B3 03 FC 03 09 09 B4 03 FC 03 0B 0% B4 03 FC 03 0B 09 B9 03 FC 03 08 0% B5 03 FC 03 OC 09 B6 03 FC 03 0A 09 B3 03 FC 03 09 09 B4
3 FC 03 08 09 B3 03 FC 03 0B 03 B> 03 FC 03 07 0% BY 03 FC 03 OD 09 B8 03 FC 03 09 03 B4 03 FC 03 09 09 B8 03 FC 03 OB 0% BB 03 FC 03 09 09 Be 03

0A 0% BB 03 FC 03 OF 0% B5 03 FC 03 0A 09 B6 03 FC 03 09 0% B> 03 FC 03 OA 09 BB 03 FC 03 0B 0% BY 03 FC 03 0A 09 B> 03 FC 03 OC 09 B5 03 FC 03
0C 09 B7 03 FC 03 09 09 B3 03 FC 03 07 0% B8 03 FC 03 OB 0% B5 03 FC 03 0A 0% B7 03 FC 03 09 09 BY 03 FC 03 OB 0% B7 03 FC 03 09 09 B8 03 FC 03 0
09 B7 03 FC 03 09 09 B9 03 FC 03 OC 09 B6 03 FC 03 09 09 B7 03 FC 03 OD 09 B6 03 FC 03 OB 0% B6 03 FC 03 OB 09 B4 03 FC 03 04 09 BF 03 FC 03 09
09 B7 03 FC 03 OD 09 B7 03 FC 03 DA 09 B3 O e = C 03 08 09 B7 03 FC 03 0D O
B2 03 FC 03 07 0% BS 03 FC 03 0C 09 B7 03 H T lll IW d \N 03 09 09 B6 03 FC 03 0A 09
B4 03 FC 03 09 0% B5 03 FC 03 DA 0% B8 03 Fe er Ina In o s P3 0B 09 Be 03 FC 03 OB 09 B
03 FC 03 DA 03 Be 03 FC 03 OB 09 B8 03 FC 03 DA 0% B6 O3 FC 03 0C 09 B> 03 FC 03 0% 09 B3 03 FC 03 0A 0% B4 03 FC 03 0A 09 Be 03 FC 03 0OC 0% BS
03 FC 03 0C 09 B6 03 FC 03 0B 0% BS 03 FC 03 0C 09 BY 03 FC 03 0D 0% BS 03 FC 03 0A 09 B6 03 FC 03 0A 0% BS 03 FC 03 0B 09 B5 03 FC 03 0% 09 B6 0
FC 03 0% 09 BC 03 FC 03 08 09 B8 03 FC_03 0A 09 B4 03 FC 03 0A 0% B6 03 FC 03 0D 0% B6 03 FC 03 0C 0% B5 03 FC 03 0B 0% BY 03 FC 03 0B 0% BS 03
FC 03 0A 09 B6 03 FC 03 02 09 B5 03 FC I

N Input

Source;
COME on nEDBG CMSIS-DAP

4

Display Ast Hex Values =
Input Filtering:
QOutput

Newline Character:

Echo to Screen:

Clezr Terminal

Terminal Properties
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MPLAB Data Visualizer

Dark Theme of MPLAB Data Visualizer

B4 MPLAB Data Visualizer - Editor
[0) MPLAE Dsta Visualizer

Workspace: [ Clear 7] Load.

@ New... .i, Import...

ADC Plot

B COME6 on nEDBG CMSIS-DAP *

Y save [Msavess. | Views B2 TmePiot [ Terminal (3 Dashboard More v

Time Plot X

20mA Power Analysis
2 cursors required

10mA 1.3emA
4.5mW
|331v
nfa
n/a

S0mW

820s

Terminal X X of X
9 B> 03 FC 03 0D 09 B9 03 FC 03 OC 09 B8 03 FC 03 OB 09 Be 03 FC 03 0B 09 B4 03 FC 03 09 09 BA 03 FC 03 OB 09 B8 03 FC 03 09 09 BA 03 FC 03 08 09
B6 03 FC 03 0B 09 B7 03 FC 03 OC 09 B9 03 FC 03 O0C 09 B5 03 FC 03 0C 09 B6 03 FC 03 09 09 B4 03 FC 03 09 09 B8 03 FC 03 09 09 B8 03 FC 03 0B 09
B5 03 FC 03 0A 09 B6 03 FC 03 OA 09 BA 03 FC 03 0A 09 B5 03 FC 03 07 09 B6 03 FC 03 O0C 09 E7 03 FC 03 0B 09 B7 03 FC 03 OA 09 E7 03 FC 03 0A 09 B
7 03 FC 03 OB 09 B7 03 FC 03 09 09 B5 03 FC 03 0B 09 B9 03 FC 03 OA 09 B9 03 FC 03 0B 09 B7 03 FC 03 OB 09 B8 03 FC 03 08 09 B8 03 FC 03 0B 09 B6
03 FC 03 0B 09 B6 03 FC 03 09 09 B8 03 FC 03 OE 09 B7 03 FC 03 09 09 B7 03 FC 03 OD 09 B9 03 FC 03 0B 09 B9 03 FC 03 OC 09 B7 03 FC 03 09 09 B7
03 FC 03 OB 09 B8 03 FC 03 OA 09 BB 03 FC 03 09 09 BA 03 FC 03 09 09 B6 03 FC 03 09 09 B8 03 FC 03 09 09 B5 03 FC 03 08 09 B8 03 FC 03 OC 09 B9 O
3 FC 03 0A 09 B5 03 FC 03 0B 09 B6 03 FC 03 OB 09 B9 03 FC 03 0B 09 B6 03 FC 03 08 09 BA 03 FC 03 07 09 B9 03 FC 03 08 09 B8 03 FC 03 09 09 B6 03
FC 03 OB 09 B7 03 FC 03 08 09 B7 03 FC 03 OA 09 B7 03 FC 03 0A 09 B6 03 FC 03 09 09 B8 03 FC 03 OB 09 BA 03 FC 03 09 09 B6 03 FC 03 0A 09 EE 03
FC 03 09 09 B5 03 FC 03 0B 09 B6 03 FC 03 07 09 B3 03 FC 03 0A 09 B7 03 FC 03 08 09 B6 03 FC 03 06 09 BE 03 FC 03 08 09 B5 03 FC 03 OA 09 B6 03 F
03 09 09 B4 03 FC 03 OE 09 B5 03 FC 03 OC 09 B8 03 FC 03 0B 09 B9 03 FC 03 OA 09 B7 03 FC 03 07 09 Be 03 FC 03 08 09 Be 03 FC 03 OA 09 B8 03 FC
03 OA 09 B8 03 FC 03 OE 09 B8 03 FC 03 OB 09 B7 03 FC 03 08 09 B7 03 FC 03 0B 09 B6 03 FC 03 09 09 B9 03 FC 03 OA 09 B8 03 FC 03 07 09 B6 03 FC
03 09 09 B9 03 FC 03 0D 09 B7 03 FC 03 0A 09 E6 03 FC 03 0B 09 B7 03 FC 03 07 09 EB 03 FC 03 07 09 B8 03 FC 03 O0C 09 B7 03 FC 03 0A 09 E9 03 FC 0
3 09 09 B7 03 FC 03 OC 09 B6 03 FC 03 OB 09 B7 03 FC 03 OA 09 BE 03 FC 03 OB 09 B8 03 FC 03 OC 09 B4 03 FC 03 OB 09 B7 03 FC 03 0B 09 E7 03 FC 03
FC 03 0B 09 B5 03 FC 03 0C 09 B9 03 FC 03 09 09 B6 03 FC 03 0A 09 B6 03 FC 03 08 09 B5 03 FC 03 OA 09 BB 03 FC 03 QA 09 B6 03 FC 03
FC 03 04 09 Be 03 FC 03 OA 09 B7 03 FC 03 OA 09 B7 03 FC 03 08 09 Be 03 FC 03 OA 09 B> 03 FC 03 09 09 B4 03 FC 03 06 09 Be 03 FC 03 0
A 09 B6 03 FC 03 0A 09 B7 03 FC 03 09 09 B6 03 FC 03 0A 09 B7 03 FC 03 08 09 B8 03 FC 03 06 09 E7 FC 03 0B 09 B8 03 FC 03 0B 09 B7 03 FC 03 0B
FC 03 OC 09 BA 03 FC 03 OA 09 B5 03 FC 03 09 09 B9 03 FC 03 OC 09 B8 03 FC 03 09 09 B6 03 FC 03 09 09 B5 03 FC 03 0B 09 B5 03 FC 03 09
FC 03 0OA 09 B4 03 FC 03 OC 09 B7 03 FC 03 0A 09 B7 03 FC 03 OC 09 E6 03 FC 03 OB 09 B8 03 FC 03 OC 09 B6 03 FC 03 OC 09 B8 03 FC 03 08 0
FC 03 OB 09 B8 03 FC 03 OA 09 BA 03 FC 03 09 09 Be 03 FC 03 OD 09 B8 03 FC 03 09 09 B> 03 FC 03 09 09 B8 03 FC 03 09 09 B9 03 FC 03 08 09
FC 03 OC 09 B6 03 FC 03 0OA 09 B6 03 FC 03 OA 09 B5 03 FC 03 09 09 B9 03 FC 03 0OC 09 B8 03 FC 03 OA 09 B5 03 FC 03 0B 09 B9 03 FC 03 0B 09

B7 03 FC 03 0A 09 BS 03 FC 03 08 09 B7 03 FC 03 OF 09 B6 03 FC []

Time Axis

# Mark .i. Snapshot...
Data Axis

312

Channel A Current on Power Debugger (5
(® Add Piot
Data Axis
512
Channel A Power on Power Debugger Chg
(@ Add Piot
Data Axis

512

Channel A Voltage on Power Debugger (5

(@ Add Piot

Data Axis
1]
Source Disconnected

Source Disconnected

(@ Add Piot

B B E

() Add Data Axis

Input

Source:
COMB on nEDBG CMSIS-DAP

Display As: Hex Values
Input Filtering:

Qutput

Newline Character: CR+LF§

Echo to Screen: ~

Clear Terminal
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Data Stream of Variables

* There are the data stream format for Data Streamer.

* All data must be given as little-endian values.

* The start byte can be of an arbitrary, but the end byte must be the inverse of the Start

byte

0x03

'/-—ll

Ox03 || OxFF || OxO01 || OxFF

0x01

OxFC

Variable 1 Variable 2

Variable 3

printf ( "'%c%c%c%cY%cY%occ”,

0x03,

ADC Result[0] & Oxff, (ADC_Result[0] >> 8 ) & Oxff,
ADC Result[1] & Oxff, (ADC_Result[1] >> 8 ) & Oxff,

BT1 Get() & 0x01,
~(0x03));

END Byte
= START

@ MICROCHIP



Data Streamer Setting

* The correspond format of Data Streamer must be setting at MPLAB Data Visualizer.

B3 MPLAE Data Visualizer - Editor

L5 o Vs = Plot Streaming Data from COM®6

workspace: [ Glear 7 Load.. [*)save [

E Power Debugger CMSIS-
§ D& pae

Configure Variable Streamer

Variable Streamer

APPO4S ADC Plot
Name:

Framing Mode: Auto «

Frame Size:

{Indluding framing) 7 bytes

. Byte Position
Lo Type (Frame header is at position 0)

B nEDBG CMSIS-DAP VR1 Uint1e

1
DGl

COMe
* Seria

) ‘ Click to add Variable
MCP3700 Uint16 ;

E Serial Ports

|

Lock Channel A in high
range:

_ 0x03 ||0x03 || OxFF || Ox01 || OXFF ||0Ox01| .. |OxFC

Calibrate

! Variable 1 ! ! Variable 2 H Variable 3 !

END Byte
= START,

printf( "%c%c%c%c%c Y%c%e",
0x03,
ADC _Result{0] & Oxff, (ADC_Result{0] >> 8 ) & Oxff,
ADC Result(1] & Oxff, (ADC Resultf1]>> 8 ) & Oxff,
BTI Get() & 0x01,
~(0x03));
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€ Lab12-4 DAC Wave Output DataVisualizer

* Please continue from SAM2001 Lab12-3 (DAC Wave Output)

* Try modify UART output to observe
DAC idea output and ADC real result for DAC on MPLAB Data Visualizer.

* Try plot the two waveform on MPLAB Data Visualizer.

0x03 |[0x03 || OxFF || 0x07 || OxFF OxFC

ll DAC_Wave & l‘ ADC_Result l‘ &

END Byte
= START.

*Let’s go !

c\ MICROCHIP



% Lab12-4 DAC Wave Output DataVisualizer

Step 1
| 1 | 1
_|'_'| Configuration Options L ﬁ - -

= [+
=-TC3
- Counter Mode Counter in 16-bit mode L
- Select Prescaler Fremhr: GCLEK_TCh4 o || GCLK_TC/64 i
- *FEETimer resolution is 1334.10177596 nS****

E] Operating Mode | Timer  «

- B Timer

| Enable One-Shot Mode ]
~Timer Period Unit millisecond |
#-Time IUE]I 10
~-Enable Timer Period Interrupt [
#-Events

& Sleep Configurations
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APP045 Ov2 Ov3 Mva

% Lab12-4 DAC Wave Output DataVisualizer
Step 2

* Click to Generate Code.

File Edit View Navigate Source Refactor Production Debug Tea @ Loading.. n %
TS D@ e 1A A .
. c
Projects | Files | Services | Resource Management [MCC] x | = : sl DEUETL,
MCC v5.3.0

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

¥ Libraries Click ]

¥ Harmony

Output * | Scarch Results | Notifications [MCC] | News |

>
Core Snap *x MPLAB® Code Configurator *  Snap-Labl_SYS TIME Delay * Scripting * Snap-SYS_SERVICE * SYS .

S PaCkﬂ 14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\instance\wdt.h Success. New file.
14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\pic\samd21lgl8a.h Success. New file.

14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\samd21gl8a.h Success. New file.

[ 3 Fﬁerir)hfgralﬂ 14:11:59.279 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cachell armv7.h Success. New file.
14:11:59.279 INFO: ...rc\packs\CMSIS\CM5IS\Core\Include\cmsis_armcc.h Success. New file.

v . 14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_armclang.h Success. New file.
S}"'St'em SENICES 14:11:59.279 INFO: ...s\CMSIS\CMSIS\Core\Include\cmsis_armclang_ltm.h Success. New file.
14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_compiler.h Success. New file.

::} TlME 14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\cmsis_gcc.h Success. New file.

14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\cmsis_iccarm.h Success. New file.

14:11:59.286 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cmsis_version.h Success. New file.

v S}"Stem 14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\core_cm@plus.h Success. New file.

14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\mpu_armv7.h Success. New file.
' 14:11:59.462 INFO: {Harmony}<MHC>[Info]: Executing generate hook
— S}@tem 14:11:59.473 INFO

14:11:59.473 INFOlGener‘ation complete (total time: 1995 milliseconds)]
14:11:59.473 INFO:

14:11:59.473 INFO: Generation complete.

14:11:59.572 INFO: {Harmony}<Harmony Database> -> preGenerateEvent
14:11:59.572 INFO: {Harmony}<Harmony Database» -» interfaceValidationEvent
14:11:59.572 INFO: {Harmony}<Harmony Database> -> processDataModel
14:11:59.572 INFO: {Harmony}<Harmony Database» -> postFinalProcessing
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€ Lab12-4 DAC Wave Output DataVisualizer
Step 3

int main (void)
{
SYS_Initialize(NULL);

while ( true )

{
if (TC3_HasExpired)
{
// TODO 12-4.01
//myprintf("Hello World!\r\n");
// TODO 12-4.02
//myprintf("DAC Value : %d\r\n", ADC_Result);
}
if (USART5 IsReceived)
{
// TODO 12-4.03
//myprintf("\r\nReceived Data : %1c\r\n", USART5_ReceiveData[@0]);
}
}

return ( EXIT_FAILURE);

) c\ MICROCHIP



€ Lab12-4 DAC Wave Output DataVisualizer

Step 4

0x03 || 0x03 || OxFF || Ox07 || OXFF

e s (sl | oacwwe || socreun |
{
SYS_Initialize(NULL);
while ( true )
{
if (TC5_HasExpired)
{
// TODO 12-4.04
//myprintf("DAC Raw Data : %d\r\n", DAC_Wave[DACIndex]);
// TODO 12-4.05
myprintf("%ckckchckhckhc",
ox03,
DAC_Wave[DACIndex] & oxff, ( DAC_Wave[DACIndex] >> 8) & Oxff,
ADC_Result & oxff, (ADC_Result >> 8) & Oxff,
~(0x03));
}
}
return ( EXIT_FAILURE);
}
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% Lab12-4 DAC Wave Output DataVisualizer

Step 5

* Open MPLAB Data Visualizer by icon at MPLAB X IDE

t:! MPLAB X IDE v6.00 - Lab12-4_DAC_Wave_Output_DataVisualizer : default
File Edit MHC View MNavigate Source Refactor Production Debug Team Tools Window Help

E-T DR R -G 2y oo @ Howder @

StartPage x| [ maine x
Hwoy |0 B-H- Q@ FRBHE|FL 2|/ Ev| 0 B L

_ TIPS ™ @

Propcts x| Fiks | Services
[=| ﬁ Labl2-4 DAC Wave Output_DataVisuahzer
@ 5] Device actions
Ié} ﬁ Hesader Files
@[ Important Files
@[ Linker Files
Er-ﬁ Source Files
+ ﬁ config
@@ Librexies
#-[EF Loadables

=

Source

191
192
193
194
195
196
197
198
199
200
201

2072

z @

Click to Open Data Visualizer

if (TC5_HasExpired)

{
TC5_HasExpired = 0;

DAC_DataWrite(DAC_Wave[DACIndex]);

ntf("DAC Raw Data : %d\r\n", DAC_Wave[DACIndex]
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% Lab12-4 DAC Wave Output DataVisualizer
Step 6

* Just load the workspace file to reduce setting steps.

¥4 MPLAE Data Visualizer - Editor - *
[i] MPLAE Dats. Visualizer e YEE
Workspace: D Clear, "ﬁ Load... H Save ﬂ Save As.. Views: B Time Plot E Termina @ Dashboard More ¥ o Documentation (_ Use Dark Theme
z Power Debugger AP Time ot X —
E E C;. DGl e —| Marker Time Axis
E 1 _. . . 0s 105 »
1 4 COM7 Click to Load Workspace Setting P
fMark T, Snapshot.
Data Axis
nEDBG CMSIS-DAP : o e
E —~ R Auto adjust 512 $ ~ O
)]l
cons 2004 Mo Source s k6O ﬁ
A £lv» (@ Add Piot
- Add Data Axi
[F serial Ports v ® FateE
com4
A £l >
COM3 LE
A Fle >
-100
Mo Item Selected
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€ Lab12-4 DAC Wave Output DataVisualizer

Step 7

* Select “SAM2001ADV Lab 12-4.dvws” workspace file.
There are 2 data axis be set. That include “DAC Idea Output” and “ADC Real Result”.

~
¥4 Load...
BFE0): Labl2-4_DAC_Wave_Output_DataVisvalizer X v i B~ ;
.generated_files
e build
-
HifArER debug
dist

nbproject

=
SAM2001ADV_Lab_12-4.dvws

Xt
@

A48

‘\J‘ WBELEWN): | SAM2001ADY Lab_12-4 dvws
el TEFARAU(T): Workspace (*dvws *json) Files

ﬁ\ MICROCHIP



% Lab12-4 DAC Wave Output DataVisualizer

Step 8

* Set & Enable COMx on left side at MPLAB Data Visualizer.

3 MPLAB Data Visualizer - Editor 3 MPLAB Data Visualizer - Editor 3 MPLAB Data Visualizer - Editor

[2J MPLAB Data Visualizer x [2J MPLAB Data Visualizer x [2J MPLAB Deta Visualizer x

wowkspace: [ Gear A load. [ save Workspace: [ Gear 2 Load.. [ Save Workspace: [ Cear ) load.. [ save

@7 New... i‘ Import... 4 Auto-configure

@ nEDBG CMSIS-DAP

@ nEDBG CMSIS-DAP
DGl

DGl

Z:snections
Connections

. APP045_ DAC Wave / @ ! [
%

P COM24 on nEDBG CMSIS-DAP ¥

> ~DAC Idea Output
LN

, ADC Real Result

COM24

COM24
A

A
@ Serial Ports v > 1 @ Serial Ports

COoM4
M

Select COMXx 4 COM3

(x » COM4

Connections

Set to “115200,n,8,1"”

COM24 Settings COM24 Settings

No Item Selected

Baud Rate:
115200

Baud Rate:
115200

Char Length: 8bits ¥

Char Length:

Parity: Parity: None v

Stop Bits: 1bit

Stop Bits:

3 MPLAB Data Visualizer - Editor
{2 MPLAB Deta Visualizer x

Workspace: [ Gear 7)) Load.. [ save

IE nEDBG CMSIS-DAP
DGl

Connections

COM24
A

*
@ Serial Ports = >

COM4

» N8 Click to Start

COM24 Settings

Baud Rate:
115200

Char Length:

Parity:

Stop Bits:
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€ Lab12-4 DAC Wave Output DataVisualizer
Step 9

* The Data Package from COMx and shows on bottom side at MPLAB Data Visualizer.

3 MPLAB Data Visualizer - Editor
2] MPLAB Data Visualizer x

Workspace: [} Gear  3) Load... - Views B2 Timepiot [ Terminal (@) Dashbosrd  More ¥
[ MEDBG CMSIS-DAP ®
o6

Time Axis

Connections

167385

com24
&

- # Mark T, snapshot.
E Serial Ports

) 102
com4

Data Axis

& DAC idea Output on APPO45_DAC Wave 3 |/
@® Addpiot
" COoM3 Data Axis
0 4
ADC Real Result on APPOMS_DAC Wave § |7
® Ada Piot

(@ Add Data Axis

Data Package

COM24 Settings

Baud Rate:

FC 03 1F
3 7

Inpu
02 31
Char Length:

So=re=0s o .00 7 e 03 7 3 C7 7 3 CE 03 07 3 Sour & COM24 on NEDBG CMSIS-DAP
Parity: nc cr o n3 €0 3 en 5 h Displ y As: HexValues &
0 3 €7 o:
Stop Bits: : Input Firtering:
Outy t

New! ne Character:

Echo 10 Screen:
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€ Lab12-4 DAC Wave Output DataVisualizer

Step 10

* Get started pot the data.

23 MPLAB Data Visualizer - Editor
{2J MPLAB Date Visvalizer x

Workspace: [ Cear P toad. Fsave Fisaens. Views B2 Timepiot [ Terminal (@ Dashbosrd  More ~

NnEDBG CMSIS-DAP | rmepit x ®
e e
1167465

COM24 Data values

Connections

A

Serial Ports

comM4
A

COM3
A

COM24 Settings

Baud Rate:

Char Length:
Parity:

Stop Bits:

00
FC 03 18

102
DAC idea Output on APPO45_DAC_ Wave 3
@ Add Piot
Data Axis
0 41k
ADC Real Result on APPOMS_DAC Wave &

(@ Add Piot

(® Add Data Axis

input

Source:

Display As:

Input Fitering:
Output

Newiine Character:

Echo to Screen:

© pocumentation Use Dark Theme
=]

Time Axis

1167385

o Mark
Data Axis b
0 102 - ["“
DAC idea Output on APPO4S_DAC Wave 3 |~ o f
@ Add Piot

Click to Start

(] 40k
ADC Real Result on APPOA5_ DAC Wave $ |t
@ Add Piot

(@ Add Data Axis

Input

Source: COM24 on NEDBG CMSIS-DAP
Display HexValues &

Input Filtering:

Output

Newiine Character:

fcho to Screen:

COM24 on NEDBG CMSIS-DAP
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€ Lab12-4 DAC Wave Output DataVisualizer

Result

DAC Idea Output
ADC Real Result

* DAC Idea Output and ADC Real Result show at MPLAB Data Visualizer.

J Marker
1167465
Data values
n/a

1 insa

1387465




Analog Comparators (AC)
Architecture
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Analog Comparator (AC)

* The Analog Comparator (AC) supports ( \
multiple individual comparators. o =
* Up to 4 x Analog Comparator s
* (COMPO - COMP3). SAMD21G18A (COMPO, 1 Only) =
* Flexible input: e -
* 4 x 10 pins, Ground S } - ;
* Bandgap Voltage (1.1V), DAC, VDD Scaler N e )
* Interrupt generation, ==
* Rising, Falling, Toggle . comP2
* End of comparison (single-shot mode only) —*’i\ ' T L e
 Event generation, _ I I%l | oo % e
» Comparator output, inside/outside window — 1* F 4—
» Support window Mode . } - o
* Above, Inside, Below, Outside B

 Optional Digital Filter ,
Pt '8! I @Mlcnocmp



Add AC Function using MCC-Harmony

* Find AC component in “Device Resources” window.
* Double click AC to add to “Project Resources” window.

.
b x b | Project Resources
Resource Management [MCC] > Resource Management [MCC] X7
MCCv5.3.0 MCCv5.3.0
Project Resource... |_Gener. || Impor.. || Export | @ || € Project Resource... | Gener.. || Impor. | Eport | @ | €
¥ Libraries v Libraries
¥ Harmony ¥ Harmony
» Packs » Packs
¥ Peripherals ¥ Peripherals
» ADC v AC
» DAC B3O Ac
» EVSYS » ADC
» NVMCTRL » DAC Ac
» SERCOM » EVSYS
» TC » NVMCTRL
¥ System » SERCOM
Syst i » TC
stem
D Device Resources
¥ System
Device Resources ‘ (Z Content Manager Device Resources | (% Content Manager
¥ Libraries ¥ Libraries
¥ () Harmony v () Harmony
» Board Support Packages (BSPs) » Board Support Packages (BSPs)
» Core » Core
» Drivers » Drivers
» Libraries ¥ Libraries
¥ Peripherals — Emulated EEPROM
» AC AC 12¢_BB
) AC ¥ Peripherals
» DSU = Ac » DSU
» EIC ‘ » EIC
» D0 bl

Double click
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Single Comparator Example

Configuration Options Example

]
Configuration Options x |
= #
=HAC
~Enable Low Power mux []
Enahle Run in Standby [
- Comparator 0 Settings [
Comparator Interrupt Enable [

- Enable Single Shot Mode J

--Positive Input Mux Selection |10 pin0 «

- Negative Input Mux Selection | DAC output v

é--OutDut Edge Type The asynchronous output of COMPn is routed to the COMPn 14D port ~
- Interrupt Selection Interrupt on comparetor output toggle v

- advanced Configurations
?----Hvstaresis Enable ||
Speed Selection High speed
- Filter Length Selection  5-bit majority function (3 of 5) + |
Enable Event Input O
- Enable Event Output  []

Comparator 1 Settings [

#- Comparator Window Configurations
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AC Pin Mapping

PINMUX Configuration Example

* Analog pins (AC) will all belong to PINMUX function group B and H.
* ACinput (B) is fixed pin, that assign to PA04 ~ PA07. AC output (H) pin is selectable.

s 9
6 10
7 1n
8 12

PAD4

PADS

PADE

PAD7

EXTINT[E)

ADC/VREFB

AIN4]

AIN(S)

AIN[E]

AIN[7)

AIN[O]

AINE1)

AIN[2]

AING3]

Y3

Yi4]

Yis]

SERCOMO/
PAD[0]

SERCOMO/
PAD([1]

SERCOMO/
PAD[2]

TCCOWO[0]

TCCOWO[1]

TCC1UWO[0]

TCCUWO[1]

27

8

Teey
wop2)

TCCH
Wop3)

TCC¥

PA1S

PA16

PA17

PA18

PA1S

12S/SD{0]

VDDIO

VDDIO

VDDIO

VDDIO

EXTINT[15]

EXTINT[O]

EXTINT[1]

EXTINT[2]

EXTINT[3]

X4

Xs]

X(6)

SERCOM2/
PADI0]

SERCOM2/

PAD[1]

SERCOM2/
PAD[2)

SERCOM2/
PAD[3]

SERCOM1/
PAD[O]
SERCOM1/
PAD[1)
SERCOM1/
PAD[2]

SERCOM1/
PAD[3]

PAD[2)

SERCOM4/
PAD[3]
SERCOMY
PAD[0]
SERCOM¥
PAD[1]

SERCOMY
PAD[2]

SERCOM¥
PAD[3]

TCC2WO[0)

TCC2WO[1]

TCIWO(0]

TC3IWO[1]

TCC2WO[0)

TCC2WO[1]

TCAWO(0]

TC3IWO[1]

wois]

TCco!
wopm

TCCW!

ACICMP{0]

ACICMP{1]

WOi4]
Teeco GCLK_IOf1]
WOIs)

TCCOMWOE] GCLK_Io[2]

TCCOWO[7] GCLK_IO[3]
TCCW! ACICMP(0]
wop)

Teco 125/SD{0) ACICMP{1]
WOp3]
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AC Pin Mapping cont.

PINMUX Configuration Example

Ot - ~ . gl:l*.

Pockage: [ TQFP4E o | c—g'mggﬂ'cv-*mmhmoc—ega mﬂg'g'm o |
EEEE%E%EEEEEEEEEE%EJEE585?55%32
Module Function 123456?BQ1011121314ISIEI?IGIQQIIQI22:32425%2?232'!303
AC_AIND A
AC_AIN1
AC_ATNZ
ac AC_AIN3
- AC_CMPO
AC_CMP1 .. ..
ADC_AINO ) ’ ) ’
ADC_ATN1 ..
ADC_AIN10
ADC_AIN11
ADC_AIN16 .'-
ADC_AIN1?
A" GTHI1D .v'
2>
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AC Functions

Interface Routines

void AC_Start( AC_CHANNEL channel_id );

void AC_Swaplnputs( AC_CHANNEL channel_id );

bool AC_StatusGet (AC_CHANNEL channel);

void AC_CallbackRegister (AC_CALLBACK callback, uintptr_t context);
void AC_SetVddScalar( AC_CHANNEL channel_id, uint8_t vdd_scalar);

void AC_ChannelSelect
( AC_CHANNEL channel_id , AC_POSINPUT positivelnput,
AC_NEGINPUT negativelnput);
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AC Code Example

AC Example

;};)id ACO_Actived(uint8_t int_flags, uintptr_t context)

{
LED3_Toggle();

int main (void)

{
SYS Initialize ( NULL );
AC_CallbackRegister(ACO_Actived, (uintptr_t) NULL);

;/.\}hile( true )

{
.=
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Propagation Delay vs. Power Consumption

* It’s possible to trade off comparison speed for power efficiency to get the shortest
possible propagation delay or the lowest power consumption.
* The speed setting is configured for each comparator individually by the Speed bit.
* The Speed bits select the amount of bias current provided to the comparator,
and as such will also affect the start-up time.

o e o e e

Hysteresis Hysteresis = 1, Fast mode
Hysteresis = 1, Low-power mode 15 40 75 mV
- )
Propagation delay Changes for Vacm = Vppana/2 - 60 116 ns
100 mV overdrive, Fast mode
Changes for Vacm = Vppana/2 - 225 370 ns
100 mV overdrive, Low-power mode
tstarTUH  Startup time Enable to ready delay - 1 2 Hs
Fast mode
Enable to ready delay - 12 19 Hs
Low power mode
. J/

c\ MICROCHIP



Input Hysteresis

 Application software can selectively enable/disable hysteresis for the comparison.

* Applying hysteresis will help prevent constant toggling of the output, which can be
caused by noise when the input signals are close to each other.

* Hysteresis is enabled for each comparator individually by the Hysteresis Enable bit.
It’s available only in continuous mode.

Parameter Conditions
Hysteresis Hysteresis = 1, Fast mode 20 50 80 mV
Hysteresis = 1, Low-power mode 15 40 75 mV
Propagation delay Changes for Vacm = Vppana/2 - 60 116 ns

100 mV overdrive, Fast mode
Changes for Vacm = Vppana/2 - 225 370 ns
100 mV overdrive, Low-power mode

tstarTUP | Startup time Enable to ready delay - 1 2 Hs

Fast mode
Enable to ready delay - 12 19 Hs

Low power mode

c\ MICROCHIP



Digital Filter

* The output of the comparators can be filtered digitally to reduce noise.

* The filtering is determined by the Filter Length bits in the and is independent for each

comparator.
* OFF, None (N=0)

* MAJ3, 3-Bits majority (N=3, 2 of 3)
* MAJ5, 5-Bits majority (N=5, 3 of 5)
* Any change in the comparator output is considered valid only,
if (3/5) out of the last N samples agree.
* The filter sampling rate is the GCLK_AC frequency.

Sampling Clock | ]

Sampled

Comparator Output _|—|

3-bit Majority

Filter Output

5-bit Majority

Last 2 samples are agreed as low.

Filter Qutput

Last 3 samples are agreed as low.
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* Lab12-5 AC Single Comparator

* Please continue from SAM2001 Lab12-2 (DAC Output to ADC Measurement)
* Try to add AC module to project.
* Initial COMPO and Set COMPQO to,
* Positive Input : AINO,. (PAO4)
* Negative Input : DAC (1.65V recommended)
* Continuous Measurement & Fast Mode
* Enable Hysteresis & Digital Filter (MAJ5)
* Interrupt on comparator output toggle
 Wire VR1(AIN2,, ,Al,...,PB0O8) to (AINO, ,A3,....,PA04)

and use COMPO to compare VR1 and DAC voltage, Positive

then output the result to LED3 to indicate the VR1 e—e AC_AINO

status of COMPO output. Negative
DAC

eLet’s go !
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APP045 Ov2 Ov3 Mva

%€ Lab12-5 AC Single Comparator

3.3V W/
3.3 LED3 H Green AN /_:"\ |GND
VR1 J_ﬂ FDN337N
10K [ PA17/SCK SCL(S1.1)/PWM(TCC2.1. TCCO0.7) ]
BS16
g_ aD | PBOS/AIN? aD AN ALK I\ 100Ky o
GND ACO Positive (AINO,. ,A3, ... ,PAO4)

| VR1 (AIN2,, ,AL,....,PBO8)

SOCKETIA
ARDUINO-MO0-PRO

e 1
I  D24/A0
PBO8/AIN2 2! D5/A1

S - _4.“- :
D26/A2 ™ il
PAO4/AINA/EINT4/Y2 4 D27/A3 |
- D28/A4
PB0O2/AIN10/Y8 6 D29/AS5
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%€ Lab12-5 AC Single Comparator

Step 1

Wire VR1(AIN2,.. ,Al,...,PBO8) to (AINO,.,A3,....,PA04)

Positive

VR1 e—e AC_AINO

Negative
DAC

Wire VR1(AIN2,,. ,Al

Arduino 2

PBO08) to (AINO,. ,A3

Arduino ?

PA04)
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%€ Lab12-5 AC Single Comparator

Step 2

* Find AC component in “Device Resources” window.
* Double click AC to add to “Project Resources” window.

=

Resouroe Management [MCCJ =

MCCv5.3.0

Project Resource... ©ener..

Impor... || Export e &

¥ Libraries
¥ Harmony
» Packs
¥ Peripherals
» ADC
» DAC
» EVSYS
» NVMCTRL
» SERCOM
» TC

=

Project Resources

Resource Management [MCC) I— T

MCCv5.3.0

Project Resource...

Gener... Impor... || Export o &

¥ System
_J System

Device Resour

ces

Device Resources

‘ Cl Content Manager

v Libraries

¥ () Harmony

» Board Support Packages (BSPs)

» Core

» Drivers

» Libraries

v Peripherals

¥ AC
30O Aac

| AC

- AC

» DSU
» EIC
»_P04

Double click

¥ Libraries
¥ Harmony
» Packs
¥ Peripherals

v AC
B3O AC

» ADC
» DAC

AC

» EVSYS
» NVMCTRL
» SERCOM
» TC

¥ System

Device Resources

| (2 Content Manager

¥ Libraries

¥ () Harmony

» Board Support Packages (BSPs)

» Core
» Drivers

¥ Libraries

) Emulated EEPROM
12C_BB

¥ Peripherals
» DSU
» EIC

a_ DML
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%€ Lab12-5 AC Single Comparator
Step 3

* Configure AC in configuration.
* Positive : AINO,. (PA04), Negative : DAC
* Continuous & Fast Mode, Enable Hysteresis, Enable Digital Filter (MAJ5), Interrupt on toggle

D) X
(_'onf_lﬂumﬁun [_)plli)n.\ x ‘

= &

[=-AC

Enable Low Power mux [

Enable Run in Standby [ Check Comparator 0 Enable
=-Comparator 0 Settings [
Comparator Interrupt Enable

Check Interrupt Enable

Enable Single Shot Mode O Positive |nput AINO

Positive Input Mux Selection

Negative Input Mux Selection |DAC output v Negative Input DAC

Qutput Edge Type The asymchronovs output of COMPa is routed to the COMPa [0 port )
Interrupt Selection Escomsowieee ]| Output on Toggle

dvanced Configurati .
= fdvanced confiqurstions Check Hysteresis Enable
Hysteresis Enable

|
Speed Selection High speed High SpEEd
Filter Length Selection |S-bit majority function (3 of 5) |

Enable Event Input [ Enable Filter (MAJS)

Enable Event Output [
Comparator 1 Settings [ ]

Comparator Window Configurations
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%€ Lab12-5 AC Single Comparator
Step 4

* Enable AC Input (AINO) to PAO4

glmmh ' e _g|:|'x

Pockage: | TQPAS AREEHE D N O I o]l
AEIFIEIEIE §%3-__':Y;fngezmmqqg"’ng”c
2| 2(2|2/5|8|8(/4|2/f PA04  |2|z|&E|E|=|Z|B[B|Z[5|Z|£[58]4];
Module Function 1lz2)3]als5|6]|7]| etz Inadi2ls3lralasTa6]17 18|19 |20 |21 | 22| 23|24 | 25| 26|27 |28 |29 30| 3
AC_AIND N Click Enable "
AC_ATN1
AC_AIN2
AC
AC_AIN3
+T CMPO
AC \[_CMPI v
< >
0 Bin Table ' _gljlx
= - A
Package: |TQFPA8 o s - 2|49 g L[ olg | & o | o | o
gﬁ%%%aﬁcd = "‘-.—_fn%E:anqggzaagf
n.n..r:'an..oe ﬁd‘: .'AC_TAING'QOEEmn.SBm =] E
Module Function tlz2l3|al|s|6|72| 8ot 2121415016 17|18|19 |20 |21 22| 23| 2a|25|26|27| 28|20/ 30]3
AC_AINOD 2
AC_AIN1
AC_AINZ
AC
AC_AIN3
49 CMPO
AC | _CMP1 v
< >

@ MICROCHIP



%€ Lab12-5 AC Single Comparator

Step 5

= X
Configuration Options x |
[=] [+

E-TC3

Toumter Mode C de!
-~ Select Prescaler GCLK TC/1024
- ®XEXTimer resolution 1s 21345.6284153 nS**** -
= Operating Mode  Timer
=+ Timer

-~ Enable One-Shot Mode [

~ Timer Period Unit

50

Time
~Enable Timer Period Interrupt [

Events

#-Sleep Configurations

ﬁ\ MICROCHIP



%€ Lab12-5 AC Single Comparator

Step 6

]

Configuration Options x |

=] [#

= DAC
~TEnable output buffer in Standby Sleep mode? []

DAC Reference Voltage Source

- Select DAC Output Mode

Disable voltage pump to save power
- DAC Event Configuration

AYCC ~

AC output to AC, ADC and YOUT pm!

O
DAC output to AC, ADC, VOUT pin
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APP045 Ov2 Ov3 Mva

%€ Lab12-5 AC Single Comparator
Step 7

* Click to Generate Code.

File Edit View Navigate Source Refactor Production Debug Tea @ Loading.. n %
TS D@ e 1A A .
. c
Projects | Files | Services | Resource Management [MCC] x | = . sl DEUETL,
MCC v5.3.0

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

Click |

¥ Libraries

¥ Harmony

Output * | Scarch Results | Notifications [MCC] | News |

>
Core Snap *x MPLAB® Code Configurator *  Snap-Labl_SYS TIME Delay * Scripting * Snap-SYS_SERVICE * SYS .

S PaCkﬂ 14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\instance\wdt.h Success. New file.
14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\pic\samd21lgl8a.h Success. New file.

14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\samd21gl8a.h Success. New file.

[ 3 Fﬁerir)hfgralﬂ 14:11:59.279 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cachell armv7.h Success. New file.
14:11:59.279 INFO: ...rc\packs\CMSIS\CM5IS\Core\Include\cmsis_armcc.h Success. New file.

v . 14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_armclang.h Success. New file.
S}"'St'em SENICES 14:11:59.279 INFO: ...s\CMSIS\CMSIS\Core\Include\cmsis_armclang_ltm.h Success. New file.
14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_compiler.h Success. New file.

::} TlME 14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\cmsis_gcc.h Success. New file.

14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\cmsis_iccarm.h Success. New file.

14:11:59.286 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cmsis_version.h Success. New file.

v S}"Stem 14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\core_cm@plus.h Success. New file.

14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\mpu_armv7.h Success. New file.
' 14:11:59.462 INFO: {Harmony}<MHC>[Info]: Executing generate hook
— S}@tem 14:11:59.473 INFO

14:11:59.473 INFOlGener‘ation complete (total time: 1995 milliseconds)]
14:11:59.473 INFO:

14:11:59.473 INFO: Generation complete.

14:11:59.572 INFO: {Harmony}<Harmony Database> -> preGenerateEvent
14:11:59.572 INFO: {Harmony}<Harmony Database» -» interfaceValidationEvent
14:11:59.572 INFO: {Harmony}<Harmony Database> -> processDataModel
14:11:59.572 INFO: {Harmony}<Harmony Database» -> postFinalProcessing
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APP045 Ov2 Ov3 Mva

* Lab12-5 AC Single Comparator

Step 8
// TODO 12-5.01
int main (void)
{
while ( true )
{
if (TC3 HasExpired)
{
// TODO 12-5.02
/ / o lFE“” JJ ” !Jd.lllzllq")'
// TODO 12-5.03
//ADC Result = ADC ConversionResultGet( )5
// TODO 12-5.04
Hwyprintf(“VR1 Value + %d\r\n"' ADC Result);
}
}
return ( EXIT_FAILURE);
}
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€ Lab12-5 AC Single Comparator
Step 9

int main (void)

{
SYS_Initialize(NULL);

while ( true )
{

if (USART5 IsReceived)
{

// TODO 12-5.05
}

}
return ( EXIT_FAILURE);
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APP045 Ov2 Ov3 Mva

* Lab12-5 AC Single Comparator
Step 10

// TODO 12-5.06
uintleé_t ADC_Result[2];
volatile uint8_t ADC_BufferIndex = 0;

// TODO 12-5.07

volatile uint8_t ACO_HasActived = 0;
volatile uintl6_t ACO_ActiveCounter = 0;

volatile uint8_t ACO_OutputStatus = 0;

// TODO 12-5.08

void ACO_Actived(uint8_t int_flags, uintptr_t context)

{
ACO_HasActived = 1;
LED3_Toggle();
ACO OutputStatus = (int_flags & AC_STATUSA_STATE@ Msk) >> AC_STATUSA_STATEO Pos;
}
int main (void)
{
while ( true )
{
}
return ( EXIT_FAILURE);
}
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APP045 Ov2 Ov3 Mva

* Lab12-5 AC Single Comparator

Step 11
int main (void)

{
SYS_Initialize(NULL);

// TODO 12-5.09
AC_CallbackRegister(ACO_Actived, (uintptr_t) NULL);

// TODO 12-5.10

myprintf("\033[23"); // Clear screen

myprintf("\e33[?251"); // Hide cursor

myprintf("\033[1;1H");

myprintf("Labl2-5 AC Single Comparator\r\n");
myprintf("------------- - ")
myprintf("\033[6;1H");

myprintf("AC Active Counter ! [%4d]\r\n", ACO_ActiveCounter);
myprintf("AC Output is Unknown \r\n");

while ( true )
{

}
return ( EXIT_FAILURE);
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APP045 Ov2 Ov3 Mva

€ Lab12-5 AC Single Comparator

Step 12
int main (void)
{
while ( true )
{
if (TC3_HasExpired)
{
// TODO 12-5.11
switch (ADC_BufferIndex)
{
default:
case O:
ADC_ChannelSelect(ADC_POSINPUT_PIN2, ADC_NEGINPUT_GND);
break;
case 1:
ADC_ChannelSelect (ADC_POSINPUT_DAC, ADC_NEGINPUT_GND);
break;
}
}
}
return ( EXIT_FAILURE);
}
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* Lab12-5 AC Single Comparator

Step 13

int main (void)

{

while ( true )

{

if (TC3_HasExpired)
{

// TODO 12-5.12
ADC_Result[ADC_BufferIndex] = ADC_ConversionResultGet();
if (ADC_BufferIndex++ > 1)

ADC_BufferIndex = O;

// TODO 12-5.13

myprintf("\033[3;1H");

myprintf("%4d, (Positive Input), VR1 Value by ADC\r\n", ADC_Result[0]);
myprintf("%4d, (Negative Input), DAC Value by ADC\r\n", ADC_Result[1]);
myprintf("-----------cmmm o e ");

}

}
return ( EXIT_FAILURE);
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* Lab12-5 AC Single Comparator

Step 14
int main (void)
{
SYS Initialize(NULL);
while ( true )
{
// TODO 12-5.14
if (ACO_HasActived)
{
ACO_HasActived = 0;
if (++ACO_ActiveCounter > 9999)
ACO_ActiveCounter = 0;
myprintf("\033[6;1H");
myprintf("AC Active Counter ! [%4d]\r\n", ACO_ActiveCounter);
if (ACO_OutputStatus)
myprintf("AC Output is High \r\n");
else
myprintf("AC Output is Low \r\n");
}
}
return ( EXIT_FAILURE);
}
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* Lab12-5 AC Single Comparator

Result

* LED3 indicate the status of COMPO output.

W COM24 - Tera Term VT - O X ‘

Ele Edit Setup Control Window Help

Lab12-5 AC Single Comparator POSItlve

, (Positive Input), VR1 Value by ADC VR1 e=—® AC AINO
, (Negative Input), DAC Yalue by ADC -

AC Active Counter ! [

AC Output is Unknown Negative

Wl COM24 - Tera Term VT DAC

Eile Edit Setup Control Window Help

Lab12-5 AC Single Comparator

3472, (Positive Input), VR1 Value by ADC
2049, (Negative Input), DAC VYalue by ADC

AC Active Counter ' [
AC Output is High

¥ COM24 - Tera Term VT

File Edit Setup Control Window Help
Lab12-5 AC Single Comparator

, (Positive Input), VYR1 Value by ADC
Negative Input), DAC Yalue by ADC

AC Active Counter ! [
AC Output is Low

= ‘l— = " "
-" == o !M

_ S LED3 indicate the COMPO status
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VDD Scaler

* The VDDANA scaler generates a reference voltage that is a fraction of the device’s
supply voltage. Dedicated for each comparator with 64 levels.

Value VET Description
0x0 PINO |/O pin O
COMPCTRLX MUXNEG © | SCALERx. 0x1 PIN1 1/O pin 1
== —A; VALUE 0x2 PIN2 I/O pin 2
g 0x3 PIN3 I/O pin 3
L Ox4 GND Ground
pS [ ox5 VSCALE VDD scaler )
il L~ - to 0x6 BANDGAP Internal bandgap voltage
COMPX 0x7 DAC DAC output

=+ Comparator 0 Settings

e 0
2
— e —
. - Comparatar Interrupt Enable
< ~Enable Single Shot Mode ] 110 pin 0
/— . . .

o O ~Positive Input Mux Selection WO pm0 /0 pin 1
j‘; ~Megative Input Mux Selection IVDD soaler VI [0 pin 2

o 0 - 5caling factor for WYOD scaler 02 YO pin 3 i
> - Qutput Edge Type The agymehronous output of CON 3 paund o
> - Interrupt Selection Interropt on comparator output
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Window Mode

* Each comparator pair can be configured to work together in window mode.

* In this mode, a voltage range is defined, and the comparators give information about
whether an input signal is within this range or not.

v

UPPER LIMIT OF WINDOW

v

INPUT SIGNAL

v

COMPO

COMP1

LOWER LIMIT OF WINDOW —— | -

STATEO

v

v

INTERRUPT
SENSITIVITY
CONTROL
&
WINDOW
FUNCTION

—

E—

EVENTS
—>

STATE1

3

WSTATE[1:0]

INTERRUPTS

v

Value
0x0
0x1
0x2

0x3

Name
ABOVE
INSIDE
BELOW
QUTSIDE

Description I
Interrupt on signal above window
Interrupt on signal inside window
Interrupt on signal below window
Interrupt on signal outside window
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€ Lab12-6 AC Window

* Please continue from SAM2001 Lab12-5 (AC Single Comparator)

* Try to enable AC Window mode.

* Set the Window mode,
* Upper Limit is DAC (3.0v recommended)
* Lower Limit is VDD Scaler (1.0v recommended)
* Interrupt on Signal “Outside” Window
* Use AC to compare VR1 voltage,
then LED3 will indicate the status of AC output,
when voltage Outside window.
* VR1 Voltage > 3.0V | | VR1 Voltage < 1.0V

°Let’s go !

VR1 e—

Positive

—e AC_AINO

Negative
DAC

Positive

—e AC_AINO

Negative
VDD Scaler

Window
Outside
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%€ Lab12-6 AC Window

Step 1

(] Configuastion Options - 0

= ®

=-AC

B

El

E}

-~Enable Low Power mux O
Enable Run in Standby [

& advanced Configurations Check Hystere5|s Enable

Comparator wWindow Configuration, CheCk Enable WindOWS 0

Uncheck Interrupt Disable

Comparator 0 Settings [
Comparator Interrupt Enable [ A
--Enable Single Shot Mode [ Positive Input A|N0
~Positive Input Mux Selection
- Negative Input Mux Selection Negatlve Input DAC
Output Edge Type The asyml'mmus output of COMPn 15 routed 1o the COMPn [0 port I
- Interrupt Selection it doaele
. & advanced Configurations . ChECk HysterESIS Enable
5 - Hysteresis Enable [/ =
~-Speed Selection High speed High Speed
~-Filter Length Selection I
- Enable Event Input (] Enable Filter (MAJ5)

“~Enable Event Output [}

Comparator 1 Settings
 Comparator Intamupt Enal Check Enable Comparator 1
?--Enab\e Single Shot Mode (] g e
- Positive Input Mux Selection [0pin0 « POSItlve InPUt AINO 1
-Negative Input Mux Selection [¥DD saler ~ .
+~Scaling factor for VDD scaler Negatlve In pUt VDD Sca Ierr’ 19
Output Edge Type The asynchronous output of COMPa is routed to the COMPn 140 port v

it dooceda

~Interrupt Selection

I

Hysteresis Enable
~-Speed Selection

Filter Length Selection

Enable Event Input

Enable Event Output [

High Speed
Enable Filter (MAJS5)

= Window 0 Enable [
~Window 0 Interrupt Enable
AC Window 0 Interrupt Selection
Enable Window 0 Event Qutput [

Check Enable Windows Interrupt
Il

Interrupt on Signal Outside Window \
I A%\ MicrocHip
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%€ Lab12-6 AC Window
Step 2

* Click to Generate Code.

File Edit View Navigate Source Refactor Production Debug Tea @ Loading... n %
TS D@ e 1A A .
. c
Projects | Files | Services | Resource Management [MCC] x | = . sl DEUETL,
MCC v5.3.0

| Generate [fimport.. | xport | | @ || @

Click |

Project Resources

¥ Libraries

¥ Harmony

Output * | Scarch Results | Notifications [MCC] | News |

>
Core Snap *x MPLAB® Code Configurator *  Snap-Labl_SYS TIME Delay * Scripting * Snap-SYS_SERVICE * SYS .

S [}a(j<5 14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\instance\wdt.h Success. New file.
14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\pic\samd21lgl8a.h Success. New file.

14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\samd21gl8a.h Success. New file.

[ 3 [}Erirjf1fgra|5 14:11:59.279 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cachell armv7.h Success. New file.
14:11:59.279 INFO: ...rc\packs\CMSIS\CM5IS\Core\Include\cmsis_armcc.h Success. New file.

v . 14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_armclang.h Success. New file.
SYStE'm SENICES 14:11:59.279 INFO: ...s\CMSIS\CMSIS\Core\Include\cmsis_armclang_ltm.h Success. New file.
14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_compiler.h Success. New file.

<:} TlME 14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\cmsis_gcc.h Success. New file.

14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\cmsis_iccarm.h Success. New file.

14:11:59.286 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cmsis_version.h Success. New file.

v S}I'St'em 14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\core_cm@plus.h Success. New file.

14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\mpu_armv7.h Success. New file.
' 14:11:59.462 INFO: {Harmony}<MHC>[Info]: Executing generate hook
— S}fﬁtem 14:11:59.473 INFO
14:11:59.473 INFOlGener‘ation complete (total time: 1995 milliseconds)]
14:11:59.473 INFO:

14:11:59.473 INFO: Generation complete.

14:11:59.572 INFO: {Harmony}<Harmony Database> -> preGenerateEvent
14:11:59.572 INFO: {Harmony}<Harmony Database» -» interfaceValidationEvent
14:11:59.572 INFO: {Harmony}<Harmony Database> -> processDataModel
14:11:59.572 INFO: {Harmony}<Harmony Database> -> postFinalProcessing
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* Lab12-6 AC Window

Step 3
int main (void)
{
// TODO 12-6.01
// TODO 12-6.02
:! o lFE"! Q;SEE'J”“)'
AHwyprintf("AC Active Counter— 1 [X4d 1\ r\n"y ACO ActiveCounter);
while ( true )
{
// TODO 12-6.03
!! o lFE“! QSSEB.JIIH);
Hmyprint£("%4d, (Positive Input) VR1 Value by ABC\r\n", ADC Result[e]);
Hmyprintf(“%4d, (Negative Input); DAC Value by ADC\r\n", ADCResultf1]);
vnrintf(" "5
PAFATEAATIN v
}
return ( EXIT_FAILURE);
}
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€ Lab12-6 AC Window

Step 4
int main (void)
{
while ( true )
{
if (ACO _HasActived)
{
}}.TODO 12-6.04
l‘mypp;‘nt£("3933E6.gH").
' iRtE("AC Acti Count | [%4dP\r\n", ACO ActiveCounter);
H-if(ACO—OutputStatus)
: LRtE("ACC ¢ ic uial \r\at)
/Helse
/ / . lFE"ugg l l -; IE” )P)n").
}
}
return ( EXIT_FAILURE);
}
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€ Lab12-6 AC Window

Step 5 int main (void)
{
// TODO 12-6.05
DAC_DataWrite((uintl6_t) 930);
// TODO 12-6.06
myprintf("Labl2-6 AC Window\r\n");
// TODO 12-6.07
myprintf("\033[7;1H");
myprintf("AC Active Counter ! [%4d]\r\n", ACO_ActiveCounter);
while ( true )

{
// TODO 12-6.08
myprintf("\033[3;1H");
myprintf("%4d, (AC Input), VR1 Value by ADC\r\n", ADC_Result[0]);
myprintf("%4d, (Upper Limit), DAC Value by ADC\r\n", ADC_Result[1]);
myprintf("%4d, (Lower Limit), VDD Scaler Value (Idea)\r\n",
AC_REGS->AC_SCALER[1] << 6);
myprintf (M --------- e ")
if (ACO HasActived)
{
// TODO 12-6.09
myprintf("\033[7;1H");
myprintf("AC Active Counter ! [%4d]\r\n", ACO_ActiveCounter);
}
}

return ( EXIT_FAILURE);
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% Lab12-6 AC Window APP045 [v2 [lv3 v

Result

* LED3 will indicate the status of AC output, when voltage outside window.

il COM24 - Tera Term VT

- m] x
Eile Edit Setup Control Window Help .. o
Lab12-6 AC Window POS|t|ve
, (AC Input), VYR1 Value by ADC
. (Upper Limit), DAC Yalue by ADC VR1 e=—e AC AINO
, (Lower Limit), VDD Scaler Value (Idea) -
Negative
@ COM24 - Tera Term VT DAC
File Edit Setup Ceontrol Window Help Window
Positive . —
11, (AC Input), YR1 Value by ADC Outside
2048, (Upper Limit), DAC VYalue by ADC -9 AC AINO
1216, (Lower Limit), VDD Scaler Value (Idea) -
Negative
1 COM24 - Tera Term VT VDD Scaler
Eile Edit Setup Control Window Help

3851, (AC Input), VYR1 Value by ADC
2044, (Upper Limit), DAC Value by ADC
1216, (Lower Limit), VDD Scaler Value (Idea)

VR1
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External Interrupt Controller (EIC)
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External Interrupt Controller (EIC)

* The External Interrupt Controller (EIC) allows that the external pins to be

configured as interrupt lines.

* Up to 16 external pins (EXTINTX), plus one non-maskable pin (NMI)
* Dedicated, individually maskable interrupt for each pin
* Asynchronous interrupts for sleep modes without clock
* Interrupt on rising, falling or both edges

* Interrupt on high or low levels

* Event generation from EXTINTX

* Filtering of external pins

[0,0,0]
[0,0,1]
[0.1,0]
[0.1,1]
[1.0,0]
[1.0,1]
[1.1,0]
[1.1,1]

*

EXTINTX

X -

Filter

.| Edge/Level

"| Detection

NMI

Filter

.| Edge/Level

-t

"| Detection

0x0 NONE No detection
0x1 RISE Rising-edge detection
0x2 FALL Falling-edge detection
0x3 BOTH Both-edges detection
0x4 HIGH High-level detection
0x5 LOW Low-level detection
0x6-0x7 Reserved
intreq_extint
» Interrupt ———»
inwake_extint
> Wake I
evt_extint
Event >
intreq_nmi
» Interrupt ——»
inwake_nmi
> Wake >
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Edge & Level Detection

* Edge Detection : NONE
EIC generate an interrupt event when RISE
Edge Detected il

8 O BOTH

* Level Detection : HIGH
EIC generate an interrupt event when LOW
Level Detected.

* In general,

edge detection is more suit physical button.
An interrupt event be generated by
push and release once is more met common sense,

even though the button keeping in push and release state.

* Interrupt event will be generated Continuously when
the button keeping in push and release state at
level detection mode.

No detection
Rising-edge detection
Falling-edge detection
Both-edges detection
High-level detection
Low-level detection
Reserved

3.3V

10K

PA1l4
EINT14

—r—H

gT1 | Normal High
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Vote Filter

* External pin can be filtered by a majority vote filtering.
Three times capture the pin value with GCLK_EIC and outputs the value when two or

more samples are equal.

* The frequency of GCLK_EIC to decide the capture period. Lower frequency clock is
more suit for user interface input, just like physical button.

Samples [0, 1, 2]
[0,0,0]
[0,0,1]
[0,1,0]
[0,1,1]
[1,0,0]
[1,0,1]
[1,1,0]
[1,1,1]

Filter Output
0
0
0
1

GCLK
Generator

Generator 0

Generatord

-\
GCLK

Generator1

-\
GCLK

A 4

Y V VY

Multiplexer m

GCLK_EIC
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Add EIC Function using MCC-Harmony

* Find EIC component in “Device Resources” window.
* Double click EIC to add to “Project Resources” window.

]

Resource Management [MCC| =

MCCv5.3.0

Project Resource...

Gener...

Impor... || Export o &

¥ Libraries
¥ Harmony
» Packs
¥ Peripherals
» ADC
» EVSYS
» NVMCTRL
» SERCOM
» TC
» TCC
¥ System

D)

i

Resource Management [MCC I—

Project Resources

MCCv5.3.0

Project Resource...

Gener... || Impor... || Export | @ || @

System

Device Resources

Device Resources

| & Content Manager

» DAC
» DSU
v EIC

8O Ec

» TC

|

| -EIC

EIC

» PM [
» RAM

» RTC .

» () SERCOM Double click

v Libraries
¥ Harmony
» Packs
¥ Peripherals
» ADC
v EIC
) EIC
» EVSYS
» NVMCTRL
» SERCOM
» TC
» TCC
¥ System

| Q Content Manager

| T -
¥ Peripherals
» AC
» DAC
» DSU
» PM
» RAM
» RTC
» () SERCOM
» TC

Device Resources
re—on
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EIC Function

Configuration Options Example

=2

Configuration Options |

SHC)

B-EIC
= Non Maskable Interrupt Control [
=-NMI Configuration
-~ Enable filter O
~NMI Interrupt Edge Selection  No detection
~~Enable EIC Channel0
~~Enable EIC Channell
~~Enable EIC Channel2
Enable EIC Channel3
~~Enable EIC Channel4
~Enable EIC ChannelS
~~Enable EIC Channel6
~Enable EIC Channel7
~Enable EIC Channel8
Enable EIC Channel?
~~Enable EIC Channel10
~Enable EIC Channelll
~~Enable EIC Channel12
~~Enable EIC Channel13
= Enable EIC Channel14
=-EIC Channell4 Configuration
- Enable Interrupt O
~~Enable Event Output O
~Enable Wakeup on Channel14 O
External Interrupt14 Edge Selection :1‘0 detection
Enable EIC Channel1s O

ROOOOoOoOooooooooo
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EIC Function

e External Interrupts will all belong to PINMUX function group A.

SAMD2x.)

I -2 R R D R e e
REF PTC SERCOMIZN3) SERCOM-ALT TCi4) Tcc ACI
mce GCLK

15 23 31 PA14 vooio | [exminmrig SERCOM2/ SERCOM4/ TCIWO[D] TCCw GCLK_IO[0]
PA14 }7 EXT NT[14] PAD[Z] PAD[Z] WO]
16 T PA15 VDDIO IEanT[15]| . SERCOM2/ SERCOMA/ TCHWO[] TCCo! GCLK_IO[1]
] | : PAD[3] PAD[3] wWols]
PA15 'EXTINT[15]
EIC_EXTINT14
+ EIC_EXTINT15
(] Pin Table —— =
= I B 2| ot
Package: | TQFF48 ~ E E E| E| e ﬁ ﬁ .
5E'gg%ﬂﬁﬁggggggg.ﬂlﬁgg:ﬁﬂu'u'fa
SEEHELE SR R R EEEREEEREEE EE BHE
Module Function 12245 |a | 7|89 1011 (121214 (1516|1718 |19 |20 |21 |22 |23 |24 25|26
EIC_EXTINT14
EIC_EXTINT1S
EIC -
EIC EIC_EXTINTZ
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EIC Functions & Code Example

Interface Routines & Example

void EIC_Initialize ( void );

void EIC_InterruptEnable( EIC_PIN pin );

void EIC_InterruptDisable( EIC_PIN pin );

void EIC_CallbackRegister( EIC_PIN pin, EIC_CALLBACK callback , uintptr_t context );
void EIC_NMICallbackRegister ( EIC_NMI_CALLBACK callback , uintptr_t context );

void LED_Control(uintptr_t context)

LED3_Toggle();

int main (void)

{
SYS_lnitialize ( NULL );

EIC_CaIIbackRegister(EIC_PIN_14, LED_Control, (uintptr_t) NULL);
while( true )

{...}

}
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€ Lab16-1 Button as External Interrupt

* Please continue from SAM2001 Lab16 (TCC NPWM Auto DutyCtrl)

* Try to add EIC module to project.

 Select BT1(PA14) and BT2(PA15) from GPIO become to External Interrupt Input
(EIC_EXTINT) and use the buttons to toggle LED3(PA17).
* EXTNIT14 -> BT1(PA14), Low-Level detection, Enable filter.
* EXTNIT15 -> BT2(PA15), Falling-edge detection, Enable filter.

°Let’s go !
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%€ Lab16-1 Button as External Interrupt

3.3V 3.3V

10K

DA 1<

/ENTIS LED3 <1 Gr 470 N\
—H)— 33V} H — AN J-::)‘ |GND

BT2 FDN337N
qH — PA17/SCH SCL(S1.1)/PWM(TCC2.1, TCCO0.7) ~ |
GNDGND

pinl(1) 110 Pin Supply C D E
SAMD2xG ' ' l SERCOMI2)(3) SERCOM-ALT TC4)
mcc
15 23 31 PA14 VDDIO EXTINT[14] SERCOM/ SERCOMA4/ TCIWO[0] TCCO GCLK_IO[0]
i PAD[2] PAD[Z] WO[4]
PA14 {EXTINT[14]
16 24 1 37 PA1S VDDIO EXTINT[15] SERCOM2/ SERCOM4/ TCIWO[1] TCco GCLK_IO[1]
PADI[3] PAD(3] WO[S]
PA15 | |EXTINT[15]
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%€ Lab16-1 Button as External Interrupt

Step 1

* Find EIC component in “Device Resources” window.
* Double click EIC to add to “Project Resources” window.

<]

IMCC] x

MCCv35.3.0

Project Resource...

Gener...

Impor... || Export o (

v

v

Libraries

¥ Harmony

» Packs

¥ Peripherals

» ADC

» EVSYS
» NVMCTRL
» SERCOM

» TC
» TCC
System

) System

1

i

Resource Management [MCC I‘

Project Resources

MCCv5.3.0

Project Resource...

Gener.. || Impor... || Export | @ || @

Device Resources

Device Resources

| (2 Content Manager

» DAC

» DSU

v EIC

» PM

» RAM

» RTC
»
» TC

O Ec

|

| -EIC

EIC

SERCOM Double click

¥ Libraries
¥ Harmony
» Packs
¥ Peripherals
» ADC
¥ EIC

OEc |

> EVSYS
» NVMCTRL
» SERCOM
» TC
» TCC

v System

EIC

Device Resources
T

| (Z Content Manager

| T oD

¥ Peripherals

» AC

» DAC

» DSU

» PM

» RAM

» RTC

» () SERCOM
» TC

APP045 Ov2 Ov3 Mva
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%€ Lab16-1 Button as External Interrupt

Step 2

* Configure EIC in configuration.

1]

Confguration Options x

EHE

EHEIC

~Maon Maskable Interrupt Contral
~Enahble EIC ChannelD

~Enable EIC Channell

~Enable EIC Channelz

~Enahble EIC Channel3

~Enable EIC Channel4

~Enahble EIC Channels

~Enahble EIC Channeld

~Enahble EIC Channel7?

~Enable EIC Channels

~Enahble EIC Channel9

~Enable EIC Channel10

~Enable EIC Channell1l

~Enable EIC Channel12
—-Enable EIC Channell3
E-Enable EIC Channell4

[=EIC Channel14 Configuration

_______________

E”:IEIEIEIEIEIEIEIEIEIEIEIEIEIEI

~Enable Event Output O
~Enable Wwakeup on Channel14 (|

|
|
|
|
|
|
|
|
~External Interruptl4 Edge Selection :
L
Y

. ~Enable filter 1]

(
|
|
|
| ~Enable Interrupt
|
|
|
|
|
|

(‘E}TTEF_%@EICChTarTnEIIS_____E’ _______________
| [=+EIC Channel1s Configuration
: ~Enable Interrupt

| ~Enable Event Output

: ~Enable Wakeup on Channel1s

: ~External Interruptls Edge Selection
|

|

|

|

~Enable filter L]

__________________________________

Check Enable EIC Channell4

Check Interrupt Enable

Low-Level detection

Enable filter

Check Enable EIC Channell5

Check Interrupt Enable

Falling-edge detection

Enable filter

APP045 Ov2 Ov3 Mva
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%€ Lab16-1 Button as External Interrupt
Step 3

* Configure EIC ASYNC clock to lower frequency in clock configuration.

Peripheral Clock Configuration x Peripheral Clock Configuration x
Peripheral Enable Source Peripheral Clock Frequency Peripheral Enable Source Peripheral Clock Frequency
AC_ANA Il GCLED v - ~ AC_ANA ] GCLED - i A
AC_DIG Il GCLED v — AC_DIG ] GCLKD v N
ADC GCLED o 47,972,352 Hz ADC GCLED e 47,972,352 Hz
LAC = GCLED " - h LAC = GCLED - _
EIC GCLED ~ 47,972,352 Hz EIC GCLE] w 32,768 Hz
EVSTS 0 = SRR e = EVSYSD = SELER — —
EWSYS_1 |:| GCLED w - EWSYS_1 |:| GCLED e -
EVSYS_10 |:| GCLED w - 1 EVSYS_10 |:| GCLED e -
EVSYS_11 |:| GCLED w - EVSYS5_11 |:| GCLED e -
EVSYS_2 L] GCLED v - EVSYS 2 ] (CLKD - -
EVSYS_3 |:| GCLED w - EVSYS_3 |:| GCLED e -
EVSY5_4 [] GCLED v - . EVSYS_4 ] GCLED ~ ~ y
Close Close
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€ Lab16-1 Button as External Interrupt

Step 4

* Disable clock and waveform output at PA14, PA15 and PA17.

APP045 Ov2 Ov3 Mva

(] Pin Table (] Pin Table
Package: | TOFF48 o all & 10 = Packsge: | TOFF4E o all @ =
zzﬁgzzﬁﬂﬁﬁfaﬁzaamﬂ* AR IR E B IR B E BIE B E R R
AHEEEREHHEBEEHBEEHHEEEEE AEEEEEEHEHEHEEEEEEERRE
Module Function 5| w6171 |19]z0|at 2z 2z 2e|as|as ]2 |2s |20 )20 |32]32]. Module Function 5|16 |17 18|19 20|at|22|23|2e| 25|26 |an|2e|z2a]s0]a1]32]ss
A -
GCLK_I00 \Y GCLE_I00
GCLK_I01 . . GCLE_I01
GCLK GCLE 102 Click Disable GCLE_I0Z
GCLK_I03 l@ GCLE_I03
‘ GCLE | GCLE
MATT T ThA AT T Thd
(] Pin Table (] Pin Table
Package: | TQFP48 e ol e a| Package: | TQFP48 w ol o
2:5@2:&2:2282258&@* a:ﬁgezﬁﬂzﬂfzﬁzaﬁggﬁ
AR EEEEHEEAEEHEER R EEET R AHBEEEEEEEREEHEBEEHEREEEE R
Module Function 5|17z an a2 2z aa|as ||z oe o]0 a1 |22 32 Module Function s 16|17 18| 1o] 0ot 22|z 2|25 |26 oz o |2n]a0]a] 2]
DT WUl ERSLY R L )
001 e
TCCL_WO2 TCC1_Wo3
TCCL_ W03 // TCC1_ W03
TCC2_WOD TCC2_WOD
002 . . 02
TCC3_WO1 Click Disable TCC2Z_WOL
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€ Lab16-1 Button as External Interrupt
Step 5

* Enable EIC (EXTINT14, EXTINT15) and GPIO(LED3) at PA14, PA15 and PA17.
* EXTINT14 and EXTINT15 corresponding to BT1(PA14) and BT2(PA15).

(] Pin Tabls [] Bin Tabls
Package: | TQFP4S . ol o Package: TQFP4E o ol o B ﬁ
AT IR B EI BRI B B E R R T E L R Elzl2lg| 2l z|glz|ddl 2l 88983
AHEEEREREHEHEHEHEHEEEREE AEEEEEREHEHEEEHEHEHEE R RE
Module Function Spla |17 18 )19 | 20021 ) 22 ) 23 |24 |35 2027 (28129 ) 3031|3233 ). Module Function S la | 1718 )19 ) 20 (21 | 2223 |24 |35 20|27 | 2830 30| 31|32 33
EIC_EXTINT12 EIC_EXTINT13
E I C EIC_EXTINTi4 \ EIC_EXTINTI14
EIC_EXTINT1S . EIC_EXTINTIS
EIC EIC_EXTINTZ CIICk Enable EIC EIC_EXTINTZ
| | | I | I
B~ FHTINTZ | | | | | | Fl™ FWTINT?
(] Pin Table (] Pin Table
Package: | TQFE48 alo i | i Package: | TOFF4E o 0 | e &
zzﬁggzﬂzﬁlﬂzzfaaagﬁﬁ eola: [0 2:%%2:&23'3'20'2258“”**
£ Zle|g|lE|E| 2 Z|E|H| Z|E[Z Z2|8|8|2|2|F dHEEREEHEEERHEREHEETREE
Module Function S 16|17 )18 | 19 | 20| 21 | 22|23 |24 |5 )26 |27 |28 |29 |30 31| 32| 3 e Module Function Sl | 1718 ) 19 )20 (21 |22 )23 |24 |35 20|27 | 2830 3031|3233
TULE LD LS LS9 P A LW )
GCLE_IO7 GCLE_107
GFIO G0 Click Enable GPIO GRIO
128_Fa0 U™ 125 _FR0
GPIO 128_MCEKO ﬁ I25_MCKO
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%€ Lab16-1 Button as External Interrupt

Step 6

* Assign customer name for PA17 -> LED3 at Pin Settings

APP045 Ov2 Ov3 Mva

PA17

(] Pin Settings (] Pin Settings
Order: |Ping v Table View Easy View Order: | Pins w Table View Eazy View

ilhl.llmber Pin ID Custom Neme Fuonetion Mode Direction Latch PullUp  Pull Down ;iju.lmber Pin ID Cuztom Neume Fuonction Mode Direction Latch PullUp  Foll Down

2 PA13 Available w| Digial | HighImpedance ~| Low | O V_\ 2 PAL3 Available Digital | High Impedance Low | O

23 PAL4 EIC_EXTINT14 | Digital In T O (| \ 23 FAL14 EIC_EXTINT14 Digital In fa O O

24 PA1S EIC_EXTINT15 | Digital In nfa O (| 24 PA15 EIC_EXTINT15 Digital In néa O (|

25 PAlS e emilabel — TDiioitol | tiishs foamnd Loy O O 25 PAlGE Available Digital High Impedance Low O O

2 PA1T GPIO_PA17 Click Disable & Re-name | p 2 PAL7 LED3 GPIO Digil || out Low
Valable V[ LAl [ Figh Impedance [ L0 O I 27 PA13 Available Digital High Impedance Low O (|
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%€ Lab16-1 Button as External Interrupt
Step 7

* Click to Generate Code.

File Edit View Navigate Source Refactor Production Debug Tea @ Loading.. n %
TS D@ e 1A A .
. c
Projects | Files | Services | Resource Management [MCC] x | = : sl DEUETL,
MCC v5.3.0

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

¥ Libraries Click ]

¥ Harmony

Output * | Scarch Results | Notifications [MCC] | News |

>
Core Snap *x MPLAB® Code Configurator *  Snap-Labl_SYS TIME Delay * Scripting * Snap-SYS_SERVICE * SYS .

S PaCkﬂ 14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\instance\wdt.h Success. New file.
14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\pic\samd21lgl8a.h Success. New file.

14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\samd21gl8a.h Success. New file.

[ 3 Fﬁerir)hfgralﬂ 14:11:59.279 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cachell armv7.h Success. New file.
14:11:59.279 INFO: ...rc\packs\CMSIS\CM5IS\Core\Include\cmsis_armcc.h Success. New file.

v . 14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_armclang.h Success. New file.
S}"'St'em SENICES 14:11:59.279 INFO: ...s\CMSIS\CMSIS\Core\Include\cmsis_armclang_ltm.h Success. New file.
14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_compiler.h Success. New file.

::} TlME 14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\cmsis_gcc.h Success. New file.

14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\cmsis_iccarm.h Success. New file.

14:11:59.286 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cmsis_version.h Success. New file.

v S}"Stem 14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\core_cm@plus.h Success. New file.

14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\mpu_armv7.h Success. New file.
' 14:11:59.462 INFO: {Harmony}<MHC>[Info]: Executing generate hook
— S}@tem 14:11:59.473 INFO

14:11:59.473 INFOlGener‘ation complete (total time: 1995 milliseconds)]
14:11:59.473 INFO:

14:11:59.473 INFO: Generation complete.

14:11:59.572 INFO: {Harmony}<Harmony Database> -> preGenerateEvent
14:11:59.572 INFO: {Harmony}<Harmony Database» -» interfaceValidationEvent
14:11:59.572 INFO: {Harmony}<Harmony Database> -> processDataModel
14:11:59.572 INFO: {Harmony}<Harmony Database» -> postFinalProcessing
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€ Lab16-1 Button as External Interrupt

Step 8

// TODO 16-1.01
void LED_Control(uintptr_t context)

{
static uint32_t i = 0;
LED3_Toggle();
for (i = @; i < 1000000; i++);
}
int main (void)
{
SYS_Initialize(NULL);
// TODO 16-1.02
EIC_CallbackRegister(EIC_PIN_14, LED_Control, (uintptr_t) NULL);
EIC_CallbackRegister(EIC_PIN_15, LED_Control, (uintptr_t) NULL);
while ( true )
{
SYS Tasks();
}
return ( EXIT_FAILURE);
}

APP045 Ov2 Ov3 Mva
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%€ Lab16-1 Button as External Interrupt

Result

LED3 toggle Continuously when BT1 keeping in be pressed state.
LED3 toggle once when BT2 keeping in be press

vvvvvvvv

L
ﬁﬁﬁﬁﬁﬁﬁﬁﬁ

et £
=y

,,,,,,,,,,
e

Push BT1/BT2 to Toggle LED3
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Event System (EVSYS)
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Event System

* The Event System (EVSYS) allows autonomous, low-latency and configurable
communication between peripherals.

* Role:
* Peripherals that respond to events are called event users.
* Peripherals that generate events are called event generators.

* A peripheral can have one or more event generators and can have one or more event
users, also.

 Communication is made without CPU intervention and without consuming system
resources such as bus or RAM bandwidth. This reduces the load on the CPU and other
system resources, compared to a traditional interrupt-based system.
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Event System

* 12 configurable event channels

* 74 event generators & 29 event users

* Peripherals can be event generators, event users, or both.
SleepWalking and interrupt for operation in sleep modes.
Software event generation.

* 3 path
» Asynchronous L vzt
* Resynchronized Ch. Eventy

* Synchronous

1

Ch. Event z

Y VYV VY Y V. VY Y V. VY

USER USER USER
Ch. Ch. Ch.
USER Event x USER Event y USER |

fvent z

Y

Y
| Peripheral A ' | PeripheralB |
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Event System Connection Demo
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EVSYS Function Ready at MCC Harmony

]

]
.
e —— Project Resources
Project Resources mpost. 8/ E
ibraries
nnnnnnnn
YS
~ | EVSYS
bbbbbbbbbb
bbbbbbbbbb
''''''
Syste:
Device R
v Li
» Board Support Packages (BSPs)
rrrrrrrr
rrrrrrrrrr
Syste:
Third

rrrrrr

* EVSYS already be active at new project create by “32-bit MCC Harmony Project”.
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Event System

Configuration Options Example

=3

Ci

Oplions x |

SHC)

E-EVSYS
E-EVSYS MODULE SETTINGS

Generic Clock On Demand [J
= Enable Channel 0
EHEVSYS Channel Configuration

- Event Source |EIC_EXTINT_I5 «
- Event Source Status
- Path Selection ASYNCHRONOUS

v

-~ Event Edge Selection NO_EVT OUTPUT «

Event Users Status
~~Enable Channel 1
~Enable Channel 2
~Enable Channel 3
Enable Channel 4
~Enable Channel 5

Enable Channel 6
~~Enable Channel 7
Enable Channel 8
Enable Channel 9
Enable Channel 10
~~Enable Channel 11
=EVSYS User SETTINGS

~~DMAC_CH_0 Channel Selection
~DMAC_CH_1 Channel Selection
~DMAC_CH_2 Channel Selection
~DMAC_CH_3 Channel Selection
~TCCO_EV_0 Channel Selection
~~TCCO_EV_1 Channel Selection
- TCCO_MC_D Channel Selection
- TCCO_MC_1 Channel Selection
~TCCO_MC_2 Channel Selection
~~TCCO_MC_3 Channel Selection
~TCC1_EV_0 Channel Selection
~TCC1_EV_1 Channel Selection

Ooooooooooon

NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
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Event System Manager

Configuration Options Example

- @ X

1
(] EVENTO Easy View

Event System Manager

Channel Configuration Channel 0 Settings
Channel Event Usex Remove ;
Wumber Event Gensrator Status Ready o} 1 Path Selection:  ASYNCHRONOUE -

Add Channel

User Configuration

TRZER Chamnel Number Remove Usr
TC5 EVO - | Channel 0 - | Remave

Add User
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EVSYS Functions & Code Example

Interface Routines & Example

void EVSYS Initialize ( void );

void EVSYS_GeneratorEnable( EVSYS_CHANNEL channel, uint8_t generator );
void EVSYS_GeneratorDisable(EVSYS _CHANNEL channel );

void EVSYS UserEnable( EVSYS _CHANNEL channel, uint8_t user );

void EVSYS UserEnable ( void );

int main (void)

{
SYS _Initialize ( NULL );
/* EVSYS Fully automatic !! Not thing to do in user application */

while( true )

{...}

}
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€ Lab16-2 EXTINT Trigger Timer Counter

* Please continue from SAM2001ADV Lab16-1 (Button as External Interrupt)
* Try to add EVSYS module to project.

 Select EXTINT15 (BT2, PA15) become to event generator then
select TC5 become to the event user.

* Set the TC5’s mode to event counter, use for count the times of button click.
Let LED3(PA17) toggle every 5 times of button click.

* EVSYS Channel : 0

* EVSYS Generator : EIC, EXTINT15

* EVSYS User : TC5

* TC5 Operation Mode : Count (Event)
* TC5 Period : 4 (0 ~ 4, 5 count totally)

°Let’s go !
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% Lab16-2 EXTINT Trigger Timer Counter
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€ Lab16-2 EXTINT Trigger Timer Counter

Step 1

* Configure EVSYS in Event System Manager.

1
(] EVENTO Eazy View

Event System Manager

Channel Configuration

Channel Event
Humber Ewent Generator Situs

T=r
Ready

Remove
Channel

Add Channel

User Configuration

TEER Channe] Number

Add User

Channel Settings

Path Selection: SYNCHRONOUS
Event Edge Selection: NO_EVT_OUTPUT

Enable Event Detection Interrupt:

Enable Overrun Interrupt:

-0 %
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€ Lab16-2 EXTINT Trigger Timer Counter
Step 2

* add Event Generator : EIC_EXTINT 15, Event User : TC5_EVU

! 1
‘ ‘ .
] EVENTO Easy View i g B % _C| EVENTO Easy Fiew - g M ox
Event System Manager Event System Manager
Channel Configuration Channel 0 Settings Channel Configuration Channel 0 Settings
Chamnel Event Tser Remove I
Emj - Event g::iy Eenﬂvj ath Selection: [ASTHCHRONOUS » J—— Event Generator Stats Ready 1 1 Path Selection: |ASYNCHRONOUS ~

Sl EIC_EXTINT_15 o

(eI EIC EXTINT 15 w

Add Channel Add Channel
User Configurati User Configuration
= TER Cheannel Number Remove Tsr
o e | CI I c k to Ad d 4 TC5_EVIT - \ Channel 0 - Femove
Add User Add User

Click to Add
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€ Lab16-2 EXTINT Trigger Timer Counter

Step 3

* Enable Event be generated at EIC (EXTINT15).

(] Configuration Options
=l #

=0

EHEIC
- Maon Maskable Interrupt Control
~Enable EIC Channeld
~Enahle EIC Channell
~Enable EIC Channelz
~Enable EIC Channel3
- Enable EIC Channel4
~Enahle EIC Channels
~Enable EIC Channel&
~Enable EIC Channel?
- Enable EIC Channels
~Enable EIC Channel9
~Enable EIC Channel10
~Enable EIC Channelll
~Enahle EIC Channell2
~Enable EIC Channell3
~Frable FIC channelid
=+ Enable EIC Channells
T BT EIC Channells cormguraten

OO0 0O0O0DO00O00OOoOoOooodn

Enable Event Output

" Enable Interrupt
+Enable Event Output
~Enable Wakeup on Channells O
i External InterruptlS Edge Selection | Felling-edge detection
‘. Enable filter

APP045 Ov2 Ov3 Mva
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€ Lab16-2 EXTINT Trigger Timer Counter

Step 4

 Add TC5 and set to Event Counter Mode

=

(] Configuration Options

=H0

E-TCS

~Counter Maode

- Select Prescaler | Prescaler: GCLE_TC
R R Timar resolution is 208453402403 n5rrr*
B Operating Mode | Timer  «
I‘;I--Timer

%----Enable One-shot Mode

- Timer
- Time

Period Unit

Connter in 16-bit mode ~

16-bit mode

e

GCLK_TC

Timer

O
millizecond

12

?----Enable Timer Period Interrupt
I'é}--Events
?----Enable Timer Period Overflow Event [
Ié}--EnabIe Timer Input Event

.....

Select Input Event Action |COUNT

Invert Input Event

B#-Sleep Configurations

Enable Timer Input Event

O

COUNT
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€ Lab16-2 EXTINT Trigger Timer Counter
Step 5

* Confirm Event Status and User Ready is Green light.

1 1 I 1
(] EVENTO Essy View =8 x

Event System Manager

Channel Configuration Channel 0 Settings
ot Event Gensrstor et ! Remove Path Selection: |ASYNCHRONOIS

Add Channel

User Configuration

TEER Channel Number Remove Tser
TC5_EVU « | Channel 0 ~] Remove

Add User

@ MICROCHIP



APP045 Ov2 Ov3 Mva

% Lab16-2 EXTINT Trigger Timer Counter
Step 7

* Click to Generate Code.

File Edit View Navigate Source Refactor Production Debug Tea @ Loading.. n %
TS D@ e 1A A .
. c
Projects | Files | Services | Resource Management [MCC] x | = : sl DEUETL,
MCC v5.3.0

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

¥ Libraries Click ]

¥ Harmony

Output * | Scarch Results | Notifications [MCC] | News |

>
Core Snap *x MPLAB® Code Configurator *  Snap-Labl_SYS TIME Delay * Scripting * Snap-SYS_SERVICE * SYS .

S PaCkﬂ 14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\instance\wdt.h Success. New file.
14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\pic\samd21lgl8a.h Success. New file.

14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\samd21gl8a.h Success. New file.

[ 3 Fﬁerir)hfgralﬂ 14:11:59.279 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cachell armv7.h Success. New file.
14:11:59.279 INFO: ...rc\packs\CMSIS\CM5IS\Core\Include\cmsis_armcc.h Success. New file.

v . 14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_armclang.h Success. New file.
S}"'St'em SENICES 14:11:59.279 INFO: ...s\CMSIS\CMSIS\Core\Include\cmsis_armclang_ltm.h Success. New file.
14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_compiler.h Success. New file.

::} TlME 14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\cmsis_gcc.h Success. New file.

14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\cmsis_iccarm.h Success. New file.

14:11:59.286 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cmsis_version.h Success. New file.

v S}"Stem 14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\core_cm@plus.h Success. New file.

14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\mpu_armv7.h Success. New file.
' 14:11:59.462 INFO: {Harmony}<MHC>[Info]: Executing generate hook
— S}@tem 14:11:59.473 INFO

14:11:59.473 INFOlGener‘ation complete (total time: 1995 milliseconds)]
14:11:59.473 INFO:

14:11:59.473 INFO: Generation complete.

14:11:59.572 INFO: {Harmony}<Harmony Database> -> preGenerateEvent
14:11:59.572 INFO: {Harmony}<Harmony Database» -» interfaceValidationEvent
14:11:59.572 INFO: {Harmony}<Harmony Database> -> processDataModel
14:11:59.572 INFO: {Harmony}<Harmony Database» -> postFinalProcessing
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€ Lab16-2 EXTINT Trigger Timer Counter

Step 7

// TODO 16-2.01
void TC5_TimerExpired(TC_TIMER_STATUS status, uintptr_t context)

{
if (status & TC_INTFLAG_OVF_Msk)
{
LED3_Toggle();
}
}

int main (void)

{
SYS_Initialize(NULL);

// TODO 16-2.02

TC5_TimerCallbackRegister(TC5_TimerExpired, (uintptr_t) NULL);
TC5 TimerlébitPeriodSet(4);

TC5 TimerStart();

while ( true )

{
SYS Tasks();

}
return ( EXIT_FAILURE);

} ﬁ\ MICROCHIP
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€ Lab16-2 EXTINT Trigger Timer Counter
Step 8

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

// TODO 16-2.03
EIC_CallbackRegister(EIC_PIN_14, LED_Control, (uintptr_t) NULL);
//EIC_CallbackRegister (EIC_PIN_15, LED_Control, (uintptr_t) NULL);

while ( true )
{
SYS Tasks();

if (TC3_HasExpired)

{

// TODO 16-2.04

//myprintf("Hello World!");

myprintf("Button Count : %2d", TC5_Timerlé6bitCounterGet());
}

}
return ( EXIT_FAILURE);
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% Lab16-2 EXTINT Trigger Timer Counter

Result

B COM®6 - Tera Term VT - O X

File Edit Setup Control Window Help

Button Count : 3

VR1 Value : 11
LED3 blink Continuously when BT1 keeping in be pressed state. lemperature Value : 379

LED3 toggle once when every 5 times toggle by BT2 click.

&

Y
- a’“‘“‘"

Push BT1/BT2 to Toggle LED3
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€ Lab16-2 EXTINT Trigger Timer Counter

* Discuss
* Could set EIC callback of EIC_PIN15 and enable EIC_PIN15 event output at the same time ?

// TODO 16-2.03
EIC_CallbackRegister(EIC_PIN_14, LED_Control, (uintptr_t) NULL);
//EIC_CallbackRegister(EIC_PIN_15, LED_Control, (uintptr_t) NULL);

* The interrupt request of EIC_PIN15 and EIC_PIN15 event output could be enable at the same time.

Event Output -;, *Pulse

EIC |
EXTI NT15 Interrupt Flag __‘, *Manually Clea-r
Detected Flag

and Clear Flag Manually
by callback function

Interrupt Controller

EVENT User
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€ Lab16-3 EXTINT Callback and Trigger Timer Counter

* This is a demo lab, demo that the interrupt request of EIC_PIN15 and EIC_PIN15 event
output be enable at the same time. Uncomment at Lab 16-3 for EIC_PIN_15 Callback.

* Just open, build and program the firmware to MCU, then try it.

// TODO 16-2.03
EIC_CallbackRegister(EIC_PIN_14, LED_Control, (uintptr_t) NULL);
##EIC_CallbackRegister (EIC_PIN_15, LED_Control, (uintptr_t) NULL);

eLet’s go !

*Reference

void LED_Control(uintptr_t context)

{
static uint32_ t i = @; void TC5_TimerExpired(TC_TIMER_STATUS status, uintptr_t context)
LED3_Toggle(); {
for (i = @; i < 1000000; i++); if (status & TC_INTFLAG_OVF_Msk)
} {
LED3_Toggle();
}

@ MICROCHIP
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€ Lab16-3 EXTINT Callback and Trigger Timer Counter

Result
W COMG - TeraTerm VT - O X
File Edit Setup Control Window Help
Button Count : 3 A
VR1 Value : 11
LED3 blink Continuously when BT1 keeping in be pressed state. Temperature Value : 979

LED3 toggle once when every 5 times toggle by BT2 click.
LED3 toggle when every times toggle by BT2 click.

o
]

d e

Push BT1/BT2 to Toggle LED3
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Direct Memory Access Controller (DMAC)
- Single Transfer Block
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Cortex MO+ core’s DMAC

* DMAC allow transfer data between memories and peripheral without CPU interaction.

* Multiple data Transform,
* Peripheral <-> Peripheral
* Memory <-> memory
* Peripheral <-> memory

* Up to 12 Channels,
Flexible Channel arbitration

* 4 configurable priority level
* Fixed or round-robin scheme
* Four bus interfaces,
* Data Transfer Bus : DMA transfer
* AHB/APB Bus : W/R 10 Registers

Memory

Memory

* Descriptor fetch bus : transfer descriptors Fetch

* write-back bus : Write the transfer descriptor back to SRAM

@ MICROCHIP



Cortex MO+ core’s DMAC

* 3 Transfer Trigger Sources

* Software, Event and Dedicated Source
 RAM-Based transfer descriptors i
* Single transfer using one Descriptor : e _
* Multi-buffer or Circular Buffer _— l
* Address fixed or increment mode :
* 4 Event inputs & 4 Event outputs ?
* Optional interrupt generation T E A e e | IR
* Block transfer complete - |
* On error detection

* On channel suspend

* CRC Polynomial Software
Selectable to CRC-16 (CRC-CCITT) and CRC-32 (IEEE® 802.3)

@ MICROCHIP



Transfer Types and Transfer Descriptor
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Transfer Types

* Beat transfer

* Size of data length for one of DMAC transfer.
* 8-bits, 16-bits or 32-bits

e Burst transfer

* n Beat transfer at same time, Burst is “atomic” transfer.
* SAM MO+ families not support.

* Block transfer

* Amount of beat can be transfer at one transfer descriptor.
* Max. number is 21¢ * beat => 64K * 4 Bytes = 256K Bytes

 Transaction

* DMAC can only use one or link several transfer descriptors.
* A transaction is complete transfer of all blocks. (one or all link)

Link Enabled Link Enabled Link Enabled

A A A

||10|||I . |1 N
T 7 .

[ 1 ] . §
Beat t}ansfer Burst t}ansfer Block Eransfer

DMA trggsaction @ MICROCHIP



Transfer Descriptor

* The “Transfer Descriptor” use to describe that which data and how many
data be transfer when DMAC be triggered.

* Channel Transfer Descriptor include below: Transg:a;::clﬁptor
* Operation mode
BTCTRL
* Beat size, Block Address increment
* Interrupt action, Event out action
* Block Size SRCADDR
* Data from and to
* Amount of beat to be transfer
* Where is next Transfer Descriptor

BTCNT

DSTADDR

DESTADDR
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Block diagram of Transaction

Step Size & Inc. —”

DMAC Regs

CHCTRLB

N Beats (Block) —|

Source

Software
Event } —

Peripherals

Trigger
Action

Beat transfer

{ Block transfer
Transaction

Destination

I

DMA
Controller

\ Beat

Channel
Transfer Descriptor

BTCTRL

BTCNT

Value
0x0
0x1l
0x2
0x3
0x4
0x5
0x6
0x7

Name Description

X1 Next ADDR = ADDR + (Beat size in byte) * 1
X2 Next ADDR = ADDR + (Beat size in byte) * 2
X4 Next ADDR = ADDR + (Beat size in byte) * 4
X8 Next ADDR = ADDR + (Beat size in byte) * 8
X16 Next ADDR = ADDR + (Beat size in byte) * 16
X32 Next ADDR = ADDR + (Beat size in byte) * 32
X64 Next ADDR = ADDR + (Beat size in byte) * 64
X128 Next ADDR = ADDR + (Beat size in byte) * 128

SRCADDR

DSTADDR

DESTADDR
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Trigger Sources
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DMAC Trigger By Event or Dedicated Sources

EVACTI[2:0]

0x0
0x1
0x2
0x3
Ox4
0x5
0x6
0x7

NOACT
TRIG
CTRIG
CBLOCK
SUSPEND
RESUME
SSKIP

Value Name Description

0x00 DISABLE Only software/event triggers
0x01 SERCOMO0 RX SERCOMOQ RX Trigger

0x02 SERCOMO TX | SERCOMO TX Trigger

0x03 SERCOM1 RX SERCOM1 RX Trigger

0x04 SERCOM1 TX | SERCOM1 TX Trigger

0x05 SERCOM2 RX SERCOM2 RX Trigger

0x06 SERCOM2 TX | SERCOM?2 TX Trigger

0x07 SERCOM3 RX SERCOMS3 RX Trigger

0x08 SERCOM3 TX | SERCOM3 TX Trigger

0x09 SERCOM4 RX SERCOM4 RX Trigger

0x0A SERCOM4 TX | SERCOM4 TX Trigger

0x0B SERCOMS5 RX SERCOMb5 RX Trigger

0x0C SERCOMb5 TX | SERCOMS5 TX Trigger

0x0D TCCO OVF TCCO Overflow Trigger

0x0E TCCO MCO TCCO Match/Compare 0 Trigger
0x0F TCCO MC1 TCCO Match/Compare 1 Trigger

0x10 TCCO MC2
0x11 TCCO MC3
0x12 TCC1 OVF

TCCO Match/Compare 2 Trigger
TCCO Match/Compare 3 Trigger
TCCA1 Overflow Trigger

0x13 TCC1 MCO TCCA1 Match/Compare 0 Trigger
0x14  TCC1 MC1 | TCC1 Match/Compare 1 Trigger

— e T lOW Trigger
L N . o< o Trigger
No action . i lch/Compare 1 Trigger
Normal Transfer and Conditional Transfer on Strobe trigger llow Trigger
| =

Conditional transfer trigger

Value
0x19
O0x1A
0x1B
0x1cC
0x1D
0x1E
0x1F
0x20
0x21
0x22
0x23
0x24
0x25
0x26
0x27
0x28
0x29
0xZA
0x2B
0x2C
0x2D
0x2E
0x2F
0x30
0x31

Name

TC3 MCO
TC3 MCA1
TC4 OVF
TC4 MCO
TC4 MCA
TC5 OVF
TC5 MCO
TC5 MCA1
TC6 OVF
TC6 MCO
TC6 MCA1
TC7 OVF
TC7 MCO
TC7 MC1

DAC EMPTY
125 RX 0

128 RX 1

125 TX0

2S5 TX 0
OVF

TCC3 MCO
TCC3 MC1
TCC3 MC2
TCC3 MC3

Description

TC3 Match/Compare 0 Trigger
TC3 Match/Compare 1 Trigger
TC4 Overflow Trigger

TC4 Match/Compare 0 Trigger
TC4 Match/Compare 1 Trigger
TC5 Overflow Trigger

TC5 Match/Compare 0 Trigger
TC5 Match/Compare 1 Trigger
TC6 Overflow Trigger

TC6 Match/Compare 0 Trigger
TC6 Match/Compare 1 Trigger
TC7 Overflow Trigger

TC7 Match/Compare 0 Trigger
TC7 Match/Compare 1 Trigger
ADC RESRDY ADC Result Ready Trigger

DAC Empty Trigger
12S RX 0 Trigger

128 RX 1 Trigger

12S TX 0 Trigger

128 TX 1 Trigger
TCC3 Qverflow Trigger

TCC3 Match/Compare 0 Trigger
TCC3 Match/Compare 1 Trigger
Match/Compare 2 Trigger
Match/Compare 3 Trigger

Conditional block transfer
Channel suspend operation
Channel resume operation
Skip next block suspend action
Reserved
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Function Setting at
MCC-Harmony, APIs and Code Example
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DMAC Function at MCC-Harmony

* DMAC already be active at new project created.
e Configure DMAC in DMA Settings.

¥4 Project Graph - Editor

Project Graph = ]

X CTREORE ¢ |© [Pens

Dh{ L Configuration

MNVMCTRL Evoys [ADC Configmration
Peripheral Library Peripharal Libr, : _ B3 DMA Settings - Editor

MEMORY

(EE

CMSIS Pack Active Channels List
Device Family Pack (DFP)

] Use Linked List Mode

Channel Number Trigger

Add Channel Remove Zelected Channel

Channel Settings

Enable Interrupt:
Trigger Action: One Elock Transfer Per DMA Request

Source Address Mode: Tncreiment &ddres After Every Transfer
Destination Address Mode: | Increment Address Lfter Every Transfer

Beat Size: 8-hit bus transfer

W
>
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DMAC Function at MCC-Harmony

Configuration Options Example

1]

Confguration Oplions =

=]

£
b
=
B
[
=
£
B
=
B
£

= System
--Device 2 Project Configuration
--CDr‘tex—MEl+ Configuration
"F‘DI“tS
--Cluck
--Interrupts (NWIC)
= DMA (DMAC)

~Use Linked List Mode ?

t-Lse DMAC Channel 5

+-Jse DMAC Channel 6
+-Use DMAC Channel 7
+-Use DMAC Channel B
+-Use DMAC Channel 9
H-Use DMAC Channel 10

£

P,

t-Use DMAC Channel 11

B-WET

AC

~Priority Level 0 Arbitration Scheme
- Priority Level 1 Arbitration Scheme
- Priority Level 2 Arbitration Scheme
—Priority Level 3 Arbitration Scheme
H-Use DMAC Channel 0
+-Use DMAC Channel 1
+-UUse DMAC Channel 2
H-Use DMAC Channel 3
+-Use DMAC Channel 4

Doooooooboodgod

]

Found Robin Priority &rbitration
Round Robin Priority &rbitration
Eound Fobin Priovity &rbitration
Eound Fobin Priority &rbitration

@ MICROCHIP



DMAC Functions

Interface Routines
void DMAC _Initialize( void );

bool DMAC_ChannelTransfer
( DMAC_CHANNEL channel, const void *srcAddr, const void *destAddr, size_t blockSize )

void DMAC_ChannelCallbackRegister
( DMAC_CHANNEL channel, const DMAC_CHANNEL_CALLBACK eventHandler,

const uintptr_t contextHandle )

uintl6_t DMAC_ChannelGetTransferredCount( DMAC_CHANNEL channel)
DMAC_TRANSFER_EVENT DMAC_ChannelTransferStatusGet( DMAC_CHANNEL channel )
bool DMAC_ChannellsBusy( DMAC_CHANNEL channel )

DMAC_CHANNEL_CONFIG DMAC_ChannelSettingsGet( DMAC_CHANNEL channel )

bool DMAC_ChannelSettingsSet( DMAC_CHANNEL channel, DMAC_CHANNEL_CONFIG settings )
void DMAC_ChannelDisable( DMAC_CHANNEL channel )

void DMAC_ChannelSuspend( DMAC_CHANNEL channel )

void DMAC_ChannelResume( DMAC_CHANNEL channel)
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DMAC Functions

Interface Routines

bool DMAC_ChannelTransfer
( DMAC_CHANNEL channel, const void *srcAddr, const void *destAddr, size_t blockSize )

void DMAC_ChannelCallbackRegister
( DMAC_CHANNEL channel, const DMAC_CHANNEL_CALLBACK eventHandler,

const uintptr_t contextHandle )
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DMAC Code Example

Code Example

void DMA_TransferCompleted (DMAC_TRANSFER_EVENT event, uintptr_t contextHandle)

{
if (event == DMAC_TRANSFER_EVENT_COMPLETE)

{
DMA_TransferCompleted= 1;
DMAC_ChannelTransfer(DMAC_CHANNEL_O, ¢
(const void *) &(ADC_REGS->ADC_RESULT),
(const void *) ADC_Result[0], sizeof (ADC_Result));

}
}

int main (void)
{
SYS_Initialize ( NULL ); | One-Shot Event

DMAC_ChannelCallbackRegister(DMAC_CHANNEL_0, DMA_TransferCompleted, (uintptr_t) NULL);
DMAC_ChannelTransfer(DMAC_CHANNEL_O, .
(const void *) &(ADC_REGS->ADC_RESULT),
(const void *) ADC_Result[0], sizeof (ADC_Result));

Channel :0
; Source : ADC_RESULT (SFR Register)
while( true ) Destination : ADC_Result[] (SRAM)
} {..} Size : Size of ADC_Result[] (n Bytes)
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€ Lab13-3 ADC with DMAC

* Please continue from SAM2001 Lab13 (ADC PinScan Interrupt Callback SWTrigger)

this lab run ADC pin scan mode to convent potentiometer and temperature sensor voltage and
moving results to SRAM by CPU, and put it to UASRT, then show it at terminal.

* Try to add new channel of DMAC at DMA Settings on the project.
e Use DMAC to move ADC conversion result to user defined memory (SRAM)
when ADC converted without CPU resources.
* Move once by each ADC conversion completed (ADC_RESRDY) event.
* DMAC Channel : 0
* Trigger Source : ADC_RESRDY
* Trigger Action : One Beat Transfer
* Source / Destination Address Mode : Fixed / Increment
* Beat Size :16-bits
* Source / Destination Register or memory : ADC_RESULT g .iier) / ADC_Result[] spam)

eLet’s go !
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€ Lab13-3 ADC with DMAC

* Original block diagram for Lab13 ADC_ with DMAC.
moving data and put to SERCOM by CPU.

void ADC_ResultCompleted( ADC_STATUS status, uintptr_t context) int main (void)
{

if (ADC_IsResultCompleted)
if( status & ADC_INTFLAG_RESRDY_Msk )

ADC_lIsResultCompleted = 0;

W COMS9 - Tera Term VT - O X

ADC_Result[ADC_Channelldx] = ADC_ConversionResultGet(); myprintf("\033[2;1H");
TC3 / Software ADC_Channelldx = ( ADC_Channelldx + 1) % 2; myprintf("VR1 Value : %4d\r\n", ADC_Result[0]);
if (ADC_Channelldx == 0) myprintf("\033[3;1H");
g ! ADC_lIsResultCompleted = 1; ! myprintf("Temperature Value : %4d\r\n", ADC_Result[1]);
- g } }
v o
8 2
= -
= Q
=
VR1 :
\ 9
[=
AN2 X
MCP9700 ADC_RESULT | ADC_Result[0] > SERCOM
AN3 ADC_Result[1]

* Pin Scan

File Edit Setup Control Window Help

Hello HWorld!
VR1 Value : 4093

Temperature Value : 960
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€ Lab13-3 ADC with DMAC

* New block diagram require for Lab13-3 ADC_with _DMAC.
moving data by DMAC and put to SERCOM by CPU.

void DMA_TransferCompleted (....) int main (void) =
{ Enable Interrupt: &
if (event == DMAC_TRANSFER_EVENT_COMPLETE) if (ADC_IsResultCompleted) Trigger Action: One Best Transfer per DMA Request
{ Source Address Mode: Food Address Mode
DMA_IsTransferCompleted = 1; ADC_IsResultCompleted = 0; Destination Addreas Mode: Tl Tl T T T
DMAC_ChannellLinkedListTransfer(DMAC_CHANNEL_O, ....); myprintf("\033[2;1H"); A B
TC3 / Software . } myprintf("VR1 Value : %4d\r\n", ADC_Result[0]); Beat Size: 16-bat bus tranater
2 } myprintf("\033[3;1H");
= myprintf("Temperature Value : %4d\r\n", ADC_Result[1]); Channel /
g One Beat Transfer Per Trigger } } Transfer Descriptor
S a Beat : 16-bits [
g’n < Block : 2 Beats BTCTRL
oo 'S. _ Source (Fixed) : ADC_RESULT BTCNT 2
- S Destination(Increment, 1 Beat) : ADC_Result[0]
Ll = Next descriptor : NULL SRCADDR ADC_RESULT
(V]
V R 1 £ DSTADDR ADC_Result
\ - DMAC[O] DESTADDR NULL
AN2 \

* W COM9 - Tera Term VT - O X
AD RE I-T File Edit Setup Control Window Help
MCP9700 C_RESU ::> ADC_Result[0] > SERCOM o e oo

VR1 Value : 4093
AN3 ADC Result[l] Temperature Yalue : 960

* Pin Scan
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€ Lab13-3 ADC with DMAC

)
S
o

)
-+

=)

=
X
(]

L
S
o

)

i

(]

o

=

<T

7))

Trigger

Peripherals

Sources

Destination

ADC_RESRDY

Source

Peripheral

(C
-
Q
=
o
=
(<))
o

Address
ncrementation

SRAM Buffer[0]
SRAM Buffer[1]

Fixed Addr-essihg

Perinheral
ADC Result

rI
g5
) =
0 o
N ==
e o

a

11

10

Channel 0
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% Lab13-3 ADC with DMAC
Step 1

* Find “DMA Settings” at “DMA Configuration”

¥4 Project Graph - Editor

Project Graph = ]

X CTREORE ¢ |© [Pens

MNVMCTRL Evoys [ADC Configmration
Peripheral Library Peripheral Libr B3 DMA Settings - Editor

MEMORY : : DM4 Settings  x

(EE

] Use Linked List Mode

Active Channels List

Device Family Pack (DFP) R o
urmber Tigger
Add Chamnel Femove Selected Channel

Channel Settings

Enable Interrupt:
Trigger Action:

Source Address Mode:
Destination Address Mode:

Beat Size:

Cine Block Transfer Per DA Regquest
Increment Address After Every Transfer
Increment Address After Every Transfer

8-hit bus transfer

W
>
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€ Lab13-3 ADC with DMAC

Step 2

 Add DMAC channel and set trigger source to ADC_RESRDY

_ghmsuﬁnp _ghmsuﬁnp _gm'x
Active Channels List Active Channels List (] Use Linked List Mode
Channel Number Trigger Channel Number Toiseer
Software Trigger » DMAC Channel 0 Settings
Enable Interrupt: M
T Trmr m: [(\. BPleck T far P, NMa R I—l 1 Ih |
s - M X

ctive Channels USSADC RESRDY. § - vose

Channel Numbex Tozeer
w.mc_nmw - DMAC Channel 0 Settings
Add Channel Remove Selected Channel Aﬂdg
_% Enable Interrupt: %]
| Trigger Action: One Beat Transfer per DMA Request v

L. Click to Add sl 1]

1 4 Source Address Mode: Increment Address After Every Transfer -
Destination Address Mode: Fied Address Mode v
Beat Size: 8-bit bus transfer -

444 Channel Remove Selected Channel

>
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€ Lab13-3 ADC with DMAC

Step 3

('] DMA Settings =40 X |
Active Channels List (] Use Linked List Mode
Charmel Number Trigger
e U ADC_RESRDY » DMAC Channel 0 Settings
Py Enable Interrupt
ADC_RESRDY i L L
I'rigger Action: One Beat Transfer
i
S Address Mode: W .
gurce nadress Hode — Fixed Address Mode
Destination Address Mode: EErementmldressMbrEvery Transfer v' —
- Increment Address After ...
Beat Size: ) : e
16-bit bus transfer
Add Channel Eemove Selected Channel
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% Lab13-3 ADC with DMAC
Step 4

* Click to Generate Code.

File Edit View Navigate Source Refactor Production Debug Tea @ Loading.. n %
TS D@ e 1A A .
. c
Projects | Files | Services | Resource Management [MCC] x | = . sl DEUETL,
MCC v5.3.0

Generate ‘ Import... || Export | | @ || @
Click ]

Project Resources

¥ Libraries

¥ Harmony

Output * | Scarch Results | Notifications [MCC] | News |

>
Core Snap *x MPLAB® Code Configurator *  Snap-Labl_SYS TIME Delay * Scripting * Snap-SYS_SERVICE * SYS .

S PaCkﬂ 14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\instance\wdt.h Success. New file.
14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\pic\samd21lgl8a.h Success. New file.

14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\samd21gl8a.h Success. New file.

[ 3 Fﬁerir)hfgralﬂ 14:11:59.279 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cachell armv7.h Success. New file.
14:11:59.279 INFO: ...rc\packs\CMSIS\CM5IS\Core\Include\cmsis_armcc.h Success. New file.

v . 14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_armclang.h Success. New file.
S}"'St'em SENICES 14:11:59.279 INFO: ...s\CMSIS\CMSIS\Core\Include\cmsis_armclang_ltm.h Success. New file.
14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_compiler.h Success. New file.

::} TlME 14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\cmsis_gcc.h Success. New file.

14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\cmsis_iccarm.h Success. New file.

14:11:59.286 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cmsis_version.h Success. New file.

v S}"Stem 14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\core_cm@plus.h Success. New file.

14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\mpu_armv7.h Success. New file.
' 14:11:59.462 INFO: {Harmony}<MHC>[Info]: Executing generate hook
— S}@tem 14:11:59.473 INFO

14:11:59.473 INFOlGener‘ation complete (total time: 1995 milliseconds)]
14:11:59.473 INFO:

14:11:59.473 INFO: Generation complete.

14:11:59.572 INFO: {Harmony}<Harmony Database> -> preGenerateEvent
14:11:59.572 INFO: {Harmony}<Harmony Database» -» interfaceValidationEvent
14:11:59.572 INFO: {Harmony}<Harmony Database> -> processDataModel
14:11:59.572 INFO: {Harmony}<Harmony Database» -> postFinalProcessing
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€ Lab13-3 ADC with DMAC

Step 5 // TODO 13-3.01
//volatile uint8_t ADC_IsResultCompleted = 0;

//volatile int8_t ADC_ChannelIdx = 0;

// TODO 13-3.02
//void ADC_ResultCompleted(ADC_STATUS status, uintptr_t context) {
// if (status & ADC_INTFLAG_RESRDY_ Msk) {

// ADC_Result[ADC_ChannelIdx] = ADC_ConversionResultGet();
// ADC_ChannelIdx = (ADC_Channelldx + 1) % 2;
// if (ADC_ChannelIdx == 0) {
// ADC_IsResultCompleted = 1;
// }
// }
//}
int main (void)
{
SYS_Initialize(NULL);
// TODO 13-3.03
//ADC_CallbackRegister (ADC_ResultCompleted, (uintptr_t )NULL );
while ( true )
{
}
return ( EXIT_FAILURE);
}
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% Lab13-3 ADC with DMAC
Step 6

int main (void)

{
SYS Initialize(NULL);
while ( true )
{
// TODO 13-3.04
// if (ADC_IsResultCompleted)
/71 {
// ADC_IsResultCompleted = ©;
// myprintf("\033[2;1H");
// myprintf("VR1 Value : %4d\r\n", ADC_Result[0]);
// myprintf("\033[3;1H");
// myprintf("Temperature Value : %4d\r\n", ADC_Result[1]);
//}
}
return ( EXIT_FAILURE);
}
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€ Lab13-3 ADC with DMAC

Step 7

// TODO 13-3.05
volatile uint8_t DMA_IsTransferCompleted = 0;

// TODO 13-3.06
void DMA_TransferCompleted (DMAC_TRANSFER_EVENT event, uintptr_t contextHandle)

{
if (event == DMAC_TRANSFER_EVENT COMPLETE)
{
DMA_IsCompleted = 1;
DMAC_ChannelTransfer(DMAC_CHANNEL_oO,
(const void *) &(ADC_REGS->ADC_RESULT),
(const void *) ADC_Result,
sizeof (ADC_Result));
}
}
int main (void)
{
SYS Initialize(NULL);
while ( true )
{
}
return ( EXIT_FAILURE);
}

@ MICROCHIP



€ Lab13-3 ADC with DMAC

Step 8 int main (void)
{

SYS_Initialize(NULL);

// TODO 13-3.07
DMAC_ChannelCallbackRegister (DMAC_CHANNEL_O, DMA_TransferCompleted, (uintptr_t) NULL);
DMAC_ChannelTransfer (DMAC_CHANNEL_O,

(const void *) &(ADC_REGS->ADC_RESULT),

(const void *) ADC_Result,

sizeof (ADC_Result));

while ( true )

{
SYS Tasks();
// TODO 13-3.08
if (DMA_IsCompleted)
{
DMA_IsCompleted = 0;
myprintf("\033[2;1H");
myprintf("VR1 Value : %4d\r\n", ADC_Result[0]);
myprintf("\033[3;1H");
myprintf("Temperature Value : %4d\r\n", ADC_Result[1]);
}
}

return ( EXIT_FAILURE);
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€ Lab13-3 ADC with DMAC

Result

* “Hello World!!” string and ADC result of Potentiometer / Temperature Sensor will

output to terminal with 0.2 second period. Same as Lab13, but data moving by DMAC
now without CPU resources.

T COM9 - Tera Term VT

Eile Edit Setup Control Window Help
Hello HWorld!

YR1 Value : 4093
Temperature Yalue : 960

.......
Y TR -
_____

"
—

- o
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€ Lab13-3 ADC with DMAC

* Discuss
* Could set ADC callback and set the DMAC to moving ADC result when ADC result ready at the same

time ?

// TODO 13-3.03
//ADC_CallbackRegister( ADC_Complete, ( uintptr_t )NULL );

* The Answer is NO. ADC_RESRDY flag will be cleared automatically when DMAC reading/moving
ADC_RESULT g..icien)- SO, interrupt request of ADC_RESRDY and DMAC action couldn’t be enable at
the same time.

DMAC will take care ADC_RESRDY flag. And

' Two modules into race condition.
[ ]

Interrupt Controller may not detect the flag.

ADC InterruptFlag 1,
A D C_R ES R DY Detected Flag Detected Flag

and Clear Flag when read and Clear Flag when read
ADC_RESULT ADC_RESULT
N by callback function v by DMAC

Interrupt Controller DMAC
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* Lab13-4 ADC with DMAC and Interrupt

* This is a demo lab. and the result is not correct. Just use to show race condition for
ADC_RESRDY by interrupt controller and DMAC. Demo that the interrupt request of
ADC result ready and DMAC action by the flay same.

* Uncomment at Lab 13-3.01 ~ 13-3.03 and modify 13-3.02 follow below for ADC

Callback.

* Just open, build and program the firmware to MCU, then try it.

°Let’s go !

*Reference

// TODO 13-3.01
volatile uint8_t ADC_IsCompleted = 0;
volatile int8_t ADC_ChannellIdx = 0;

// TODO 13-3.03
ADC_CallbackRegister
( ADC_Complete, (uintptr_t )NULL );

// TODO 13-3.02
void ADC_Complete(ADC_STATUS status, uintptr_t context)

{
if (status & ADC_INTFLAG_RESRDY Msk)

{
/* Dummy Read */
ADC_Result[ADC_Channelldx] =
ADC_ConversionResultGet();
LED3_Toggle();
}
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% Lab13-4 ADC with DMAC and Interrupt

Result

APP045 Ov2 Ov3 Mva

¥ COMS6 - Tera Term VT

Hello Horld!
Hello Horld!
VR1 Value : 13

Temperature Value :

Hello Horld!
Hello YWorld!
VR1 Value : 12

Temperature Value :

Hello Horld!
]

File Edit Setup Control Window Hel

se DMAC take care ADC_RESRDY

ecau
e P B‘." ‘;‘0291 —\f;d—’—'/_,,_— o

0 A
.....

uuuuuuuuu

-
T

ot
ey T
,,,,,,,,,,,
rpeers e
g—— 9
et
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Direct Memory Access Controller (DMAC)
- Linked List for Transfer Block
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Review the Transfer Descriptor

* The “Transfer Descriptor” used to describe that which data and how many data be
transfer when DMAC be triggered.

* Beat Count (BTCNT) : how many triggered to finish this Transfer Descriptor.

* Source (SRCADDR) : It’s indicated source address.

e Destination (DSTADDR) : It’s indicated Destination address.

* Descriptor (DESCADDR) : It’s indicated that where is next Transfer Descriptor.

* Beatg 14 35.1it5) transfer : Data of amount be transferred every triggered.
» Block transfer : To finished BTCNT times at single Transfer Descriptor. Hranster Doseriotor
* Transaction : To finished all Transfer Descriptors. BTCTRL

Link Enabled Link Enabled Link Enabled BTCNT

SRCADDR

Ff e el e e e ]

DSTADDR

DESTADDR
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Linked List Mode of Transfer Descriptor
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Linked Descriptors

* A transaction can consist of either a
single block transfer or of several blocks
transfer.

* When a transaction consists of several
blocks transfer, it’s done with the help of
linked descriptors.

* Based on linked descriptors you could
moving differ type source form / to

e differ destination by differ transfer descriptor.
DESCADDR use to indicate where is
next descriptor Address, 0x00000000 (NULL)
means last one transfer descriptor.

DESCADDR

DESCADDR

BASEADDR

WRBADDR

Channel 0 — Last Descriptor

Channel 0 — Descriptor n-1

Descriptor Section

Channel n — First Descriptor

Channel 2 — First Descriptor

Channel 1 — First Descriptor

Channel 0 — First Descriptor

Write-Back Section

Channel n Ongoing Descriptor

Channel 2 Ongoing Descriptor

Channel 1 Ongoing Descriptor

Channel 0 Ongoing Descriptor

Device Memory Space

0x00000000

DSTADDR

SRCADDR

BTCNT

BTCTRL

DESCADDR

DSTADDR

SRCADDR

BTCNT

BTCTRL

DESCADDR

DSTADDR

SRCADDR

BTCNT

BTCTRL

Undefined

Undefined

Undefined

Undefined

Undefined
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Linked List Mode Enable at MHC

* Enable Linked List Mode in DMAC Settings.

!
(] DMA Settings

N a=kd

Active Channels List

(] Use Linked List Mode

Channel Number Trigger
DMAC Channel 0 ADC _RESRDY

. J DMAC Channel 0 Settings

|
(] DMA Settings

7 i

Active Channels List

-2 x|

Use Linked List Mode

Use Linked List Mode

Add C]mmel]

o M

Channel Number Trigger
DMAC Channel 0 ADC _RESRDY v

Add Channel Remove Selected Channel

DMAC Channel 0 Settings
Enable Interrupt: M
Trigger Action: One Beat Transfer per DMA Request
Source Address Mode: Fived Address Mode

Destination Address Mode:  Increment Address After Every Transfer

Beat Size: 16-bit bus transfer
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DMAC Functions for Link List Mode

Interface Routines

bool DMAC_ChannellLinkedListTransfer
(DMAC_CHANNEL channel, dmac_descriptor_registers_t* channelDesc);

void DMAC_LinkedListDescriptorSetup
(dmac_descriptor_registers_t* currentDescriptor,
DMAC_CHANNEL_CONFIG setting,
const void *srcAddr,
const void *destAddr,
size_t blockSize,
dmac_descriptor_registers_t* nextDescriptor);
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Review Block Diagram for Lab13-3_ADC_with_ DMAC

* Data transfer by DMAC and send it to SERCOM by CPU.
And assign new transfer job after moving finished every time at DMAC callback.

TC3 / Software

VR1

AN2

MCP9700

AN3

Trigger

Interrupt (ADCRESRDY)

void DMA_TransferCompleted (....)
if (event == DMAC_TRANSFER_EVENT_COMPLETE)
{

DMA_IsTransferCompleted = 1;

}
}

DMAC_ChannelLinkedListTransfer(DMAC_CHANNEL_O, ....);

One Beat Transfer Per Trigger
Beat : 16-bits
Block : 2 Beats
Source (Fixed) : ADC_RESULT
Destination(Increment, 1 Beat) : ADC_Result[0]
Next descriptor : NULL

int main (void)
if (DMA_IsTransferCompleted)
{

ADC_lIsResultCompleted = 0;

myprintf("\033[2;1H");

myprintf("VR1 Value : %4d\r\n", ADC_Result[0]);
myprintf("\033[3;1H");

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

A

* Pin Scan

DMACI[0]

ADC_RESULT

E

Enable Interrupt: %]
Trigger Action: Otne Bead Transfer per DMA Fequest
Source Address Mode: Fomd Address Mode

Destination Address Mode:  Ircrment Addms Afwr Every Transer

Beat Size: 16-bat bus tranafer
Channel /
Transfer Descriptor

BTCTRL 4

BTCNT 2
SRCADDR ADC_RESULT
DSTADDR ADC_Result

DESTADDR MNULL

ADC_Result[0] :> SERCOM

ADC_Result[1]

Wl COM9 - Tera Term VT

File Edit Setup Control Window Help
Hello HWorld!
VR1 Value : 4093

Temperature Value : 960
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Think !

* CPU still intervene the DMAC operation.
Because the code assign new transfer job after transfer finished every time at DMAC callback.

* How to set DMAC transfer automatic without CPU intervene ?
* Single Transfer Block Mode is one short operation.
* Linked List Transfer Block Mode can fit this require.

* Note ! DAMC stop after Transaction finished.

* At Single Transfer Block Mode,
Transaction finished means : One Block Transfer finished.

* At Linked List Transfer Block Mode,
Transaction finished means :
All Linked Block Transfer finished.

* So, to set an infinite(Circular) Linked List.

become a never stop “Transaction” can fit this require. m
A8\ MicrocHIP



€ Lab13-5 ADC with Descriptors Link of DMAC

* Please continue from SAM2001ADV Lab13-3 (Lab13-3 ADC with DMAC)

* Try to set the DMAC to Linked List Operation Mode to transfer
ADC_RESULT ;..ister) t0 ADC_Result[] sgan) When ADC_RESRDY.

* Set and define customer Transfer Descriptor based on linked list mode.
* DMAC Channel : 0
* Trigger Source : ADC_RESRDY
* Trigger Action : One Beat Transfer
» Source / Destination Address Mode : Fixed / Increment
* Beat Size :16-bits
* Source / Destination Register or memory : ADC_RESULT . ...,y / ADC_Result sz0y
* Descriptor Pointer : Pointer itself. (infinite linked list)

eLet’s go !
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€ Lab13-5 ADC with Descriptors Link of DMAC

* New block diagram require for Lab13-5 ADC with Linked List DMAC.

Data transfer by DMAC and send it to SERCOM by CPU. Transfer require of DMAC be
load by new Transfer Descriptor automatically.

int main (void)
[Enable Interrupt: %)
if (DMA_IsTransferCompleted)
{ Channel
ADC_lIsResultCompleted = 0; Transfer Descriptor
myprintf("\033[2;1H"); [

TC3 / Software myprintf("VR1 Value : %4d\r\n", ADC_Result[0]); BTCTRL ™
myprintf("\033[3;1H"); BTCNT 2
myprintf("Temperature Value : %4d\r\n", ADC_Result[1]);

One Beat Transfer Per Trigger } SRCADDR ADC_RESULT
- Beat : 16-bits }
& Block : 2 Beats DSTADDR ADC_Result
) Source (Fixed) : ADC_RESULT .
= Destination(Increment, 1 Beat) : ADC_Result[0] DESTADDR Pointing itself
- Next descriptor : ifself
V R 1 Interrupt (ADCRESRDY)
Ny DMAC[O]
AN2 *
W COM9 - Tera Term VT - ] X
M C P9700 ADC_RESU LT ADC_RGSUlt[O] SERCOM File Edit Setup Control Window Help
Hello World! ~
VR1 Value : 4093
AN3 ADC ReSU|t[1] Temperature Yalue : 960

* Pin Scan

DMAC_ChannelLinkedListTransfer
(DMAC_CHANNEL_0, & DMAC_Descriptor_ADC_SRAM));

DMAC_LinkedListDescriptorSetup(&(DMAC_Descriptor_ADC_SRAM),

DMAC_BTCTRL_STEPSEL(0) | DMAC_BTCTRL_DSTINC(1) | DMAC_BTCTRL_SRCINC(0) |
DMAC_BTCTRL_BEATSIZE_HWORD | DMAC_BTCTRL_BLOCKACT_INT | DMAC_BTCTRL_VALID(1),
(const void *) & ADC_REGS->ADC_RESULT),

(const void *) ADC_Result,

sizeof (ADC_Result),

&(DMAC_Descriptor_ADC_SRAM));
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€ Lab13-5 ADC with Descriptors Link of DMAC

* Linked List Mode C Code Example
void DMA_TransferCompleted (DMAC_TRANSFER_EVENT event, uintptr_t contextHandle)

{ Channel SRAM/
if (event == DMAC_TRANSFER_EVENT_COMPLETE) Transfer Descriptor Register
{
DMA_TransferCompleted= 1; BTCTRL ADC_RESULT
\ } BTCNT
dmac_descriptor_registers_t DMAC_Descriptor_ADC_SRAM; SRCADDR ADC_Result[0]
DSTADDR
int main (void) ADC_Result[1]
{ DESTADDR
SYS_Initialize (NULL ) Linked to itself, continuously event

DMAC_ChannelCallbackRegister(DMAC_CHANNEL_0 DMA_TransferCompleted, (uintptr_t) NULL);

DMAC_LinkedListDescriptorSetup(&(DMAC_Descriptor ADC_SRAM),
DMAC_BTCTRL_STEPSEL(0) | DMAC_BTCTRL_DSTINC(1) | DMAC_BTCTRL_SRCINC(O) |
DMAC_BTCTRL_BEATSIZE_HWORD | DMAC_BTCTRL_BLOCKACT_INT | DMAC_BTCTRL_VALID(1),
(const void *) &(ADC_REGS->ADC_RESULT),
(const void *) ADC_Result,
sizeof (ADC_Result),
&(DMAC_Descriptor_ADC_SRAM));

DMAC_ChannellLinkedListTransfer(DMAC_CHANNEL_O, &(DMAC_Descriptor_ADC_SRAM));

{..}

}

c_\ MICROCHIP



%€ Lab13-5 ADC with Descriptors Link of DMAC

Step 1

* Find “DMA Settings” at “DMA Configuration”

¥4 Project Graph - Editor

Project Graph = ]

X CTREORE ¢ |© [Pens

Dh{ L Configuration

MNVMCTRL Evoys [ADC Configmration
Peripheral Library Peripharal Libr, : _ B3 DMA Settings - Editor

— O *
oD
MEMORY amnee
”
CMSIS Pack Active Channels List o
_ _ [ Use Linked List Mode
Device Family Pack (DFP) :
Channel Number Trigger
Channel Settings
Enable Interrupt:
Trigger Action: One Elock Transfer Per DMA Request
Source Address Mode: Tncreiment &ddres After Every Transfer
Destination Address Mode: | Increment Address Lfter Every Transfer
Beat Size: 8-hit bus transfer
Add Channel Remove Zelected Channel

W
>
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%€ Lab13-5 ADC with Descriptors Link of DMAC

Step 2

* Enable Linked List Mode in DMA Settings.

_ﬂbMASctl:ings e x _

Active Channels List

[ JUse Linked List Mode

Channel Number Trigger

FE e | | Ar nal N Catbinne | ik .
MREEET T |
Use Linked List Mode

Active Channels List s Tiniked Tt Modd

Channel Number Trigger
TSe G ADC_RESRDY . DMAC Channel 0 Settings
Enable Interrupt: 4 | One Beat Transfer per DMA Request
y | Trigger Action: {One Beat Transfer per DMA Request v
Add Channel _
4 Source A Fixed Address Mode ~
Destination Address Mode:  Increme ter Every Transfer v
< | Beat Size: -
- =

234 Chenmel Remove Selscied Channal Don’t care, Setting by Code
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%€ Lab13-5 ADC with Descriptors Link of DMAC
Step 3

* Click to Generate Code.

File Edit View Navigate Source Refactor Production Debug Tea @ Loading.. n %
TS D@ e 1A A .
. c
Projects | Files | Services | Resource Management [MCC] x | = : sl DEUETL,
MCC v5.3.0

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

¥ Libraries Click ]

¥ Harmony

Output * | Scarch Results | Notifications [MCC] | News |

>
Core Snap *x MPLAB® Code Configurator *  Snap-Labl_SYS TIME Delay * Scripting * Snap-SYS_SERVICE * SYS .

S PaCkﬂ 14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\instance\wdt.h Success. New file.
14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\pic\samd21lgl8a.h Success. New file.

14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\samd21gl8a.h Success. New file.

[ 3 Fﬁerir)hfgralﬂ 14:11:59.279 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cachell armv7.h Success. New file.
14:11:59.279 INFO: ...rc\packs\CMSIS\CM5IS\Core\Include\cmsis_armcc.h Success. New file.

v . 14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_armclang.h Success. New file.
S}"'St'em SENICES 14:11:59.279 INFO: ...s\CMSIS\CMSIS\Core\Include\cmsis_armclang_ltm.h Success. New file.
14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_compiler.h Success. New file.

::} TlME 14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\cmsis_gcc.h Success. New file.

14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\cmsis_iccarm.h Success. New file.

14:11:59.286 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cmsis_version.h Success. New file.

v S}"Stem 14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\core_cm@plus.h Success. New file.

14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\mpu_armv7.h Success. New file.
' 14:11:59.462 INFO: {Harmony}<MHC>[Info]: Executing generate hook
— S}@tem 14:11:59.473 INFO

14:11:59.473 INFOlGener‘ation complete (total time: 1995 milliseconds)]
14:11:59.473 INFO:

14:11:59.473 INFO: Generation complete.

14:11:59.572 INFO: {Harmony}<Harmony Database> -> preGenerateEvent
14:11:59.572 INFO: {Harmony}<Harmony Database» -» interfaceValidationEvent
14:11:59.572 INFO: {Harmony}<Harmony Database> -> processDataModel
14:11:59.572 INFO: {Harmony}<Harmony Database» -> postFinalProcessing
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€ Lab13-5 ADC with Descriptors Link of DMAC

Step 4
{

}

void DMA TransferCompleted (DMAC_TRANSFER_EVENT event, uintptr_t contextHandle)

if (event == DMAC_TRANSFER_EVENT_COMPLETE)

{
DMA IsTransferCompleted = 1;
// TODO 13-5.01
// DMAC_ChannelTransfer (DMAC_CHANNEL O,
// (const void *) &(ADC_REGS->ADC_RESULT),
// (const void *) ADC_Result,
// sizeof (ADC_Result));
}

int main (void)

{

SYS_Initialize(NULL);

// TODO 13-5.02
// DMAC_ChannelTransfer (DMAC_CHANNEL_O,

// (const void *) &(ADC_REGS->ADC_RESULT),
// (const void *) ADC_Result,
// sizeof (ADC_Result));

while ( true ) {}
return ( EXIT_FAILURE);
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€ Lab13-5 ADC with Descriptors Link of DMAC

Step 5

// TODO 3.03
dmac_descriptor_registers_t DMAC_Descriptor_ADC_SRAM;

int main (void)

{
SYS_Initialize(NULL);

// TODO 13-5.04

DMAC_LinkedListDescriptorSetup(&(DMAC_Descriptor_ADC_SRAM),
DMAC_BTCTRL_STEPSEL(®) | DMAC_BTCTRL_DSTINC(1) | DMAC_BTCTRL_SRCINC(®Q) |
DMAC_BTCTRL_BEATSIZE_HWORD | DMAC_BTCTRL_BLOCKACT_INT | DMAC_BTCTRL_VALID(1),
(const void *) &(ADC_REGS->ADC_RESULT),
(const void *) ADC_Result,
sizeof (ADC_Result),
&(DMAC_Descriptor_ADC_SRAM));

// TODO 13-5.05
DMAC_ChannelLinkedListTransfer (DMAC_CHANNEL_O, &(DMAC_Descriptor_ADC_SRAM));

while ( true ) {}
return ( EXIT_FAILURE);
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€ Lab13-5 ADC with Descriptors Link of DMAC
Result

* “Hello World!!” string and ADC result of Potentiometer / Temperature Sensor will

output to terminal with 0.2 second period. Same as lab13, lab13-3, but transfer by
DMAC without CPU resource, continuously.

¥ COMS9 - Tera Term VT

Eile Edit Setup Control Window Help T ;,,
YA -\ ,:". ‘! - '!“]‘
Hello World! 4 ,%‘%‘ 2k |
VR1 Value : 4093 | k_ég,é%é =
Temperature Yalue : 960 1 =B S TS
¥ 5

| .

ife
5L

S
“”
20 QBC-\‘U‘"

et
eariend s
e

e
or e SO
T P

A "
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Power Debugger
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Power Debugger

* Power Debugger is a powerful development tool for
ARM® Cortex®-M based SAM and AVR microcontrollers using
JTAG, SWD, PDI, debugWIRE, aWire, TPI or SPI interfaces.

* In addition, Two independent current sensing channels
for measuring and optimizing the power consumption of
a design.

* Channel A for high accuracy, lower currents
* Channel B for higher currents with lower resolution

* A CDC virtual COM port interface

* A Data Gateway Interface channels for streaming
application data to the host computer from
a SPI, USART, TWI or GPIO source.

* Provides target POWEer, 1.6 - 55V’ https://www.microchipdirect.com/dev-
up to 100mA Status LEDs for debugging & target supply tools/ATPOWERDEBUGGER?allDevTools=true

USany

$252.99 USD
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https://www.microchip.com/en-us/development-tool/ATPOWERDEBUGGER

Power Consumption Measurement

* We talk about MPLAB Data Visualizer at above slices.

 MPLAB Data Visualizer support Power Debugger for power consumption
Measurement based on DGI (Data gateway Interface), also.

* We will use Power Debugger o
help us to measurement the | il :
power consumption at |
differ power mode
at below exercises.

1555425

|||||

S A%\ MicrocHp



Power Manager - Sleep Mode
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Power Manager (PM)

* The synchronous system clock control by Power Manager (PM).
It’s divided into several clock domains.
one for the CPU and AHB and one for each APB.

* PM controls the reset, clock generation and sleep modes of the device,
also.

* The application code decides which sleep mode to enter and when.

* Interrupts from enabled peripherals and all enabled reset sources can
restore the device from a sleep mode to active mode.

* The PM also contains a reset controller to collect all possible reset sources.
It issues a device reset and sets the device to its initial state and allows
the reset source to be identified by software.
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Sleep Mode - IDLE

* IDLE Mode
* The CPU is stopped.

* Optionally, some synchronous clock domains are stopped,
depending on the IDLE argument.

* Regulator operates in normal mode.

Mode Level <Mode Entry Wake-Up Sources

IDLE 0 SCR.SLEEPDEEP =0 Synchronous(?) (APB, AHB), asynchronous(")
1 ?VLFElEP.IDLE:LeveI Synchronous (APB), asynchronous
2 Asynchronous
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Sleep Mode - STANDBY

* STANDBY Mode

* All clock sources, clock generation and most peripheral are stopped,
except those where the RUNSTDBY bit is set.

* Regulator operates in low-power mode.

Mode Level Mode Entry Wake-Up Sources
STANDBY SCR.SLEEPDEEP =1 Asynchronous
WEFI
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Add PM Function using MCC-Harmony

* Find PM component in “Device Resources” window.
* Double click PM to add to “Project Resources” window.

VIS Ve

Project Resources

Generate || Import... || Export || @

¥ Libraries

¥ Harmony ¥ Harmony
» Packs » Packs
¥ Peripherals v Peripherals
» ADC » ADC
» EVSYS » EVSYS
» NVMCTRL » NVMCTRL
» SERCOM v PM
» TC ) PM
v System » SERCOM
System » TC
¥ System
_ System

Project Resources

A0

Project Resources

Generate || Import... | Export e

Device Resources

¥ Libraries

Device Resources

| (Z Content Manager

» 7 Drivers

» Librari » () Drivers
loranes
. ¥ Libraries
¥ Peripherals
» AC ) Emulated EEPROM
» DAC 12C_BB
» DSU ¥ Peripherals
» AC
» EIC
v PM PM » DAC
C | » DSU
PM
-PM " B
» RAM  a
» RTC
» RTC
» SERCOM .
- Double click » SERCOM

Device Resources

| (Z Content Manager
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PM Function

Configuration Options Example

B4 Configuration Options - Editor — O >
Confignration Options E=O
(=] [+

~Idle Sleep - Mode Configuration

The CPTT clock domadn is stopped
The CPU clock domadn iz stopped

The CPU and AHB clock domains are stopped
The CPTI, AHE and APE clock domaing are stopped

Mode ‘Level Mode Entry
IDLE 0 SCR.SLEEPDEEP =0
1 SLEEP.IDLE=Level
WFI
2

' Wake-Up Sources
Synchronous(®) (APB, AHB), asynchronous!!
Synchronous (APB), asynchronous

Asynchronous
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PM Functions & Code Example

Interface Routines & Example

void PM_IdleModeEnter( void );
void PM_StandbyModeEnter( void );
PM_RESET_CAUSE PM_ResetCauseGet( void );

int main (void)

{
SYS_Initialize ( NULL );

;;\}hile( true)

{
PM_IdleModeEnter( );

\ Enter Idle mode after function call
1
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€ Lab13-6 ADC with IDLE

 Please continue from SAM2001 Lab13 (ADC PinScan Interrupt Callback SWTrigger)
* Try to let CPU enter IDLEO mode, when nothing to do.

* Use power debugger or external current monitor
to tracking power consumption at running time.

* IDLEO : The CPU domain is stopped

eLet’s go !
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APP045 Ov2 Ov3 Mva

Current Monitor Function at APP045 v4

* APP045 provide current monitor pin for MCU. Solder pin header at J1 and cut off BS8
to enable it.

7

\ 3.3V_MCUH

I

PWR MCU
|

RS2 _."Huilluu:
50m. WES60050332001

- *

—

J

*A

MCU Power with Monitor

EAY ‘B

1
BSSH
D

AN {3.3v_McU

BS8

JPI
JUMPER(Short J1)

*A PCB short by default

J1

Solder a 2 Pins 90° of Pin Header

Spare Jumper for J1
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Monitor By Power Debugger

* Connect MCU power monitor pins at APP045 to
current monitor port (Channel A, 100mA) of Power Debugger.

)

Atmel DGl
L0 — B—
== USART/SPI H

AVR

USB

A(A)s B=

GND B—

APP045 Ov2 Ov3 Mva
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% Lab13-6 ADC with IDLE

Step 1

* Find PM component in “Device Resources” window.
* Double click PM to add to “Project Resources” window.

VIS Ve

Project Resources

Generate || Import.. | Export 0

¥ Libraries
¥ Harmony
» Packs
¥ Peripherals
» ADC
» EVSYS
» NVMCTRL
» SERCOM
» TC
¥ System
System

Project Resources

A0

Project Resources | Generate | Import.. || Export e

Device Resources

Device Resources

¥ Libraries
¥ Harmony
» Packs

¥ Peripherals

» EVSYS
» NVMCTRL
v PM
O M
» SERCOM
¥ System
_ System

»

ADC

| Q Content Manager

» 7 Drivers
» Libraries
¥ Peripherals

» AC

» DAC

» DSU

» EIC

v PM

-

» RAM

» RTC

» SERCOM

a_TC

PM

PM
| -PM

Double click |

Device Resources

| Q Content Manager

>

¥ Libraries

¥ Peripherals

»
»

¥ ¥ ¥ v v

) Drivers

) Emulated EEPROM
) 12c_BB

AC

DAC
Dsu

EIC

RAM
RTC
SERCOM

APP045 Ov2 Ov3 Mva
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% Lab13-6 ADC with IDLE

Step 2

B4 Configuration Options - Editor O >
Confignration Options E=O
(=] [+

~-Idle Sleep - Mode Configuration [The CPIT clack domsain is stopped

The CPU domain is stopped
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%€ Lab13-6 ADC with IDLE
Step 3

* Click to Generate Code.

File Edit View Navigate Source Refactor Production Debug Tea
P D@ | BT

Projects | Files | Services | Resource Management [MCC] x| =
MCCw5.3.0

Generate ‘ Import... || Export | | @ || @
Click ]

Project Resources

¥ Libraries

¥ Harmony
» Core
» Packs
» Peripherals
¥ System Services
O TIME
¥ System

O System

7 Loading..

MCC Generating

Output * | Scarch Results | Notifications [MCC] | News |

Snap *

14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:

11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:

MPLAB® Code Configurator *  Spap-Labl SYS TIME Delay =  Scripting *  Snap-SYS SERVICE x

59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
.462
473
473
473
473
59.
59.
59.
59.

59
59
59
59
59

279
279
279
279
279
279
279
279
28@
28@
28@
28@
28@

572
572
572
572

INFO: ..\src\packs\ATSAMD21G18A DFP\instance\wdt.h

INFO: ..\src\packs\ATSAMD21G18A DFP\pic\samd21lgl8a.h
INFO: ..\src\packs\ATSAMD21G18A DFP\samd21gl8a.h

INFO: ...\packs\CMSIS\CMSIS\Core\Include\cachell_armv7.h
INFO: ...rc\packs\CMSIS\CMSIS\CoreWInclude\cmsis_armcc.h
INFO: ...packs\CMSIS\CMSIS\Core\Include\cmsis_armclang.h
INFO: ...s\CMSISACMSIS\Core\Include\cmsis_armclang_ltm.h
INFO: ...packs\CMSIS\CMSIS\Core\Include\cmsis_compiler.h
INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\cmsis_gcc.h
INFO: ...c\packs\CMSIS\CMSIS\Core\Include\cmsis_iccarm.h
INFO: ...\packs\CMSIS\CMSIS\Core\Include\cmsis_version.h
INFO: ...c\packs\CMSIS\CMSIS\Core\Include\core_cm@plus.h
INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\mpu_armv7.h

INFO: {Harmony}<MHC>[Info]: Executing generate hook

Success.
Success.
Success.
Success.
Success.
Success.
Success.
Success.
Success.
Success.
Success.
Success.
Success.

INFO

INFO
INFO: Generation complete.
INFO: {Harmony}<Harmony Database> -> preGenerateEvent

INFOlGener‘ation complete (total time: 1995 milliseconds)]

INFO: {Harmony}<Harmony Database» -» interfaceValidationEvent

INFO: {Harmony}<Harmony Database> -> processDataModel
INFO: {Harmony}<Harmony Database» -> postFinalProcessing

New
New
New
New
New
New
New
New
New
New
New
New
New

SYS
file.
file.
file.
file.
file.
file.
file.
file.
file.
file.
file.
file.
file.

@ MICROCHIP



% Lab13-6 ADC with IDLE

Step 4

int main (void)
{
SYS_Initialize(NULL);

while ( true )

{
SYS Tasks();
// TODO 13-6.01
PM_IdleModeEnter();
}

return ( EXIT_FAILURE);
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% Lab13-6 ADC with IDLE

Step 5

* Open Data Visualizer by icon at MPLAB X IDE

ﬁ MPLAB X IDE v6.00 - Lab13-7_ADC_with_IDLE : default
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

EE’E'@ ) ¢ : [dcteu JE-T-E PR T-UR D E T & ) PC:0x) Howdo

Click to Open Data Visualizer
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%€ Lab13-6 ADC with IDLE
Step 6

* Load layout file to reduce setting steps.

¥4 MPLAE Data Visualizer - Editor - *
[i] MPLAE Dats. Visualizer e YEE
Workspace: D Clear, "ﬁ Load... H Save ﬂ Save As.. Views: B Time Plot E Termina @ Dashboard More ¥ o Documentation Use Dark Theme
= Time Plot X
g Power Debugger AP - .
E E C;. DGl e —| Marker Time Axis
E 1 ‘ 0s 105 »
) Q .
A COM7 Click to Load Workspace Setting P
*Mark T, Snapshot.
Data Axis
nEDBG CMSIS-DAP ; o e
E . W Auto adjust 512 $ +»
)]l
cons 2004 Mo Source s k6O ﬁ
A IS (@ Add Piot
- Add Data Axi
[F serial Ports o ® FateE
com4
A £l >
COM3 LE
A Fle >
-100
- T T T T T T T T T T 1
e os 15 2 3 4s s & EE o 10

@ MICROCHIP



€ Lab13-6 ADC with IDLE

Step 7

* Select “SAM2001ADV Lab _13-6.dvws” layout file. Then data axis be set.
Current, Power and Voltage.

N\
¥ MPLAB Data Visualizer - Editor - X
) MPLAB Dats Visvelizer x Ho
w Workspace:  [1] Clear 3 Load. M savess.  Views B TimePiot [ Terminal Dashboard  More
M
m Load... B Power Debugger CMSIS-DAP
§ B o &
=) Labl3-6_ADC with IDLEX ~ £5 v OM18
ral A na
- £ Data Axis
. -generated files E [ "EDBS CMsis-DAP
ot @
= build 2 —
L= TG Source Disconnected
=g
A d Ebug R & ° @ add Piot
dist g Data Axis
i i) E Serial Ports
nbpraoject
Source Disconnected

(® Add Piot

B SANZ001ADY Lab _13-6.dww:

Data Axis

SAM2001ADV_Lab_13-6.dvws S

(® Add Piot

(@ Add Data Axis

LJ& EEAEN):  |[SAMO001ADY _Lab_13-6dvws FEER
i ERIBENT) | Workspacs (* dvws *json) Files o Bl :

arsas
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% Lab13-6 ADC with IDLE
Step 8

 Enable Power of DGI left side at Data Visualizer.

¥4 MPLAB Dats Visualizer - Editor £ MPLAE Dats Visualizer - Editor 3 MPLAB Data Visualizer - Editor
{] MPLAE Dot Visalizer % [) MPLAB Data Visuslizer x [) MPLAB Data Vizualizer x

Workspace: [ Clear 71 Load... - Workspace: [ Clear 71 Load.. Workspace: [ Giear ) Load.. [ save Save As...

[S]E)]

Views: B2 TimePlot [z Terminal (@) Dashboard  More v

© pocumentation Use Dark Theme
—
H Power Deb igger CMSIS-DAP 1 Power Debugger CMSIS- H Power Debugger CMSIS- R "
B (5| DGI v DA ‘g & pap 5 N‘I'arker
% g ] Data values
oSO8 l:':ma . o# Maric T, snapshot...
5m
DGI of P Deb f oo e
of Power Debugger
— e Debug GPIO
= coms :
A

Channel / Current on Power Debugger (5

(&) Addfiot

Data Axis

.
g serial Ports
com4

512 T
A

Channel ) Power on Power Debugger Ctg 1

@ AddF ot

Data Axis
S0mW

512

Channel/ Voltage on Power Debugger (3 17 &
(@ Add¥ ot
No Item Selected

(@ Add Da a Axis

Terminal X

Input
Source:

Source Disconnected

Display As: Hex Values

Input Filtering:
Output

Newline Character:
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APP045 Ov2 Ov3 Mva

% Lab13-6 ADC with IDLE

Result

* “Hello World!!” string and ADC result of VR1 / Temperature Sensor will output to
terminal with two second period. Same as Lab 13, but MCU enter IDLE mode when

nothing to do, now.

‘era Term VT
Control Window Help

£ 2

a
oo i

[a—y—-— [a)
[=l=0 ' O
33

- B

13
ire Yalue : 1033

——
o0
=
R EE] - .

B
Semg = —
-z
I
oo

S o
—==
=]

0 r
Value : 12
mperature Yalue : 1033
lo World!

BT —-<ITT—<I T
QT O LR 5

—

e
e

-

ol
: e

e et =
e 0T

e
e T
o Anoeecs

et
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€ Lab13-6 ADC with IDLE

Result

* Power consumption compared for Active and IDLEO mode.

Active Mode IDLEO Sleep Mode

Power Analysis A Power Analysis
oe0 o e0 O | O |
A B : A B

483.1s 493.7s AS50ms S560.4= 561s ASS50ms
Average Min Max o Average  Min M an

i T, 12.7TmA 17.9mA 12 Amnh TImA 19.4mA
S56.ImW | 42.7mW | 60.4mW A1.8mW | CS6TmW | 65.7mW
|33 j33v |34aw g j3sev |33 |34V

Total Charge  Total Energy Total Charge  Total Energy
2.54pAh 30.8mJ 1.9pAh 23ml
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€ Lab13-6 ADC with IDLE

* Discuss
* IDLE mode is easy to enter / leave, how about STANDBY ?
* What challenge will be facing, when enter / leave STANDBY mode ?

* Remember that ?
“All clock sources, clock generation and most peripheral are stopped at
standby mode, except those where the RUNSTDBY bit is set”

 And DFLL(DFLL48M) are disable at standby mode, also.

* So, an alternative clock source and GCLK must be set for peripheral you
want to keep running at STANDBY mode.
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€ Lab13-7 ADC with STANDBY

* Please continue from SAM2001 Lab13-6 (ADC with IDLE)
* Try to let CPU enter STANDBY mode, when nothing to do.

* Use power debugger or external current monitor
to tracking power consumption at running time.

 STANDBY : All clock sources, clock generation and most peripheral are stopped.
* OSC8M : Enable, Running STANDBY, Connect to GCLK2
* GCLK2 : Enable, Running STANDBY

* TC3/TC4/SEROMS5/ADC : Running STANDBY, Connect to GCLK2

eLet’s go !
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% Lab13-7 ADC with STANDBY

* Before Lab13-7, check the block diagram of clock for Lab 13-6

SYSCTRL

\
GCLK

"| Generator 0

DFLL 48M

Calibration I

SYSCTRL

[Eanamion DS

) GCLK .
Generator 1

XOSC32K

Y

GCLK
Multiplexer 0

DFLL48M Reference

Y

PM

Y

CPU

A

Multiplexer 30

Multiplexey 25

Multiplexey 27

Multiplexer 28

\4
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€ Lab13-7 ADC with STANDBY

Step 1

int main (void)

{

SYS_Initialize(NULL);

while ( true )

{
SYS Tasks();
// TODO 13-7.01
//PM_IdleModeEnter();
PM_StandbyModeEnter();
¥

return ( EXIT_FAILURE);
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APP045 Ov2 Ov3 Mva

%€ Lab13-7 ADC with STANDBY
Result ?

* What Happened ? The board keeping in halt state, seem.

J

!‘L .-l

] At
o LS
\ s 3 )

g
e
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€ Lab13-7 ADC with STANDBY

* Remember !
“All clock sources, clock generation and most peripheral are stopped at standby mode,
except those where the RUNSTDBY bit is set” And DFLL(DFLL48M) are disable at

standby mode, also.

* So, an alternative clock source, GCLK and peripheral must be set for you want to keep
running at STANDBY mode.

* AHB and APB clock are stopped at STANDBY mode.
DMAC clock source by AHB. So, the DMAC are disabled except IDLEO mode.
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* Clock block diagram for Lab 13-7

% Lab13-7 ADC with STANDBY

SYSCTRL

DFLL 48M

D

Calibration I

SYSCTRL

XOSC32K

"| Generator 0

[Eanamion DS

GCLK

"| Generator 1

SYSCTRL

OSC8M

GCLK

Y

PM

A\ 4

CPU

\4

"| Generator 2

\

Running
at Standby

Running
at Standby

Multiplexer 30

Multiplexey 25

Running
at Standby

Multiplexey 27

Running
at Standby

Multiplexer 28

Running
at Standby

Running
at Standby
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% Lab13-7 ADC with STANDBY

X0sC

Oscillstors Controller Gax 0
i [eSe:10 )
Ste p 2 8 MHz Internal oscam S
8,000,000 Hz  —— o
| “ = oscax _’n 4;972,352 Hz :u 47,972,352 e .
f -2 Crystal Osc nalkc c I l c k ¥ :::Tn[cl 14 DIV1 .
Advanced Settings s =
CRYSTAL % cax
DFLL S,
8MHz Internal Oscilla.tnrl{OSCEM} Enable Check Ena ble OSC8M Fractioral Digital Phase Locked Loop (FOPLL)  []
¥ Gaxo Peripheral Clock Selection
Oscillator On-Demand Control Always Enable v 5| 4" i — ey w2
T > sak
Run Oscillator in Standby Sleep Mode Check Enable RUNSTDBY g cas
0SCULP32K aeLEL caxs of
Set OSCEM Frequency goooo00 2 |f [ X/L . s o 4'?‘ 12,768 oS T e
H ~ ™ Calculate ;:’\:» o— GQLKS >
Oseillator Fresealax PREQH e | | l Clock . GOLK_IN1] 1153 sak P;W):nlcpck
\ JL Source Digeal Fraquency Locked Locp (DAL 46Mh) (7 Lt

GAK_DAL
K o —{g——- XOSC32K
DAL
Calib ) -

' 47'972'352"‘1 ................................................
Advanced Settings * ] Closd S e mmnnmh.m. GCLK2

oscam o GO Input Output (10)
= /;.’ GCLK 4 GOLK_INx]
Ensble Gensric Clock Gensrator 2 Check GCLK2 = ? cacne ] e | B carom
GCLK should keep numning in Stendby mode [] | Check Enable RUNSTDBY e~ 6CLK 10 Contgt..
Source Selection OSCE8M i 32 KHz Oscilators Coneroller :z:m
T
Output GCLK clock signal on [0 pin? O 0OSC8M oS o, s
Off Velue PPy v‘ — ] G LT =
. 32K Ultra Low Power oscu.m;
Divide Selection Divide input directly by divider factor ‘ 32,768 Hz
Division Factor 1’;_. YIN32 50— xoscax
SZK Crys!al()stl!latol
Enable 5050 Duty Cycle O XOUT32 (B— 32,768 Hz
CRYSTAL
GCLEKZ Clock Frequency 8,000,000 =
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% Lab13-7 ADC with STANDBY

XOsC

Oscilistors Controller Gax )
Step 3 oo, o
2 Internal 0
oul"&@r ——’ .
8,000,000 Hz o Main Clock
FREQ! v OSCULP32K GaKo
oscax 47,972,352 Hz 47,972,352 Hz
XIN B ___X_’OK XOKK DIV1 |
8,000,000 -5~ Crystal Oscialltor ULl 14 pe
XOUTE— ¢ -
[CRYSTAL v oau
\DALL v
Fractional Digital Phase Locked Loop (FOPLL) D
i Peripheral Clock Selection
Clock xos¢ GOX Generamor 1 [ Sax0 s N
Source aa FOPLL 0scaM gox i i
GCLKO > - Peripheral Clock Configuration X
FOPLL i S0
Xxosc DAL cax3
Gax1
oscureze — > Peripheral Enable Source Peripheral Clock Frequency
s ‘ 0sC32K 32,768 HzSAKE
= & xoxx , sars ; AC_ANA O GCLKO v - A
154 GaK? ;
Clock Saxmd /r = o v AC_DIG 0 GCLKO v -
Solwce sax omt KOS o ADC %] GCLK 8,000,000 H
GCLKI o —-[g——‘— _ v K2 ,000, z
DAL
47,072,352 Hz DAC 0 -
x0se EIC O -
GCLK 3
GAX| Output (10)
oscam @ oCLK4  caxmed £ SERCOM4_CORE O -
FoPLL GCLK S €]
- T N SERCOMS_CORE & 8,000,000 Hz
Py LK e SYSCTRL_DFLL48 = 32,768 Hz
— Lk Bl GCLK 10 Configurst.
e 8,000,000 Hz SYSCTRL_FDPLL O -
32 KHe Oscillators Controller X NGl 124 SYSCTRL_FDPLL32K O -
(T o i /( 4 TC3, TCC2 8,000,000 Hz
alnr:mal Oscillator __“3?“ v TC4, TCs E 3,000,000 Hz
TCCo, TCCL 0 GCLKO v -
32K Ultra Low Power OSCuPBZE
Internal Oscillator 32,768 Hz usB D IGCLEO w -
woT O GCLKD v - 7
XOSC 32X 3 [
32,768 Hz Close
\ J
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% Lab13-7 ADC with STANDBY

Step 4

(] Contiguation Options
e

=m0

=TC32

[ Operating Mode | Timer  «

=-Sleep Configurations
Run during Standby

~Counter Mode Counter in 16-bit mode
Select Prescaler |Prescaler: GCLK_TC/1024 +

Lo Timer resolution is 128000.0 nS****

Check Enable RUNSTDBY

il

(] Configurstion Options

=0

=-ADC !
—Select Prescaler

Select Gain

Select Reference

Select Conversion Trigger
Channel Configuration
# Result Configuration
Window Mode Configuration
= Sleep Mode Configuration

_-Run During Standby B

- - [T -
(] Configuration Options |
= 4]
=-TC4

T counter Mode Counter in 16-bit mode

- Gelect Prescaler |Prescaler: GCLK_TC/256
e Timer resolution is 32000.0 ns****
[1;4 Operating Mode  Timer  «

Select Sample Length (half ADC clock cycles) 4
**** Conversion Time is 640.0 uS ****

Peripheral clock divided by 512

12% ~
1/2 YDDANA (only for YDDANA > 2.0V) «
SW Trigger ~

e

Check Enable RUNSTDBY

; 4
(] Configurstion Opions
=L 3]

=0

= SERCOMS

Operating Mode Non-blocking mode

ﬂl’

e

=h-Sleep Configurations
“Run during Standby

Check Enable RUNSTDBY

‘Receive Enable %]

| Transmit Enable
‘Frame Format USART frame
Baud Rate in Hz 115,200 =
-Parity Mode No Parity
Character Size 8Bits

Stop Bit Made One Stop Bit

Receive Pinout

=T SEEr GERCOM Operation Mode | USART with internal Clock

SERCOM PAD[3] is used for data reception
Transmit Pinout PAD[2]=TxD: PAD[31 = XCK

e

Enable Run in Standby

Check Enable

RUNSTDBY
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% Lab13-7 ADC with STANDBY
Step 5

* Click to Generate Code.

File Edit View Navigate Source Refactor Production Debug Tea @ Loading.. n %
TS D@ e 1A A .
. c
Projects | Files | Services | Resource Management [MCC] x | = : sl DEUETL,
MCC v5.3.0

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

¥ Libraries Click ]

¥ Harmony

Output * | Scarch Results | Notifications [MCC] | News |

>
Core Snap *x MPLAB® Code Configurator *  Snap-Labl_SYS TIME Delay * Scripting * Snap-SYS_SERVICE * SYS .

S PaCkﬂ 14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\instance\wdt.h Success. New file.
14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\pic\samd21lgl8a.h Success. New file.

14:11:59.279 INFO: ..\src\packs\ATSAMD21G18A DFP\samd21gl8a.h Success. New file.

[ 3 Fﬁerir)hfgralﬂ 14:11:59.279 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cachell armv7.h Success. New file.
14:11:59.279 INFO: ...rc\packs\CMSIS\CM5IS\Core\Include\cmsis_armcc.h Success. New file.

v . 14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_armclang.h Success. New file.
S}"'St'em SENICES 14:11:59.279 INFO: ...s\CMSIS\CMSIS\Core\Include\cmsis_armclang_ltm.h Success. New file.
14:11:59.279 INFO: ...packs\CMSIS\CMSIS\Core\Includelcmsis_compiler.h Success. New file.

::} TlME 14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\cmsis_gcc.h Success. New file.

14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\cmsis_iccarm.h Success. New file.

14:11:59.286 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cmsis_version.h Success. New file.

v S}"Stem 14:11:59.286 INFO: ...c\packs\CMSIS\CMSIS\Core\Include\core_cm@plus.h Success. New file.

14:11:59.286 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\mpu_armv7.h Success. New file.
' 14:11:59.462 INFO: {Harmony}<MHC>[Info]: Executing generate hook
— S}@tem 14:11:59.473 INFO

14:11:59.473 INFOlGener‘ation complete (total time: 1995 milliseconds)]
14:11:59.473 INFO:

14:11:59.473 INFO: Generation complete.

14:11:59.572 INFO: {Harmony}<Harmony Database> -> preGenerateEvent
14:11:59.572 INFO: {Harmony}<Harmony Database» -» interfaceValidationEvent
14:11:59.572 INFO: {Harmony}<Harmony Database> -> processDataModel
14:11:59.572 INFO: {Harmony}<Harmony Database» -> postFinalProcessing
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APP045 Ov2 Ov3 Mva

% Lab13-7 ADC with STANDBY

Result

* “Hello World!!” string and ADC result of VR1 / Temperature Sensor will output to
terminal with two second period. Same as Lab 13, but MCU enter STANDBY mode

when nothing to do, now.

‘era Term VT
Control Window Help

£ 2

a
oo i

[a—y—-— [a)
[=l=0 ' O
33

- B

13
ire Yalue : 1033

——
o0
=
R EE] - .

B
Semg = —
-z
I
oo

S o
—==
=]

0 r
Value : 12
mperature Yalue : 1033
lo World!

BT —-<ITT—<I T
QT O LR 5

—

e
e

-

ol
: e

e et =
e 0T

e
e T
o Anoeecs

et
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€ Lab13-7 ADC with STANDBY

Result

* Power consumption compared for IDLEO and STANDBY mode.

IDLEO Sleep Mode

g Power Analysis

O | O |

A B

S560.4= S6ls ASS0ms=

Average  Min M an
124mA [ 1imA 19.4mA
41.8mW |:6.TmW | 65.7TmW

j3sev |33 |34V

Total Charge  Total Energy
1.9pAh 23ml

.....

STANDBY Mode

AL

Power Analysis

o e 0
B
bd3s AS50ms

Min Max
980pA | T7.1mA
3.26mW | 573mw

EEL | 3.4v

Total Charge  Total Energy

3.8mJ
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€ Lab13-7 ADC with STANDBY

* Discuss
* Compare power consumption with Active, IDLEO and STANDBY mode.

Mode

Power Analysis

o8 oM B

A B

56045 561s A550ms

IDLEO Sleep

Average  Min Max

. 1 13 AmA  1ImA 19.4mA
Active Mode 418mW |36TmW | 65.TmwW STANDBY Mode
u: § i33ov 33 |34V a
: Power Analysis 3 ; Power Analysis
GeE O9B Total Charge  Total Energy O9F OB
8 - 1.9pAh 23mJ B B
493.1s 49375 A550ms ] § 642,45 643s AS50ms

Average  Min Max Average Min Max
1ETmA 12 TmA | T7.9mA § § } 20EmA | GE0pA 17.1mA
se.imw 427w |00AQVMNW | — —— - G 69mwW |3.26mW |573mwW
[33mv  [33v  |3aw [33av 33V |34v

Total Charge  Total Energy | | Total Charge  Total Energy
2.54pAh 30.8mJ da e me wme @ wi= mie l 315nAh 3.8mJ
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Application - SleepWalking
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SleepWalking

* SleepWalking is the capability for a device to
temporarily wake-up clocks for the peripheral to perform a task
without waking-up the CPU in STANDBY sleep mode.

* Peripherals co-work at STANDBY sleep mode to
reduce power consumption.

* Peripherals communication with by dedicated trigger source or event
system (EVSYS).

* And wakes-up CPU when needs by interrupts or reset.

ﬁ\ MICROCHIP



Hint & Tips for SleepWalking

* There are two thing need to know when entry STANDBY sleep mode,
* DMAC be disable at IDLE1, IDLE2 and STANDBY sleep mode except IDLEO.

* DMAC clock by AHB clock. B

* S0, must execute "wakes-up* e 51 [ S e e e S e
before DMAC action. T = Run:m:m.ed Run:n:m.ed R oo

» CPU be wakes-upped, also. o 7 S O [ [ [y e

* wakes-up CPU will resume all clocks, bus and peripherals.
* For Generally, don’t enter sleep mode when running ISR.

* When MCU enter sleep mode on ISR running,
NIVC will keep current interrupt priority and CPU be halted.
* When same priority interrupt occurred,
CPU be wakes-upped, but NVIC can't accept the interrupt require.
* At this situation, CPU is alive, but can't do any thing.
System will "Crash".
A8\ MicrocHIP



Application Require

* At this section, we try to create an application to demo SleepWalking feature.
* The application require list at below,
* To Convert VR1 and MCP9700 analog voltage
* Based on ADC’s Pin-Scan mode and sample time control by TC3
* Output the results to MPLAB Data Visualizer. : ‘
* follow data stream format for Data Streamer.
* Require minimum power consumption. (under 10mW) §

VR1
AN2
MCP9700 L
AN3 H START Byte |
F/
OXOJ?T‘ Ox03 || OxFF || OxO01 || OxFF ... |OXFC
l‘ Variable 1 l‘ l‘ Variable 2 &
printf( " %c%c%e%c%c%c %", END Byte’
0x03, [ARTY

ADC _Resultf0] & Oxff, (ADC _Resultf0] >> 8 ) & Oxff,
ADC _Result{1] & Oxff, (ADC_Result{1]>> 8 ) & Oxff,

 (0x03)); 3 ﬁ\ MICROCHIP




* Lab 13-8 ADC with DV

* Please continue from
SAM2001 Lab13 (ADC PinScan Interrupt Callback SWTrigger)
The function of project very similar as SAM2001 Lab13.

* There are key differ is

ox03 |0x03||0xFF||0x01||0xFF| - |0ch|
u I \

printf (" %c%c%c%c%c%c%c",
0x03,

myprintf("VR1 Value : %4d\r\n", ADC Result[Q]);

myprintf("Temperature Value : %4d\r\n", ADC_Result[1]); myprintf("%c%c%c%chc%c", ﬂﬁ?ﬁﬁ%ﬁﬁ?ﬁﬁﬁﬁ%ﬁiﬁﬁﬁﬁ
0x03, =
ADC_Result[@] & oOxff, (ADC Result[@] >> 8) & Oxff,
ADC Result[1] & oxff, (ADC Result[1] >> 8) & Oxff,
~(0x03));

eLet’s go !
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* Lab 13-8 ADC with DV

Step 1

int main (void)

{

if (TC3_HasExpired)

{
// TODO 13-8.01
//myprintf("Hello World!\r\n");
}
if (USART5_ IsReceived)
{
// TODO 13-8.02
//myprintf("\r\nReceived Data : %1lc\r\n", USART5_ReceiveData[@]);
}
if (ADC IsCompleted)
{
// TODO 13-8.03
//myprintf("VR1 Value : %4d\r\n", ADC_Result[0]);
//myprintf("Temperature Value : %4d\r\n", ADC_Result[1]);
// TODO 13-8.04
myprintf("%ckckckckckc",
ox03,
ADC_Result[@] & Oxff, (ADC_Result[@] >> 8) & Oxff,
ADC_Result[1] & oxff, (ADC_Result[1] >> 8) & Oxff,
~(0x03)) ;
}
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% Lab 13-8 ADC with DV

Step 2

* Open Data Visualizer by icon at MPLAB X IDE

ﬁ MPLAB X IDE v6.00 - Lab13-7_ADC_with_IDLE : default
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

EE’E'@ ) ¢ : [dcteu JE-T-E PR T-UR D E T & ) PC:0x) Howdo

Click to Open Data Visualizer
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% Lab 13-8 ADC with DV

Step 3

* Load layout file to reduce setting steps.

¥4 MPLAE Data Visualizer - Editor - *
[i] MPLAE Dats. Visualizer e YEE
Workspace: D Clear, "ﬁ Load... H Save ﬂ Save As.. Views: B Time Plot E Termina @ Dashboard More ¥ o Documentation Use Dark Theme
= Time Plot X
g Power Debugger AP - .
E E C;. DGl e —| Marker Time Axis
E 1 ‘ 0s 105 »
) Q .
A COM7 Click to Load Workspace Setting P
*Mark T, Snapshot.
Data Axis
nEDBG CMSIS-DAP ; o e
E . W Auto adjust 512 $ +»
)]l
cons 2004 Mo Source s k6O ﬁ
A IS (@ Add Piot
- Add Data Axi
[F serial Ports o ® FateE
com4
A £l >
COM3 LE
A Fle >
-100
- T T T T T T T _I T T 1
e os 15 2= EH 4s s 6s EE o 105
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* Lab 13-8 ADC with DV

Step 4

* Select “SAM2001ADV Lab 13-8.dvws” layout file. Then data axis be set.
Current, Power, Voltage, VR1 and MCP9700.

(. \
B3 MPLAB Data Visualizer - Editor - X
) MPLAB Dats Visvelizer x o
Workspace: [ Clear T Load.. [)save [ savens.  Views B2 Timepiot [ Terminal Dashboard  More
B Load.. £ g Power Debugger CMSIS-DAP
el
;| Labl3-B ADC with DV.E - =% -
EEECIOR # Marc T, snapsnot..
]
. Data Axis
) .generated_files p— oo
ey, . M ) y 24m
= build Serial 4 =m
L= 5 ) o Source Disconnected
A d Ebug Eenallions (® Add Piot

dist Data Axis
nbpraoject :
| SAMZ2001ADV_Lab_13-8.d

SAM2001ADV_Lab_13-8.dvws S

j ) (® Add Piot
it oo Data Axis

0

Source Disconnected

(® Add Piot

Data Axis

VR1 on APPO45v420

LT}“] (® Add Piot

‘$‘?ﬁ Data Axis
L_J& EEAEN):  |[SAMO001ADY _Lab_1 3-8 dvws ESER @ agapot
d (@ Add Data Axis
i IEFARR(T): Workspace (* dwws * json) Files - B

Input
Source:

COMS on nEDBG CMSIS-DAP s
Display As: Hex Values
Input Filtering:

Output

Newiine Character:
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Connedions

DGI of Power Debugger

* Lab 13-8 ADC with DV

Step 5

 Enable Power of DGl and COMXx left side at Data Visualizer

r - Editor ¥ MPLAB Data
x D ] MELAB D

[) gear 7 Load..

E Power Deb 1gger CMSIS-DAP
DGl

Workspace: [ Clear 7Y Load...

- r B

Power Debugger CMSIS-

§ [I5] pap

COoM18

DGIEnd

Debugger Polling
DG Endpoint

Serial

g serial Ports

No ltem Selected COMS Settings

Baud Rate:
115200

Char Length: bits ¥

Parity: Nore ~

1bit v

DGl Endpaint
SPI
DGl Endpeint

USART
A

DGl Endpoint
COM18
N‘ [

E nEDBG CMSIS-DAP
DG

COMS5
A

Serial

|E| Serial Ports

com4
A

COM3
COMS Settings

Baud Rate:

Char Length:

Parity:

M savens. | Views: B Tmepiot [ Terminal (D Dashboard More ¥

Time Plot X C d X

# Mak T, Snapshot..
Data Axi
24m
A Current on Power Debugger (5

Plot

75.9m

A Power on Power Debugger Ch 5

525m

A Voltage on Power Debugger (%

Plot

VR1 on APPDA5w420

(@ Adi Plot

Data Axi
920 100

MCPS7 10 on APPO45v420
(® Adi Plot

(3 Add | ata Axis

Terminal X t X

F U3 LB U3 FL U3 AU U3 L/ U3 FL U3 3/ U3 4D U3 FL U3 33 U3 LD U3 FL U3 3D U3 L/ U3 FL U3 £B U3 LD U3 FL U3 ZE U3 LD U3 FU U3 A U3 LD U3 FL U3 £E
03 C7 03 FC 03 2B 03 C6 03 FC 03 33 03 C7 03 FC 03 26 03 C8 03 FC 03 28 03 C8 03 FC 03 29 03 CA 03 FC 03 2B 03 CE 03 FC 03 2D 03 C5 03 FC 03 2D
03 C7 03 FC 03 30 03 €9 03 FC 03 2F 03 C7 03 FC 03 2F 03 CE 03 FC 03 2E 03 C3 03 FC 03 2C 03 C1 03 FC 03 30 03 C4 03 FC 03 33 03 C9 03 FC 03 33 0
3 C5 03 FC 03 28 03 C6 03 FC 03 2D 03 €4 03 FC 03 2D 03 €9 03 FC 03 2D 03 C6 03 FC 03 2B 03 C6 03 FC 03 25 03 C9 03 FC 03 2F 03 CF 03 FC 03 2B 03
C4 03 FC 03 2B 03 €3 03 FC 03 2E 03 €3 03 FC 03 31 03 C6 03 FC 03 32 03 C6 03 FC 03 29 03 C6 03 FC 03 2A 03 €8 03 FC 03 2B 03 C5 03 FC 03 2C 03
IC7 03 FC 03 2E 03 C8 03 FC 03 2B 03 €6 03 FC 03 2C 03 €5 03 FC 03 2B 03 CA 03 FC 03 2D 03 CD 03 FC 03 2D 03 C6 03 FC 03 2D 03 €7 03 FC 03 2F 03 C
7 03 FC 03 30 03 C9 03 FC 03 30 03 C6 03 FC 03 2D 03 C2 03 FC 03 2E 03 €6 03 FC 03 2B 03 (7 03 FC 03 34 03 (7 03 FC 03 2F 03 C3 03 FC 03 29 03 C6
03 FC 03 28 03 C9 03 FC 03 2C 03 CE 03 FC 03 2C 03 C6 03 FC 03 2C 03 C9 03 FC 03 2D 03 C9 03 FC 03 2D 03 C6 03 FC 03 2E 03 CF 03 FC 03 2F 03 D1
03 FC 03 2C 03 €5 03 FC 03 2D 03 C6 03 FC 03 2D 03 C7 03 FC 03 32 03 C8 03 FC 03 32 03 C6 03 FC 03 2B 03 C6 03 FC 03 2B 03 C2 03 FC 03 2B 03 CB 0
3 FC 03 2E 03 C6 03 FC 03 33 03 C7 03 FC 03 2E 03 C6 03 FC 03 29 03 CA 03 FC 03 2E 03 CB 03 FC 03 2C 03 CB 03 FC 03 2D 03 C6 03 FC 03 2D 03 C7 03
FC 03 2F 03 CA 03 FC 03 2D 03 C9 03 FC 03 2C 03 €6 03 FC 03 2E 03 €2 03 FC 03 2F 03 C3 03 FC 03 2F 03 C5 03 FC 03 2F 03 C6 03 FC 03 2D 03 C8 03
FC 03 26 03 CA 03 FC 03 2A 03 CE 03 FC

5

input
Source:

GOMS on nEDEG CMSIS-DAP
Display As: Hex Values
Input Fiftering:

Output

Newline Character: CR+LF §

@ MICROCHIP




APP045 [v2 Ov3 Mva

* Lab 13-8 ADC with DV

Result

* ADC result of VR1 / Temperature Sensor will output to DV with to second period.
Same as SAM2001 Lab 13. But output follow data stream format.

I
1

Power Analysis
= Q0O = Q0O
A B
T97.65 801.5= A3E3=

Average Min Max
16.2mA 12.8mA 17.9mA
S4.4mW | 42 7mW | 60.ImW

|34V [331v  |342v
12 807 820

952 gEﬂ gm . ; :.1. » () NS <,~\
OR" n
Total Charge  Total Energy, "
17pAh 206m) B
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* Lab 13-8 ADC with DV

* Discuss, this is block diagram for Lab 13-8

TC3 / Software

Trigger

VR1

N
AN2
MCP9700
AN3
* Pin Scan

void ADC_Complete( ADC_STATUS status, uintptr_t context)

if( status & ADC_INTFLAG_RESRDY_Misk )
{

ADC_Result[ADC_Channelldx] = ADC_ConversionResultGet();
ADC_Channelldx = ( ADC_Channelldx + 1) % 2;
if (ADC_Channelldx == 0)
ADC_IsCompleted = 1;
}

}

int main (void)
if (ADC_IsCompleted)

myprintf("%c%c%c%c%c%c",
0x03,
ADC_Result[0] & Oxff, (ADC_Result[0] >> 8) & Oxff,
ADC_Result[1] & 0xff, (ADC_Result[1] >> 8) & Oxff,
~(0x03));

Aterrupt (ADCRESRDY)

ADC_RESULT

—

ADC_Result[0]

SERCOM

s

—)‘0)(03HDxDSHDxFFHUxUl”DxFF‘ |0ch|

ADC_Result[1]
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€ Lab 13-8 ADC with DV

* Discuss

* Lab13-8 Based on Active power mode.
CPU take logic control, data moving and more power needs.

* How to reduce power consumption ?
* SleepWalking is best chosen at there.

* What key needs to know ?

* What kind different between
Lab13-9 and that a lab based-on SleepWalking ?
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€ Lab13-9 ADC Scan DV DMAC SleepWalking

* This is demo project.

* The function of project is same as Lab13-8 (ADC with DV).

* It’s a new code architecture based-on SleepWalking and DMAC.
* Program running at Normal and STANDBY mode, alternately.

* Please just download the project and compare that two labs for power

consumption.
* SAM2001ADV Lab13-8 : Avg. 54.4mW ->?

°Let’s go !
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% Lab13-9 ADC Scan DV DMAC SleepWalking

* Apply new process to reduce CPU loading.

void DMAO_Complete(....)
if (event == DMAC_TRANSFER_EVENT_COMPLETE)

{
DMAC_ChannelLinkedListTransfer(DMAC_CHANNEL_1, ....);

void DMA1_Complete(....)

if (event == DMAC_TRANSFER_EVENT_COMPLETE)

PM_StandbyModeEnter(); /Stand By

|Ux03||0x03”0xFFHOx01HDxFF| \och\

SERCOM

}
}
TCOVF  !wake up
TC3
One Beat Transfer Per Trigger One Beat Transfer Per Trigger
Beat : 16-bits Beat : 8-bits
Block : 2 Beats Block : 6 Beats
Source (Fixed) : ADC_RESULT Source (Increment, 1 Beat) : Head
EVSYS Destination(Increment, 1 Beat) : Payload[0] Destination(Fixed) : SERCON.DATA
Next descriptor : Pointing to Self Next descriptor : NULL
I I
= ADCRESRDY
< DMAC[O0] DMAC[1]
§ : ! SERCOM TX
VR1 N | |
AN2 : Head XX :
1 1
MCP9700 mocresur |1 | ayeatts) |
AN3 Payload([1]
* Pin Scan XX Tail
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%€ Lab13-9 ADC Scan DV DMAC SleepWalking

Hits

Advanced Settings

8MHz Internal Osillator(OSCBM) Enable [/

Oseillator On-Demand Control

Run Oscillator in Stand by Sleep Mode

Set ORCBM Frequency
Oscillator Prescalar

Only on Peripheral Request v

Oscillstors Controller

%
8 MHz Internal 4
Oscillator

oscam
—
8,000,000 Hz

v

%

On-Demand

8,000,000 E] E

_PRECM

l

Fractional Digital Phase Locked Loop (FOPLL) 0O

FOPLL

v |

Clock
Sourqe

GAK_DAL
Xy —E——

DAL

Digital Fraquency Locked Loop (DAL 48Mhz) Z
Calib

&S

oy 1,464 .5

o7

47,972,352 Hz

32 KHz Oscillators Controller

0SG2K

.SZK High Accuracy,
n'Imemal Oscillator

32K Ultra Low Power
Internal Oscillator

%
32K Crystal Oscillator

CRYSTAL v

OSCULPR2K

32,768 Hz

xosczle

32,768 Hz

X0
Gax °
oscem
FOPLL S
bAL Main Clock
OSCULP32K aaK0 d T
oscaK 47,972,352 Hz 47,972,352 Hz
XOKK e DIV1 v
GQLK_IN[O} kd
cax
DFLL v
Peripheral Clock Selecti

X05¢ GOLX Generator 1 [ L, =2
05c8M gax
FoPLL & san
= ca
OSCULP32K ﬂ‘, saxs N > Perlpherals
o5k 32,768 HzSAKS T

saks
XOSCIK B Peripheral Clock
Gax_IN1j = Sne Confi

caxs

XOSC32K
X0
GQLK Input Output (10)

DA GALK_INx]
FOPLL ‘——_q—‘
o = ——1>— [ caxop)
OSCULPR2K
PSR GCLK 110 Configurat...
N 8,000,000 Hz
GQLK_INO]
cax
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Channel

Transfer Descriptor

BTCTRL

BTCNT

SRCADDR

DSTADDR

DESTADDR

Ch.TD[0]

Beat = 16-bits
Block = 2 Beats

SRAM/
Register

ADC_RESULT

0x03

XX

Payload[0]

Payload[1]

XX

OxFC

Linked List, Continuously Event

dmac_descriptor_registers_t DMAC_Descriptor_ADC_SRAM[1];

DMAC_LinkedListDescriptorSetup(&(DMAC_Descriptor_ADC_SRAMI0]),

DMAC_BTCTRL_STEPSEL(0) | DMAC_BTCTRL_STEPSIZE(O) |

DMAC_BTCTRL_SRCINC(0) | DMAC_BTCTRL_DSTINC(1) |

DMAC_BTCTRL_BEATSIZE_ HWORD | DMAC_BTCTRL_BLOCKACT _INT |

DMAC_BTCTRL_VALID(1),

(const void *) &(ADC_REGS->ADC_RESULT),
(const void *) &(DV_Package_ADC.Payload[0],
sizeof (DV_Package_ADC.Payload), /* 2 Beats */
&(DMAC_Descriptor_ADC_SRAMI[0]));

7

i DMA Settings

Linked List Mode

-0 x

Active Channels List

Channel Number Trigger

DMAC Channel 0 ADC_RESRDY

DMAC Channel 1 SERCOMS5_Transmit ~

B use Linked List Mode

Enable Interrupt

Enable Interrupt:

CH.0, ADC_RESRDY

rigger Action:

ource Address Mode:

Add Channel Remove Selected Channel

Destination Address Mode:

Beat Size:

)

Cne Beat Transfer per DMA Reguest
Fixed Address Mode

Fixed Address Mode

8-bit bus transfer

v
v
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Hits
Channel
Transfer Descriptor

BTCTRL

BTCNT

SRCADDR

DSTADDR

DESTADDR

Ch.TD[0]

Beat = 8-bits
Block = 6 Beats

SRAM/
Register

SERCOMS5_DATA

0x03 XX
Payload[0]
Payload[1]
XX OxFC

Link NULL, One-Shot Event

7

[Nt ‘ Linked List Mode =80

Active Channels List QR —

Chennel Number Trigger

e — Enable Interrupt

.
DMAC Channel | SERCOMS_Transmit o

Enable Interrupt:

Trigger Action:

c H . 1’ S E RCO N 5_Tx burce Address Mode:

stination Address Mode:

Beat Size:

Add Channel Remove Selected Channel

=}

One Beat Transfer per DMA Request v
Foed Address Mode

Fixed Address Mode ~

8-bit bus transfer

N\

typedef struct

uint8_t:8;

uint8_t head,;
uint16_t Payload[2];
uint8_t tail;
uint8_t:8;

} DV_PACKAGE_2x16BITS;
DV_PACKAGE_2x16BITS DV_Package_ADC;

DV_Package_ADC.head = 0x03;
DV_Package_ADC.Payload[0] = Ox7FF; /* Dummy */
DV_Package_ADC.Payload[1] = Ox7FF; /* Dummy */
DV_Package_ADC.tail = “DV_Package_ADC.head;

dmac_descriptor_registers_t DMAC_Descriptor_SRAM_SERCONS5;

DMAC_LinkedListDescriptorSetup(&(DMAC_Descriptor _SRAM_SERCONS5),
DMAC_BTCTRL_STEPSEL(0) | DMAC_BTCTRL_STEPSIZE(0) |
DMAC_BTCTRL_SRCINC(1) | DMAC_BTCTRL_DSTINC(O) |
DMAC_BTCTRL_BEATSIZE_BYTE | DMAC_BTCTRL_BLOCKACT_INT |
DMAC_BTCTRL_VALID(1),

(const void *) &(DV_Package ADC) + 1,

(const void *) & SERCOM5_REGS->USART_INT.SERCOM_DATA),
sizeof (DV_Package_ADC) - 2,

NULL);
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(] Configurstion Options - [ (] Configunstion Options -0
= =
E-TC3 E-SERCOMS
~Counter Mode  Counter in 16-bit mode £ Select SERCOM Operation Mode (USART with intemsl Clock
Select Prescaler  Prescaler: GCLK_TCH4 %--Operatmg Mode Blocking mode
L Timer resolution is 8000.0 ng**** _Receive Enable ol R—
E} Operating Mode | Timer 1 - - iy i 4 Transmit Enable = USE tO trlgglng DMA[].]
& Timer _ [} Configuration Options =0 ;--Frarna Format USART frame Z
Enable One-Shot Mode 4 = B -Baud Rate in Hz 115,200 2
~Timer Period Unit millisscond E-ADC ;--Parity Mode No Parity
=-Time 5012 - Select Prescaler Peripheral clock divided by 512 + . Character Size 8 Bits «
- Select Sample Length (half ADC clock cycles) 42 .Stop Bit Mode One Stop Bit

_ “-Enable Timer Input Event
B Sleep Configurations
“~Run during Standby [

O

s Use to trigging ADC

Enable Timer Period Overflow Event B

il

oo ¥¥E¥ Conversion Time is 640.0 uS ****

 select Gain Event Input f
- Select Reference —

m TC3_OVF

= Select Conversion Trigger
| Enable Flush Event Input []
" Enable Start Event Input B
& Channel Configuration
E-Result Configuration
| Select Result Resolution 12-bit result v
- Left Aligned Result O
Enable Result Ready Interrupt Use to trigging DMA[O]
.~ Enable Result Ready Event Out []
- Window Mode Configuration
- Sleep Mode Configuration
“Run During Standby [

SERCOM PAD([3] is used for data reception -
PAD[2] = TxD; PAD[3] = XCK
~~Enable Run in Standby [

- Receive Pinout

Event Input for Start
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1 1
(] EVENTO Easy View = % F x
A
Event System Manager
Channel Configuration Channel 0 Settings
Channel Event User Remave —
Wumber Event Generator Status Resdy Channel Path Selection: ASYNCHRONOUS ~
Channel 0
TC3_OVF to trigger ADC Start Conversion
e L | 1 !
(] NVIC Settings =40 X
Add Channel Priority
Yector Number Vector Enable {0 = Highest) Handler Name
R 11 SERCOM2Z (Serial Communication Interface 2) O 3 w | SERCOM2_Handler '
User Configuration : —
12 SERCOM3 (Serial Communication Interface 3) O 3 ~ | SERCOM3_Handler
USER Channel Number Remove User 13 SERCOM4 (Serial Communication Interface 4) O 3 ~ | SERCOM4_Handler
“START ~ | Chamnel 0 e ) emove 14 SERCOMS (Serial Communication Interface 5) O |3 + | SERCOMS_Handler
15 TCCO (Timer [Counter for Control Applicati || 3 s | TCCO _Handler
i TCC1 (Timer Counter for Control er priority to occupy ISR.
17 TCC2 (Timer/Counter for Control Applications 2} ] TCC2_Handler
18 TC3 (Timer /Counter 3) ™ TC3_TimerInterruptHandler
19 TC4 (Timer /Counter 4) O 3 ~ | TC4_Handler
20 TC5 (Timer /Counter 5) O 3 ~ | TCS_Handler
Add User —
23 ADC (Analog-to-Digital Converter) M 3 w | ADC_InterruptHandler
24 AC (Analog Comparators) O 3 w | AC_Handler
25 DAC (Digital-to-Analog Converter) O 3 ~ | DAC_Handler
& ES PTC (Peripheral Touch Controller) O 3 ~ | PTC_Handler
27 125 (Inter-IC Sound Controller) O 3 v | I25_Handler v
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% Lab13-9 ADC Scan DV DMAC SleepWalking

Result

* ADC result of VR1 / Temperature Sensor will output to DV with to second period.
Same as Lab13-8. But based on SleepWalking feature.

OmA Al

Power Analysis

=90 O 90
A B
883.7< 887.55 A3.83s

10mA

Average Min Max
7.04mA | 1.07mA | 163mA
23.6mW | 3.59mW |55mW
338V [329v  |341v SR O
81 807 g5 OR
960 955 o

Total Charge | Total Energy 0
7.43pAh 89.8m) | |
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€ Lab13-9 ADC Scan DV DMAC SleepWalking

Result

* Power consumption compared for Lab13-8 and Lab13-9.

Lab13-8 Active

Power Analysis
= g ﬁ = g ﬁ
A B
T97.65 801.55 ATE3s

Lab13-9 SleepWalking

Power Analysis

= @ ﬁ o= 9 ﬁ

A B

883.7s 8875 A383s

Average Min Max
7.04mA [107mA | 163mA
23.6mW | 3.59mW |55mW

[338v  |329v |34V
81 807 815
960 955 969

Average Min Max
162mA [12.8mA [17.9mA
| | 544mw |427mwW |60.1mW
"""""""""""""""""""""""" | 134v [331v  |3.42v
812 807 820
962 958 968

Total Charge  Total Energy
17pAh 206mJ

Total Charge | Total Energy
T.A3pAh 89.8mJ
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* Lab13-9 ADC Scan DV DMAC SleepWalking

* Discuss
* The new code architecture based on SleepWalking and DMAC.
It’s help reduce power consumption. You already saw it at Lab 13-9.
* But any thing make you confused When you watch the
power waveform at MPLAB Data Visualizer ?
* CPU seem be wake-up continually. it can't go to sleep mode most time.
it's not a good situation.
* Why ? Who wake-up CPU continually
or some one occupy the clock / bus ?
* CPU be wakes-upped When DMAC acting.
* So, Key is that try to save DMAC
action time, Let CPU go to sleep mode most time.
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€ Lab13-10 ADC Scan DV DMAC-Linked SleepWalking

* This is demo project.
* The function of project is same as Lab13-8, Lab13-9.

* The code architecture based-on Lab13-9 and
set DMAC to Linked Transfer Block Mode to save action time of DMAC.

* Program running at Normal and STANDBY mode, alternately.

* Please just download the project and compare that two labs for power

consumption.
* SAM2001ADV Lab13-8 : Avg. 54.4mW
* SAM2001ADV Lab13-9 : Avg.

eLet’s go !
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%€ Lab13-10 ADC Scan DV DMAC-Linked SleepWalking

* Apply new block diagram to save DMAC action time.

TCOVF !wake up

}
}

void DMAO_Complete(....)

if (event == DMAC_TRANSFER_EVENT_COMPLETE)

if (i++>=1)

i=0;
DMAC_ChannelLinkedListTransfer(DMAC_CHANNEL_1, ....);

}

else

PM_StandbyModeEnter(); /Stand By

void DMA1_Complete(....)

if (event == DMAC_TRANSFER_EVENT_COMPLETE)

PM_StandbyModeEnter(); Stand By

TB[1] One Beat Transfer Per Trigger
Beat : 16-bits
Block : 1 Beats
Source (Fixed) : ADC_RESULT
Destination(Fixed) : Payload[1]
Next descriptor : Pointing to TB[0]

DMAC[0]

One Beat Transfer Per Trigger
Beat : 8-bits
Block : 6 Beats
Source (Increment, 1 Beat) : Head
Destination(Fixed) : SERCON.DATA
Next descriptor : NULL

TC3
TB[0O] One Beat Transfer Per Trigger
Beat : 16-bits
Block : 1 Beats
Source (Fixed) : ADC_RESULT
Destination(Fixed) : Payload[0]
EVSYS Next descriptor : Pointing to TB[1]
= ADCRESRDY
s
(7]
(6]
o
VR1 N
AN2
MCP9700 ADC_RESULT
AN3
* Pin Scan

Head XX

Payload[0]

Payload[1]

XX Tail

DMAC[1]

SERCOM TX

—

|Ux03||0x03”0xFFHOx01HDxFF| \och\

SERCOM
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% Lab13-10 ADC Scan DV DMAC-Linked SleepWalking

Hits
Channel SRAM/
Transfer Descriptor Register
BTCTRL ADC_RESULT
BTCNT
Beat = 16-bits
0x03 XX
SRCADDR Block = 1xBest
Payload[0
DSTADDR Ch.TD[1] yload[0]
Payload[1]
DESTADDR BTCTRL
XX OxFC
Ch.TD[O0] BTCNT
Beat = 16-bits SRCADDR
Block = 1xBest
DSTADDR
DESTADDR

Linked List, Continuously Event

7

i DMA Settings

Linked List Mode =g

Active Channels List

Channel Number Trigger
ADC_RESRDY - |
DMAC Chennel | | SERCOMS_ Transmit ”

B use Linked List Mode

Enable Interrupt

Enable Interrupt: E

CH.0, ADC_RESRDY

Figger Action: One Beat Transfer per DMA Request

ource Address Mode: Fixed Address Mode

Add Channel Remove Selected Channel

Destination Address Mode: | Fixed Address Mode

v
v

Beat Size: 8-bit bus transfer

N\

dmac_descriptor_registers_t DMAC_Descriptor_ADC_SRAM|2];

DMAC_LinkedListDescriptorSetup(&(DMAC_Descriptor_ADC_SRAMI0]),

DMAC_BTCTRL_STEPSEL({0) | DMAC_BTCTRL_STEPSIZE(0) |

DMAC_BTCTRL_SRCINC(0) | DMAC_BTCTRL_DSTINC(O) |

DMAC_BTCTRL_BEATSIZE_ HWORD | DMAC_BTCTRL_BLOCKACT_INT |

DMAC_BTCTRL_VALID(1),

(const void *) &(ADC_REGS->ADC_RESULT),
(const void *) &(DV_Package_ADC.Payload[0],
sizeof (DV_Package_ADC.Payload[0]),
&(DMAC_Descriptor_ADC_SRAM[1]));

DMAC_LinkedListDescriptorSetup(&(DMAC_Descriptor_ADC_SRAMI[0]),

DMAC_BTCTRL_STEPSEL({0) | DMAC_BTCTRL_STEPSIZE(0) |

DMAC_BTCTRL_SRCINC(0) | DMAC_BTCTRL_DSTINC(0) |

DMAC_BTCTRL_BEATSIZE_HWORD | DMAC_BTCTRL_BLOCKACT_INT |

DMAC_BTCTRL_VALID(1),

(const void *) & ADC_REGS->ADC_RESULT),
(const void *) &(DV_Package_ADC.Payload[1],
sizeof (DV_Package_ADC.Payload[1]),
&(DMAC_Descriptor_ADC_SRAMI[0]));
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%€ Lab13-10 ADC Scan DV DMAC-Linked SleepWalking

Result

* ADC result of VR1 / Temperature Sensor will output to DV with to second period.
Same as Lab 13-9. But based on SleepWalking feature and save DMAC action time.

mA

Power Analysis

O3 My O My

A B

934.4< 938.25 A3.83s

10maA

Average Min Max
1.52mA | 1.03mA | 16.4mA
\ S.08mW | 3.43mW | 54.9mW
[338v  [329v  [34v _ w0 wmm t
2N 808 815 MR
957 953 961

.....

Total Charge  Total Energy 8
1.59pAh 19.2mJ
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€ Lab13-10 ADC Scan DV DMAC-Linked SleepWalking

Result

* CPU go to sleep mode most time. And Avg. power is 5.08mW.

Power Analysis

9 ﬁ = 9 ﬁ

A B

034.4< 938.25 A3 83s

Average Min Max
1.52mA | 1.03mA | 164mA
| 5.08mW | 3.43mW | 54.9mwW
T j338v |329v |3av
811 808 815
957 953 961

Total Charge  Total Energy
1.59pAh 19.2mJ
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€ Lab13-10 ADC Scan DV DMAC-Linked SleepWalking

Result

* Power consumption compared for Lab13-9 and Lab13-10.

------

Lab13-9 SleepWalking

Lab13-10 SleepWalking & DMAC-Linked

Power Analysis

= @ ﬁ = 9 ﬁ
A B
934.4s 935.25 N3.83s

Power Analysis

= ﬁ = @ ﬁ

A B

883.7< 887.5s A3.83s

Average Min Max
7.04mA | 1.07TmA | 163mA
23.6mW | 3.59mW | 55mwW

|33av  |329v |34V
811 807 815
960 955 969

Average Min Max
1.52mA | 1.03mA |16.4mA
| 5.08mW | 3.43mW |54.9mwW
[338v  [329v  |3.av
8N 808 815
957 953 961

Total Charge | Total Energy
7.43pAh 89.8mJ

Total Charge  Total Energy
1.59pAh 19.2mJ
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%€ Lab13-10 ADC Scan DV DMAC-Linked SleepWalking

* Discuss

* Compare power consumption with Active, SleepWalking and SleepWalking with

DMAC-Linked. _
Lab13-9 SleepWalking

Power Analysis
o0 o 90

! A B

55555 883.7s | 88755 |A3.a83s

Lab13-8 Active B | el sl Lab13-10 SleepWalking & DMAC-Linked
& ; : 23.6mW | 3.59mW |55mW . = ;
; Power Analysis : 1 ! § Power Analysis
608 OB |::I~’;3"-' |:-:;"\" |;-1:'"-" ”} OeE OB
A B ! A B

960 955 969

T97.6s 801.55 A383s 93445 93825 A3.83s
Total Charge Total Energy

7.43uAh 89.8mJ e | ]

152mA  [1.03mA | 16.4mA
| S08mW | 3.43mW |54.9mw
|338v  [329v |34V
8N 808 815
957 953 961

Average Min Max
162mA [12.8mA [17.9mA
| |s44mw |427mw |60.1mw
|3.4v [331v  |3.42v
812 807 820
962 958 968

Total Charge  Total Energy
17uAh 206mJ

Total Charge  Total Energy
1.59pAR 19.2mJ
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* Lab13-8, 9, 10 Finial Comparison

* Discuss
* SAM2001ADV Lab13-8 : Avg. 54.4mW

* Active Mode.

* SAM2001ADV Lab13-9 : Avg.

* SAM2001ADV Lab13-10 : Avg. 5.08mW

« STANDBY mode, save DMAC action time.

Power Analysis
= @ ﬁ o 9 ﬁ

A B

T97.65 801.55 A3.835

Average Min Max
162mA | 128mA |[17.9mA
544mW | 427mW |60.1mW

| 3.4v [33iv  |3.42v

812 807 820 Power Analysis
962 958 968 —~ — —~ -
90 090
Total Charge  Total Energy A B
17pAh 206m) 883.7s 867.55 A3.83s

Average Min Max
7.04mA [1.07TmA | 163mA
23.6mW |359mW |55mWw

|338v  |329v |34V

| |an 807 815
960 955 969

Power Analysis
D90 o0
A B Total Charge | Total Enengy
934.4s 938.2s A3.83s T.43pAh 89.8mJ

Average Min Max
1.52mA | 1.03mA | 16.4mA
5.08mW |3.43mW |54.9mW

|338v  |329v  |3av
a1 808 815
957 953 961

Total Change Total Energy
1.59pAh 19.2mJ
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