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APPO045 v4 Features

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

e Support Li-on Battery, boost and charger

e 2 X Buttons, 3 x LEDs

* 1 x 12C Temperature Sensor

* 1 x12C EEPROM with Unique ID

* 1 x 12C Accelerometer

* 1 x MicroSD Socket (SPI interface)

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

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

* 1 x mikroBUS™ Click Board Socket

* 1 x Arduino® Shield Socket (Arduino MO Pro board Compliant)
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APP045 v4 Overview
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APPO045 v4 Programmer and Debugger
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APPO045 v4 Block Diagram
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% LabX Heart Rate and Oximeter

* The Sensor we to use is MAX30102 (Pulse Oximeter and Heart-Rate Sensor).
You can use keyword “MAX30102 module” to find the module for this Lab.

- Please wire MAX30102 module SDA/SCL to APP045v4 mikroBUS SCL(PA22)/SDA(PA23),

and optional wire module’s INT to mikroBUS INT(PA04).
* The module needs supply 5V. (Depend module)

@, o o
° H H . 000
MAX30102 configuration: ; oo m il
* SDA connect to PA22 (SERCOM3 PADO) B :,J.Y:T-L.%Z@ N
* SCL connect to PA23 (SERCOM3 PAD1) {]  iNsomscLow 3
* INT connect to PAO4 (EIC_EXTINT4) Optional T 090 O O(Q
* Slave address is 0x57.
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* The Harmony Configuration.

% LabX Heart Rate and Oximeter
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4 LabX Heart Rate and

* The Harmony Configuration.

- SERCOMS
= Select SERCOM Operation Made USART with internal Clock
- Dperating Mode Eing buffer mode -~

- Configure Ring Buffer Size-

Tx Ring Buffer Size 1,024 =
LRYX Fing Buffer Size 12812
—~Receive Enable
~Transmit Enable
~Frame Format ITSART frame w
~Baud Rate in Hz 115,200 2
- Parity Mode Mo Panty
- Character Size 2 Bits -~

Cme Stop Bit

SERCOM PAD[Z] 15 used for data reception
~Transmit Pinout PAD[2] = TxD; FAD[3] = XCK S
~Enable Run in Standby [ ]

- Stop Bit Mode

-~ Receive Pinout

Oximeter

-~ E-SPI

Driver - PLIE Used SERCON4
& Core Service - MNumber of Clients =
: e
SERCOM4 Instances =+ Transfer Queue Size -

Peripheral Library Instance 0 ~LUse DMA for Transmit and Receive?

SPI SPI - DMA Channel For Transmit 0z
DRV_SPI ~0OMA& Channel For Receive =

E-SERCOM3
= Select SERCOM Operation Mode 120 Master
STANDARED AND _FAST MODE -
- Enahle operation in Standby mode |:|
- 504 Hold Time 20-100ns hold time -
-12C Speed in KHz 400 =
-12C Trise in nano seconds L0
- Enahble 10-bit Addressing |:|

-~ Transfer Speed Mode

=+ SERCOMS
= Select SERCOM Operation Mode  SFI Mastar
- Enahble Interrupts ?
--Enable operation in Standby mode
- 5PI Data Out Pad
-SPI Data In Pad Selection
~SPI Data Crder
- 5SPI Speed in Hz
- 5PI Data Character Size
-SPI Clack Phase
- SPI Clock Polarity

- 5Pl Receiver Enahle
- #FEEP] Transfer Mode O is Selected*®**

~Enable SPI Master Hardware Slave Select [ ]

L]
D& on PAD[Z], 5CKE on PAD[Z] and 55 on PAD[1] ~

=ERCOM PAD[O] -
MSE 15 transferred first -
100,000,000 -5
2 bits
The data 15 sampled on a leading SCE edge and chanm -
UK 15 low when 1dle

@ MICROCHIP



% LabX Heart Rate and Oximeter

* The Harmony Configuration.

Fin Settings =
Order: Ports i~ | Table View Easy View
IP‘.iIl;lmber Fun [D Custom Mame Function Mode Cirection Latch  Full Up  Full Dirive
Do Stranoth
PAD3 S5D1306_RS GPIO w Out v| High NORMAL v
PADS 5501306_CS GPIO v Out v| High | NORMAL |
PA0S LED2 GPIO ~ out v| High | NORMAL
22 PA13 SERCOM4_PAD1 ~ | Dhngital | out | nfa NORMAL |
23 PA14 BT1 GPIO w| Digital | In w| Low [] [] |mORMAL -~
24 PA15 BT2 GPIO w| Digital | In w| Low [] []
26 PA1T LED3
29 PAZ0 LED1
3 PA22 [] []
32 PA23 SERCOM3_PAD1 [] []
18 PE10 SERCOM4_PAD2 Digital | HighImpedance | nfa [] []
20 PB11 SERCOM4_PAD3 Digital | HighImpedance | nfa [] []
37 PB22 SERCOMS_PAD2 Digital | HighImpedance | nfa [] []
33 PB23 SERCOMS_PAD3 Dugital | HighImpedance | nfa [] []
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% LabX Heart Rate and Oximeter

* The Harmony Configuration.
Froject Graph* | Configuration Options* IHelp l
X CREORE4|® =

= Core
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F'a'ipl"l-a’al Lil:rarg,r mSIS Pack H
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I'él--.&«pplicatil:un Configuration
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e ~Enable Application O Configuration —

Feviphesal Lilseay _. Core Service ._

~Application Mame app_oled
TMR

CONSOLE Spplication name must be valid C-Language identifier and sho

Systermn Service E-Application 1 Configuration ap p OXi m et Y;
o Core Service ~Enable Application 1 Configuration o

SERCOMS [~ SERCOMA -fapplication Mame app_oximeter
Peripheral Library e e T Peripheral Library | -AEEE Anplication name must be valid C-Language identifier and sho
UART UART sSPI wiaenerate Harmony Driver Common Files ]
‘ USB DEVICE cCDC - @enerate Harmony System Service Cormrmon Files
SYS_CONSOLE - Generate Harmony System Media Files |:|
-Enahble System Interrupt
-~ Enahble Systern Ports
-~ Enahble Systern DMA
-Enable System Reset |:|
~Enahle OSAL
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% LabX Heart Rate and Oximeter

 Copy files and overwrite all in your project \src folder.

* Graphic library : GraphicLib.c and GraphiclLib.h

* OLED display driver : LCM.c and LCM.h

* Bitmap and Font pictures : Microchip_Splash.h, Font7x16.h and CString.h

* MAX30102 driver : max30102.c and max30102.h

* Oximeter algorithm : algorithm.c and algorithm.h (MAXIM to provided)

* Main and App state machine : main.c, app_oximeter.c and app_oximeter.h

12C_COximeter » firmware » src v D

. config . packs g algorithm.c
e algorithm.h @ app_oled.c g app_oled.h
e app_oximeter.c @ app_oximeter.h g CString.h

e Font7x16.h @ GraphicLib.c g GraphicLib.h

@ LCM.c é LCM.h @ main.c

g max30102.c é max30102.h @ Microchip_Splash.h
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% LabX Heart Rate and Oximeter

* The state machine we want to implement in “app _oled.c” as below.

T mm——— A

i Initialize statei APP_OLED_Initialize()
T -I""_""""_"""""_"_A;p__cTLED__?a:k:()_-‘\
I i
I 1 I
| [ INIT J l :
l y l
I i
i [ SPLASH | | ERROR ] i
I i
. [wAIr_spLasH_compLeTE) | mm i
I i
: :
| UPDATE |
\~ ____________________________________________________ 'I
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% LabX Heart Rate and Oximeter

* The state machine we want to implement in “app _oximeter.c” as below.

| [
. > 4
,‘ --------------------------------------------------- \
APP_OXIMETER_Tasks() "\

[ INIT } l

>
| DATA_READY_CHECK ERROR
| Ve
| FINGER_ATTACH_cHECK | | IDLE
* ~
PPG & SpO2
CALCULATE
[ T ]\_/CAIgorithrD
algorithm.c
| DISPLAY_REsULT |
------------------------------------------------- A8\ MicrocHip
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% LabX Heart Rate and Oximeter

* Raw PPG signal in MPLAB Data Visualizer

Kit Windew = | EJMPLAE Data Visnalizer X] Start Page = ]Hr MPLAE X Store = ] main.g X l app_oximeter.c xl {EE
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% LabX Heart Rate and Oximeter

* PPG Algorithms
Time domain :
HeartRate = 60 / duration * Number of Peaks
: PPG Signal
Frequency domain : Use FFT
HearRate = Freq * 60

peak to peak time [ms]

0 1 2 3 4 =
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% LabX Heart Rate and Oximeter

* Find Peak Algorithm (Example)
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% LabX Heart Rate and Oximeter

* Result Demo

FEEELEE
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Questions regarding use of these trademarks should be addressed to the Microchip’s Legal Department via email: legal.department@microchip.com.

The following are registered trademarks of Microchip in the U.S.A. and other countries:

The Microchip name and logo, the Microchip logo, Adaptec, AnyRate, AVR, AVR logo, AVR Freaks, BesTime, BitCloud, chipKIT, chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex,
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The following are registered trademarks of Microchip in the U.S.A:

AgileSwitch, APT, ClockWorks, The Embedded Control Solutions Company, EtherSynch, Flashtec, Hyper Speed Control, HyperLight Load, IntelliMQOS, Libero, motorBench, mTouch,
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WinPath, and ZL

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

The following are trademarks of Microchip in the U.S.A. and other countries:
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Programming, ICSP, INICnet, Intelligent Paralleling, Inter-Chip Connectivity, JitterBlocker, maxCrypto, maxView, memBrain, Mindi, MiWi, MPASM, MPF, MPLAB Certified logo, MPLIB,
MPLINK, MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple Blocker, RTAX, RTG4, SAM-
ICE, Serial Quad I/0, simpleMAP, SimpliPHY, SmartBuffer, SMART-.S., storClad, SQI, SuperSwitcher, SuperSwitcher Il, Switchtec, SynchroPHY, Total Endurance, TSHARC, USBCheck,
VariSense, VectorBlox, VeriPHY, ViewSpan, WiperLock, XpressConnect, and ZENA

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