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Major Course(1/3)

M̧icrochip 16-bits Microcontroller Introduction

I̧DE, Compilers, MCC and Development Tools Introduction

A̧PP041 8, 16, 32-bits General Purpose EVM Introduction

Ģetting Started with First Project
:Lab0 First Project

ĢPIO Architecture
:Lab1 GPIO Output

:Lab2 Multi-GPIO Output

:Lab3 GPIO Input and Output

O̧scillator Architecture
:Lab4 Clock PRIPLL



Major Course(2/3)

I̧nterrupt Architecture

Ţimer Driver Architecture
:Lab5 Timer1 Interrupt

:Lab6 SCCP Timer Interrupt

O̧LED Architecture(PPS&SPI)
:Lab7 OLED Display

:Lab8 Customize Screen

1̧2 Bits High Speed ADC Architecture
:Lab9 ADC Single Channel

:Lab10 ADC Multiple Channel



Major Course(3/3)

Ḩigh Resolution PWM Architecture
:Lab11 PWM Output

:Lab12 PWM Duty Adj By ADC

:Lab13 PWM Buzzer

U̧ART Architecture
:Lab14 UART Printf

:Lab15 UART Communication

I̧2C Architecture
:Lab16 EEPROM Operation

:Lab17 Temperature Sensor (MCP9800) Operation



Microchip 16-bits 
Microcontroller Architecture



16-bits PIC/dsPIC® MCU series

ÅMicrochip 16-bits MCU families include below,
ÅPIC24FJ (16 MIPS)
ÅVery high CP. Low price and high performance.

ÅPIC24HJ (40 MIPS)
ÅBuilt-in DMA, upgrade performance to 40 MIPS.

ÅPIC24EP (70 MIPS)
ÅLatest generation of PIC24 series, upgrade performance to 70 MIPS.

ÅdsPIC33FJ (40 MIPS)
ÅBase on PIC24HJ, Built-in DSP.

ÅdsPIC33EP (60 MIPS)
ÅBuilt-in DSP & USB OTG, upgrade performance to 60 MIPS.

ÅdsPIC33CK (100 MIPS)
ÅHigh Performance, 12-bits High Speed ADC & High-Resolution PWM.

ÅdsPIC33CH (90 MIPS & 100 MIPS)
ÅDual core with shared resources.



dsPIC33CK256MP508 Family



Core Architecture

ÅMicrochip 16-bits PIC/dsPIC® MCU is Harvard architecture. 

ÅThis means program and data memory bus are independently.

ÅData Memory is 16-bits, Up to 64K Bytes.

ÅProgram Memory is 24-bits, Up to 16 M Bytes.

24

Program Memory
Up to 16M Bytes

16-Bits CPU
(RISC)

Data Memory
Up to 64K Bytes

16



Program Memory Mapping

Reset Address

Interrupt Vector Table (IVT)
PIC24/dsPIC30F/dsPIC33F provide two IVTs 

for different situation.
dsPIC33E own lots of interrupt source,

so only provide one IVT.

Application Code put here.

Configuration Bits
Important Setting for MCU,

Like  System clock, WDT, Debug Interface, 
etc.. 

Build-in EEPROM (only for dsPIC30F)

0x000000

0x0001FE

0x000004

0x000200

0x800000

0xFFFFFE
Reserved

Configuration

Reserved

EEPROM
(dsPIC30 Only)

User
Program Memory

Alternate
Interrupt Table

Interrupt Table

Reset Address

24-Bits



Data Memory Mapping

Unimplemented

0x0000

0x17FE

0x07FE

0x1800

0x8000

0xFFFE

Unimplemented

Y Data

X Data

SFR Space

0x0800

0x27FE

16-Bits
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The 8-Kbyte area isreferred as the
near data space.

The 64-Kbyte area isreferred as the
far data space.

X Data, Y Dataarea only for DSP Engine
For Dual Access Operation.

All Data is X Data area for PIC24 series.

The first 2 Kbytes are primarily occupied
with Special FunctionRegisters (SFRs). 

0x8000 ~ 0xFFFF is mapping area for PSV use.



Machine & Instruction Cycle

ÅTOSC(Machine Cycle) :
Å! ƳŀŎƘƛƴŜ ŎȅŎƭŜ Ŏƻƴǎƛǎǘǎ ƻŦ ǘƘŜ ǎǘŜǇǎ ǘƘŀǘ ŀ ŎƻƳǇǳǘŜǊΩǎ ǇǊƻŎŜǎǎƻǊ ŜȄŜŎǳǘŜǎ ǿƘŜƴŜǾŜǊ 

it receives a machine language instruction.(techopedia)

ÅTCY(Instruction Cycle) :
ÅThe basic operational process of a computer system.(wiki)

ÅdsPIC30 Family
Å1 TCY = 4 TOSC . ( FCY =  FOSC /4) 

Ex:120 MHz > 30 MIPS, TCY = 33nS. 

ÅPIC24F/PIC24H/dsPIC33 Families
Å1 TCY = 2 TOSC . ( FCY =  FOSC /2)

Ex:32 MHz > 16 MIPS, TCY = 62.5nS.



XIDE, CCompiler, MCC &
Development Tools Introduction



Soft Request In this Course

ÅMPLAB® X IDEv6.15https://www.microchip.com/mplab/mplab -x-ide
ÅMPLAB® XC16 Compiler v2.10https://www.microchip.com/mplab/compilers
ÅMPLAB® Code Configurator (MCC) v5.4.1
ÅMCC Core v5.6.1
ÅMCC Melody Framework  (From X IDE MCC Content Manager)
ÅMCC Melody Core v2.7.0
ÅPIC24/dsPIC devices v5.11.4
ÅPIC24/dsPIC Hardware Peripheral Initializer v1.0.0
ÅLibraries, Drivers, PLIB and System (reference to table)

ÅMPLAB® X IDE Packs
ÅdsPIC33CK-MP DFP v1.13.366 (Device Family Pack)
ÅSNAP tool packs v2.4.1239 (Tool Firmware Pack)

üMCC Core and Framework Update from X IDE > MCC > Content Manager
üdsPIC33CK-MP DFP and SNAP TP Update from X IDE > Tools > Packs

(Lasted Update : 2024/04/15)

System 

Clock v1.2.1

Clock PLIB v1.4.2

Configuration Bits v1.2.2

ICD v1.0.3

Interrupt v1.3.1

Main v1.1.2

Pins v1.3.0

Pins View v3.8.0

Reset v1.1.0

Drivers 

ADC Multicore v2.1.4

External Interrupt v1.0.3

I2C Host v1.0.4

PWM HS v2.2.1

SPI_Host v1.2.0

Timer v1.2.1

UART v1.10.0

PLIB 

ADC Multiple SARs v2.4.3

EXT INTERRUPT v2.2.0

I2C v2.2.3

MCCP/SCCP v1.6.3

PWM v2.4.2

SPI v1.3.0

Timer v1.5.3

UART v1.5.0

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


All in One Development Tools

MPLAB® X IDE

ÅNew generation integrated Development Tools, Support PIC, dsPIC, AVR, CEC and SAM 
Series MCU/MPU, Provide Plug-in function to extend more advance function. Java 
Based, Cross platform, Current version is v6.15.



C Compiler for 16-bits PIC/dsPIC® MCU

MPLAB® XC Compilers

Å·/мс ƛǎ ƴŜǿ ƎŜƴŜǊŀǘƛƻƴ / ŎƻƳǇƛƭŜǊΣ ƛǘΩǎ ǎǳǇǇƻǊǘŜŘ ŀƭƭ мс-bits PIC/dsPIC® MCU 
(PIC24F/PIC24H/PIC24E, dsPIC).

ÅBase on GNU C, applyGPLLicense (GNU General Public License).

ÅProvide standard C libraries (printf, strlen, etc..) and Peripheral Libraries (old versions).

Å!ƭƭ ǾŜǊǎƛƻƴ ȅƻǳ Ŏŀƴ ŘƻǿƴƭƻŀŘ ŦǊƻƳ aƛŎǊƻŎƘƛǇ ǿŜōǎƛǘŜΦ LǘΩǎ ǇǊƻǾƛŘŜŘ ŦǊŜŜ ǾŜǊǎƛƻƴΦ



MPLAB® Code Configurator

ÅMCC is a free, graphical programming environment that generates seamless, easy-to-
understand C code to be inserted into your project.

ÅSupports 8-bits, 16-bits and limited 32-bits PIC® microcontrollers. 

ÅMCC consists of three content types: MCC Melody, MCC Classic and MPLAB Harmony. 
It offers application libraries and system and peripheral drivers for the development of 
embedded software. 



MPLAB® Code ConfiguratorMelody

ÅEvolved from MCC Classic, MCC Melody offers an improved and flexible architecture to 
easily configure devices, peripherals and libraries and generate code.

ÅMCC Melody provides libraries, drivers, Peripheral Libraries (PLIBs) and Hardware 
Initializers (HWIs) for the development of embedded software for our PIC® and AVR® 
MCUs and dsPIC® Digital Signal Controllers (DSCs).



MCC Melody GUI Quick View

Resources

Graphical

Pin Manager
Pin Assign

v6.15



MCC Melody GUI Quick View

System clock Graphically.
Configuration Word settings are clearer and simpler.

v6.15



MCC Melody GUI Quick View

Configuration Bits are a collection of binary data located in the 
Flash program memory of a PIC® microcontroller (MCU). 

v6.15



MCC Melody GUI Quick View

Deadman Timer Graphically.
Interrupt the processor in the event of a software malfunction.

v6.15



MCC Melody GUI Quick View

ICD assign Graphically. 
Debugger and in-circuit debugging functionality pin.

v6.15



MCC Melody GUI Quick View

Interrupt assign Graphically.
ISR related code generate automatically.

v6.15



MCC Melody GUI Quick View

Pin assign Graphically.
PPSCode generate automatically.

Rename or change settings for 
selected pins.

v6.15



MCC Melody GUI Quick View

Watchdog Timer Graphically.
Used to detect system software malfunctions.

v6.15



MCC Melody GUI Quick View

More ?
www.microchip.com/mcc

http://www.microchip.com/mcc


APP041 8, 16, 32-bits
General Purpose EVM Introduction



Å!ttлпм ǾоΦнл ƛǎ ƎŜƴŜǊŀƭ ǇǳǊǇƻǎŜ 9±aΣ ƛǘΩǎ ǎǳǇǇƻǊǘ8, 16, and 32-bits 64-pins 
microcontroller. Built-in PIC24FJ128GB106-I/PT microcontroller at factory.
ÅBuilt-in SNAP Debugger/Programmer.

ÅPIM for easy device swapping.

ÅMultiply power supply available,
ÅSerial USB Port

ÅNative USB Port

ÅDC Jack(DC9 ~ 12V)

ÅBuilt-on rich components,
ÅLEDs, Buttons, Potentiometer.

ÅTemperature and Light Sensor, Buzzer, Phone Jack.

ÅGraphic OLED Module, Character LCD Module(Optional).

ÅI2C & SPI EEPROM, DAC, ENCODE, QEI, CAN-FD Transceiver.

ÅMicroSD Socket, Touch PADs, USB Serial Emulator, MikroBUS Socket.

8, 16, 32-bits General Purpose EVM



PIM, Plug-In Module

ÅRich PIMs to support different microcontroller.

ÅLǘΩǎ ƛƴŎƭǳŘŜŘ tL/муΣ tL/нпΣ dsPIC33, PIC32, SAMD21, SAMD51, SAML and SAMC series.



Programmer/Debugger

MPLAB® SNAP (Part No. PG164100)

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

ÅFeatures
ÅAffordable performance

ÅMatches silicon clocking speed

ÅTarget voltage of 1.20V to 5.5V

ÅPortable USB-powered

ÅCE and RoHS-compliant

Å8-pin single in-line header

ÅBackward compatible for demo boards, 
headers and target systems using 2-wire JTAG and ICSP

$39.20 

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


Programmer/Debugger

MPLAB®PICkit 5 (Part No. PG164150)

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

ÅFeatures
ÅImproved Programmer-to-Go (PTG) support.
ÅConnect wirelessly from your smartphone via Bluetooth®

ÅSelect from multiple saved program images on the SD Card

ÅStart programming from the app or by pressing on the logo

ÅSupply 150 mA to the target.

ÅOption to be self-powered from the target (2.7V to 5V).

ÅUSB Type-C® connector and cable.

ÅNo external power needed when the device is powered.

ÅUse the 8-pin single in-line header.

$94.99

https://www.microchip.com/en-us/development-tool/PG164150


Components

Native USB

User Buttons

LEDs

Reset Button

Micro SD Card Socket

OLED (128x64)

Character LCM (2x16)

OLED Pin Select

Character LCM Pin Select

DC Jack (9~12V)

Power Switch

MCP1826S (Ext. MOSFET)

Main Voltage Select

PAC1720 (Current monitor)

USB Virtual COM

PIC16F1455 (UART to USB CDC)

USB Pin Select

SWD / ICD / ICSP

Debug Pin Select

MCUSelect

MCUPin Function

MPLAB SNAP
Debugger/Programmer

mikroBUS Shield

Driven Shield

Capacitive Touch
Slider & Button

MCP9800A5 (Temp Sens-I2C)

24AA025E64 (EEPROM-I2C)

25LC256 (EEPROM-SPI)

PIC16F684 (QEI Generator)

MCP4922 (DAC-SPI)

ATA6560 (CAN-FD Transceiver)

QEI-CW/CCW

32KHz Crystal

8MHz Crystal

CDS Light Sensor

Buzzer

Potentiometer

Rotary Encoder

MCP9700A

Pull High Resister

Phone Jack

MCUPIMSocket
APP041-3 (dsPIC33CK)

PIC24FJ256GB106
Main Controller (Unused)



Caution !

ÅYou must check all jumpers position before power on. Wrong setting will 
damage silicon and your power source.

ÅtƭŜŀǎŜ ŎƻƴŦƛǊƳ ŀƭƭ ǎŜǘǘƛƴƎ ǎƘƻǿǎ ōŜƭƻǿΣ LǘΩǎ ŦƻǊ ŘǎtL/оо/YнрсatрлсΦ

J1 PIM

J2 3.3V

J3 J3A

J4
Pin17, 18
(PGx2)

S1 ON



Plug-In Module Assembly

dsPIC33CK256MP506
Main Controller




















































































































































































































































































































































































































































































































