Microcontroller & MCC Melody 3
PIC1001-Melody v1.00 @ MICROCHIP

A Leading Provider of Smart, Connected and Secure Embedded Control Solutions

CAE Taiwan
Microchip Technology Inc.

2023 September



Major Course (13

® Microchip 16-bits Microcontroller Introduction
®IDE, Compilers, MCC and Development Tools Introduction
®APP041 8, 16, 32-bits General Purpose EVM Introduction
@ Getting Started with First Project

= LabO0 First Project

®GPIO Architecture
ELabl GPIO Output
= Lab2 Multi-GPIO Output
HLab3 GPIO Input and Output
®Oscillator Architecture
= Lab4 Clock PRIPLL
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@®Interrupt Architecture

®Timer Driver Architecture
ELab5 Timerl Interrupt
ELab6 SCCP Timer Interrupt
®OLED Architecture (PPS&SPI)
SHLab7 OLED Display
& Lab8 Customize Screen

@12 Bits High Speed ADC Architecture

ELab9 ADC Single Channel
= Lab10 ADC Multiple Channel
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®High Resolution PWM Architecture
HLlabll PWM Output
ELab12 PWM Duty Adj By ADC
ELab13 PWM Buzzer

®UART Architecture

ELab14 UART Printf
HLab15 UART Communication

®12C Architecture
HLlab16 EEPROM Operation
HLab17 Temperature Sensor (MCP9800) Operation
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Microchip 16-bits
Microcontroller Architecture
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16-bits PIC/dsPIC® MCU series

* Microchip 16-bits MCU families include below,

* PIC24FJ (16 MIPS)
* Very high CP. Low price and high performance.

e PIC24HJ (40 MIPS)
* Built-in DMA, upgrade performance to 40 MIPS.

« PIC24EP (70 MIPS)

* Latest generation of PIC24 series, upgrade performance to 70 MIPS.

e dsPIC33FJ (40 MIPS)
* Base on PIC24HJ, Built-in DSP.

e dsPIC33EP (60 MIPS)
* Built-in DSP & USB OTG, upgrade performance to 60 MIPS.

* dsPIC33CK (100 MIPS)
* High Performance, 12-bits High Speed ADC & High-Resolution PWM.

e dsPIC33CH (90 MIPS & 100 MIPS)
* Dual core with shared resources.
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dsPIC33CK256MMP508 Family

dsPIC33C Core 100 MIPS | High Resolution PWM — 16 Channels
 Quadrature Encoder Interface (QEI) -2 |

'3 x12-bitADC — 24 Channels

e AR ol B A b

5 Register Sets 5 Accumulator Sets

Analog Comp — 3 & 12-bit DAC - 3
' DAC Output - 1 |

. CAN-FD -1 .
. SENT -2 .
UART -3

SPI -3

MEMORY BUS

8-24 KB 4 CH
32-256 KB
ECC Flash il

’ OTP '

Operating Voltage: 3.0-3.6 V

Peripheral Pin Select (PPS)

PERIPHERAL BUS

I)C -3

Capture/Compare/PWM

Operating Temperature: -40°C to 125°C

fosGT ——
[oeningrompenirs docozse [ Hire————
I

16-bit Timers — 21 / 32-bit Timers — 11

AEC-Q100 Grade 1 Qualification Configurable Logic Cells (CLCs) — 4

28-pin: SSOP, uQFN (6 x 6 mm) Peripheral Trigger Generator (PTG)
36-pin: UQFN (5 x 5 mm) CRC

48-pin: uQFN, TQFP (6 x 6 mm, 7 X 7 mm)
64-pin: QFN, TQFP (9 x 9 mm, 10 mm x 10 mm)

80-pin: TQFP (12 x 12 mm) Q MICFIDCHIP




Core Architecture

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

* This means program and data memory bus are independently.
* Data Memory is 16-bits, Up to 64K Bytes.

* Program Memory is 24-bits, Up to 16 M Bytes.
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Program Memory Mapping

24-Bits

4
A\ 4

0x000000 Reset Address Reset Address
0x000004

Interrupt Table
[ ' Interrupt Vector Table (IVT)

Alternate .
PIC24/dsPIC30F/dsPIC33F provide two IVTs
0x0001FE IMTETTAPEISOIE for different situation.

0x000200 dsPIC33E own lots of interrupt source,
so only provide one IVT.

User
Program Memory

Application Code put here.

EEPROM
J (dsPIC30 Only) . .
0x800000 Build-in EEPROM (only for dsPIC30F)
. . Configuration Bits
Configuration Important Setting for MCU,
l Like System clock, WDT, Debug Interface,
OXFFFFFE etc..
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Data Memory Mapping

0x0000

0x07FE
0x0800

Ox17FE
0x1800

Ox27FE

0x8000

OxFFFE

16-Bits

SFR Space

Mapping to Program

Near Data Memory

(8K Bytes)

Memory (PSV)

The 8-Kbyte area is referred as the
near data space.
The 64-Kbyte area is referred as the
far data space.

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

X Data, Y Data area only for DSP Engine
For Dual Access Operation.
All Data is X Data area for PIC24 series.

0x8000 ~ OxFFFF is mapping area for PSV use.
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Machine & Instruction Cycle

* Tosc({Machine Cycle) :
* A machine cycle consists of the steps that a computer’s processor executes whenever
it receives a machine language instruction. (techopedia)

* Tcy(Instruction Cycle) :
* The basic operational process of a computer system.(wiki)

* dsPIC30 Family
* 1Ty =4Tosc - (Fey = Fosc /4)
Ex:120 MHz > 30 MIPS, T, = 33nS.

* PIC24F/PIC24H/dsPIC33 Families

* 1Tey=2Tosc - (Fey = Fosc /2)
Ex:32 MHz > 16 MIPS, T, = 62.5nS.
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X IDE, C Compiler, MCC &
Development Tools Introduction
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Soft Request In this Course

 MPLAB® X IDE v6.15 https://www.microchip.com/mplab/mplab-x-ide
* MPLAB® XC16 v2.10 https://www.microchip.com/mplab/compilers
 MPLAB® Code Configurator (MCC) v5.3.7

* MCC Core v5.5.7

* MCC Melody (From X IDE MCC Content Manager) | orivers PLIB System
* MCC Melody Core v2.6.1 v e x| [orwmon a0 |[cmre e
* PIC24/dsPIC devices v5.10.1 2¢ Hos vioa |[ e 222 || configuration s | vizoa
* PIC24/dsPIC Hardware Peripheral Initializer v1.0.0 PWIM HS V211 || mcce/scep v162 || 10 V102
* Libraries, Drivers, PLIB and System (reference to table) — e e [t —
* MPLAB® X IDE Packs UART v180 | Timer w52 || pins 1130
¢ dsPIC33CK-MP DFP v1.12.354 (Device Family Pack) l e -

* SNAP tool packs v2.1.1120 (Tool Firmware Pack)

»MCC Core and Libraries Update from X IDE > MCC > Content Manager

»dsPIC33CK-MP DFP and SNAP TP Update from X IDE > Tools > Packs
(Lasted Update : 2023/08/31)
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https://www.microchip.com/mplab/mplab-x-ide
https://www.microchip.com/mplab/compilers

All in One Development Tools

MPLAB® X IDE

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

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

1 % - - Zgen o @ T
Start | =)
MPLAB g\ MICROCHIP
X IDE
\v/r LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW

LEARN & DISCOVER

Getting Started

X IDE

N .
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C Compiler for 16-bits PIC/dsPIC® MCU
MPLAB® XC Compilers

» XC16 is new generation C compiler, it’s supported all 16-bits PIC/dsPIC® MCU
(PIC24F/PIC24H/PIC24E, dsPIC).

* Base on GNU C, apply GPL License (GNU General Public License).
* Provide standard C libraries (printf, strlen, etc..) and Peripheral Libraries (old versions).
* All version you can download from Microchip website. It’s provided free version.

MPLAB
X
S COMPILER

No
Dongle License Dongle N/A Unlimited None No v
*This license must be used in addition to a network server or site license to enable the license to work in a virtual machine environment.

@ MICROCHIP

Subscription License Workst. 1 1 N N
Site L Network 1 Varies by Seat N Y
Network Server License Network i Unlimited One Hour Yes




MPLAB® Code Configurator

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

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

* MCC 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® X IDE/MPLAB Xpress*

MCC Melody MCC Classic MPLAB Harmony
MCC Melody supports PIC*® and AVR® MCUs MCC Classic supports PIC and AVR MCUs and MPLAB Harmony supports all Microchip’s I D D E
and dsPIC® DSCs. We recommend using dsPIC DSCs. We recommend using MCC Classic 32-bit MIPS® and Arm® Cortex® based MCU

MCC Melody for new designs. for designs and for designs that use and MPU device families.
devices and libraries that are not supported in
Evolved from MCC Classic, MCC Melody MCC Melody. MPLAB Harmony is a fully integrated
R SES A K

offers an improved and flexible architecture

with several new advanced capabilities. The MCC Classic is the traditional content type of that provides flexible and interoperable

offline MPLAB X IDE and the online MPLAB MCC that you are probably familiar with. software modules to simplify the development

Xpress IDE both support MCC Melody. of value-added features to reduce your
product’s
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MPLAB® Code Configurator Melody

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

* MCC 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).

Application

* Implements overall desired behavior

Driver
s
* Provides simple, abstracted, portable
interface to peripheral

Application

Driver  Driver Driver Driver Driver

PLIBs PLIB PLIB - PLIB PLIB PLIB

Peripheral Libraries (PLIBs)
e
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MCC Melody GUI Quick View

B3 MPLAB X IDE V615 - Lab0_First_Project : default

— O X
File Edit View MNavigate Source Refactor Production Debug Team Tools Window Help ‘Q- Search (Cirl+I) |
i LT X T — TR R A T v R R I s M Lk k
Projects | Files  Services  Resource Management [MCC] X| = Guilder x| \Lll@@
MEEv33 T “@ % Show system firmware connections
Project Resources | Generate e a
Icons
¥ System Libraries/Driver: 0
@S coc PLIE: s 0@
£ Configuration Bits Hardware Initializers: <= (@)
@ < owr Hardware: - @
= ICD
@ = Intemupt
e £ Dins

0 £ Watchdog Timer

System Firmware

Device Resources Centent Manager

¥ Libraries
» £ 16-Bit Data EEPROM Emulation (DEE)
@ Ll S canp
» = MCPBOZX

(=)

MICROCHIP
» ADC Resources dsPIC33CK256MP506

» CANFD

¥ Drivers

LabO_First_Project - | Naviga | Pin Package View x| &

Package: | TQFP&4 v @ & gI Exportimage
< 2
2

Graphical

[P O P T
558552555225 0808038
. ]|
» ] 64 63 62 61 60 59 58 5T 56 55 34 53 52 51 50 49 . Froiros
%: :\, Pan: Right-click and drag grid
2 s Zoom: Scroll
[ 14 45 #‘
[1s ™ Output - MPLAB® Code Configurator | Pin Grid View x | =
! %j ! : Package: Pin No: |4||5‘|6||?‘|8 28|29‘33|34‘35|45|46|4?|48‘49|6I‘62|63|64‘1|?_ |3|ZZ|23|27|5[I‘5||24‘32|36|3?‘52|53‘3|4|5|B 0 | 5¢
af @ 5 PORTA PORTB PORTC
. =.9, MicrocHIP ; Module Function | Direcion |0 |1 |23 (4|0 |1|2|3|4|5|6|7|8|09|10/11]12|13[14|15|0|1|2[3|4|5]|6|7|[8]|9 10|11 |12]13]|14[15]|0 1
- dsPIC33CK256MP506 o
% j :f CLKO output &
,%i: 3 Clock  w |REFI input Blha|h BB B e |d B|d BB |EB|B|E|B|B|B|E || BB BB BB |BE|BE|E
Mt :l REFO output Blaa|ha|b|a|a|da|d BB |E BB BB BB |E|E|BE|B|E | BB |E|E
2 = PGCx input ] ] a
w2 282830 31 2 Ico v
| OOmmOnOnmECOnnnnc PGDx input (] ] a .
Sezzzaz J . : : :
Eigz - i input Blhaha|B|sB|d BB B BB BB BB |B B | BB | |E | B BB Pl“ASSlgn L
4 r

@) |

Q MICROCHIP



MCC Melody GUI Quick View

3 MPLAB X IDE V615 - Lab0_First_Project : default — m] X
File Edit View MNavigate Source Refactor Production Debug Team Tools Window Help ‘Q- Search (Cirl+I) |
1F_‘-I %@@ default ~ "@' D“‘@ ‘@‘@ = 'E@EEC:UXO oabsabdadcnovzc EHowdoI?
Projects Files Services Resource Management [MCC] xl =] (Clm:k x|
Project Resources | Generate (7] @
¥ System ] | | w System Clock
-
Clock
I @S co I — || System Clock Source FRC Oscillator
= Configuration Bits
@ < ovT Set System(FOSC) Frequency to Maximum
= o Calculated System Frequency(FOSC) 8.00 MHz
@ = intemupt
QL rins Calculated Peripheral Frequency(FOSC 4.00 MHz
@ = Watchdog Timer PLL Qutput Frequency(FPLLO) 1200.00 MHz
Device Resources Content Maﬂatfi VCO Frequency(FVCO) 1200.00 MHz
¥ Libraries r 5
[}| rvco Divider 4 v
» £ 16-Bit Data EEPROM Emulation (DEE)
o £ Ccan-TP VCO Divider Frequency(FVCODIV) 300.00 MHz
» = MCPBOZX
R | ¥ Auxiliary Clock
¥ Drivers
» ADC Auxiliary Clock Source FRC Oscillator v
> CANFD — Auxiliary PLL Output Frequency(AFPLLO) 2.00 MHz
Lab0_First_Project - igal Pin Package View x| [
» | ~ Reference Clock
Package: Export Image
Reference Clock Enable
REFO Clock Source
ul 18 [T Res | PGDx Requested REFO Frequency(in Hz) 2000000
12 a7
2 s Calculated REFO Frequency 0.00 kHz -
3 4 45 = -
[1s M OQutput - MPLAB® Code Configurator | Pin Grid View x |
R %f ) j o [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ | [ | [ [ [ [ | [ [ 5
o N o i
9 40 v
e = MICROCHIP . Module | Function (|12|13|1a]15]0 |1
vooa dsPIC33CK256MP508 3LIRDE I k h ] I I
rou B wws ao |a System clock Graphically.
RD13 37 reo
reo [ 30 ree Clock  w |REFI in - . . . ARG
v [ gul Configuration Word settings are clearer and simpler. s
rat ] 34 rez i |
Raz [ 16 13 [ ez PGCx in
ICD -
PGDx in
. &Pl0 mout  |@|% m|@ BB |8 |E B BB 6| 8]E a8 8B B |86 B s B |E e BB BB B A,
s w +—t—tt—t+——t—t—t+—t+—+—t+—t+—t—t "+ttt
- »
@) I
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MCC Melody GUI Quick View

B3 MPLAB X IDE V615 - Lab0_First_Project : default

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

D @ TN R BB A

‘ Q. Search (Ctrl+1)

Projects Files Services Resource Management [MCC] xl =] (Cunﬁguraﬁun Bits x‘

Project Resources | Generate @ @

¥ System | * FPWDT |
-
a e — Watchdog Timer Postscaler Bits
] Watchdog Timer Enable Bits
® KD wWatchdog Timer Window Enable Bit
@ = intemupt
QL rins Watchdog Timer Clock Select bits LPRC v
@ T Watchdog Timer Elee: Maode Watchdog Timer Post Scaler select
its
Device Resources Content Manaqe Watchdog Window Select Bits
¥ Libraries [
» £ 16-Bit Data EEPROM Emulation (DEE) | T FGs |
@S NP | — @ |
» = MCPBOZX
v Drivers ICD Communication Channel Select Bits
> ADC JTAG Enable bit OFF v
» CANFD 3
=1 | BOOTSWFP instruction disable bit DISABLED v
Lab0_First_Project - Dashboard | Navigator Pin Package View x [
Package: @ & gI Exportimage 1 | __[(FOECHEL
. = Initial oscillator Source Selection Bits
‘ Two Speed Oscillator Start-Up Bit
L ]
5B o Y [ rosc |
%j j E: \\Pr\"";r}- Cit\ lator Mode Select Bits - 'J
s [ ros Output - MPLAB® Code Configurator | Pin Grid View x | =
i - S =l AN P4 P DA P P B B P VR P D P 1 PP PP P PP IR P P Y 1 P PR P Y B R P P B Y e Y P
17 42
12 41 I
. B, MICROCHIP “ Module gs|o|1
0 dsPIC33CK256MP508 = . . . . . °
. .
B « Configuration Bits are a collection of binary data located in the
ek 3 Clock  w |I R BB
<0 : : Flash program memory of a PIC® microcontroller (MCU). t A
a2 |8 3
ICD - J
I
. @o et B |B|E|B|E|E|E A B B S SR e e e e,
s w 1 +—t—tt+——t+——+—+—t+—+—+—t+—t+—t+—t+—+——t—t+—t—t+—t+—t+—t—t——t— 1ttt
- »
©)
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MCC Melody GUI Quick View

3 MPLAB X IDE V615 - Lab0_First_Project : default — O X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help [Q- search {ctrl+) |
PSS D@ o R-B-B-D-R-F - '@'@Tﬁ’-@w cab sab dadcnovze| :HowdoT?

Projects | Files | Services | Resource Management [MCC] x | ::1 DMT x| HDIEIO

Generate 0 @

Project Resources

¥ System | ¥ Settings |

£ Clock

@ DMT Enable Type In Software mode, DMT can only be enabled in Software and cannot be disabled. In Hardware mode DMT is always enzbled
2= Configuration Bits

I 0= I = Software ~

£ DMT
= 10D DMT Fetch Counter 0x0 <= [0x0 <= OXFFFFFFFF

@ = intemupt DMT Window Interval OxD <= 0x0 <= OxFFFFFFFF

e ﬁ Pins

e £ Watchdog Timer

Device Resources Content Manager
¥ Libraries - o o
& 1651 Do EFROM Enulaton DF Deadman Timer Graphically.
@S NP . .
e Interrupt the processor in the event of a software malfunction.
¥ Drivers

Lab0_First_Project - igal Pin kage View x| [0

.
g1 [ 4
sk .
. %: j: Output - MPLAB® Code Configurator Pin Grid View x =
%" ! p Package: Pin No: |4||5‘|6||?‘|8 28|29‘33|34‘35|45|46|4?|48‘49|6I‘62|63|64‘1|?_ |3|22|23|27|5[I‘5||24‘32|36|3?‘52|53‘3|4|5|B 6[!‘5!
s Os ® 5 PORTA PORTE PORTC
.=.9: Mdlsll:-lgggglﬂ% . Module | Function | Direction [0 1|2 |3 |40 |1 |23 |4|5 6|7 8|9 10]11]12(13[14[15/ 0|1 |2[3 |4 |5 |6 |7 |89 |10[11]12(13[14]15[0 1
: %'j » cLeo autput B
) s Clock v |REFI input G G R A A A A A A A A A A R R R A R R
I%.; o REFO output BBB|d 8|l |b|E|b BB B BB BB |E|E BB BB E|E B BB ||
22 [ s=lRe PGCx input B B a8
-0 7 |pcos input i1 B a
. EE input G R R A A A R A A R R R A A R R G R R R R
- »

N
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MCC Melody GUI Quick View

MPLAB X IDE - Lab0_First_Project: default —
V615 y o x
File Edit View MNavigate Source Refactor Production Debug Team Tools Window Help ‘Q‘ Search (Ctrl+1)
™ B D@ | v &I'ﬁ"@' D‘%‘%'@ '@'@Tﬁ’-@moxo |oab sab dadcnovze * How do 17
Projects Files Services Resource Management [MCC] XI _E | 1cD xl Kl EIE]@
Project Resources | Generate @ @
¥ System | ¥ Software Settings |
£ Clock
0 o Emulator Pin Placement Communicate on PGC1 and PGD1 v
= Configuration Bits |
B = DMT
¥ = Interrupt
e% Pins
O vandos e ICD assign Graphically
L]
Device Resources Content Manager . . . . . . .
Sr— Debugger and in-circuit debugging functionality pin.
» & 16-Bit Data EEPROM Emulation (DEE)
@S NP
» = MCPBOZX
¥ Drivers
» ADC
» CANFD
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MCC Melody GUI Quick View

B3 MPLAB X IDE V615 - Lab0_First_Project : default
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MCC Melody GUI Quick View

3 MPLAB X IDE v615 - Labl,_First_Project : default - O x
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%'j CLKO output B
)j-:t Clock v |REFI input NI R I R R I R R R R G G R A G R G RGO
%' REFO output I R N R R I R A R M A A G G R RGN AR MG R MG G R NG R NG R HC B
22 [ PGCx input (] (] a8
[ 7 |pcos input i1 B a
e _|ewo input I R A R R R R A R A I A A R G R R G R R R R
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MCC Melody GUI Quick View

MPLAB X IDE V615 - Lab0_First_Project: default — m] X
]
File Edit View MNavigate Source Refactor Production Debug Team Tools Window Help ‘Q‘ Search (Ctrl+1)
Ui B @ [ JE-E-B-p--R Q0@ 'ﬁ’ﬁ@hc:oxo azbszbdadenavze| : HowdoT?
Projects Files Services Resource Management [MCC] XI —E f Watchdeg Timer x‘ Kl lIE]@
Project Resources | Generate @ @
¥ System | ¥ Settings
£ Clock
@ WET Enable Type In Software mode, WDT can be enabled or disabled at run-time. In Hardware mode WDT is always enabled , Watchdog has maximum
- ) A
: Configuration Bits timeout Period of 24 days, 20 hours, 31 minutes, 23 seconds
@ = omr Software v
= |CD
Requested WDT TimeOut(ms = 2147483648 =2, o
03 Interrupt =] (ms) 1 e= 2147433648 <= 2.1474836438=10
0 = pins Calculated WDT TimeOut(ms) 1048576
0 ¥ Watchdag Ti
|| WDT Mode Non-Window mode v
Device Resources Content Manage | | woDT Window Width
¥ Libraries D
» £ 16-Bit Data EEPROM Emulation (DEE)
@ Ll S canp
» = MCPBOZX
¥ Drivers
» ADC 0 0
b cano Watchdog Timer Graphically.
Lab0_First_Project - figa Pin Package View x| [ o
Used to detect system software malfunctions.
8
]
L
s s [ Ret | PGDx
12 a7
12 45
3 4 45
[1s a4 Output - MPLAB® Code Configurator Pin Grid View x =
r”__'%f . j Package: Pin No: |4|15‘|6|I?‘|8 28|29‘33|34‘35|45|46|47|48‘49|6I‘62|63|64‘1|?_ |3|ZZ|23|27|5[I‘5||24‘32|36|37‘52|53‘3|4|5|B 6[!‘5!
RD1S [ 8 @ 4 PORTA PORTB PORTC
vssia 9 40
\= MicrocHIP . Module | Function | Direction |0 | 1|2 |3 |4|0|1|2|3|4|5|6|7|8 |9 10|11]12(13|14[15|0|1[2|3|4|5|6|7|8|0|10]11|12|13[14[15|0 1
vooa 0 dsPIC33CK256MP508 39L|RD8
RD14 %'1 3 [ rog CLKO output i
rD13 [0z Exd [
RCC%'S 36 [ ree Clock  w |REFI input GG R G R G R R e R G R A R A A R G R TG
Rao [ 14 Hm[
Rat [ 15 [ re: REFO output A R A I R N A R A A R A A R A A R R R A R A A R G G
Raz [T 16 L Re PGCx input (] (] a8
ICD -
PGDx input 'h 'h ﬂ
. Grlo input R R A R R R N R R R R A N R R e N R R R
ins -
- »
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MCC Melody GUI Quick View

More ?

‘5\ MICROCHIP


http://www.microchip.com/mcc

APPO041 8, 16, 32-bits
General Purpose EVM Introduction
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8, 16, 32-bits General Purpose EVM

 APP041 v3.20 is general purpose EVM, it’s support 8, 16, and 32-bits 64-pins
microcontroller. Built-in PIC24FJ128GB106-1/PT microcontroller at factory.
* Built-in SNAP Debugger/Programmer.
* PIM for easy device swapping.

* Multiply power supply available,
* Serial USB Port
* Native USB Port
* DClJack (DC9 ~12V)

* Built-on rich components,
* LEDs, Buttons, Potentiometer.
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Graphic OLED Module, Character LCD Module(Optional).
12C & SPI EEPROM, DAC, ENCODE, QEI, CAN-FD Transceiver.
MicroSD Socket, Touch PADs, USB Serial Emulator, MikroBUS Socket.
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PIM, Plug-In Module

* Rich PIMs to support different microcontroller.
* It’s included PIC18, PIC24, dsPIC33, PIC32, SAMD21, SAMD51, SAML and SAMC series.

‘5\ MICROCHIP



Programmer/Debugger
MPLAB® SNAP (Part No. PG164100)

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

* Features
* Affordable performance $39.20
* Matches silicon clocking speed “
* Target voltage of 1.20V to 5.5V
* Portable USB-powered
* CE and RoHS-compliant
* 8-pin single in-line header
* Backward compatible for demo boards,
headers and target systems using 2-wire JTAG and ICSP

lﬁ\ MICROCHIP


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

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

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

* Features

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

Supply 150 mA to the target.

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

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

‘5\ MICROCHIP


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

Components

Micro SD Card Socket
| PIC16F1455 (uarT to Use coC) |
| PAC1720 (current monitor) |
| USB Virtual COM |
| OLED Pin Select

| Character LCM Pin Select
| OLED (128x64)

C

|
[
|
|
l
|
L
|

| Main Voltage Select
| SwD/ICD/ICSP |

MCU Select
MCU Pin Function

USB Pin Select
Debug Pin Select
DC Jack (9~12v)

MCP1826S (ext. mosFeT)
Reset Button
User Buttons

MCU PIM Socket
APP041-3 (dsPIC33CK)

b

| _Character LCM (2x6) Eﬁ feETn “fﬁ" |
Native USB (LR [OpiEsse) o mm—
i = '

PIC24FJ256GB106

Main Controller (Unused)

|
|
|
| Power Switch
|
|
|
|

LEDs

MPLAB SNAP

Debugger/Programmer

NS [y

o o

Phone Jack

-

32KHz Crystal
8MHz Crystal

mikroBUS Shield
Buzzer
CDS Light Sensor
Potentiometer

Rotary Encoder
Pull High Resister
MCP9700A
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Caution !

* You must check all jumpers position before power on. Wrong setting will

damage silicon and your power source.

* Please confirm all setting shows below, It’s for dsPIC33CK256MP506.

e )

- ‘)“) =)

1 PIM
2 3.3V
3 13A
Pin17, 18
¥ pex2)
ON

(=l

ot co gl

i @)

== /,
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Plug-In Module Assembly

{_a

I \
I -l

~— %

dsPIC33CK256MP506
Main Controller
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Power On & Getting started

* Just plug-in micro-USB cable to COMx and MPLAB® SNAP then confirm power LED
(SYSLED1) and ACTIVE LED on MPLAB® SNAP are light or not.

* OLED/LCM will show preloaded demo firmware. el e
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Lab Preparation

Check Compiler & MCC version
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Development Tools Check

* Open MPLAB X IDE v6.15 firstly.

=" Double Click!

MPLAB X IDE
v6.15

e

B3 MPLAB X IDE v6.15

PEHEw

Srtrae x|

|

X
0
m

PROJECTS

® Open Sample
# Create New

® Import Legacy
# Import Prebuilt

Getting Started

Users Guide &
Release Notes

A

Getting Started
‘with MPLAB Code
Configurator

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

/'m'w‘m'r“"/'@' = ﬁvpc:m Howdo I?

X ©@

Getting Started Getting Started
with MPLAB X IDE with MPLAB Harmony

Getting Started
with MPLAB Mindi
Analog Simulator

Tutorials

MPLAB X IDE
Developer Help

“ Features of
MPLAB X IDE

Online Videos

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

Community

>

»

»

IO

@ MICROCHIP

LEARN & DISCOVER

All Forums
MPLAB X IDE Forum
MPLAB Harmony Forum

MPLAB Code
Configurator Forum

MPLAB Mindi Analog
Simulator Forum

©2010-2023 Mirachip Technology Inc. All ights reserved,
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Development Tools Check
Check Compiler Version

* Select : Tools > Options

4 MPLAB X IDE v6.15 . 8

sbsabdadenovze| - Howdol?

File Edit View Navigate Source Refactor Production Debug Tearﬂ Tools, [Window Help =

japay R - o - B -
' '-x m 1 Analysis > @MlCROCHlP
@ Embedded : IPLAB® X IDE | WHAT'S NEW

Licenses
PROJECTS Packs

# Open Sample

ce)

?

Y MPLAB® X IDE
Manage Network Tools

Cl / CD Wizard...

# Create New . . .
® import Leoacy Recent Projects Microchip Logi

# Import Prebuilt
## First_Project Already Registered?

E-reil Addiess:

Templates
II : DTDs and XML Schemas

Plugins

erts and easy software purchasing,

Plugins Download
PROCGERNAThErgING References &

» Errata options

NSTALL MORE » Product Selection Tools ’:“)y Direct from Microchip

PLUG|NS » User Guides

-—-pen Source 4 PIC
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Development Tools Check
Check Compiler Version

e Select : Embedded > Build Tools

ﬁ Options
r \

YW @ Bl F O

Gerneral Editor Fonts & Colors Keymap |Embedded| Team Appearance Flugins Miscellaneous
s b

Toolchain:

Type: XC16

>

Add Custom Compjler...

Remove

BLib v oL \rrogram r Base Directory: | C:\Program FilesMicrochip\we 1612, 10%bin

Expaort... Import...

Ok

X

Q, |Filter (Ctrl+F)

Generic Settings  Project Options| Build Tocls | MISRA Chedk  Managed Tools  Suppressible Messages Diagnostics  Other  MPLAE Data Visualizer

C Compiler: C:\Program Files\Microchippc 16w 2, 10'binwcl6-goc.exe

Assembler: C:\Program FilesMicrochiplpc 16w 2, 10Vbin o 16-as. exe

Make Command: |C:YProgram Files\Microchip\MPLAEX 6. 10\gnuBins\Grnuwin32\binymake. exe

Check XC16 Compiler Version is " v2.10"

Scan for Build Tools

Apply Cancel Help

Sy

Q MICROCHIP



Development Tools Check

Check MCC Version

* Select : Tools > Plugins

4 MPLAB X IDE v6.15 . 8

sbsabdadenovze| - Howdol?

File Edit View Navigate Source Refactor Production Debug Tearﬂ Tools, [Window Help =

0O
S - Yo - B8 = b~
e [EISE] 74 = ‘ .
' R | Vi1 ERD g 1 Analysis > Q\MICROCHIP
X IDE
- Sptecom ” |pLAB® X IDE | WHAT'S NEW

Licenses
PROJECTS Packs

(o] S |
# Open Sample Manage Net\VOfk TOOIS
# Create New

o import Legacy Recent Projects MICTRE IR0 Cl / CD Wizard...

# Import Prebuilt

> s

Y MPLAB® X IDE

## First_Project Already Registered?
E-meil Addsess:

I Templates

I | DTDs and XML Schemas
Plugins

PROGRAMMING Plugins Dg& ad

CENTER References & H

rts and easy software purchasing,

» Errata options

NSTALL MORE » Product Selection Tools » Buy Direct from Microchip
PLUGINS » User Guides » Open Source 4 PIC

ﬁ\ MICROCHIP



Development Tools Check
Check MCC Version

e Select : Installed
* Search : "MCC"

B Plugins X
Updates Available Plugins (38) Downloaded| Installed (1/207) | settings
Search: | [l
4
Select  Mame Cateqgaory Active ||

MPLAB® Code Configurator

Version: 5.3.7

L]
IDE w&.10

in Description

Check MCC Version is "v5.3.7"

g MPLAB® Code Configurator (MCC) generates seamless easy to understand C code
at’s inserted into your project. It enables, configures and utilizes a rich set of

peripherals across a select list of devices, It's integrated into MPLAE X {IDE) to provide
a very powerful and extremely easy to use development platform.

W
Uninstall

Clusetl Help

@ MICROCHIP
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Development Tools Check

Check Packs Version

* Select : Tools > Plugins

4 MPLAB X IDE v6.15

File Edit View Navigate Source Refactor Production Debug Tearﬂ

=R
1 el P|IVIN LI | §

X IDE
-

PROJECTS

# Open Sample
# Create New

# Import Legacy
# Import Prebuilt

PROGRAMMING
CENTER

NSTALL MORE

PLUGINS

i)

Recent Projects

## First_Project

f

sec| ¥

e |

Microchip Logi

Already Registered?

References & H

» Product Selection Tools
» User Guides

Tools, [Window Help =

sbsabdadenovze| - Howdol?

ce)

sk ; Q\ MICROCHIP
>

Embedded )
PLAB® X IDE | WHAT'S NEW
Licenses >

Packs
Manage rk Tools

Y MPLAB® X IDE

Cl / CD Wizard...

rts and easy software purchasing,

Templates
DTDs and XML Schemas

Plugins
Plugins Download
Options

» Buy Direct from Microchip
» Open Source 4 PIC

ﬁ\ MICROCHIP



Development Tools Check
Check Packs Version

* Select : Device Family Packs
* Search : " dsPIC33CK-MP"

ﬁ Packs - Editor
Packs =

- d X

(=

| Check DFP "v1.12.354" version is Installed. [

Pack Manager adds and removes device support for MPLAE X IDE/IPE

3306 devices supported by 121 installed packs

34 pack updates available

5 new packs available

Last checked for updates 2023-09-12T10:15:38.445

Check for Updates Install or Uninstall Packs - Show Packs Compatible with MPLAB X IDE 615 = || dsPIC33CK-MP Show Logs
Device Family Packs (39] | Tool Packs "
¥ dsPIC33CK-MP_DFP Device Name & Family Core Datasheet Product Page
1.12.354 - - Updated DMAINTx mask va... @ Installed dsPIC33CK1024MP...  dsPIC33CK-MP 3300 Datasheet Product Page
12 more pack releases dsPIC33CK1024MP...  dsPIC33CK-MP 33w00e Datashest Product Page
N ‘ dsPIC33CK1024MP...  dsPIC3I3CK-MP EEPI Datasheet Product Page
T dsPIC33CK1024MP... dsPIC33CK-MP EEFA Datasheet Product Page

>

hp_packs - Remote packs repository: hitps://packs.download.m...

.

ot

@ MICROCHIP



Development Tools Check

Check Packs Version

e Select : Tool Packs
* Search : "SNAP"

ﬁ Packs - Editor
Packs =

- d X

(=

Check for Updates Install or Uninstall Packs -

Device Family Packs (39) | Tocl F'ar:kcs.=

f'r ¥ Spap TP

2.1.1120 - - New device support

kr 1 more pack releases

@ Installed

| Check TP "v2.1.1120" version is Installed. i

Pack Manager adds and removes device support for MPLAE X IDE/IPE

3306 devices supported by 121 installed packs

Last checked for updates

34 pack updates available
5 new packs available
2023-09-12T10:15:38.445

Show Packs Compatible with MPLAE X IDE6.15 = || SMAP

Device Name &

Show Logs

Family Core Datasheet

Devices are not shown when the Tool Packs tab is selected!

Product Page

hp_packs - Remote packs repository: hitps://packs.download.m...

@ MICROCHIP



Lab Preparation

* To prevent opened projects to confuse our main project.
* Please select File > Close All Projects.

- X
B4 MPLAB X IDE v6.15 i &

!’ ) PC:0:0 |osbsbdadenovze| - Howdol?

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

= ‘ f
i g ) @ _ xC'“u"f_‘,'_ b :
4 ¥] New Project... Ctrl+Shift+N r @MICROCHIP
9 NewFile... Ctrl+N

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

(@8 Open Project... Ctrl+Shift+O
Open Recent Project MY MPLAB® X IDE
Import Microchip Login
- Already Registered?
Close Py |e

E-meil Addyess: Register now to enjoy the benefits of software update alerts and e:
and account viewing.

Passwoud.
LOGIN

REGISTER NOW

Close All Projects
Open File...
Open Recent File

- CENTER References & Featured Links

» Errata » Technical Articles and White Papers

NSTALL MORE » Product Selection Tools
PLUGINS » User Guides » Open Source 4 PIC

» Buy Direct from Microchip

8
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Lab Preparation

* To prevent opened files to confuse our implementation.
* Please "Right Click" on opened file and choose "Close All"

4 MPLAB X IDEV6.15

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

"IJF_‘IE % - - default - Iﬁlvﬁn,@, |> ,%n,%m, _ - @v ]3 = '-%"-' @ PC: 0x0| | oab sab da dcnov z

Projects x | Files = || ] main.c |_S13rtPage x | ‘¥ MPLAE X Store x|
- Lab0_First_Project I Right Click!
- [[F Header Files Close ctrl+W
i@ Important Files Close All | Ctrl+Shift+W
% Linker Files Close L‘th%
E}E Source Files
- ] main.c Maximize Shift+Escape

ﬁ MCC Generated Files

ﬁ' Libraries
G-[BF Loadables Float Group

Float

PROJECTS

# Open Sample
* Create New
® Import Legacy Recent Projects

\\\ MicROCHIP



Lab Preparation
MCC Offline Mode

* Generally, using the MCC requires operating in a network environment. If the network
environment is not good, there may be problems opening MCC.

* MCC provides a mode that can run without network, named "Offline Mode".

* In offline mode, the online content update function will be disabled, user can add or
update MCC content through "import".

4 MCC Content Manager - Editor

MCC Content Manager = E] @

MCC Content Manager Wizard

Content Manager is running in offline mode. Because of that, some content
types may be disabled. If you have a content zip, please Import it using the
import button on the top right corner of this Ul.

Select a Content Type

(7] 7] @
Supports the MCC Builder Development process you are accustomed
Supports content versioning at driver level to
An iteration of MCC Generated Code All components and libraries that you have
Works both on- and off-line used before

Release notes and supporied devices Release notes and supported devices Release notes and supported devices :
. MiCROCHIP




Lab Preparation

MCC Offline Mode (optional feature)

* Select : Tools > Options
* Enable the Plugins > Run MCC in Offline Mode,

then click "Finish"

%4 MPLAB X IDE v6.15

File Edit View Navigate Source Refactor Production Debug Team

i el S
RV CRD %

X IDE
-

PROJECTS

# Open Sample
# Create New .
® Import Legacy Recent Projects

# Import Prebuilt

i First_Project

PROGRAMMING
CENTER

Microchip

» Errata
» Product Selection Tools
» User Guides

oabssbdadcnovze How doI?

FET

f

@vw

-l Analysis

4 @ MICROCHIP
Embedded >
Licenses 5 1Y MPLAB® X IDE | WHAT'S NEW

Packs
Manage Network Tools
Cl / CD Wizard...

Already Registere
E-meil Addsess:

Templates

Fusenl DTDs and XML Schemas

Plugins

Plugins Download

Options
’ ®d White Papers

f‘*»y Direct from Microchip
» Open Source 4 PIC

| ] Options e
59_;/?,.@ 73\ S & = D =2 Qll
o B4 A 5] Ay U Eﬁ
General Editor Fonts & Colors Keymap Embedded Team Appearanc Miscellaneous
MPLAB® Code Configurator 5.x
Editor Behavior Always ask before removing a module &
[] Always ask before removing a pin
Autosave MCC configuration file
[] show development log
[] Include pre-release versions when calculating latest version for content.
Libraries R55 Feed Enable RSS Feed for new library versions {needs IDE restart)
Enter new RSS Feed URL https: /fwww.microchip, com/mcc_libraries_xml
Restore default RSS Feed
Harmony Repository https://github.com Microchip-MPLAB-Harmony ~
Harmony Content Path C:\Wsers\A67596Y mcc\HarmonyContent L
[] Always ask for Harmony Content Path when opening project
MCC Content Registries https://registry.npmjs.org/
1 (Enter as a comma S
separated list) Restore default MCC content registries
Do not update cores: Reset
Offfine Mode Run MCC in Offine Mode
(Mote 1: 460 “ aries may still try to connect to internet, when running in offline mode
Mote 2: Changifig the mode requires an MCC restart to make the change in effect)
Install Core Remove Core Open Core Folder
Install Library Remove Library Open Library Folder Reset Plugin Files
v
Export... Import... Apply Cancel

s
ﬁ\ MICROCHIP



LabO First Project

* Try to create your first MPLAB X IDE Project.

* Try to create your first MCC Melody style Project.

* To understanding MPLAB X IDE basic operation.

* Learn how to use edit, build, project manager and program functions.

How to start ?

lﬁ\ MICROCHIP



LabO First Project
Step 1

* Open MPLAB X IDE v6.15 firstly.

f-13

MPLAB X IDE
v6.15

B3 MPLAB X IDE v6.15 - o X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q-

T 7 o B 5 BB )% -2-QK- Q- 2 @ - = oo Hondor

StartPage x|

X
0
m

PROJECTS

® Open Sample

# Create New

® Import Legacy
# Import Prebuilt

Getting Started

Users Guide &
Release Notes

Getting Started
‘with MPLAB Code
Configurator

»X

Getting Started
with MPLAB X IDE

&

Getting Started
with MPLAB Mindi
Analog Simulator

Tutorials

MPLAB X IDE
@ Developer Help

2 , Features of
MPLAB X IDE

Getting Started

with MPLAB Harmony

Online Videos

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

OO

@ MICROCHIP

LEARN & DISCOVER

Community

» All Forums

» MPLAB X IDE Forum

» MPLAB Harmony Forum

» MPLAB Code
Configurator Forum

MPLAB Mindi Analog
Simulator Forum

© 20102023 Mirochip Technology Tnc. Al ighs reserved,
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LabO First Project
Step 2

* Execute Project Wizard T
* Select : File > New Project or Click icon l

B4 MPLAB X IDE v6.15

i ) PC:0x0 loabssbdadenovze| @ HowdoI?
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

: 1?@@
. [
% » e 2 BB ) ,
AR S LB YR,

c\ MICROCHIP
X | DE

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

PROJECTS MY MPLAB® X IDE
# Open Sample

# Create New )
# Import Legacy Recent Projects
# Import Prebuilt

Microchip Login

8 First_Project

Already Registered?
E-meil Addsess:

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

New to Microchip?

Forpot Password? REGISTER NOW

PROCGERNATME?ING References & Featured Links

» Errata » Technical Articles and White Papers

» Buy Direct from Microchip
» Open Source 4 PIC

NSTALL MORE
PLUGINS

» Product Selection Tools
» User Guides

8
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LabO First Project
Step 3

* Chooses Project :

* Categories: Microchip Embedded, Projects: Standalone Project

B4 New Project X
Steps Choose Project
1. Choose Project Q. Filter:
2. ..
Categories: Projects:
: Microchip Embedded ] l@ Standalone Project )
i|J) Other Embedded [ 32-bit MCC Harmony Project
|E'I Samples @ Existing MPLAE IDE v3 Project
P & Generic @ Prebuilt (Hex, Loadable Image) Project

(5 User Makefile Project

@ Library Project

Q Import START MPLAE Praoject
Q Impart Atmel Studio Project

Description:

Creates a new standalone application project. It uses an IDE-generated makefile to buid your
project.

« Back Mext = Finish Cancel Help )
A5\ MicrocHip



LabO First Project
Step 4

* Select Target Device :

* Family: 16-bit DSCs (dsPIC33), Device: dsPIC33CK256MMP506, Tool: Snap-SN : BURXXXXXXXXX

B4 New Praject

Steps

Select Device

Choose Project

select Device

Select Header

Select Plugin Board
Select Compiler

Select Project Name and
Folder

UL RS e

PLAB

M
X IDE
-

Family: All Families e

veve:([amcacasmens -] ' dsPIC33CK256MP506

Toal: Snap-SM:BUR210332419 we | |[] Show All

t

You must connect
MPLAB® SNAP to PC, firstly.

< Back Mext = !! Finish Cancel Help

lﬁ\ MICROCHIP



LabO First Project
Step 5

* Select Compiler:
* Compiler Toolchains: XC16 (v2.10) [C:\Program Files\Microchip\xc16\v2.10\bin]

Bd New Project X

Steps Select Compiler

1. Choose Project
2. Select Device Compiler Toolchains
3. Select Header —-¥C1a
4. Select Plugin Board %~ 1 (,2 10) [C:\Program Files \Microchio e 164w 2. 10\bi
5 Select Compiler 16 (v2.10) [C:\Program Files\Microchipixc 16w 2. 10'bin]
6. Select Project Mame and

Folder

MPLAB

< Badk Mext = Finish Cancel Help
1@ A5\ MicrocHip



LabO First Project
Step 6

* Select Project Name and Folder :

* Project Name: Lab0_First_Project, Project Location: C:\Exercises
* Encoding: UTF-8

B4 New Project x

Steps Select Project Name and Folder

Choose Project

Select Device Project Mame: LabO_Frist_Project
Select Header

1

2

==

4,  Select Plugin Board
3

6.

Project Location: C:\E i Browse. ..
Select Compiler 1 \Exercises

Select Project Name and
Folder Project Folder: C:\Exercises\LabO_Frist_Project

Overwrite existing project.

Also delete sources.

MPLAB

Set as main project

X I D E [] Use project location as the praject folder
v! Encoding: UTF-3

< Back Mext = Finish Cancel Help
‘j"lﬁi A5\ MicrocHip



LabO First Project

Notice

* |If an old project already exist at the same location, you must delete it firstly or change
to new project folder.

B4 New Project

Steps Select Project Name and Folder
1. Choose Project
2,  SelectDevice Project Name: LabO_Frist_Project
3. Select Header
4,  Select Plugin Board i ) .
Project Location: : Browse...
8. Select Compiler ] C:\Exercises
6. Select Project Name and
Folder Project Folder: C:\Exercises\LabO_Frist_Project
|:| Owverwrite existing project.
M PLAB. Also delete sources.
Set as main project
X I D E [] Use project location as the praject folder
v! Encoding: LTF-3 "
@ Froject Folder already exists and is not empty. File Makefie exists.
< Back Mext = Cancel Help

lﬁ\ MICROCHIP



LabO First Project
Step 7

* Execute MCC.

* Tools > Embedded > MPLAB Code Configurator v5: Open/Close

or Click @’

8 MPLAB X IDE v6.15 - LabO_First_Project : default

File Edit View Navigate Source Refactor Production Debug Team|

T
v | |sael ¥ I:ti

PEES D@

Projects x| Files

Tools |Window Help

Analysis

W

% -Q6B- O [Shy

~1-(J LabO_First_Project
(@) Header Files
ﬁ Important Files
Linker Files
+ E Source Files
(& Lbraries
ﬁ Loadables

—— _.L

Embedded

nTA

Licenses
Packs

v

Manage Network Tools
Cl /CD Wizard...

Templates

DTDs and XML Schemas

sl

| or
15 MPLAB® Code Configurator v5: Open/Close,

X IDE

@ MICROCHIP



Online Download MCC Framework
(Internet Accessible)

MCC Framework Preparation
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LabO First Project

Step 8 (Online Download MCC Framework)

* Click the "Select MCC Melody"

B4 MCC Content Manager - Editar - O X
MCC Content Manager x] |II| E] @
Import O{g'
MCC Content Manager Wizard
1. Content Type
Select a Content Type
@ (7] (7]
Supports the MCC Builder Development process you are accustomed
Supports content versioning at driver level to
An iteration of MCC Generated Code All components and libraries that you have
Waorks both on- and off-line used before
Select MCC Melody Select MCC Classic
Release notes and supported device: Release notes and supported devices Release notes and supported devices
Library support may be a key factor in your choice of MCC flavor:
) MCC Melody and MCC Classic - Library Summary > MPLAB Harmony - Library Summary
Still unsure which content type is right for your project?
<




LabO First Project

Step 9 (Online Download MCC Framework)

* You can add the available Libraries provided in the Device resource to the project or

click "Finish".

B4 MCC Content Manager - Editor - O *

MCC Content Manager = |II| E] @

import [ 7 BH
MCC Content Manager Wizard

1. Content Type 2. Required Device Content

Required Content

Some required content must be downloaded. The following content will be downloaded when you click on “Finish".
To change content versions later, access the Content Manager from Device Resources.

“ Required Content

Component Tl Version Update progress Description

# Libraries

» Drivers

/2 PUB

Hardware Peripherals

System

WO W N

Devices

-

( Optional Content )
Select optional content to be made available in Device Resources for selection
" Optional Content
Component Tl o Versi Description
o Optional
“ | | Libraries
) -

\ | [ 16-bit Bootloader 1221 Bootloader and firmware updater for the dsPIC/PIC24 products.

@ MICROCHIP



MCC Off-Line Mode

Import Exist MCC Framework
(Internet not Stable)

MCC Framework Preparation

ﬁ\ MICROCHIP



LabO First Project

Step 8 (Import Exist MCC Framework)

* Click "Import”.

Select MCC Melody Select MCC Classic

Release notes and supported devices Release notes and supported devices

Release notes and supported devices

Library support may be a key factor in your choice of MCC flavor:

) MCC Melody and MCC Classic - Library Summary > MPLAB Harmony - Library Summary

Still unsure which content type is right for your project?

See More Details

B4 MCC Content Manager - Editar - O X
MCC Content Manager x] |II| E] @
&
MCC Content Manager Wizard
1. Content Type
Select a Content Type
@ (7] (7]
Supports the MCC Builder Development process you are accustomed
Supports content versioning at driver level to
An iteration of MCC Generated Code All components and libraries that you have
Works both on- and off-line used before

@ MICROCHIP



LabO First Project

Step 9 (Import Exist MCC Framework)

* Select the exist "Framework Archive (*.zip)“ and click on Open.
* Click the "Select MCC Melody", then click "Finish"

£3 MCC Content Manager - Editor

ﬁ 0 W MCC Content Manager x|
pen
Lookin: | | MCC_Framework w =5 B
'\);‘j BE export_dsPIC33CK_Melody.zip Wait Download MCC Content Manager lea rd
= Finished oxse
Recent Ttems Select a Content Type
i @ ®
Supports the MCC Builder Development process you are accustomed
Desktop Supports content versioning at driver level to
= File name: export_dsPIC33CK_Melody.zip Open \l An iteration of MCC Generated Code All components and libraries that you have
2= Works both on- and off-line used before

= :
Files of type: | all Files - Cancel
Documnents

Select MCC Melody

Release notes and supporidd Y Release notes ard supoorted devices

B4 MCC Content Manager - Editor - [m]
MCC Content Manager = |II| [

MCC Content Manager Wizard

1. Content Type 2. Required Device Content
Required Content

VPO
import {7 KeH3

@ MICROCHIP



LabO First Project

Step 10

* MCC Configurator interface show up.

B3 MPLAE X IDE V615 - Lab0_First_Project : default

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

- [m] X

Q Search (Cul+])

5 B 5@ |eru

BB b -3

B QR @- B2 g (@ poo [webdcnozc| (Hwdbon

[NEE

Projects | Files | Services | Resource

nagement [MCC] x| &

MCCv5.3.7

Project Resources | Cenerate

AE

¥ System

@ 2 Clock

& Configuration Bits

£ pMmT
= 1D

% Interrupt

@ = pins

£ Watchdog Timer

Device Resources

Content Manager

¥ Libraries
» & 16-Bit Data EEPROM Emulation (DEE)
Q0L canr
» & MCPe02X
¥ Drivers
» ADC
> CANFD

Lab0_First_Project - | Navigator | PinPackage View x| &

Package:

MicrocHIP

|
dsPIC33CK256MPS0S

1718 19 20 21 22 23 24 25 2

27 2829 30 31 12

REE | PGDx
Re?

2
L Ormmn
grzz

2
R
2

23
[miml [ (.
=

> Right-click and drag for panning
Scroll wheel for zoom

Bulder x|

off &

PLIB:

Hardware:

lcons
Libraries/Driver: E-No]

=@

Hardware Initializers: < (3

- @

Show system firmware connections

System Firmware

MICROCHIP

dsPIC33CK256MP506

Controls
Pan: Rightclick and drag grid
Zoom: Scroll
Output - MPLAB@ Code Configurator | Pin Grid View x | =]
Package: | [TQFP62 v || Pin No: M‘I5|IE‘I?‘|8 ZB‘29‘33|34‘35|45|46‘47|48‘49‘6||62‘63‘64|1‘2 |3|zz‘23‘27|su‘ I|24|3Z‘36|37‘52‘53|3‘4‘5|6 60 | 5¢*
PORTA PORTE PORTC
Module | Function | Direction |0 | 1|2 |3 |4 0|12 [3]|4a|5|6|7|8|o|t0|n|12|13][1a|15[0|1]2|3]|4|5]|6|7|8]|9|10]|1|12]13]14[15]0 1
CLKO cutput B
Clock v [REFI input G R R R A A R I A R I R A G R
REFO output m'a|v|h|B|b|s BB 5B e e s s h B |E s BB BB e |E e BB R BB
PGCx input (] ] a
IcD -
GDx input i B a
o GPIO input R A A R R R I R R R R A R A R R R

@) |

@ MICROCHIP



LabO First Project
Step 11

* Click "Generate" Button to get your first MCC Project.
* MCC to generate files include "main.c" automatically.

Projects Files Services Resource Management [MCC] x =
MCCv5.3.7
Project Resources | Cenerate 0 @
v System | Projects x| Files Services Resource Management [MCC] =]
:i‘gi Lﬂ Lab0_First_Project
o \3, Clock E—}[@ Header Files
% MCC Generated Files
< COnfiguration Bits [}..ﬁ- Impartant Files
® S our 28 e
< 1D —®
E‘E MCC Generated Files
: ErE@ system
Outpin 8@ Code Configurator x| Pin Grid View | B[ st
191743 4 INFD: moc_zenerated_files\systembsrebintermupt. e Success. New file. -] dock.c
19:17:43.334  INFD: mec_generated files\systembsreipine. e Auecess. Mew file. % ;:'tﬁ?—bits'c
19:17:42 3 INFO: mec_generated fileshsystem'sroireset.c Succesz. New file. = dmtl_asm.s
19:17:42.324  INFD: meo_generated fileshsystemsrohsystem. o Auceess. New file. T interrupt.c
19:17:43 334 INFD: mec_zenerated_files\systemdsroltraps o Aecess. Mew file -] pins.c
19:1742 34 INFD: mec_zenerated_filesisystem'system. b Aucoeszs. New £17 1] resetc
19:17:43.324  INFD: mee_generated_fileshopstemdsystem_types.h  Buccess. New fi E % z-‘f':;::n:.c
19:17:42 3 INFO: mec_generated_fileshsystem'traps. h Succesz, New 1 E Thraries
19:17:42.735  INFD: mee_generated_fileshsystemdwatehdog. h Aocess. New file. #-[EF Loadables
191743 355 TNFIl: ####sssttssssssssssttdssasstttsdaaa sttt dassssssssng
19:17:42 256 INFO: Generation complete (total time: 587 millizecords)
19:17:4% 356 TNF: #####864 4668888454438 8 441 F 844888401 F 4443898844433

19:17:42 356 INFO: Generation complete.
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LabO First Project
Step 12

* Build your first MCC Project.
* Click the "Arrow Button ~ " near the icon Eé;
* Select "Clean and Build Main Project”
* Make sure compiled result is BUILD SUCCESSFUL

%4 MPLAB X IDEV6.15- Lab0_First_Project : default

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

P o & i) @ [defout . g(c-[éfd«-%&b .%D.%&.

Clean and Build for Debugging Main Project

Pin Manager: Grid View | Output = | Notifications [MCC]
I’ MPLAB® Code Configurator * Lab0_First_Project (Build, Load) * Clean and Build Main Project
Inio: Loading Iile: U:/Users/A1YoUU/ .mchp_packs/ M '
make[2]: Leaving directory 'C: /Exercises WinterElite2
make[l]: Leaving directory 'C: /Exercises WinterElite2

Clean and Build with PRO Comparnson Main Project

BUILD SUCCESSFUL (total time: Ss)
Loading code from C:/Exercises_WinterElite2021/Exe
Program loaded with pack,dsPIC33CK-MP_DFP,1.5.1:
Loading completed

ﬁ'\ MICROCHIP



LabO First Project

Step 13

* Try program compiled firmware to your target board.
* Select "Make and Program Device Main Project" icon
* Make sure the result is Programming/Verify complete

8 MPLAB X IDE v6.15 - Lab0_First_Project : default

File Edit View Navigate Source Refactor Production Debug Team Tools Window Help
P RS D e TR N MEES

Pin Manager: Grid View Output = | Netifications [MCC]
MPLAB® Code Configurator * Snap-Lab0_First_Project * [ab0 First I
Erasing...

The following memory area(s) will be programmed:
program memory: start address = 0x0, end address = Ox
configuration memory

Programming/Verify complete

ﬁ'\ MICROCHIP



LabO First Project

Notice

 MPLAB X IDE will auto upgrade the firmware of SNAP to keep it up to date, it might
take couple minutes to wait for finish. Your project will start programming after this.

Output =
Lab0 First Project (Build, Load, ...) = Snap-Lab0_First_Project *

Currently loaded versions:

Boot version................... 01.00.00
Updating firmware application...
Connecting to MPLAB Snap...

Currently loaded versions:

Application version............ 00.04.29
Boot version................... 01.00.00
Script VErsion...........v..... 00.04.17
Script build number............ db473af2{4
Tool pack version ............. 1.5.353

Target device dsPIC33CK256MPS06 found.
Device Id Revision = 0x1

lﬁ\ MICROCHIP



LabO First Project

Check Point
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GPIO Architecture
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GPIO Block Diagram

* Please refer to the block diagram, this is the concept for programming model. The real
and detail block diagram please refer to the following slide.

* TRIS: To determine Input or Output.
1 for Input, 0 for Output.

e LAT: set output drive
value for Output pins.

* PORT: reaction logical
level from Input pins.

ANS/RPB8/CTED{0//

AN9/RPB9/CTED4/PMAT/

/RPB10/CTED11//PMA1 N
TDO/AN11/PMA1Y :

TCK/ANT2/PMA1 :
TDVAN13PMAIDIRBIZAT mmmmnneiiiiiiins

QWCTEDSFMAS

Rxn

X
n

:A, B, C, etc..
:0,1, 2, etc..

TRISxn TRISxn : 1 : Input

0 : Ouput

LATxn or PORTxn

PORTxn
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GPIO Setting of MCC

* Just Click & Select. Code Generate Automatically.

1>} x®
a % Resource Management [MCC] =
MCCwv53.3.7
Pin Grid View x =
) = S
Package: PinNo: |14 ‘ 15 ‘ 16‘ 17‘ 18 |28 ‘ 29 ‘ 33 ‘ 34 ‘ 35 ‘ 45 ‘45 ‘ 47 ‘ 48 ‘ 49 ‘ 61 ‘ 62 ‘63 ‘ 64‘ 1 ‘ 2 Project Resources | Generate -
¥ System
PORTA PORTE £ Clock
Module Function Direction o|1(2|(3|4|0|1|2)|3|4|5|6|7|8|9]|1/11 1213|1415 2 Configuration Bits
CLKO output 'h € oMmT
= |ICD
Clock  w |REFI input ORI RO O - - BB ) P
REFO output ORI RN R R BB [7)
PGCx input a (] B @ £ Watchdog Ti
ICD v
PGDx input a B B Device Resources Content Manager
¥ Drivers
N GPIO input ORI I B R R R R B -
ins v
GPIO output CRC R R IR NCRCREC RCCRCCC > CANFD
@ R b CBG
] X
Resource Management [MCC] =
MCC v5.3.7 . \
= ]
Project ResourcesIIGE"E’a‘Ep,l Q@ = X
¥ System Pins x
O = cock Interrupt
# Configuration Bits Location Pin Name Module Function Direction Custom Open on
@< ovr = = = = = Name Analog Start High Drain Change
< 1D
@ = Interupt 35 RB4 ICD PGCx input O O O none ™
0% Pins
@ T Watchdog Timer 34 RB3 ICD PGDx input O O O none ™
DeDv_ice Resources et Mg e 46 RB6 Pins GPIO output | = LED1 O O none ™
¥ Drivers ]
» ADC a
» CANFD
> cec Click & Rename

Q MICROCHIP



GPIO Functions of MCC

* MCC Provide below functions for GPIO:

Prototype definition : "pin_manager.h"
* void PIN_MANAGER _Initialize (void);
* OUT operation

« CustomName_SetHigh();

« CustomName_SetLow();

* CustomName_Toggle();

» CustomName_SetDigitalOutput();
* IN operation

* CustomName_GetValue();

« CustomName_SetDigitallnput();

|

APl Function Name in Green Italics means it’s customizable.
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Labl GPIO Output

* Base on current project or Open .\Exercises\Lab1l xxx.X to do exercise.

* Try to use MCC to generate your first MCC style code and control GPIO
base on MCC style.

* Try to set RB6 to digital output mode, set the initial to bright, and toggle
output level in period 500ms ~ 1s roughly.

* Please connect RB6 (Pin11) to LED (LED1) to observe pin status.

How to start ?

‘5\ MICROCHIP



MPLAB X IDE Hints

Tips

* Too many windows, You may can’t find the window you want. MPLAB X IDE provide

named "Reset Windows" to go back to default layout.

= X
Q MPLAB X IDE v6.15 - Lab0_First_Project : default L Q|
dadcnovze How do I?
File Edit View Navigate Source Refactor Production Debug Team Tools I ElE)
&= "= V J ~ ’6~L’-.‘ E
PEES DE A - By -
' T A ki 1 ,MlCROCHlp

X IDE
-

# Open Sample Programming Center

# Create New . .
B import Dagacy Recent Projects Microch

>
(IDE | WHAT'S NEW
Target Memory Views p

PLAB® X IDE

Configure Window

# Import Prebuilt i
8 First_Project Already R Reset \Windows
E-eil Addse "
|| Close Window Ctrl+W

Close All Documents Ctrl+ Shift+W

Close Other Documents

PROGRAMMING
CENTER

Document Groups

Referen Documents... Shift+F4

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

 After Click MCC executed, you may can’t find the MCC window you want.
MCC provide function named "Show All" to show all MCC windows.

= X
B3 MPLAB X IDE v6.15 - Lab0_First_Project : default L ]
dadcnovze How do I?
File Edit View Navigate Source Refactor Production Debug Team Tools Do
= B 1 Y :v = 65~ =
P D@ : v [ - B | M—
’ R L E | MPLAB® Code Configurator v5 MPLAB® Code Configurator v5: Open/Close

X I D E MPLAB Discover
. Kit Wind
indow

Projects Ctrl+1

Show All

PROJECTS

1
- : PLAB® X IDE
# Open Sample LD FllES Ctrl+2
# Create New ) _ i Cl Ctrl+9
® Import Legacy Recent Projects Microch % assés =
® Import Prebuilt Ue] Favorites Ctrl+3
##® First_Project Already Re;
RN 52 Services Ctrl+5
| | 'g Dashboard
E (£) Navigator Ctrl+7
ﬁ Action ltems Ctrl+6
T I [E] Tasks Ctrl+Shift+6
PROGRAMMING & Output Ctrl+4

CENTER Referen

» Errata » Technical Articles and White Papers

NSTALL MORE » Product Selection Tools » Buy Direct from Microchip
PLUGINS » User Guides » Open Source 4 PIC

. lﬁ\ MICROCHIP



Lab1l GPIO Output

Lab Preparation

* Check System Clock .
» System Clock : System Clock Source: FRC Oscillator, FOSC: 8.00 MHz.

%4 Resource Management [MCC] - Editor O d
Resource Management [MCC] xl |II| E] @
MCCw5.3.7
Project Resources | Generate | E

¥ System

@ LT Clock

= Configuration Bits
@ < omr
= |CD
© = Interrupt
0 2 Pins
0 £ Watchdog Timer

Device Resources

Content Manager

¥ Libraries
» £ 16-Bit Data EEPROM Emulation (DEE)
@@L 2 canTre
» £ MCPE02X
0 ) motorBench® Development Suite
» Drivers

» Hardware Peripherals

1

Clock x]

| » System Clock

|| System Clock Source ERC Oscillatar

Set System({FOSC)
Fregquency to Maximum

Calculated System
|l Frequency(FOSC) 8.00 MHz

Calculated Peripheral
Frequency(FOSC/2) 4.00 MHz

PLL Qutput
Frequency{FPLLO) 1200.00 MHz

VCO Frequency(FVCO)  [1200.00 MHz

FVCO Divider 4

VCO Divider
Frequency(FVCODIV) Sl

@ MICROCHIP



Lab1l GPIO Output

Lab Preparation

* Set Debug Interface.
* Software Settings: Emulator Pin Placement: Communicate on PGC2 and PGD2.

%4 Resource Management [MCC] - Editor O d
Resource Management [MCC] xl |II| E] @
MCCw5.3.7
Project Resources | Generate | |£| |@

¥ System
©® LT ok

== Configuration Bits

£ DMT
= |ICD
= Interrupt

0 2 Pins
0 £ Watchdog Timer

%

¥4 1CD - Editor

ICD =

O s

FID|Q)E)

| * Software Settings

Device Resources

Content Manager

¥ Libraries

@ E = can-tp
» = MCPE0ZX

» Drivers

» Hardware Peripherals

» 2= 16-Bit Data EEPROM Emulation {DEE)

0 ) motorBench® Development Suite

l Emulatar Pin Placement | communicate on PGC2 and PGD2
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Lab1l GPIO Output

Connection

UsB_IO
COC_USEN
Nﬁ' VUSEN

|

" Eniye

APPO41ys.20 o 3

410 PsD

2 Bits 64

1S0_H0S]
W@] _ﬂ‘- EEPRONM m— __EW"OM
ralaing Materiol Nvalloble !
www. nldmmg com.tw/RTO/RTO_DYD

e

oL

PIN1S, 160
UPICIZIX, PIC248).PGx1
24EP, 5PIC33.PGX3

"53@:53

wcam C24F
lu!!]lii!.ﬁﬂ.ﬂ-
0 888!!@ L 1]

I Symbol

D1
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Lab1l GPIO Output

Note !! Please use the same color wire as presentation slide for easy following debug.

SS(nC
48CHOST)
SOCSCK)
51 CMISD)
USB_IO ’ :
= 4 X : | xR
COC_USEN } s ¥ = =D S0 *sm E’ )
NAT_VSEN C [ 80U Gaotas ;ﬂ] 8,16,92 B ; J g Tealaing Materol Avalioble !
L igﬁ" Y c wurw.mideochip.com,\w/RTO/RTO_DYD
msc.osnmm T Y ST S

A

HHlm

64762 60 58 56 54 52

MIRroBUS Socke

C(PICIAF

()

{153

Setting same

9

e

iy )
&3 [

HER

17'19° 21723

L
\[l l
mmcnusw
‘ \

Pm!l 7-

hnt

MikroBLS *

{Pin14, 13

{Pie2’, 16com.) ey
APICIZIX, PIC24F 1 PGXL

PIC2LEP, %H(;; PG » PR
S S 1 Eﬂ i i
e E‘c 7

ReD Hél a2

!!8!!@!!

: 4FP @SPIC33 P62 il e0)
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Labl GPIO Output

Step 1

e Set PORTB : RB6 to digital output mode.
* Pin Manager Gird View : Click RB6 to lock to GPIO output.

) X
Pin Grid View %
Package: Pin No: 14 |15 |16 |17 |18 (28 (29 |33 |34 |35 |45 (46 (47 |48 |49 |61 |62 (63 |64 | 1 | 2
PORTA PORTB
Module Function Direction o123 |4|0|1|2 |3 |4|5(|(6|7 8|9 |10[11 12|13 14|15
CLKO output 'h
Clock  w [REF] input - I - - - - - - R - BB
REFO output O O - - - - I B R BB
PGCx input ﬂ 'h 'h
ICD v
PGDx Input ﬂ 'h 'h
. .| input O - T - T I - - - - - - -
GPIO output 'h'h'h'h'h'h'h'h'h'h'hsgb';'h'h'h'h'h'h'h'h
b
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Labl GPIO Output

Note !! PIM’s Pin number is not equal to real chip Pin number in MCC Pin Grid View.

1) X
Pin Grid View x ]
Package: Pin No: 46 H 47 | 48| 49 |61 | 62 | 63 | |34 2
|
Module Function Direction 7 WI
CLKO output 11 D1
Clock  w |REFl input CREC GG RGN -]
REFO output 'h 'h 'h 'h 'h 'h 'h 'h
PGCx input 'h
|CD v
PGDx Input ﬂ 'h 'h
. GPIO input -] (-] C R RECBE (-]
GPI0 output “asbb|alasssaEb s
') b
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Lab1l GPIO Output
Step 2

 Set Alias for RB6.
* Pins: RB6 Custom Name - LED1, Check Output, Start High

®

it

Project Resources [ Generate ] | 2
¥ System
® L Cok

2= Configuration Bits = X
@< ot e z]
-

= D Pin Interrupt
Q= Location MName Meodule Function Direction Custom Start Weak Weak Open on
== Interrupt

“ Oglﬂins I = = = = = Name  Analog High Pulldown Pullup Drain Change

®@ = Waichdog Timer 35 RB4 ICD PGCx input 0O 0O 0O 0O O  none™

Device Resources Content Manager 34 RB3 ICD PGDx input O O O O O none ¥
¥ Libraries B
» = 16-Bit Data EEPROM Emulation {DEE)
© L= can-TP v
P =T MCPB0ZX
0 <) motorBench ® Development Suite

P Drivers

46 RBG Pins GPIO output LED O O O none ™~

L Click & Rename
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Lab1l GPIO Output

Step 3

* Click "Generate" Button to generate your code.

| Generate

Project Resources| | Generate L

¥ System

® LT Clock

2= Configuration Bits
© 2= ovT
= ICD
® = Interupt
0 2 Dins

0 2 Watchdag Timer

Device Resources

Content Manager

¥ Libraries
» = 16-Bit Data EEPROM Emulation {DEE)
© L= can-TP
P =T MCPB0ZX
0 <) motorBench ® Development Suite

P Drivers

1] X
Output - MPLAB® Code Configurator |
09:34- 52 TNFD: $#88448888astaattstststtssasrasatsassssatsssstasssess [
2 INFD:  Generation Results
09:34: 52 INFD: #8844 88 8 et teant et sttt et rasntrassasstsasstssssesy
09.34:52 INFO: main.c Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
09:34:52 INPD: mec_generated_fileshclock. e Success.
09:34:52 INFO ted_files\clock. b Huocess,
09:34.52 INFO ed_files\intermupt_manager o fuccess.
09:34:52 INFD rated_files\intermupt_mavager. h Success.
09:34:52 INFO: moc_generated_fileshmeo. e
INFO: meoc_gernerated_fileshmeo. h
INFD: meoc_generated_fileshpir_marager. c Buccess,
INFO: mec_generated_filesh\pir_marager. h Aiccess,
09: INPD: moc_generated_fileshreset.c Success.
09 INFD: mec_zenerated_fileshreset h Aiccess,
09:34.52.2 INPD: moo_generated_fileshreset_types.h Suocess.
09:24:.52 INFO: mec_gernerated_fileshsystem.c Huiccess
2 INFO: moc_generated_fileshsystem.h Success,
09:34:52,288 INFD: meec_generated_fileshsystem_types.h Aiccess
INFO: moc_generated_fileshtraps. o Success.
09:3452 288 INFD: mec_generated_fileshtraps h Huccess
09:34: 52, INFD: moc_generated files‘watchdog. h Sugcess,
093452 TNFD: $sts4assssassastsstsssstssattasndsansssstsssstssassss
09:34:52. INFO: Generation complete {total time: 198 milliseconds)
09:34: 52 TNFD: $838448880a8saat s st ssstssitrstassassssstsssstsssssss
09.34;52 INFO: Generation complete, W
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Labl GPIO Output
Step 4

* Try to add code to main function double click "main.c" to view & and add below code
segment in it.

ﬁ B4 main.c - Editor — d *
Projets x| il | Emene = =@l Add below code to main()
- _ Sowwe | Hisory (@ @-T-QBHFBiGF SRy & .
-] Header Files A m [ #include "mec generated_files/system/system.h'
o ; 21 #include " d_files/f 4 k" — — :
G Lmportant Files tRETnAR IEE_gnErated _fLissfays thsye e #include "mcc_generated_files/system/pins.h"
i-[[F] Linker Files 22 e
g Source Filss 23 /¥ i uint32_t i=0;
1B maine 24 Yain application ——
El MCC Generated Files 25 *f s el
=& Eﬁ%’ﬂtem % SYSTEM_Initialize();
El-{gm) = ; ; ;
27 : 1 -
'EI ok s - o :nt mzang vald) }/vh||e(1)
- B comfig_bitzc
% . 29 SYSTEM Initialize(): - LED1_Toggle();
— : for (i = 0; i < 80000; i++);
ﬁj dmt 30
mt_ssm.z _ }
B interropte 31 while( 1) T
IE-I pins.c 22 i
EI resetc 33 !
|F|__-“| orster.c ML
. . £ >
& [[§ Libraries
& 3 © main p whils(l) x
- [EF Loadables o |
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MPLAB X IDE Hints
Tips

* Hot key "Ctrl + Alt +\"

* Type LED1 first, then use "Ctrl + Alt + \" to find you want.

- O X

ﬁ main.c - Editor

rE‘]mamq. x

(DE0O

Source | Hiﬂg’ e B -8 0% HZIE s B

LTy |

21
22
24
24
25
26
27
28
28
30
31

Yo 8

INEroup:
pinsdriver

Togzles the FBé GPIO Pin which has a custom name of LED]

pre:
The EBf must be set as Output Pin

Returns:

none

LELL
= LED]_GetValue
LED]_SetDigitallnput
== [ED]_SetDigitalOutput

‘= Add header file
automatically. 1\

O X

D E0E

ﬁ main.c - Editor - O *
B maine =] anjoE
Sowee | Hiory W@ B -0-QBHFE0EF & B v

21 #include "mcc_generated files/swstem/svstem. h” ~m
22

23 i

24 T Main application -
25 *f

26

27 int mainfvold)

i A I

o SYSTEM Initializefd;

a0

31 while(1)

32 I

@ LEDL. =
[V L

350 Loy

w
< ‘ B |

5 main whdle(1 x
B>9 I?HSI ® 5 Ctrl+Alt+\ =

£ LED]

SetHigh

m 8= 15 |_SetLow

BN - LED] Toggle

21 #include "mcc_generated_files/sws ten seytem. h" ol |

22 #include "mocc_generated_files/swstemfping h"

23

24 i

25 T Main application

26 */

27

28 int man{vald)

20| 3 ¢

it SYSTEM Initialize();

3

32 while(1})

33 i —

™ LED!.Tozelé|

35 i

I R v

< >

e > @ main x

3420 | IS jonexpected token: }
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Labl GPIO Output

Code Example

#include "mcc_generated_files/system/system.h"
#include "mcc_generated_files/system/pins.h"

uint32_t i=0;
int main(void)
SYSTEM _Initialize();
while (1)
{ LED1_Toggle();
for (i = 0; i < 80000; i++);

}
}

lﬁ\ MICROCHIP



Lab1l GPIO Output

Result

St
49CHOST)
SOCSCK)
SLCMISD)
54(nCBy
COC_USEN : = )
|NaT_USEN =t - . ; 8,16,92 Bit al Tralaing Materiol Avalioble !

wuw.midcochip.com tw/RTO/RTO_DYD
s AR —

"64762 60 58 56 54 52 5

B

Pinas, 4

W
ﬂcznsv SsPIC33.PGx2 | Tl

S0A SI
| 12CEcPROMICHSE | 5P EEprow

LED Toggle,
Interval Period use “for()" loop delay.
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Lab2 Multi-GPIO Output

* Base on current project or Open .\Exercises\Lab2_xxx.X to do exercise.
* Try to set more GPIO pins to digital output mode and make LED flash
alternately in period 500ms ~ 1s roughly.

* Please connect
* RB5 (Pin12) to LED (LED2)
* RC1 (Pin22) to LED (LEDA4)
 RD12 (Pin21) to LED (LED3)

Let’s go!
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Lab2 Multi-GPIO Output

Connection

UsB_IO

T = T K
O SEN it & = oA rlsrf 10S]
|eoc_useN " | 7. B WUZE] [ Gcecrromicos I SpEeerom |
NAT_USEN e, 7 " 8 3 sal raiaing Materiol llmlloble'
p U ~ www. nldmhm com,\w/RTO/RTO_DYD

"64762°60 58 56 54 52

PL 12 A

Pin 13

§ 5| | R,
MFCS 3, Pic2as)poxt Y
gy
— tEmVIG PG SS |
ﬁPPO"rlvs.zo Pect . . 8 ‘»‘.:’E&"?“”"‘_SSSSE«Q!!
m_

220410 peo® . . 147 ||| ELENSREEEISIE) o co;
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Lab2 Multi-GPIO Output

Step 1
* Set PORTB : RB5, PORTC : RC1, PORTD : RD12, to digital output mode.

1]
| Pin Grid View =
Package: TQFPB4 ~ Pin No: 45 | 46 |47 |48 |49 (61|62 (63 64| 1 | 2 |13 |22 (23 |27 |50(51 (24 |32 (36|37 |52 (53| 3 |4 |5 |6 |60|59|58|55|54 |44 |43 |42 |39|38|31|30|21

PORTB PORTC PORTD

Module Function Direction 5/ /6|7 (8|9 |10(11 |12 /13 |14|15| 0|1 |2 |3 |4 |5 (|6 |7 8|9 |10(11|12|13|14|15|0 |1 |2 |3 |4 |5 6|7 |8|9|10|11]|12

CLKO output

Clock v |REFI input B

B B
REFO output O R I O I - B - - - - - - - - - B I - - - - - - - - - - - - - - BB
B B

PGCx input
licD v

PGDx input B B
e . |50 input BB EEE|EE|EEE|BE|EE|E|E BB BB BB BB BE|EE BB BB E BB B
’ GPIO output ARG I R AR R R I B R R R OO RO OB
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Lab2 Multi-GPIO Output
Step 2

* Set Alias for RB5, RD12 and RC1.
* Pins: RB5 Custom Name - LED2, Check Output
* Pins : RD12 Custom Name - LED3, Check Output, Start High
* Pins : RC1 Custom Name -» LED4, Check Output

Project Resources [ Generate ] S
¥ System > s
® L cok Pins x
f Configuration Bits Pin Interrupt
0 = DMT Location Name Meodule Function Direction Custom Start Weak Weak Open on
= ICD = = = = = Name  Analog High Pulldown Pullup Drain Change
@ = Interupt
9 £ Pins 35 RB4 ICD PGCx input B O O O O none ™
‘ -
= Watchdog T N
© = Watchdog meﬁ%s 24 RB3 ICD PGDx input O O O O O none ¥
Device Resources Content Manager 45 RB5 Pins GPIO output | LED2 O dJ O dJ none ™
¥ Libraries -
» £ 16-Bit Data EEPROM Emulation (DEE) 46 RE6 Pins GPIO output  LEDT O O O none ™
- R
OB can 22 RCT Pins GPIO output | LED4 0 0 0 O O  none™
b = MCPSIZK
@ B O motorBench® Development Suite 21 RD12  Pins GPIO output | LED3 O O O none ¥
» Drivers | _%

Click & Rename Q MicRoOCHIP



Lab2 Multi-GPIO Output

Step 3

* Click "Generate" Button to generate your code.

Generate

= w

Project Resources| | Generate L

¥ System

® LT Clock

2= Configuration Bits
© 2= ovT
= ICD
® = Interupt
0 2 Dins

0 2 Watchdag Timer

Device Resources

Content Manager

¥ Libraries
» = 16-Bit Data EEPROM Emulation {DEE)
© L= can-TP
P =T MCPB0ZX
0 <) motorBench ® Development Suite

P Drivers

= X
Output - MPLAB® Code Configurator |
09:%4-52.286  INPO: $tts3ttssastastastsssttassssssasssssssasssssssnssnss A
INFD:  Generation Results
: INFD: #8844 88 8 et teant et sttt et rasntrassasstsasstssssesy
09:34:52.267  INFD: main.e Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
09:34:52.287 INFO: mece_generated_files\clock. e Siccess.
09:34:52.287 INFD: ted_fileshclock. b Huocess,
INFO ed_files\intermpt_manager.c Success.
INFD ed_files\intermupt_mavager h Success,
09:34.52.268 INFD: mee_generated_files'mec.c
093452, 268 _f1les'meo. b
ed_files\pin_marager. ¢ Buccess,
09:34.52 268 ) nevated_files\pir_marager. h Aiccess,
09:34:52.268 ed_fileshreset. o Success.
09:34:52 288 ed_filesreset h Hiccess
09:34.52. INFO: moo_generated_files\reset_types. h Suocess.
09:24.52. 266 INFD: mee_generated_filesisystem. c Huiccess
INFD: mee_generated_files\system. h Success,
INFD rr-'.-‘._,f-—-uuna'Hl_:-ilud.uy-.hqn_typu-. h Hiccess
INFO: moc_generated_files\traps. c Success.
09:-34- 52 288 INFO: mee_generated_files\traps. h Hiccess
09:34:52.289  INFO: moc_generated files'watchdog. h Sugcess,
00:34-52 298  [NP0: sesstssssststsssasisbassstssssssitsssssnisssssssisnss
INFO: Generation complete {total time: 198 milliseconds)
00:34-52.208 NP0 ssesssssssisssssssisbisiiisisstiisssitiiisssisniinis
09:34:52.299  INFO: Generation completa, W
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Lab2 Multi-GPIO Output

Code Example

#include "mcc_generated_files/system/system.h"
#include "mcc_generated_files/system/pins.h"

uint32_t i =0;
int main(void)
SYSTEM_Initialize();
while (1)
{
LED1_Toggle();
LED2_Toggle();
LED3_Toggle();

LED4_Toggle();
for (i = 0; i < 80000; i++);
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Lab2 Multi-GPIO Output

Result

COC_USEN
NAT _USEN

_OCUN

48(HOSD
SOCSCK)
SLCMISD)
| 54cnCBy_

R8/16-,32 Bit
Evaluation,

"“Rrs s
_II(. EtPROM( nSGe) | _P‘ EEPROMA
al raiaing Materiol Mvaitoble !
www. nldmhlp com.tw/RTO/RTO_DYD
An AR —,

64762 60 58 56 54 52 B

LEDs Toggle,

Interval Period use "for()" loop delay.

mirraBLUS Sacket

acket

MikroBLS 5
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Lab3 GPIO Input

* Base on current project or Open .\Exercises\Lab3 xxx.X to do exercise.
* Try to set RB10 (Pin61) to digital input as get button status.

* Try use button to control LED light or dark.
* BT1 Pressed - LEDS Light.
* BT1 Released =-» LEDS8 Dark.
* Please connect
* RB10 (Pin61) to Button (BT1),
* RB2 (Pin33) to LED (LEDS).

Let’s go!
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Lab3 GPIO Input

* CustomName_GetValue(); function is used for get digital input level from outside.
The simple example code shows below:

3.3V
if(BT1_GetValue())
103R {
- \ LED8_SetLow();
else
|1 | -
_T_ - } LED8_SetHigh();
GND
LED8(RB2) ,//

471R :
A PH—iano

‘5\ MICROCHIP



Lab3 GPIO Input

Connection

g i DA rl ) "10s]

,::C-ltzb?- mmmmuzm ZCeeron 1 EEPROM
¥ _USEN o, L. d 8 E §

3

st
sal ralaing Materel nmlhb!e :
nard : www. llldmhw cam,tw/RTO/RTO_DYD

g ]

o,
5

Symbol

BT1
D8

PIC32 PIC24E )]
ZGiP @PICI3 PO
n)

2 13
EPIC3A P
wcamﬁ P
4

Pini7, 42

PICLN), PICIGFLPGK |
e TTTTTITE
[PIC24EP, shiis3pGr2 |i2

GSPIC3 3 P62
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Lab3 GPIO Input

Step 1

e Set PORTB : RB2 to digital output mode.
* Set PORTB : RB10 to digital input mode.

(] p 4
Pin Grid View
Package: Pin No: 14 15|16 |17 |18 (28 |29 |33 |34 |35 (45 46 |47 (48|49 |61 |62 |63 (64| 1 | 2
PORTA PORTB
Module Function Direction o(1(2|3|4)0|1 2|3 (4|5 6|7 |89 (1111213 14|15
CLKO output 'h
Clock  w |REF input O O - - - - - I - - - - BB
REFO output - I - - - T - - - - - - -
PGCx input ﬂ 'h 'h
ICD v
PGDx input ﬂ 'h 'h
- . |ePo input GO R BB BRI IR GO IR
GPIO output 'h'h'h'h'h'h'h%'hﬁﬁ'h'h'h'h'h'h'h'h'h
»
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Lab3 GPIO Input

Step 2

e Set Alias for RB2 and RB10.
* Pins: RB2 Custom Name - LED8, Check Output
* Pins : RB10 Custom Name - BT1, Check Input

] X
Project Resources [ Generate ] 2SS Pins x |
¥ System Pin Interrupt
O £ cock Location Name Module Function Direction Custom Start Weak Weak Open on
2 Configuration Bits = = = = = Name  Analog High Pulldown Pullup Drain Change
© 2= ovT
& 1D 35 RB4 ICD PGCx input O O O O O none ™
© = interupt 34 RB3 ICD PGDx input O 0 0 0 0 none ¥
I 0 2 Dins
© = Watchdog Tim 61 RE10 Pins GPIO input O O U O none ¥
Device Resources Content Manager 33 RB2 Pins GPIO output O O O O O none ™
v Libraries 45 RBS Pins GPIO output  LED2 O O O O none ™
2 ﬁ 16-Bit Data EEPROM Emulation (DEE) . :
OO S vt 46 RB6  Pins o ouput  Click & Rename 0 O O  none™
> = MCPROZX
0 <) motorBench ® Development Suite 22 B I S5 8 output LED4 . O O O O none ¥
P Dri
e < 21 RD12 Pins GPIO output | LED3 O O O none ¥

Q\ MICROCHIP



Lab3 GPIO Input

Step 3

* Click "Generate" Button to generate your code.

| Generate

Project Resources| | Generate L

¥ System

® LT Clock

2= Configuration Bits
© 2= ovT
= ICD
® = Interupt
0 2 Dins

0 2 Watchdag Timer

Device Resources

Content Manager

¥ Libraries
» = 16-Bit Data EEPROM Emulation {DEE)
© L= can-TP
P =T MCPB0ZX
0 <) motorBench ® Development Suite

P Drivers

1] X
Output - MPLAB® Code Configurator |
09:34- 52 TNFD: $#88448888astaattstststtssasrasatsassssatsssstasssess [
2 INFD:  Generation Results
09:34: 52 INFD: #8844 88 8 et teant et sttt et rasntrassasstsasstssssesy
09.34:52 INFO: main.c Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
09:34:52 INPD: mec_generated_fileshclock. e Success.
09:34:52 INFO ted_files\clock. b Huocess,
09:34.52 INFO ed_files\intermupt_manager o fuccess.
09:34:52 INFD rated_files\intermupt_mavager. h Success.
09:34:52 INFO: moc_generated_fileshmeo. e
INFO: meoc_gernerated_fileshmeo. h
INFD: meoc_generated_fileshpir_marager. c Buccess,
INFO: mec_generated_filesh\pir_marager. h Aiccess,
09: INPD: moc_generated_fileshreset.c Success.
09 INFD: mec_zenerated_fileshreset h Aiccess,
09:34.52.2 INPD: moo_generated_fileshreset_types.h Suocess.
09:24:.52 INFO: mec_gernerated_fileshsystem.c Huiccess
2 INFO: moc_generated_fileshsystem.h Success,
09:34:52,288 INFD: meec_generated_fileshsystem_types.h Aiccess
INFO: moc_generated_fileshtraps. o Success.
09:3452 288 INFD: mec_generated_fileshtraps h Huccess
09:34: 52, INFD: moc_generated files‘watchdog. h Sugcess,
093452 TNFD: $sts4assssassastsstsssstssattasndsansssstsssstssassss
09:34:52. INFO: Generation complete {total time: 198 milliseconds)
09:34: 52 TNFD: $838448880a8saat s st ssstssitrstassassssstsssstsssssss
09.34;52 INFO: Generation complete, W
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Lab3 GPIO Input

Code Example

#include "mcc_generated_files/system/system.h"
#include "mcc_generated_files/system/pins.h"

uint32_t i =0;

int main(void)
SYSTEM _Initialize();
\{Nhile (1)

LED1_Toggle();
LED2_Toggle();
LED3_Toggle();
LED4_Toggle();
for (i = 0; i < 80000; i++);

if(BT1_GetValue())
LED8_SetLow();

else
LED8_SetHigh();
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Lab3 GPIO Input

Result

COC_USEN
NAT _USEN

B

St
49(HOSD
S0CSCK)
SLCMISO)

| 54¢nCBy_

_OCUN

S0A SO _hos!
| 12CEcPROMICHSE | SP1 EEPROM
al

Teraiaing Materiol Rvaltoble !

wuw.midcochip.com tw/RTO/RTO_DYD
s AR —

"64762 60 58 56 54 52 5

W
Pinas, 4
POCIIEP @sPIC33:PGe2 ¥

LED8 Turn On,

‘ When BT1 Pressed.

-

LEDs Toggle,

Interval Period use "for()" loop delay.

acket

MikroBLS 5
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Lab3 GPIO Input

Button Response Discuss

* Button Response Time Issue ?
The software delay will influence the polling interval.
Try to change coding style to state machine mode.

#include "mcc_generated_files/system/system.h"
#include "mcc_generated_files/system/pins.h"

#include "mcc_generated_files/system/system.h"
#include "mcc_generated_files/system/pins.h" Uint32 ti=0:

uint32_t i=0; int main(void)

int main(void) SYSTEM_Initialize();

SYSTEM _Initialize(); while (1)

. {
}Nhl|e (1) if( i++ > 80000 )
LED1_Toggle();

LED2_Toggle(); .
LED3_Toggle(); LED1_Toggle();

LED4_Toggle(); LED2_Toggle();

for (i = 0; i < 80000; i++); tggz_;ggg:zgg

i=0;

if(BT1_GetValue()) }
elsLeE ) if(BT1_GetValue())
LED8_SetHigh(); EISL(:EDS_SetLow();
}

LEDS_SetHigh();

} )

) lﬁ\ MICROCHIP




Lab3 GPIO Input

Code Example (State Machine)

#include "mcc_generated_files/system/system.h"
#include "mcc_generated_files/system/pins.h"

uint32_t i =0;

int main(void)
SYSTEM _Initialize();
while (1)
{ if( i++ > 80000 )

i=0;

LED1_Toggle();
LED2_Toggle();
LED3_Toggle();
LED4_Toggle();

}

if(BT1_GetValue())
LED8_SetLow();
else
LED8_SetHigh();
}
}
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Lab3 GPIO Input

Result (State Machine)

SS9t
49(H0SD
SOCSCK)
SLCMISD)

| 54¢nCBy_

COC_USEN
NAT _USEN

APPO41va3.
2027

_OCUN

S0n oS!
120 EEPROMICAST) |
= Tralaing Materiol Rvaitoble !
wuw.midcochip.com tw/RTO/RTO_DYD
A Aty —

Pinds, 47

PICLR), PICLGELPGE |
[PIC23EP, GSPIC33PGR2 | Rag

5P EEPROM

LED8 Turn On,
When BT1 Pressed, and
without delay.

-

|

LEDs Toggle,
Interval Period use "for()" loop delay.

acket

MikroBLS 5
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Oscillator Architecture

Q MICROCHIP



dsPIC33CK Series Clocks

* Microchip dsPIC33CK Series MCU available clock sources are internal Fast RC, Low
Power RC and External Crystal or , etc..

* The clocks can be divided or multiply by PLL.
* Auxiliary PLL (APLL) Clock Generator to Boost Operating Frequency for Peripherals
» Software-controllable switching between various clock sources.

Auxiliary PLL

Primary Oscillator | ~_

(PRI)

Primary Oscillator x n
(PRIPLL)

Internal FRC
(FRQ) o0—s

Internal FRC x n (
(FRCPLL) > )L CPU

Internal FRC / n
(FRCDIVN)

Backup FRC

(BFRC)

Internal LPRC

ureg |~ A5\ MicrocHip

Peripherals R




Phase Locked Loop

* A block diagram of the PLL module.

FRCCLK() —=

POSCCLK) =

S1

53

r PLLPRE=<3:0>

DIV
1-8

E—

PFD

POST1DIV<=2:0>
—> Lock )
( ) r POST2DIV<2:0>
tock | ol vco |9 PV || DV
Detect 1-7 1-7T
Feedback
Divider [-= = F\VCO
16-200
Fvco
Fvcorz
‘ ) VCO : FvcoDiv
PLLFEDIV<T7:0> Divider Fw:n:w_a
Fvcoi4
VCODIV<1:0>
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Phase Locked Loop

* Clock input must 8MHz after PLLPRE, which can use Primary Oscillators (Crystal or
External Clock) or Internal Fast RC as clock source.

Must 2 8Mhz here FOSC Max Value:200MHZ
? @
Primary Oscillator v
(PRIPLL) R
Internal FRC DIV MUL H DIV ]_{ DIV ]_{ DIVa dsPIC33CK
(FRCPLL) R (N1) Feedback (N2) (N3) Core
DIV(n1) Feel\:lzll;:ck DIV(N2) DIV(N3)
PLLPRE POST1D1V POST2D1V
PLLFBDIV , ,
Range : 1-8 Range : 16-200 Range : 1-7 Range : 1-7
: S Default : 4 Default : 1
Default : 1 Default * 150 efau efau

‘5\ MICROCHIP



Phase Locked Loop

* A block diagram of the APLL module.

FRCCLK

POSCCLK(T —=

APLL Ready APOST1DINV=<2:0=
rAPLLPREﬁa:D} ‘ » (APLLCK) IﬁFDSTEDIUﬁE:D:’
DIV Lock DIV DIV
3= APFD [ 3= AVCO o= -
1-8 Detect 1-7 1-7
t Feedback
FRCSEL Divider |- = AFVCO
16-200
AFvCco
AVCO LAFvcO/2
Divider |AFvCO/3 AFvcoDv
APLLFBDIV<7:0> AFvCO/4
AVCODIV<1:0>
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Auxiliary Phase Locked Loop

* Clock input must 8MHz after APLLPRE, which can use Primary Oscillators (Crystal or
External Clock) or Internal Fast RC as clock source.

Must = 8Mhz here

AFPLLO Max Value:1600MHZ
®

!
Primary Oscillator )
(PRIPLL) |
Internal ERC DIV MUL l I DIV DIV dsPIC33CK
(FRCPLL) N (N1) Feedback (NZ) (N3) Peripherals
DIV(N1) Feel\:lzll;:ck DIV(N2) DIV(n3)
APLLPRE APOST1D1V APOST2D1V
APLLFBDIV , ,
Range : 1-8 Range : 16-200 Range : 1-7 Range : 1-7
: - Default : 4 Default : 1
Default : 1 Default * 150 efau efau
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Oscillator Setting of MCC

ov |~ Mot | (ov LoV [ o L dsPIC33CK |
(N1) Feedback (N2) (N3) Core
— Fucol®
@
Fuen :Cbﬂkx 0

Fuconz
VGO DOZE<2-0=
—n Fvcona Fueobiv S!F View
Orvider [Fucou _I -
r B

‘ ¥ System Clock

L".’Eﬂﬂlvﬂ e

Frequency(AFPLL

-

FReCL 21 System Clock Source Primary Oscillator with PLL =
= PLL? — il .
POSCCLKIM—m(S3 2 ptels r—;zh‘“‘ ' | Input Frequency(in Hz)  8x10° <= 8000000 <= 32x10°
: FeLoai(5 .
5153 vz | Requested System
FROCLK | o0 i Fre%uency(insz) 1 <= 1200000000 <= 200x10°
4 — = Foes Set System(FOSC)
r e ! FRCDIVN o f 57 Freql‘{ency %o Maximum
| BFRCCLKI F——— — - —— — 1 '
FRCCLKM — ™56 Calculated System
LPRCCLEM | F\EEF-:I —™ [RODIV<t40= | | Frequency(FOSC) 200.00 MHz
| ,-Si’/ | Bprg— ; | \ Calculated Peripheral
L ll
L | mRe— [ | | Frequency(FOSC/2) 100.00 MHz
) F’C'SFC REFCLKO -
FREDIV=20> (I | PLL Qutput ErE
“L Frequency(FPLLO) : E
T Suich Reset ™\, | ROSEL <302 |
L= — = - VCO Frequency(FVCO) 400.00 MHz
AudlaryPLL - _
r "' FVCO Divider 4 v
HOSGE0> FROGCS: | PoscoLk |
s _" I Yeo Divider 100.00 MH
FRC Frequency(FVCODIV) : z
! FRCSEL ! —
| * = AFyCotd) | ‘ ¥ Auxiliary Clock
| AFuco | Ausiliary Clock S
|| aveo ﬁﬁ;i AFveati | uxihiary Llock source FRC Oscillator v
Divider [ AFvcow .
| L | l Auxiliary PLL OutgL;t 8.00 MHz
| | :
| |

o ) ﬁ\ MICROCHIP



Lab4 Clock PRIPLL

* Base on current project or Open .\Exams\Lab4_xxx.X to do exercises.

* Try to change system clock from internal Fast RC to External Crystal (8MHz)
and enable PLL.

* Try to provide maximum frequency (32MHz) to MCU.

Let’s go!

lﬁ\ MICROCHIP



Lab4 Clock PRIPLL

Connection

UsB_IO
COC_USEN

SS(nCO
49(HOSD
S0CSCK)
SLCMISDD

Tk

miciosDh Sa

ua 6y 4

J .-ROCHIP
(5055

Don‘t Need Any Connection. |
All Connection Already Done

By Previous Lab.

z 2 1
1 |. 5} réﬁ f’] BTa
35 ’

]

MIRroBUS Socke

hnt

MikroBLS *
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Lab4 Clock PRIPLL

Step 1

* Set System

» System Clock: Primary Oscillator with PLL, Requested System Frequency(in Hz) = 32000000.

] X
Resource Management [MCC] = ]
MCC v5.3.7
o
Project Resources | Cenerate 0 ©

¥ System

€ =T Clock
2 Configuration Bi

® 2= ot
== |CD

® = interrupt

0 £ Pins

Lo

Clock = |

%A Clock - Editor

— O X

(DEE

Select or Key-in Correct
Frequency that set on your Board

* System Clock

Device Resources

Content Manage

r

¥ Libraries
» 2= 16-Bit Data EEPROM Emulation (DEE)
@ LS can-Te
» = MCPRD2X
¥ [Drivers

r ADC

.

System Clock Source Primary Oscillator with PLL

W

Input Freguency(in HZ)  g:10% <= 2000000

= 32%10° /

Requested System
Freguency{in Hz)

v ’
1 <= 32000000 /

<= 200=10°

Set System(FOSC)
Frequency to Maximum

Calculated System
Frequency(FOS5C) 32.00 MHz

Calculated Periphera

Frequency(FOSC/2) 16.00 MHz

@ MICROCHIP



Lab4 Clock PRIPLL

Step 2

* Click "Generate" Button to generate your code.

| Generate

Project Resources| | Generate L

¥ System

® LT Clock

2= Configuration Bits
© 2= ovT
= ICD
® = Interupt
0 2 Dins

0 2 Watchdag Timer

Device Resources

Content Manager

¥ Libraries
» = 16-Bit Data EEPROM Emulation {DEE)
© L= can-TP
P =T MCPB0ZX
0 <) motorBench ® Development Suite

P Drivers

1] X
Output - MPLAB® Code Configurator |
09:34- 52 TNFD: $#88448888astaattstststtssasrasatsassssatsssstasssess [
2 INFD:  Generation Results
09:34: 52 INFD: #8844 88 8 et teant et sttt et rasntrassasstsasstssssesy
09.34:52 INFO: main.c Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
09:34:52 INPD: mec_generated_fileshclock. e Success.
09:34:52 INFO ted_files\clock. b Huocess,
09:34.52 INFO ed_files\intermupt_manager o fuccess.
09:34:52 INFD rated_files\intermupt_mavager. h Success.
09:34:52 INFO: moc_generated_fileshmeo. e
INFO: meoc_gernerated_fileshmeo. h
INFD: meoc_generated_fileshpir_marager. c Buccess,
INFO: mec_generated_filesh\pir_marager. h Aiccess,
09: INPD: moc_generated_fileshreset.c Success.
09 INFD: mec_zenerated_fileshreset h Aiccess,
09:34.52.2 INPD: moo_generated_fileshreset_types.h Suocess.
09:24:.52 INFO: mec_gernerated_fileshsystem.c Huiccess
2 INFO: moc_generated_fileshsystem.h Success,
09:34:52,288 INFD: meec_generated_fileshsystem_types.h Aiccess
INFO: moc_generated_fileshtraps. o Success.
09:3452 288 INFD: mec_generated_fileshtraps h Huccess
09:34: 52, INFD: moc_generated files‘watchdog. h Sugcess,
093452 TNFD: $sts4assssassastsstsssstssattasndsansssstsssstssassss
09:34:52. INFO: Generation complete {total time: 198 milliseconds)
09:34: 52 TNFD: $838448880a8saat s st ssstssitrstassassssstsssstsssssss
09.34;52 INFO: Generation complete, W

ﬁ'\ MICROCHIP



Lab4 Clock PRIPLL

Result

e SEN i) 1S3 “H0s]
JCOC_UBEN o W(KE _ﬂceunom(ﬁj- |_____SPmEEPROM |
NAT_USEN ot e " 3 _] 8,16 5 al ralaing Materiol Availoble !
s . 3 www. nldmmp sam,tw/RTO/ATO_DYD

67 55 53

"64762 60 58 56 54 52 5

LEDS Turn On,
When BT1 Pressed, and
without delay.

Pinds,

PICLN), PICIGFLPGX ]
47
PIC2AEP, (SPIC33PGe2 | Ha)

LEDs Blink Speed More Quickly.
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Interrupt Architecture
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What'’s Interrupt ?

* In general, processor is executed in sequence according to the program's flow.

* However, if some peripherals or event needs immediate attention then an interrupt
flag been set as high-priority and requiring interrupting current process to serve it.

* Processor will jump to execute the interrupt service routine (ISR, Interrupt Service

Routine) to service peripherals or events.

ﬁ\ MICROCHIP



Which events need Interrupt ?

* For General (maskable)

* Time critical event
As soon as possible, when event occurred.

* Unpredicted event
Polling too waste computing time.

* For Emergency (non maskable)
 Stack Overflow/Underflow
* Math Error
* Address Error
* etc..

‘5\ MICROCHIP



dsPIC33CK Series Interrupt Architecture

* dsPIC33’s Interrupt is Nested Vector Interrupt Controller.
* Provide up to 8 processor exceptions and software traps
* Provide 7 (1~7) user-selectable priority levels. 0 is disable, 7 is the Highest priority.

* IVT/AIVT provide 246 vectors.

* Fixed interrupt entry and return latencies.

Selectable
Priority

Static Priority

~N
1

[HE
U-Il
_ 3l

(0.¢]
1

[EE
1

Interrupt Controller

Trap

)

Trap

Y VY

Trap

CPU

Interrupt
Request

Y

Interrupt

rd

Vector >

Interrupt

o

Interrupt

Natural Priority
->

N
o T

|

|

.

|

Priority
1-7

]

J
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Natural Priority

* If two pending interrupts share the same priority, priority is given to the interrupt with
the lowest exception number. (.\Microchip\xc16\v2.10\docs\vector_docs\PIC33CK256MP506)

(Iowest interru pt vector addrESS). [Nia [ OscillatorFail  |[_AltOscilatorFail | Oscilator Fail Trap vector |

| N/A ” _AddressError ” _AltAddressError ” Address error Trap vector |

R;:;tf_(sszsolr:;::ztin gigggﬁgg | NIA ” _HardTrapError ” _AltHardTrapError ” Generic Hard Trap vector |

Oscillator Fail Trap Vector 0x000004 | N/A ” _StackError ” _AltStackError ” Stack Error Trap Vector |

Addres.s Error Trap Vector 0x000006 | N/A ” _MathError ” _ AltMathError ” Math Error Trap vector |

G;Zi:CE:zidTT;ZpV\;ZC;?r ?};(gggggi | N/A ” _SoftTrapError ” _AltSoftTrapError ” Generic Soft Trap vector |

Math Error Trap Vector 0x00000C | 0 ” _INTOInterrupt ” _ARINTOInterrupt ” External Interrupt 0 |

GenericRSeosf?r::ai Veotor giggg?}?ls | 1 ” _T1interrupt ” _AlitTInterrupt ” Timer 1 |

Reserved 0x000012 | 2 ” _CNAlnterrupt ” _ARCNAInterrupt ” Change Motification A |

Interrupt Vector 0 0x000014 | 3 ” CHNEBInterrupt ” ARCNBInterrupt ” Change Motification B |
Interrupt Vector 1 0x000016 — P — P g

; : |4 ||_DMAOInterupt || _ArDMAOInterrupt || DMA Channel 0 |

: . | B ” _CCP1interrupt ” _ARCCP1Interrupt ” CCP1 Capture/Compare Event |

et Vodor 52 X00007C |7 |[_ccTrinterupt || _anccTtinterrupt [ cCP1 Timer Event |

Interrupt Vector 53 0X00007E |8 ||_DMAtinterupt  ||_aDMAtInterrupt || DMA Channel 1 |

Interrupt :Ve‘"‘mr el 0x000080 Iterrupt Vector Deals |9 ||_sPiRXinterrupt || _altsPI1RXInterrupt || SPI1 RX |

A |10 ||_sPiTXinterrupt || _alsPI1TXInterrupt || SPI1 TX |

: |11 |[_utRxinterupt || _AU1RXInterrupt | UART1 RX |

[12 || _UtTxinterupt  ||_ARU1TXInterrupt  |[UART1 T |

Each peripheral has an assigned.

Vector table is based at address 0x00000000 ﬁ\ MICROCHIP



Coding for Interrupt

* A complete interrupt code segment includes below 3 parts.

* Interrupt Service Routine (ISR)

* Enable Interrupt and Set Interrupt Priority
* Initial Peripheral to generate Interrupt Request.

* This is very difficult for beginner, if you use bare metal style to build your code.
* MCC could help you to build most all code segment. So, just one click all interrupt

relate setting will get ready.

<]

Timer]l =

‘ ¥ Software Settings

Custom Name
Timer Enable

Requested Timer Period
(m9)

Calculated Timer Period
(ms)

Interrupt Driven

Timer1

0.0003 <= 100

100

X

<= 2097.152

ick !
Just One Click ! e

Enable Interrupt
Timer PLIE Selector

TMR1

‘5\ MICROCHIP



MCC Melody’s Interrupt Function

* MCC Melody will automatically enable interrupts, set priority and create interrupt
service routines, and provide "Callback Function" to user.

* Flag and event handle by handler function automatically, user focus at application only.
It’s more powerful and easy to understand than operating a bare metal style.

Automatically initialize

and enable interrupts.
|

void TMR1_lInitialize (void) ‘l‘
{

TMR1_TimeoutCallbackRegister(TMR1_TimeoutCallback);
TMR1_Start();

}

void TMR1_Start( void )
{

IFSObits.T1IF = 0;
IECObits.T1IE = 1;
T1CONDits.TON = 1;

}

Automatically create an Interrupt Service Routine (ISR).

¥
void __attribute__ ((interrupt, no_auto_psv)) _Tlinterrupt(void)
{
(*TMR1_TimeoutHandler)();
[1FSObits.T1IF = 0;

}

r ——

Automatically reset
after an interrupt occurs.

void TMR1_TimeoutCallback( void )
{

A

}

User only need focus at
application and add your
custom code in
"Callback" Function.
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Callback Function

* MCC Melody provides two ways to use the callback function.

* MCC Melody will automatically generate a callback function with the "weak" attribute,
user can redefine same name function in your code to replace the default function.

* Or you can use xxxCallbackRegister() to register (hook up) your custom callback function.

* We will focus on using register custom callback function in the following exercises.

tmrl.c

void __ attribute__ ((weak)) TMR1_TimeoutCallback( void )
{

}

main.c

void TMR1_TimeoutCallback( void )
{

}

int main(void)

{
.

main.c

void myTimeoutCallback( void )

{
}

int main(void)

{

TMR1_TimeoutCallbackRegister(&myTimeoutCallback);

.

‘5\ MICROCHIP



Callback Hook Example

void myTimer1_CallBack(void) {

} Hook (Register)

void TMRn_lInitialize (void) { 1
TMR1_TimeoutCallbackRegister (myTimerl_CallBack);

| \

Callback

Application

{

}
}

void TMR1_TimeoutCallbackRegister(void (*handler)(void)) {

if(NULL != handler) /

TMR1_TimeoutHandler = handler;

™

Function Pointer

| .

Interrupt Service Routine (ISR)

l

\.é void __attribute__ ( (interrupt, no_auto_psv ) ) _Tninterrupt ( ) {
~ (*TMR1_TimeoutHandler)();

}

IFSObits.T1IF = 0;

Inte@

e —

lﬁ\ MICROCHIP



Timer Driver Architecture
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Timer or Counter ?

* Timer is a clock counter, use to count how many clocks into module after start, we can
use the known clock period to calculate time.

* Timer can set a notify condition, like overflow, equal some value etc.

* Timer supports both polling and interrupt mode.
* |f interrupt disable : User must check flag, as soon as possible.
* |f interrupt enable : Timer will notify CPU, if condition is true.

NGO,
_Am MAX

® __

<

l- 5ms =k~ 5ms =l 5ms—l-5ms—l«-5ms—

Q MICROCHIP



Timer Driver

* Driver provides simple, abstracted, portable interface to peripherals.

* dsPIC33CKMP506 provides 10 sets of peripherals that can be used for Timer Driver,

1 "TMR", 8 "SCCP" and 1 "MCCP", in this section we focus on Timer mode.

T

imer Drive

r

4 )
Applicatioin
N /
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Timer PLIB - TMR

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

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

TMRx and PRx. Asserts an interrupt request while TMRx and PRx equal and then clear
TMRXx to zero.

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

1:1
1:8
[ PRx } 1:64
< omparator
Request 1 Prescaler

—{ TMRx }7 =~ |<— Clock Source
Reset

ﬁ\ MICROCHIP



Timer PLIB - SCCP/MCCP with Timer Operation Mode

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

* Clock into CCPXTMR after prescaler. Comparator continuously compares the values of
CCPXTMR and CCPxPRL. Asserts an interrupt request while CCPxTMR and CCPxPRL
equal and then clear CCPXTMR to zero.

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

1:1
| cePxPRL | e
Interrupt  Equal ) 1:64
Request - Comparator Prescaler
—{ CCPxTMR }7 < Clock Source
Reset

‘5\ MICROCHIP



Functions of Melody Timer Driver

* Melody Provide below functions for Timer:
Prototype definition : "tmrl.h" and "sccpn.h"

* TIMER_INTERFACE

* (void) CustomName.Initialize(void);

* (void) CustomName.Deinitialize(void);

* (void) CustomName.Start(void);

* (void) CustomName.Stop(void);

* (void) CustomName.PeriodSet(uint32_t count);

* (uint32_t) CustomName.PeriodGet(void);

* (uint32_t) CustomName.CounterGet (void);

* (void) CustomName.InterruptPrioritySet(enum INTERRUPT_PRIORITY priority);
* (void) CustomName.TimeoutCallbackRegister(void (*handler)(void));

* Default CustomName is Timern.

ﬁ\ MICROCHIP



Lab5 Timerl Interrupt

* Base on current project or Open .\Exercises\Lab5 xxx.X to do exercise.

* Try to add Timer Driver using TMR1 and rename it as "myTimer1".

* Try to replace software delay to myTimerl to control LEDs to change state
every 500ms.

* myTimerl interrupt priority set to level 1.

Let’s go!
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Lab5 Timerl Interrupt

Connection

~50n
2¢ | colaxaD|] 12C EEFROM(CLY

ol

Don‘t Need Any Connection.
All Connection Already Done

By Previous Lab.

EERE ¥

e a8

1

0115, 16<0n1.
PICIZIX, PIC24F ) PS
PIC2REP, (5sPICI3.POX

2 17, 18

Pinds, 47
[PIC2AEP, 2sPIC33PGx2  [HSIE

mirraBLUS Sacket

MikroBLUS Sacket
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Lab5 Timerl Interrupt
Step 1

* Click [+] to add Timer Driver.

Project Resources | Generate | | @ || @ . G
m—— = Project Resources | ©enerate 0 |©
ystem T - ~
¥ Drivers
0 = Clock v Timer
2= Configuration Bits © B4 £ Timer(None)
0 = DMT ¥ System
£ |CD ©® £ Clock
@ = Interrupt € Configuration Bits A
0 = Pins ¥ < oMt
£ ICD
0 == Watchdog Timer " —
: Device Resources WSontantMenaner
Device Resources Caniegiidanaces e -
b PWM i » Pulse Output
v QE » PWM
> QEI
F SENMT |—|I » SENT
k5P ¥ » SPI
¥ Timer v Timer
0 g DELAY 9 £ Timer
0 % Timer > UART |
o » Hardware Peripherals »
¥ Hardware, Perigharals -
Click [+] -

@ MICROCHIP



Lab5 Timerl Interrupt

Step 2
e Select Timer PLIB to TMR1.

¥ Software Settings

Custom Name Timerl
Timer Enable &
Requested Timer Period (ms) 0.0003 <= 1 <= 2097.152

Calculated Timer Period (ms) 1

Interrupt Driven ‘

¥ Dependency Selector

Timer PLIB Selector TMR1

@ MICROCHIP



Lab5 Timerl Interrupt

Step 3

* Modify the Custom Name to "myTimerl".

¥ Software Settings

Custom Name myTimerl

Timer Enable ‘

Requested Timer Period (ms) 0.0003 <= 1

Calculated Timer Period (ms) 1

Interrupt Driven ‘

<= 2097.152

¥ Dependency Selector

Timer PLIB Selector TMR1

@ MICROCHIP



Lab5 Timerl Interrupt

Step 4

* Set Requested Timer Period (ms) : 500.

¥ Software Settings

Custom Name myTimerl

Timer Enable &

\J
| Requested Timer Period (ms) 0.0003 <= 500 ‘f

<= 2097.152

Calculated Timer Period (ms) 500

Interrupt Driven &

¥ Dependency Selector

Timer PLIB Selector TMR1

@ MICROCHIP



Lab5 Timerl Interrupt
Step 5

* Check Timer Interrupt is Driven.

¥ Software Settings

Custom Name myTimerl
Timer Enable &
Requested Timer Period (Mms) 0.0003 <= 500 <= 2097.152

Calculated Timer Period (ms) 500

Interrupt Driven ‘

¥ Dependency Selector

Timer PLIB Selector TMR1 v

@ MICROCHIP



Lab5 Timerl Interrupt

Step 6

* Check Interrupt status (Timerl) for myTimerl.

Project Resources [ Generate ]

©
®

¥ System

Clock
Configuration Bits
DMT

ICD

e © @
L KU

Interrupt

Pins

©
{“ «

Watchdog Timer

Device Resources

Content Manager

¥ Libraries
» = 16-Bit Data EEPROM Emulation {DEE)
© L= can-TP
P =T MCPB0ZX
0 <) motorBench ® Development Suite

P Drivers

~

B4 Interrupt - Editor - m} x

Interrupt = |II| E] @
| ¥ Interrupt Settings |

Global Interrupt Enable

CTXT1: IPL for Alternate Working Register 1 gpg v

CTXT2: IPL for Alternate Working Register 2 gpg v

CTXT3: IPL for Alternate Working Register 3 | gfp v

CTXT4: IPL for Alternate Working Register 4 opp v

Module Interrupt Description IRQ Number Enabled Priority(IPL) Context(CTXTn)

DMT DMT Dead Man Timer 45 1 ~[]

myTimer1 T1 Timer 1 1 1 v (]

Fins CNA Change Notification A 2 1 v [

Pins CNB Change Notification B 3 1 +[]

Pins CNC Change Notification C 19 1 +[]

Pins CND Change NotificationD 75 1 v
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Lab5 Timerl Interrupt
Step 7

* Click "Generate" Button to generate your code.

1] X

Output - MPLAB® Code Configurator |

09:34:52. 286 INFO: tetsrssessssssstastseaspasesnssrastanaseantannssssans ~

| Generate

2. 287 INFD:  Generation Results

09:34-52.287 THFD: $et ettt s pa ettt st e e e R e R R R AR R RN R AR RN ER R AN

a " 09:34:52.267  INFD: main.e Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
iject Resources GenErate | 0 || @ 09:34-52.287 INFO: mece_generated_files\clock. e Siccess.
09:34:52.287 INFI: mice ted_files\clock. b Huocess,
¥ System . -
¥ INFO: moo_gererated_fileshintermupt_mavager. c Success.
0 g Clock INFD ed_files\intermupt_mavager. h Success,
- Configuration Bits INFO: moc_generated_fileshmeo. e
0 g DMT INFO _filesmec. h
< D INFD: meoc_generated_fileshpir_marager. c Buccess,
0 e INFD: mee_generated_filesh\pir_marager. h diccess,
Interrupt . _— .
= P INFO: meoc_generated_files\reset. o Success.
0 % Pins INFO enerated_fileshreset h Hiccess
0 g Watchdog Timer 09:34:52.268  INPD: moo_generated_fileshreset_types.h Suocess.
09:24.52. 266 INFO: mec_gernerated_fileshsystem.c Huiccess
INFO: moc_generated_fileshsystem.h Success,
Device Resources Content Manager N
INFD: meec_generated_fileshsystem_types.h Huccess
¥ Libraries T ] INFO: moc_generated_fileshtraps. o Success.
» § 16-Bit Data EEPROM Emulation (DEE) 09:34:52.288  INPD: mcc_generated_fileshtraps.h Success
e 2 CAN-TP 09:34:52.289  INFD: moc_generated files‘watchdog. h Suocess.
00:34-52 298  [NP0: sesstssssststsssasisbassstssssssitsssssnisssssssisnss
[ § MCPE02X
) - 09:34:52.298  INFD: Generation complete {total time: 198 milliseconds)
OG motorBench® Development Suite 00:34-52.208 NP0 ssesssssssisssssssisbisiiisisstiisssitiiisssisniinis
¥ Drivers v 09:34:52.299  INFO: Generation completa, W
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Lab5 Timerl Interrupt

Code Example

#include "mcc_generated_files/system/system.h"
#include "mcc_generated_files/system/pins.h"
#include "mcc_generated_files/timer/tmrl.h"

uint32_t i =0;

void myTimerl_Callback(void)

{
LED1_Toggle();
LED2_Toggle();
LED3_Toggle();
LED4_Toggle();

int main(void)
SYSTEM _Initialize();
myTimerl.TimeoutCallbackRegister(myTimer1_Callback);
while (1)
if(BT1_GetValue())
LED8_SetLow();

else
LED8_SetHigh();

lﬁ\ MICROCHIP



Lab5 Timerl Interrupt

Result

SEnCd
49(H0SD
SOCSCK)
SLCMISD)

| 54¢nCBy_

IBEN S0A SO _hos!
JOOCUBGNTL. 2 R CEcPROMICSD) | 5P EEPROM
NAT_USEN e, e g 3 _] 8,16,92 Bit al Tralaing Matedel Rvalioble !

CONZ 18 wuw.midiochip.com tw/RTO/RTO_DYD

"64762 60 58 56 54 52 5

: [« -~ - LED8Turn On,
- T - (e - == When BT1 Pressed.

B

acket

MikroBLS 5

Pinas, 4

W
FOCI‘EP @sPIC33:PGe2 ¥
_OCUN

-

LEDs Toggle,
Interval Period use "myTimerl" callback.
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Lab6 SCCP Timer Interrupt

* Base on current project or Open .\Exercises\Lab6 _xxx.X to do exercise.

* Try to add Timer Driver using SCCP1 and rename it as "myTimer2".

* Try to replace software delay to myTimer2 to control LEDs to change state
every 1,000ms (1s).

* myTmier2 interrupt priority set to level 2.

* To separate LED1 & LED2, LED3 & LEDA4 to blink different period.

* LED1 & LED2 blink by myTimer1 (500ms)
LED3 & LED4 blink by myTimer2 (1,000ms)

Let’s go!
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Lab6 SCCP Timer Interrupt

Connection

~50A
2¢ | colaxaD|] 12C EEFROM(CLY

ol

Don‘t Need Any Connection.
All Connection Already Done

By Previous Lab.

EERE ¥

e a8

1

0115, 16<0n1.
PICIZIX, PIC24F ) PS
PIC2REP, (5sPICI3.POX

2 17, 18

Pinds, 47
[PIC2AEP, 2sPIC33PGx2  [HSIE

mirraBLUS Sacket

MikroBLUS Sacket
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Lab6 SCCP Timer Interrupt
Step 1

e Click [+] to add Timer Driver.

Project Resources | Generate | | @ || @ :
: ~ Project Resources | Generate ] @
¥ [Drivers — - —_— N~
¥ Drivers
¥ Timer v Timer
@ 3T myTimert © P4 L myTimert
¥ System © 4 = Timer(None) j
O LT Cock i v System
, N £ Clock -
% Configuration Bits @S Cloc
€ Configuration Bits
@ =T oMmT
©® £ owmr
£ D 1 - 1D
Device Resources Content Manager Device Resources _Content Manager
F Pulse Uuiput ~ P
> PWM » Pulse Output
> PWM
» CEl » QEI
* SENT | | » SENT
> SPI | > SPI
¥ Timer v Timer
T
@ 3 £ DeLay QL3S Timer
. » UART
0 % e » Hardware Peripherals
» UART

© Click[+]
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Lab6 SCCP Timer Interrupt

Step 2

e Select Timer PLIB to SCCP1.

¥ Software Settings

Custom Name Timerl

Timer Enable ‘
Requested Timer Period (ms) 0.0003 <= 1
Calculated Timer Period (ms) |1

Interrupt Driven &

<= 34.359738368x10°

¥ Dependency Selector

Timer PLIB Selector SCCP1

Q MICROCHIP



Lab6 SCCP Timer Interrupt

Step 3

* Modify the Custom Name to "myTimer2".

¥ Software Settings :

Custom Name myTimer2

Timer Enable &

Requested Timer Period (ms) 0.0003 <= 1 <= 34.359738368x10°

Calculated Timer Period (ms) |1

Interrupt Driven &

¥ Dependency Selector

Timer PLIB Selector SCCP1 v

Q MICROCHIP



Lab6 SCCP Timer Interrupt

Step 4

» Set Requested Timer Period (ms) : 1000.

¥ Software Settings

Custom Name myTimer2

Timer Enable &

<= 34.359738368x10°

\J
I Requested Timer Period (ms) 0.0003 <= 1000‘,

Calculated Timer Period (ms) 1000

Interrupt Driven &

¥ Dependency Selector

Timer PLIB Selector SCCP1

Q MICROCHIP



Lab6 SCCP Timer Interrupt

Step 5

* Check Timer Interrupt is Driven.

w Software Settings

Custom Name myTimer2
Timer Enable &
Requested Timer Period (ms) 0.0003 <= 1000 <= 34.359738368x10°

Calculated Timer Period (ms) 1000

Interrupt Driven &

¥ Dependency Selector

Timer PLIB Selector SCCP] v

Q MICROCHIP



Lab6 SCCP Timer Interrupt

Step 6

* Check Interrupt status (CCP1 Timer Event) for myTimer2.

Project Resources [ Generate ]

®
®

¥ System

Clock
Configuration Bits
DMT

ICD

Interrupt

Pins

@ @ oo @0«

OQO| © . ©

Watchdog Timer

Device Resources

Content Manager

¥ Libraries
» = 16-Bit Data EEPROM Emulation {DEE)
© L= can-TP
P = MCPR0ZX
0 <) motorBench ® Development Suite

P Drivers

~

D) X
Interrupt x]
| ¥ Interrupt Settings
Global Interrupt Enable
CTXT1: IPL for Alternate Working Register 1 | qef v
CTXT2: IPL for Alternate Working Register 2 | oep v
CTHT3: IPL for Alternate Warking Register 2 gsf v
CTXT4: IPL for Alternate Working Register 4 | o v
Module Interrupt Description IRQ Number Enabled Priority(IPL) Context(CTXTn)
DMT DMT Dead Man Timer 45 1 v [
myTimerl T1 Timer 1 1 1 ~ [
I myTimer2 CCT CCP1 Timer Event 7 1 v ] I
myTimer2 CCP1 CCP1 Capture/Compare 6 1 ~ [
Event
Pins CNA Change Notification & 2 1 v [
Pins CNB Change Notification B 3 1 v
Pins CNC Change NotificationC 19 1 v [
Pins CND Change Notification D 75 1 v

@ MICROCHIP




Lab6 SCCP Timer Interrupt

Step 7

* Modify Timer2 Module’s Interrupt Priority for CCT1 Timer Event to 2.

D]

Interrupt =

| * Interrupt Settings

Global Interrupt Enable

CTXT1: IPL for Alternate Working Register 1
CTHTZ2: IPL for slternate Working Register 2
CTXT3: IPL for Alternate Working Register 3

CTXT4: IPL for slternate Working Register 4

Module Interrupt
DMT CMT
myTimer1 T1
myTimer2 CCT
myTimer2 CCP1
Pins CNA

Fins CNB

Fins CNC

Fins CND

Description
Dead Man Timer
Timer 1

CCP1 Timer Event

CCP1 Capture/Compare
Event
Change Motification A

Change Motification B
Change Motification C
Change Motification D

IRQ Number
45

1

7

19
75

Enabled

Priority(IPL)

Context{CTXTn)
v [

ra = || =

ﬁ'\ MICROCHIP



Lab6 SCCP Timer Interrupt

Step 8

* Click "Generate" Button to generate your code.

Generate

= w

Project Resources| | Generate L

¥ System

® LT Clock

2= Configuration Bits
© 2= ovT
= ICD
® = Interupt
0 2 Dins

0 2 Watchdag Timer

Device Resources

Content Manager

¥ Libraries
» = 16-Bit Data EEPROM Emulation {DEE)
© L= can-TP
P =T MCPB0ZX
0 <) motorBench ® Development Suite

P Drivers

= X
Output - MPLAB® Code Configurator |
09:%4-52.286  INPO: $tts3ttssastastastsssttassssssasssssssasssssssnssnss A
INFD:  Generation Results
: INFD: #8844 88 8 et teant et sttt et rasntrassasstsasstssssesy
09:34:52.267  INFD: main.e Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
09:34:52.287 INFO: mece_generated_files\clock. e Siccess.
09:34:52.287 INFD: ted_fileshclock. b Huocess,
INFO ed_files\intermpt_manager.c Success.
INFD ed_files\intermupt_mavager h Success,
09:34.52.268 INFD: mee_generated_files'mec.c
093452, 268 _f1les'meo. b
ed_files\pin_marager. ¢ Buccess,
09:34.52 268 ) nevated_files\pir_marager. h Aiccess,
09:34:52.268 ed_fileshreset. o Success.
09:34:52 288 ed_filesreset h Hiccess
09:34.52. INFO: moo_generated_files\reset_types. h Suocess.
09:24.52. 266 INFD: mee_generated_filesisystem. c Huiccess
INFD: mee_generated_files\system. h Success,
INFD rr-'.-‘._,f-—-uuna'Hl_:-ilud.uy-.hqn_typu-. h Hiccess
INFO: moc_generated_files\traps. c Success.
09:-34- 52 288 INFO: mee_generated_files\traps. h Hiccess
09:34:52.289  INFO: moc_generated files'watchdog. h Sugcess,
00:34-52 298  [NP0: sesstssssststsssasisbassstssssssitsssssnisssssssisnss
INFO: Generation complete {total time: 198 milliseconds)
00:34-52.208 NP0 ssesssssssisssssssisbisiiisisstiisssitiiisssisniinis
09:34:52.299  INFO: Generation completa, W
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Lab6 SCCP Timer Interrupt

Code Example

#include "mcc_generated_files/timer/tmril.h"
#include "mcc_generated_files/timer/sccpl.h"

uint32_t i=0;

void myTimerl_Callback(void)

{
LED1_Toggle();

LED2_Toggle();

void myTimer2_Callback(void)

{
LED3_Toggle();

LED4_Toggle();
int main(void)
SYSTEM_Initialize();

myTimerl.TimeoutCallbackRegister(myTimer1_Callback);
myTimer2.TimeoutCallbackRegister(myTimer2_Callback);

while (1)
{

-
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Lab6 SCCP Timer Interrupt

Result

! G SLCMISD)
USB_IO : ¢ ; S4By

£ e = S0A T
| LUC-L?FN 3 E L-}_ | 12CEcPROMICHSE | il EEWO’M
NAT _USEN R TR 3 8,16,92 al Teraiaing Materiol Rvaltoble !
< ¢ wuw.midcochip.com tw/RTO/RTO_DYD
AR AT

63 _61 538 57 55 53 5

64762 60 58 56 54 52

mirraBLUS Sacket

ng same as PIC24F

| dsPIC33CK256IVIP506 |

Set

“\n e . LED8 Turn On,
" - L 7.  When BT1 Pressed.

B

acket

MikroBLS 5

PIC?MJ PGx1
P‘KZZSE @5PIC33.PGx3

W
Pinas, 4

FOCI‘FP @SPIC33 P62 |
_OCUN

< . 4
LED3 and LED4 Toggle,

Interval Period use "myTimer2" callback.
LED1 and LED2 Toggle,

Interval Period use "myTimerl" callback. Q MicRoOCHIP



OLED Application (PPS & SPI)
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OLED Graphic Display

e OLED (Organic Light-Emitting Diode) with controller
* 128 x 64 Dot matrix, Monochrome, 3 Wire SPI with 3 External control pins.

e Controller : SSD1306

* 128 x 64 Dot Matrix OLED/PLED Segment/Common Driver with Controller and SPI communication
interface.

Sl
= M j ,"f‘} M f""

Sz o\ :a' : > ﬁ '~‘x\‘;\§* ({\7_5‘ ;wyw/”“«m;

. lF} ‘s S

: @‘. I‘ "‘ ﬁﬁ;ﬁ A\ \1!’
{h . & ; s

It

/

R
r’/
. &3
X < "
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Recourses Requirement for OLED

* Peripherals : SPI

* 3 Wire SPI, Mode 0, SCLK = 8 MHz
* Chip Select
* SCK
* SDO(MOSI)

* Peripherals : GPIO
* CS : Chip Select (Enable Chip & Initial Communication)
* High : Disable.
* Low : Enable.

* RS : Data / Command select
* High : Data.
* Low : Command.

° RESET : Module Reset
* High : Normal.
* Low : Hold Reset.

* Drivers: Delay Driver
* Timing Control (Block)

lﬁ\ MICROCHIP



What’s SPI

* SPI, Serial Peripheral Interface

* It’s a serial communication interface.
Synchronous, inside-board level, short distance communication.

SPI
Master

SCLK
MOSI
MISO
SS

SCLK
MOSI
MISO
SS

SPI
Slave

SPI
Master

SCLK
MOSI
MISO

Ss1
SS2
ss3

»| SCLK
» MOSI SPI
MISO Slave
» SS
»| SCLK
» MOSI SPI
MISO Slave
»| SS
» SCLK
—»| MOSI SPI
MISO Slave
—— | SS

https://zh.wikipedia.org/wiki/%E5%BA%8F%E5%88%97 %E5%91%A8%E9%82%8A%EA4%BB%SBHEI%ID%A2
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dsPIC33’s SPI Module

* dsPIC33CK256MP506 Provide 3 SPI module, support limited pin remapping.
* Pin Definition :

SDO (MOSI) :

* Data Out, dsPIC33 to Device.
SDI (MISO) :

* Data In, Device to dsPIC33.
SCK (SCLK) :

* Clock Out, dsPIC33 to Device.
SS (FSYNC) :

* Active-Low Slave Select or

Frame Synchronization 1/0 Pulse

FIGURE 17-1: SPIx MODULE BLOCK DIAGRAM (STANDARD MODE)

Intemnal
Data Bus
Read Write

SPIxRXB SPIxURDT
MSB
Receive
< SPIXRXSR
SDx i
JX‘[ ~
SDOx Shift L
Control ,/—': TXELM[5:0] = &’ 50
ey \
< §5x & FSYNC Clock | | Edge - URDTEN
_ Control Control Select MCLKEN
SSHFSYNC
REFO
L - Baud Rate
— o Generator
SCKx Fp
Ed Clock
Selggt B Coﬁgol Enable Master Clock
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What’s PPS

* PPS, Peripheral Pin Select

* Provides a flexible peripheral pins remapping mechanism users can better tailor the
microcontroller to their entire application.

* PPS pin definition
* RPN : Input & Output
* RPIN : Input Only

* The peripherals managed by the peripheral pin select are all digital only peripherals.

Pin # Function
1 RP46]PWM1 H/PMD5/RB14
2 RP47,IPWM1 L/PMD6/RB15
3 RPGO]PWMBH/PMD?/RC1 2
4 ‘RP61 JPWMBL/PMAS/ RC13




PPS Assign Pin at Pin Manager

* Just one Click on that pin you want to configin:
* Pin Manager : Gird View

D) X
Pin Manager: Grid View x
Package:| | TQFPes | ~ PinNo: |14|15|16|17|18|28|29|33 |34 |35 45|46 |47 |48 49|61|62(63 64 1 |2
POrtA ¥ POrtB ¥
Module| Function| | Direction| | 0 |1 |2 |3 |4 |0 |1 /2|3 |4|5 |67 |8/|9[10/11]12]13]14|15
CLKI input B
CLKO output
Clock v 0sCl input a
0sCO output a
REFI1 input (:] R B B
REFO1 output (- AT O AR
PGCx input a ‘B [
ICD ¥
PGDx input 8 B ]
e Modude v T input RGN BN O T T R B
0 _oups 'l Bm - W mhhhhlhbhshhhE
SCKIOUT  |infout (: RN RG]
oy 15O input B Rk R R
SDO1 output (: R R R I
SS10UT output (-] N T I R RN
TMR1  |T1CK input (-] IR R
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What’s Delay Driver

* The Delay Driver aims to provide an abstraction interface for invoking built-in delay

macros across device families.

* Flexible APIs for creating blocking delays in millisecond and microsecond time units,

use real instruction cycle (Tcy) to generate time latency to ensure accurate delay.
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OLED Functions of myOLEDIib

* We Provide below functions for OLED:
"myOLED_ssd1306.c", "myOLED ssd1306.h"

void myOLED _Init(void);

void myOLED_ClearScreen(void);

void myOLED_DrawBitmap(uint8_t column, uint8_t page,
uint8_t width, uint8_t height,

const uint8_t *byte);

void myOLED_DrawChar(uint8_t column, uint8_t page,
uint8_t byte);

void myOLED_DrawStr(uint8_t column, uint8_t page,
const uint8_t *byte);

/* Initial OLED Module */

/* Clear Screen */

/* Draw Raw Bitmap Picture */

/* Draw Single Character */

/* Draw String */
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Lab Preparation

Add OLED Libraries

Q MICROCHIP



Lab Preparation
Step 1

* File Copy paste on folder.
* (\Appendix\Libraries\myOLEDIib to \Labn_xxx.X)

L=E =2
€ o v
| 4 = | Libraries # iEEH
=ES =H == faiE
& OneDrive
“ " « Appendix » Libraries »
CH
£ :
# LEER ' P s
myOLEDlib _
& Onelrive Q i
10 EEE

| ] || = | Lab6_OLED_Display.X

H=H iR

<« Exercises » Lab6_OLED DisplayX

generated_files
build

debug

dist

mcc_generated_files

myOLEDlib

nbproject
|:| Lab0_First_Project.mc3

)dmain.t:

|:| Makefile
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Lab Preparation
Step 2

* Add Existing Folder to Project
* Right click on "Source Files".

* Select "Add Existing Items from Folders" at Projects Windows.

e Select "Add Folder...".

Projects = | Files Services
=[5 Labs_OLED_Display
% Header Files

+[Z  Right Click!

Remove From Project

Rename...

Properties

New
ﬁ' Important Files New Logical Folder
- E'Ti Linker Files Add Existing ltem...
ﬁ Source Files I Add Existing ltems from Folders...
- [ LiI:urari Find...

%

B4 Add Files 4

Bpecify the folders that contain the source files for the project;

Source File Folder Files of Type | Add Folder...
Tznored Folders Patteon:
Defanlt
imee also IDE level file filter in Optons =Miscellaneous-=Files)
sonrce files from specified folders will be added to the project.
add Cancel
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Lab Preparation

Step 3

* Select myOLEDIib folder to Add
> Select File Filter(f£22482Y) to : "All Files (FRB1E3XE)".
* Click on folder "myOLEDIib".

* Clic
* Clic

k "Select".
k IIAddII

B4 Select Source File Folder

P Y
e
=

RiFFEE

TEE(): Exercises

& ef

=~ | Lab&_OLED Display.x
[ .generated_files

w- | buld
-- debug
- | | dist

- mcc generated_files
|2 OLEDIiD
L; " nopraoject

tEFEETEMN): C\Exerdses\Labs_OLED_Display. ¥\myOLEDIb

4R

SR g

B Add Files ¥
Bpecify the folders that contain the sowmce files for the project;
Bource File Folder Filez of Tape . Add Folder...
myJLEDh FrEEE Remove
Iznored Folders Pattern:
Defanlt

(aee alm IDE level file filter in Options-=Miscellaneons = Files)

Bowrce files from specified folders will be added fo the project.

s
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Lab Preparation

Step 4

* Success to add "myOLEDIib" libraries folder in your Project.

Projects x| Files Services

(|

=4 Lab6_OLED_Display
-- Header Files
ﬁ' Important Files
-- Linker Files
E} Source Files

. MCC Generated Files

¥

E] Alphabet_Fonts.c
El ExampleLogos

- ----- E] Microchip_Logo_Banner.c

------ B Microchip_Logo_Screen.c
-] myOLED_ssd1306.c
B myOLED_ssd1306.h

=1

g Libraries
7B Loadables

A

Libraries include :
OLED control functions
Raw Data of Fonts
Raw Data of Demo logos
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Lab7 OLED Display

* Base on current project or Open .\Exercises\Lab7 xxx.X to do exercise

* Try to add OLED Library and related resources to project then initial OLED
display.

* Try to display some information and bitmap logo on OLED display.

Let’s go!
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Lab7 OLED Display

Connection

UsB_IO
COC_USEN

SS(nCO
49(HOSD
S0CSCK)
SLCMISDD

Tk

miciosDh Sa

ua 6y 4

J .-ROCHIP
(5055

Don‘t Need Any Connection. |
All Connection Already Done

By Previous Lab.

z 2 1
1 |. 5} réﬁ f’] BTa
35 ’

]

MIRroBUS Socke

hnt

MikroBLS *
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Lab7 OLED Display

Step 1

* Click [+] to add Timer > DELAY Module.

Project Resources | Generate |

¥ Drivers

¥ Timer

QIS myTimer
0 £ myTimer2
¥ System

® =T Cock

%= Configuration Bits
® = omT

A

Project Resources | Generate |

¥ Drivers
¥ Timer
© £ £ Delay
o 2 myTimerl
0 2 myTimer2
¥ System
® 2T Cock

2= Configuration Bits

o

Device Resources

Content Manager

* Pulse Qutput
L
* CEl
b SENT
3

SPI

Click [+]

#

Device Resources

Content Manager

* Pulse Cutput
F PWM

* CEl

b SENT

* 5P

¥ Timer

0 2 Timer

b LIART

-,
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Lab7 OLED Display

Step 2

* Click [+] to add SPI > SPI_Host Module.

Project Resources @ Generate |£| |@ Project Resources | Generate | |£| |@
¥ Drivers - ¥ Drivers -
¥ Timer ¥ SR
© Ed £ DeLay © Ed = sPI_Host(None)
0 2 myTimerl ¥ Timer
@R L myTimen | @ I3 £ DeLay
¥ System 0 2 myTimerl
0 2 Clock 0 £ myTimer2
2= Configuration Bits " ¥ System "
Device Resources Content Manager Device Resources Content Manager
> PWM I > PWM I
» CE » CE
» SENT » SENT
¥ SR ¥ SR
@ E3 = 5Pl Client @ E3 = 5Pl Client
© LY 2T 5P_Host @ E3 = 5Pl _Host
» Timer 1 * Timer 1
‘l » UART

=E.

Click [+]
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Lab7 OLED Display

Step 3
e Set SPI Host PLIB Selector Module = SPI1.

=

SPI1_Host x |

¥ Software Settings

Custom Name SPI1_Host
Config Name Requested Speed (kHz)Calculated Speed (kHz) Mode Data Input Sample At
HOST_CONFIG 125 125 Mode 1 v | Middle v 'ﬁ

Add Row

¥ Dependency Selector

SPI Host PLIB Selector SPI1 v

@ MICROCHIP



Lab7 OLED Display

Step 4

* Set Requested Speed (kHz): 125 - 4000
* Set SPI Mode: Mode 1 - Mode 0

D]

SPI1_Host x

¥ Software Settings

Custom MName SPI1_Host
Config Name Requested’Speed (kHz)Calculated Speed (kHz)
HOST_CONFIG 4000 4000

Add Row

ode Data Input Sample At
Mode 0 Middle v

u]

¥ Dependency Selector

SPI Host PLIB Selector SPI

ﬁ\ MICROCHIP



Lab7 OLED Display

Step 5

» Set PORTC: RC13 (SCK1), RC15 (SDO1), to PPS SPI Function.

e Set PORTD: RD1 (RS), RD2 (nCS), RD15 (nRST), to digital output mode.

| >

Pin Grid View =

Package: Pin No: 32 |36 (37|52 |53 | 3 4 5 6 |60 |59 58|55 (54|44 |43 |42 (3938 (31302112 |11 8

PORTC PORTD

Module Function Direction 7 /8|9 |10 |11 (12|13 |14 |15 | 0 1 2 3 4|5 6 | 7 8|9 10|11 (1213 |14 |15
e wor  |m|@|® BB B |@lE|E|E | Gk |E e e e k| k|||

SPI1_Host v [sDI P [ A T B b|ab|b|e b aEE e b
YR S [ W[ [ [TV [V [ W ) [ [ W [ T [ [P [ [ e
OSsCO output
Qscl input

T e put NN NNNNNNNN0E
0 oot ||l BB |G| B k|G E| kb R bE b e e
PGCx input

[CD -
PGDx input

7o v Wm|h|bhB|h bbb B|a bbb Eh b e
@0 lopt  |B|E|B|B| B b|E|E| e E(8las b e e bE b a6 (8
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Lab7 OLED Display

Step 6

e Set Alias for RD1, RD2 and RD15.

* Pins: RD1 Custom Name - OLED_RS, Check Output

* Pins : RD2 Custom Name - OLED_ nCS, Check Output, Start High
* Pins : RD15 Custom Name - OLED nRST, Check Output, Start High

] ot
Pins =
Location Pin Name Module Function Direction Custom Weak Weak Open Interrupt
= = = = = Name Analog Start High Pulldown Pullup Drain on Change
45 RB5 Pins GPIO output LED2 O O O OJ none ™
46 RE& Pins GPIO output LED1 U O O none™
22 RC1 Pins GPIO output LED4 O J OJ J none™
59 RD1 Pins GPIO output CLED_RS O O O none ™
21 RD12 Pins GPIO output LED3 OJ O O none™
—
8 RD15 Pins GPIO output QOLED_nRST O O O none™
58 RD2 Pins GPIO output OLED_nCS OJ O O none ™~
—

Q MICROCHIP



Lab7 OLED Display
Step 7

* Click "Generate" Button to generate your code.

1] X

Output - MPLAB® Code Configurator |

09:34:52. 286 INFO: tetsrssessssssstastseaspasesnssrastanaseantannssssans ~

| Generate

2. 287 INFD:  Generation Results

09:34-52.287 THFD: $et ettt s pa ettt st e e e R e R R R AR R RN R AR RN ER R AN

a " 09:34:52.267  INFD: main.e Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
iject Resources GenErate | 0 || @ 09:34-52.287 INFO: mece_generated_files\clock. e Siccess.
09:34:52.287 INFI: mice ted_files\clock. b Huocess,
¥ System . -
¥ INFO: moo_gererated_fileshintermupt_mavager. c Success.
0 g Clock INFD ed_files\intermupt_mavager. h Success,
- Configuration Bits INFO: moc_generated_fileshmeo. e
0 g DMT INFO _filesmec. h
< D INFD: meoc_generated_fileshpir_marager. c Buccess,
0 e INFD: mee_generated_filesh\pir_marager. h diccess,
Interrupt . _— .
= P INFO: meoc_generated_files\reset. o Success.
0 % Pins INFO enerated_fileshreset h Hiccess
0 g Watchdog Timer 09:34:52.268  INPD: moo_generated_fileshreset_types.h Suocess.
09:24.52. 266 INFO: mec_gernerated_fileshsystem.c Huiccess
INFO: moc_generated_fileshsystem.h Success,
Device Resources Content Manager N
INFD: meec_generated_fileshsystem_types.h Huccess
¥ Libraries T ] INFO: moc_generated_fileshtraps. o Success.
» § 16-Bit Data EEPROM Emulation (DEE) 09:34:52.288  INPD: mcc_generated_fileshtraps.h Success
e 2 CAN-TP 09:34:52.289  INFD: moc_generated files‘watchdog. h Suocess.
00:34-52 298  [NP0: sesstssssststsssasisbassstssssssitsssssnisssssssisnss
[ § MCPE02X
) - 09:34:52.298  INFD: Generation complete {total time: 198 milliseconds)
OG motorBench® Development Suite 00:34-52.208 NP0 ssesssssssisssssssisbisiiisisstiisssitiiisssisniinis
¥ Drivers v 09:34:52.299  INFO: Generation completa, W
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Lab7 OLED Display

Code Example

#include "mcc_generated_files/timer/delay.h"
#include "myOLEDIib/myOLED_ssd1306.h"

uint32 t i=0;
extern const uint8_t Microchip_Logo_Screen(];
extern const uint8_t Microchip_Logo_Banner[];
int main(void)

SYSTEM _Initialize();

myTimerl.TimeoutCallbackRegister(myTimerl_Callback);
myTimer2.TimeoutCallbackRegister(myTimer2_Callback);

myOLED_Init();

myOLED_ClearScreen();
myOLED_DrawBitmap(0, 0, 128, 64, Microchip_Logo_Screen);

DELAY_milliseconds(2000);

myOLED_ClearScreen();
myOLED_DrawStr(0, 7, (const uint8_t *) "By: Your Name");

while (1)

-
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Lab7 OLED Display

Result

2 Sec.

MICROCHIP

By: Your Name
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Lab8 Customize Screen

* Base on current project or Open .\Exercises\Lab8 xxx.X to do exercise
* Try to change default Boot Screen to you want to.

Let’s go!
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Lab8 Customize Screen

Create your own logo

£5 ] |.E) .~ = | SamplePicture02bmp - NEX S B %
E <= =n
; - =Eo ]
& EF Z[ FiET Al N\ /OO LA « FME- | 3 _—
7 A Q e aEE: OEat
g P M N COODED - o
e o an#- &/ || O AkOOG0s G ([ -
T i sew | | | X DI EEV): 64
Lo 4 200, |20,
?: <« v A « myO... » Examplelo... v () D #E= Examplelogos ﬁﬂhﬁb‘:ﬁ]“ﬂj
; ESEE v FRERRK = Q
ﬁz ¥ T N ZiE - ENBE E<ad) BE (E)
. B x# * LT, T —
g = BE ’ XETEERFJFIFETIRE 5 j}{qz[:[:]-:] 0
gg @ OneDrive - Micrc I
. =R _ ﬂ EH(E): 0
= v £ ° L]
Sl — Microchip Logo Screen.bmp
EZEZ#E(N): Microchip_Logo_Screen.bmp — —— J
e Monochrome Bitmap == s
~A BRENE ZE© R
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Lab8 Customize Screen

Create your own logo

* Execute \Tools\LCDAssistant.exe

Load Microchip_Logo Screen.bmp and Save output to Microchip_Logo Screen.c

Settings
Byte orientation
[ LCD Assistant - http://en.radzio.dxp.pl/biti X :i :Z:?z:ml [@ LCD Assistant - httpy/.. — O s
File Help “Size : File Help
width [128
l Load image lbcmre preview [ Height [64 ] Loac re preview
Save output ’ Save output
Other :
Exit r _Indudf size Exit @
S —1 —‘.(Solzeuetrﬂ'l:lanness— =7
Width |Edit1 " Big Width 123
Height Edit2 Pixels/byte Height 54
=
i _nﬁg— - IB_;I
° ° i
Microchip_Logo_Screen.bmp o [ Mi Mlcrochlp Logo Screen.c
\[ﬁﬁﬁiﬁﬂﬂﬂ: IMicroch.ip_Luga_Screen.hmp ;I 55 (8) Microchip_Logo_Screen RFE LD [Mmmc]up _Logo_Screen.c _J T ||
ERED): | | BT A (Bitmap Array name) fEFEID): | _| R A
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Lab8 Customize Screen
Create your own logo

* Copy new Microchip Logo_Screen.c to overwrite old one in folder.
* \Labn_xxx.X\myOLEDIib\ExampleLogos

| V] v | Examplelogos —

Home Share View

< v N « myOLEDIib > ExamplelLogos v D S Sear

> Microchip_Logo_Banner.c

s Quick access

)Q Microchip_Logo_Screen.c

@ OneDrive - Microchip Technc :
Overwrite old

1 Microchip_Logo_Screen.c |

. - _n-~
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Lab8 Customize Screen

Create your own logo
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12 Bits High Speed ADC Application
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What’s ADC ?

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

Quantify

111

110

101

100

011

010

001

000

A

N

\\O

N

| >

Sample Time
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Resolution

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

Quantify

A
1111

1110
1101
1100 o
1011 4

1010

1001
1000
0111 o
0110
0101 A4
0100
0011
0010

0001
0000 | | | >

Sample Time
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Sample Rate

* The analog signal is required to define the rate at which new digital values are
sampled from the analog signal.
* This faithful reproduction is only possible if the sampling rate is higher than twice the
highest frequency of the signal. (wiki)

Quantify

1111
1110
1101
1100
1011
1010
1001
1000
0111
0110

o101 A

0100
0011
0010

0001
0000

=

N

e

S

)

O
A
o)

S

5

N
| I’

Sample Time
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dsPIC33CK ADC Features

* The High-Speed, 12-Bit Multiple SARs Analog-to-Digital Converter (ADC) includes the
following features:

* Three ADC Cores: Two Dedicated Cores and One Shared (common) Core

* User-Configurable Resolution of up to 12 Bits, Up to 3.5 Msps Conversion Rate per Channel at 12-
Bit Resolution

* Up to 24 Analog Input Channels, with a Separate 16-Bit Conversion Result Register for each Input

* Conversion Result can be Formatted as Unsigned or Signed Data

* Simultaneous Sampling of up to Three Analog Inputs, Channel Scan Capability

* Multiple Conversion Trigger Options for each Core, including:
* PWM triggers from CPU cores
* MCCP/SCCP modules triggers
* CLC modules triggers
* External pin trigger event (ADTRG31)
* Software trigger
* Four Integrated Digital Comparators with Dedicated Interrupts

* Four Oversampling Filters with Dedicated Interrupts
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dsPIC33CK ADC Module Block Diagram

AVoo AVss

T K

Voltage Reference
(REFSEL[2:Q])

P‘NDIE ! _Reference
Dedicated Output Data _ | Digital Comparator 0 }_—FADCMPD Interrupt
ANADE ADC Core 0 . — . -
Clock | | Digital Comparator 1 | x5em57 inierrapt™
ANNOX— * —
| Digital Comparator 2 I—mh
ANTD—» Reference | Digital Comparator 3 %5753 nterupt
Dedicated Output Data _
ANAIDG— Apc Core 1 - — -
Clock _ | Digital Filter 0|—»|ADFLODATH ADFLTRO Iniemmupt
ANN1TDG—» »| |Digital Filter 1|—b|ADFL1DAT|—mpt
Digital Filter 2}—#{ADFL2DATH————#=
AN2-ANZ3[—  Reference [Digital Fiter TArTR2 Interrupt
ANNZD—=|  shared Output Data - | Digital Filter 3[—»{ADFL3DAT|- - et
Temperature ADC Core
Sensor (AR <Slock
Band Gap 1_2v“'E_._ = | ADCBUFO ADCANO Interrupt.
(AN25) ADCBUF1 -
ADCANT1 Interrup
Divider SIDIIIIU | tDIzizio
(CLKDIV[ED]) | | === | -mmmm---
A ADCBUFZS | —ABCAN23 Interript

Clock Selection
(CLKSEL[1:0])

Fe Fosc AFVCODIV Fvco/d
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ADC Dedicate Core Block Diagram

AVoo AVss
-- - - - — — — — — — — — — — T
ANx | |
e — .. |
ANOD—=t Refererd | Positive Input | 5 |
| Selection o Referance
| Dedicated Qutput (CxCHS[1:0] =
ANADD<] ADC Core 0 ANAx bits) 12-Bit SAR | |
Clock E i | Sample > ADC
ANNDE—-‘ | and-Haold | Qutput Data >
| |
ANNx
AN1 E Referer Megative i |
Ded 4 o | Input . # |
edicate utput Selection =
ANA1 : ! ADC Core
IE_’ ADC Core 1 Cloch | (DIFFx bit) T Clock Divider| | Clock
| (ADCS[5:0]
ANN1 @—- | Trigger Stops bits) |
| == avss Sampling |
L - - 4
AN;—"ANBX_" _Referer]
il &
ANNZD—|  Shared Output Data .  Digital Filter 3|—i~|ADFL3DAT|——-ADFLTR3 A
Temperature ADC Core
Sensor ANEdjE_"' <otk
1) - -
Band G“F” 2 25— - QEEEEE? ADCANO Interrupt
ADCANT Interrupt
Divider il i, LIIIZIT
(CLKDIV[E:0) | | -Z--i-20 | fZoIIiin
A ADCBUF2S | ™ ABCANZS Interript

Clock Selection
(CLKSEL[1:0])

Fosc AFVCODIY Fucold
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ADC Dedicate Core Channel Selection

* One analog input ANO(AN1) and one alternate input ANAO(ANA1) to connect as

Analog Positive input of S/H.

 ANNO(ANN1) or AVSS as Analog Negative input of the S/H.
* The differential input voltage is Positive — Negative.

CHNL
(Analog Channel Number)
ANO(AN1)
ANAO(ANA1) +
| sy
ANNO(ANN1) ||
AVSS
DIFF
(Negative Input Selection)

REFSEL
(Voltage Reference)

12-Bl\ Output Data

SAR
ADC /

Clock Divider — CLKDIV

Clock SeIectionI— CLKSEL
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ADC Shared Core Block Diagram

|
|
|
Temperature Sensor [ANQd-)E—'i 12-Bit = !Referenc.e
; —==  SAR
Band Gap 12V (AN25) [H———— Shared . | output Data
ANDE Refer| | Sample- |
- | Analog Channel Number and-Hold + |
Dedicated Outp | from Current Trigger |
ANAD D Clock
- EQ egative T oc )
ANNﬂl@—P ANN2 Input Divider w
| Selection |
DIFFx bit)
X | (
ANT _Refeq | + I
Dedicated Outpi | — AVss Sampling Time |4 !SHRSAMC[‘B:[]]
ANATD—1 ADC Core 1 R Mol )
___C|0[‘. . ] T LT TR Tt
ANN1 - = 3
X »| | Digital Filter 1|—b|ADFL1DAT|—4rADFLTR1 et
Digital Filt 2HADFL2DAT ——————
AN2-AN23 [t Reference [Digial Filter Maorre Interrupt
ANN2D—t  Shared Output Data - [Digital Fitter 3|—»{ADFL3DATH - rers Interrupt
Temperature || ADC Core
Sensorp?ANZri)E—' Clock
Band Gap 1.2V° | [ ADCBUFD | ARGAND Interrupt
(ANZ5) ADCBUF1 -
ADCANT Interrupt
Divider io-oo-C. LZIIZIIN
(CLKDV[E0) | | =222 | TZIIIIIE
A ADCBUF25 | ™ A5CANZ3 Interript

Clock Selection
(CLKSEL[1:07)

] Fosc AFVCODIV Fvco/d
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ADC Shared Core Channel Selection

24 analog channel inputs to connect as Analog Positive input of S/H.

* ANN2 or AVSS as Analog Negative input of the S/H.
* The differential input voltage is Positive — Negative.

AN2

AN3

AN23

Temperature Sensor (AN24)
Band Gap 1.2V (AN25)

ANN2
AVSS

CHNL

(Analog Channel Number) REFSEL

L

|~
T~

T

DIFF

S/H

(Voltage Reference)

128'& Output Data

SAR
ADC /

Clock Divider — CLKDIV

Clock SeIectionI— CLKSEL

(Negative Input Selection)
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Functions of Melody ADC Driver

* Melody Provide below functions for Timer:
Prototype definition : "adcl.h"

* ADC_INTERFACE

* (void)
* (void)
* (void)
* (void)
* (void)
* (void)
* (void
* (uintl6_t)
* (bool)
* (void)
* (void)
* (void)
* (void)

ADC1.Initialize(void);

ADC1.Deinitialize(void);

ADC1.Enable(void);

ADC1.Disable(void);

ADC1.SoftwareTriggerEnable(void);
ADC1.SoftwareTriggerDisable(void);
ADC1.ChannelSelect(enum ADC_CHANNEL channel);
ADC1.ConversionResultGet(enum ADC_CHANNEL channel);
ADC1.IsConversionComplete(enum ADC_CHANNEL channel);
ADC1.ResolutionSet(enum ADC_RESOLUTION_TYPE resolution);
ADC1.CommonCallbackRegister(void(*callback)(void));
ADC1.Tasks(void);

ADC1l.adcMulticorelnterface->ChannelCallbackRegister(void(*callback)(...

));
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Lab9 ADC Single Channel Periodically

* Base on current project or Open .\Exercises\Lab9 xxx.X to do exercise
* Try to add ADC1 module and conversion Potentiometer (VR1) voltage to
shows ADC result on OLED Display.

* Use SCCP1 Timer to software trigger of ADC conversion periodically.

* ADC Core: Core0

* Core Channel: ANO

* Custom Name: "VR1"

* Trigger Source: Common Software Trigger
* Interrupt: Enable

* Please connect RAO (ANO, Pin14) to Potentiometer (VR1) to get analog
voltage of potentiometer.

Let’s go!
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Lab9 ADC Single Channel Periodically

Connection

UsB_IO

¢ ‘ T K
. 2 R rlsrf H0S]
COC_USEN mmmnmmlm-

INaT_USEN — el " B ; llloc s, ; Sal ralaing Materdel ey,
4 : §F1455 co Evaluation : - [ -ndmu., som,tw/RTO/RTO_DYD

"64762760 58 56 54 52

14 VR1
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Lab9 ADC Single Channel Periodically

Step 1

* Click [+] to add ADC_Multicore Module.

Project Resources | Generate

Project Resources | Generate

¥ Drivers
v 5Pl
@ FA £ SPI1_Host
¥ Timer
@ P4 & sceer
@ [ & scee2

0 = Timer
¥ System

8@

¥ Drivers
v ADC

@ E3 & Apct

v Pl
@ F3 & 5PI1_Host

* Timer

@ F4 & sceei
@ B3 & sceez

18 &

o

Device Resources

Content Manager

Device Resources

Content Manage|

=

¥ Drivers

v ADC
(7] £ ADC_Multicore
[
B CRG
~ Click [+]
» CMP DAC
» CRC
» DA

b Event Cldout

v

F e AL
¥ Drivers
CAMN FD
CBG
CLC
CMP_DAC
CRC
DA,
Event Output

* ¥ ¥ ¥ ¥ ¥ W ¥

External Interrupt

A

o
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Lab9 ADC Single Channel Periodically

Step 2

* Enable dedicated Core0.

1]

ADCL x|

¥ Dedicated Core0 Settings

Use Core ‘

Requested Sampling Time (us) 025 <= 1
Calculated Sampling Time (us) [

Core0 Configuration

e
) o ﬁ,tﬁ‘“
Ci'.‘aﬁ ?\,1‘5 ﬁna“ U'}Et
ANO v RAD O Channel _ANOD

e
v [

O

r:;‘%“e&

@"?Q &?x c}*“ﬂ @“ﬂ

O

O

<= 12815

O O

-
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Lab9 ADC Single Channel Periodically

Step 3

* Check the Requested Sampling Time (us) is 1 of Dedicated Core0.

] X

ADC] =

* Dedicated CoreQ Settings

Use Core ‘

Requested Sampling Time (us) 025 <= 1 <= 128.15

Calculated Sampling Time (us) |1

Core0 Configuration

fn‘a dl("e
\ t;ﬁ (,‘:’0 xS
o \e S et N\ o0& A 1 2,
o os® o 09° W g
ANO + RAD ] Channel_ANO None v [ W W O O O

-
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Lab9 ADC Single Channel Periodically
Step 4

* Enable ANO and Modify the Custom Name to "VR1".
* Select the Trigger Source to Common Software Trigger and Enable Interrupt.

= X

ADC1 x

[l ¥ Dedicated Core0 Settings

Use Core ‘

Requested Sampling Time (us) 025 <= 1 <= 128.15

Calculated Sampling Time (us) 1

Core0 Configuration

e
\ @“aﬁe 5o & 8
o \e o o2 e e 0 A 2 >
i 1 |3_°|° <y 09° g0 o o
ANO v RAO |VR‘I 1( Common Software ¥ O O O O O

hd
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Lab9 ADC Single Channel Periodically

Step 5

* Click "Generate" Button to generate your code.

Generate

= m

Project Resources| | Generate L
¥ System
@ £ Cock
2 Configuration Bits
@ £ omr
= |CD
0 2 Interrupt
0 2 Dins
0 £ Watchdog Timer

Device Resources

Content Manager

¥ Libraries
» = 16-Bit Data EEPROM Emulation {DEE)
© L= can-TP
P =T MCPB0ZX
0 <) motorBench ® Development Suite

P Drivers

1 ] X
Output - MPLAB® Code Configurator  x |
09:%4:52 286  INFO: $P488384satsatetsstartstartsssssssssstetasssstssastes A
2. 287 INFD:  Generation Results
09:34:52.287  INFO: $#483aataatt sttt rtstare st sesssssteessssntsesssss
09:34:52 2687 INFD: main. e Huccess, MIT output uncharged. User edits maintained. [See 'Force Update')
09:34:52.287 INFO al_fileshclock. e Siccess.
09:34:52.287 INFO ated_filesiclock. b Huocess,
ed_files\intermpt_manager.c Success.
ted_fileshintermupt_mavager h Success,
ed_files'mec. ¢ Success.
_f1lesmeo. b Siocess,
ed_files\pin_marager. ¢ Buccess,
ted_files\pir_marager. h Hiccess
09:34:52.268 INFO: meoc_generated_files\reset. o Success.
09:34:52 288 generated_files\reset.h Aiccess
INFO: moo_generated_files\reset_types. h Suocess.
INFD: mee_generated_filesisystem.c Huiccess
INFO: moo_generated_fileshsystem.h Ruocess,
INFD: mee_generated_files\system_types.h Hiccess
INFO: moc_generated_files\traps. c Success.
09:38:52.288  INFD: moc_generated_fileshtraps.h Success
09:34:52.289  INFO: moc_generated files'watchdog. h Sugcess,
093852 298  [NF0: $e3ss83taasttsaaststtstassstassatssstssasssstssassss
INFO: Generation complete {total time: 198 milliseconds)
00:34:52.208 [NFO: $S4es3sdsastt st sttt stassstassassastssassssissassss
09:34:52.299  INFO: Generation completa, W
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#include "myOLEDIlib/myOLED_ssd1306.h"
#include "mcc_generated_files/adc/adc1.h"
#include <stdio.h>

volatile uint8_t TMR1Flag = 0;
volatile uint8_t VR1Flag = 0;
volatile uint16_t ADC1Buffer[2];
uint8_t StringBuffer[40];

void myTimer1_CallBack(void)

{
TMR1Flag=1;
LED1_Toggle();
LED2_Toggle();

}
;I.;)id ADC1_CallBack(enum ADC_CHANNEL channel, uint16_t adcVal)

if (channel == VR1)

{
VR1Flag = 1;
ADC1Buffer[0] = adcVal;

}
}

int main(void)

{
L

Lab9 ADC Single Channel Periodically

Code Example

int main(void)

SYSTEM _Initialize();

'r'r.1yTimer2.TimeoutCaIIbackRegister(myTimer2_CaIIback);
ADC1.adcMulticorelnterface->ChannelCallbackRegister(ADC1_CallBack);

while (1)
{

if(TMR1Flag)

TMR1Flag=0;

{ /
ADC1.SoftwareTriggerEnable();

}
if (VR1Flag)
{

VR1Flag = 0;

sprintf((char *) StringBuffer, "VR1:%4d", ADC1Buffer[0]);

myOLED_DrawStr(0, 0, StringBuffer);
}

myTimerl Timer for ADC
Software Trigger periodically
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Lab9 ADC Single Channel Periodically

Result

The actual vaIu_e control by VR1
Update rate control by myTimer1

& "B By: Your Name

........

HPPO"rlvs

Stoor
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Lab10 ADC Multiple Channel Periodically

* Base on current project or Open .\Exercises\Lab10_ xxx.X to do exercise
* Try to add extra channel of ADC1 to get Potentiometer VR2 voltage.

* Use SCCP1 Timer to software trigger of ADC conversion periodically.

* ADC Core: Shared

* Core Channel: AN12

* Custom Name: "VR2"

* Trigger Source: Common Software Trigger
* Interrupt: Enable

* Please connect RCO (AN12, Pin13) to Potentiometer (VR2) to get analog
voltage of potentiometer.
* Show both VR1 and VR2 result on OLED Display.

Let’s go!
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Lab10 ADC Multiple Channel Periodically

Connection

UsB_IO ¥ ~ r 3 ¥
¥ e DA r154 10S]
JOOCMBGNTL, . B WUZE] EZCEERROMOsy P EEPROM
NAT _USEN e e 3 5‘_]9&,]5, 5 sal raiaing Materiol llvelloble i
3 - £ SHiES EEg Evaluation 3 H wurw. nldmmp sam,tw/RTO/RTO_DYD

"64762760 58 56 54 52

13 VR2

N ul
i1 211, SIC28048 I
el i pen |
L Eﬂm!_‘ 3%

| i er— @T‘E\]

PIC24F L PGxL
@5sPIC33.PGx3
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Lab10 ADC Multiple Channel Periodically

Step 1

* Check the Requested Sampling Time (us) is 1 of Shared Core.
1] x

ADC] =

¥ Basic Settings

Custom Name ADCT
Resolution 12 v
Conversion Time (us) Refer PLIB for the Calculations.
231
Data Output Format ® Integer © Fractional

Common Interrupt

Pin Help Pin Selection should only be done using the table. Channel Enable checkbox selects
the corresponding analog channel and auto locks the analog pin in the Pins Grid View.

“

[I * Shared Core Settings

Requested Sampling Time (us) (025 <= 1 ,’ <= 12815

Calculated Sampling Time (us) |1
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Lab10 ADC Multiple Channel Periodically

Step 2

* Enable AN12 and Modify the Custom Name to "VR2".
* Select the Trigger Source to Common Software Trigger and Enable Interrupt.

) x
ADC] =
ﬁaﬁa 0°1¢e )

c,t\a“{\é o ﬁ‘#\a ;_,ﬂ"tow 1{1@‘5&5 \ﬁtﬂﬁﬂ? .;x%“ea c,ﬂ‘?n c@ﬁﬂ (_,@?1' (_,@fa
ANZ2 RB7 O Channel_ANZ2 None v [ O O U O O
AN3 RAS ] Channel AN3 MNone v ] ) J O O O
AN4 RA4 ] Channel_AN4 None v [ O O U O O
ANS RBO O Channel_ANS None v [ O O O O O
ANG RB1 O Channel_AN6 None v [ O O U O O
ANT REZ2 ] Channel AN7 MNone v ] ) J O O O
ANSG RB3 ] Channel_ANS None v [ O ] U O O
ANS RAZ O Channel_ANS None v [ O O O | O
ANT0  RB8 O Channel_AN10 None v [ U U O O O
ANT1 RES O Channel_ANT1 s MNone v [ O O O O O
AN12  RCO VR2 ‘4 Common Scuftwa:l O O O O O

>
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Lab10 ADC Multiple Channel Periodically

Step 3

* Click "Generate" Button to generate your code.

Generate

= m

Project Resources| | Generate L
¥ System
@ £ Cock
2 Configuration Bits
@ £ omr
= |CD
0 2 Interrupt
0 2 Dins
0 £ Watchdog Timer

Device Resources

Content Manager

¥ Libraries
» = 16-Bit Data EEPROM Emulation {DEE)
© L= can-TP
P =T MCPB0ZX
0 <) motorBench ® Development Suite

P Drivers

1 ] X
Output - MPLAB® Code Configurator  x |
09:%4:52 286  INFO: $P488384satsatetsstartstartsssssssssstetasssstssastes A
2. 287 INFD:  Generation Results
09:34:52.287  INFO: $#483aataatt sttt rtstare st sesssssteessssntsesssss
09:34:52 2687 INFD: main. e Huccess, MIT output uncharged. User edits maintained. [See 'Force Update')
09:34:52.287 INFO al_fileshclock. e Siccess.
09:34:52.287 INFO ated_filesiclock. b Huocess,
ed_files\intermpt_manager.c Success.
ted_fileshintermupt_mavager h Success,
ed_files'mec. ¢ Success.
_f1lesmeo. b Siocess,
ed_files\pin_marager. ¢ Buccess,
ted_files\pir_marager. h Hiccess
09:34:52.268 INFO: meoc_generated_files\reset. o Success.
09:34:52 288 generated_files\reset.h Aiccess
INFO: moo_generated_files\reset_types. h Suocess.
INFD: mee_generated_filesisystem.c Huiccess
INFO: moo_generated_fileshsystem.h Ruocess,
INFD: mee_generated_files\system_types.h Hiccess
INFO: moc_generated_files\traps. c Success.
09:38:52.288  INFD: moc_generated_fileshtraps.h Success
09:34:52.289  INFO: moc_generated files'watchdog. h Sugcess,
093852 298  [NF0: $e3ss83taasttsaaststtstassstassatssstssasssstssassss
INFO: Generation complete {total time: 198 milliseconds)
00:34:52.208 [NFO: $S4es3sdsastt st sttt stassstassassastssassssissassss
09:34:52.299  INFO: Generation completa, W
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Lab10 ADC Multiple Channel Periodically

Code Example

volatile uint8_t TMR1Flag = 0;
volatile uint8_t VR1Flag = 0;
volatile uint16_t ADC1Buffer[2];
uint8_t StringBuffer[40];
volatile uint8_t VR2Flag = 0;

if (channel == VR1)

VR1Flag = 1;
ADC1Buffer[0] = adcVal;

}
else if (channel == VR2)
{
VR2Flag = 1;
ADC1Buffer[1] = adcVal;
}
}

int main(void)

{
L

%id ADC1_CallBack(enum ADC_CHANNEL channel, uint16_t adcVal)

int main(void)

{

KDCl.achuIticoreInterface->ChanneICaIIbackRegister(ADCl_CaIIBack);

while (1) myTimerl Timer for ADC
Software Trigger periodically

if(TMR1Flag)
{

TMR1Flag=0;
ADC1.SoftwareTriggerEnable();
}

if (VR1Flag)
{

VR1Flag = 0;
sprintf((char *) StringBuffer, "VR1:%4d", ADC1Buffer[0]);
myOLED_DrawsStr(0, O, StringBuffer);

}
if (VR2Flag)
{

VR2Flag = 0;
sprintf((char *) StringBuffer, "VR2:%4d", ADC1Buffer[1]);
myOLED_DrawStr(0, 1, StringBuffer);

}
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Lab10 ADC Multiple Channel Periodically

Result

VR1, VR2 show respectively.
Update rate control by myTimer1

By: Your Name = |

1S 16w

7,18 D1

EErEnEE
'8 ;“%‘ GFIT33 P03 |

Pinds, - - g B - S | .,;’

47 - »
PICAEP, G5Pi33-9Ge2 | Ren il { . % e B
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High Resolution PWM Application
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What’s PWM

* The Pulse-width modulation (PWM) Waveform is a modulation technique used to

encode a message into a pulsing signal.

* |ts main use is to allow the control of the power supplied to electrical devices, ex.
motor control, ballast, LED, H-bridge, power converters, and other types of power

control applications.

* There have two important terms
* Period :
The single square wave duration.
°* Duty:
The proportion of active time to the regular interval.

Signal

A

P
<«

Period

[
»

Duty

|

|

>

time
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High Resolution PWM

 This flexible module provides features to support many types of Motor Control (MC)

and Power Control (PC).

* dsPIC33CK256MP506 include one PWM module provide maximum eight pairs of PWM

outputs available.

* All PWM has dedicated pins except PWM4, PWM4 could has flexibility of Peripheral

Select Pin(PPS).

* Support lot of operating modes:

* Independent Edge mode. Controls and
Data
Variable Phase PWM mode.

PG1

X PWM1H
—— X PWMIL

Center-Aligned mode.

Double Update Center-Aligned mode.
Dual Edge Center-Aligned mode.
Dual PWM mode.

* At this section, we focus on Center-Aligned mode.

PG2

|

PGx
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Independent Edge Mode vs Center-Alighed Mode

* Independent Edge Mode is a common PWM mode, which is aligned from the starting
point of the cycle.
* Center-Aligned Mode aligns from the center of the cycle, currently MCC Melody only
supports this mode.

Signal
A

:‘ Period “

B T

|
Duty

| Period

Duty

time

Independent Edge Mode

time

Signal

<« >

1 Period

Duty

—

—

e

Duty

time

Center-Aligned Mode

time
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Center-Aligned Mode of High Resolution PWM

* For Center-Aligned Mode, signals avoid coincident rising or falling edges between
PWM Generators when the duty.

* PGxDC : Determines the width of the PWM pulse from the center of the two timer
cycles.

* PGXPER : Determines the end of the PWM timer count cycle.

" ¥ PWM Configuration

PGXPER=-==========——te—e .:; ________________________ E gy_nt: Signal e
PGXDC =--=-==--=--=--t--- et EEEEEE R . | bt |
: | Duty -[0.122 < Freq 4
(PGXPER - PGXDC + 1)-===---> | . | e
! A 1 - us) :[0< DT < 127%‘5
EO i E E time’ . o
:Set "I : PWM Generator [l('tke::)ested Frequenq]::ka:'czl;lated Kanguen Duty Cycle %
: ! PWM 1 1 1 70
: PGxDC PGxDC ‘ | T
....................................... >< h
1 l@  rnuncnnnnnnnnnannnnbasnnnsnnnnnnnnnnnnns i 1 .
. Duty Cycle= PGxDC x 2 | Frequency = 1/Period
' POXPER . PGXPER Duty Cycle % = Duty Cycle/Period
K@+ nmm s ann s aaan s anaa s aEEa s seEanssanannsannnnnnannnnnn >

Period = PGXPER x 2 QMlcnncmp



Labll PWM Output

* Base on current project or Open .\Exercises\Lab11l xxx.X to do exercise

* Try to initial H.R. PWM-PG1 to Center-Aligned Mode, then use PWM to
control LED brightness.

* H.R. PWM-PG1 module clock source set to 16MMHz, Frequency is 1KHz,
Duty cycle 20%.

* Please connect RB14 (PWM1 H, Pinl) to LED (LED6) to observe LED
brightness.

Let’s go!
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Labll PWM Output

Connection

> r K
: o A rl §Hos]
COC_USEN WUZE]QEE-

| NAT_USEN -~ — % i ; ;o a1 4 Py St mnglulennlnmlhb!e'

iy B A : al card www. nldmm, com,\w/RTO/RTO_DYD
USH Acc. Pins ! - —
53
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Lab11l PWM Output

Step 1

* Click [+] to add PWM > PWM _HS module.

]

*

Resource Management [MCC] = ]

MCC v5.3.0

Project Resources | Generate |

@/l®

D]

Resource Management [MOC] = ]

MCCv5.3.0

Project Resources |m|

¥ Drivers
v ADC

© 4 £ apct

¥ SPI

@ F3 = SPI_Host

* Timer

@ B3 & sccpi
@ B3 £ scee

r

Device Resources

Content Manage|

r

FPUE LT

* PWM
2 1+ Y
@ 1S PwWMHS

» QEI

e SEMT

b SP Click ['I']

k Timer

» UART

» Hardware Peripherals

A

¥ Drivers
v ADC

@ I3 $ Anct

* PWh

@ L3 & PWM HS

¥ 5P|

@ E3 & sPii_Host

¥ Timer

8@

o

Device Resources

Content Manager

FFTG
» Pulze Cutput
* PWI
@D S rwm
QEl
SEMNT
SPI
Timer
JART

» Hardware Peripherals

¥ ¥ ¥ v r

#

N

\ MICROCHIP



Labll PWM Output

Step 2

 Enable PWM 1

4 PWM_HS - Editor - m| X
PWM_HS  x «][=@
| = Basic Configuration |
Custom MName PWI_HS
PWM Generators Required 1 w
Interrupt Driven
¥ PWM Configuration
Basic Settings
PWM Generator Enable Custom Name
PWM 1 PWM_GENERATOR_1
Min and Max Limit Frequency in (kHz) ;[ 0.244 < Freq < 941.176 ]
Duty Cycle in (3a) :[0<DC < 100]
Dead Time Delay in (us) : [0 < DT < 63968750.000 ]
Trigger Delay in {us) ‘[0 < TD < 2047.969 ] s
Frequency Settings
PWM Generator Requested Calculated Duty Cycle % Dead Time (us) Operating Mode Qutput Mode Synchronous
Frequency (kHz) Frequency (kHz) Update
PWHM 1 941.176 941.176 0 0 Center-Aligned | Complementary ~ [ -

Q MICROCHIP



Labll PWM Output

Note

* The PWM output pin is connected by default.

B
Pin Grid View x
Package: PinNo: |14 15|16 |17 |18 |28 |29 (33 (34|35 |45 |46 |47 |48 |49 61|62 |63 |64| 1 | 2 |13|22|23 |27 5051
PORTA PORTB
Module | Function | Direction |0 |1 |2 |3 |4 0|1 |2 |23 |a|5|6|7|8|9|10|1|12{13|14|15|0 1|23 |4]5
SPI1_Host B [--
ADCT b [--
PWM1-H output a
PWRT-L output a
PCI0 input BBBBEBB|EBEB|BEBEB|BEBEB|BEE BB B BB
PCINT input - T O O - O - O - - - - - - - - - B
PCI2 input BB BEEB|BEBEB|BEEB|BEBEB|BE|BE BB B BB
PCI3 input BBBBEEB|EEB|BEBEB|BEBEB|BEE BB B BB
PCI4 input BlBBBEBEB|BEEB|BEEB|BEBEB|BEBE BB B BB
PCIS input BB BEEB|BEBEB|BEEB|BEBEB|BE|BE BB B BB
]
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Labll PWM Output

Step 3

* Modify PWM1 Requested Frequency (kHz) to 1 and Set PWM1 Duty Cycle (%) to 20.
* Check the PWM1 Operating Mode is "Center-Aligned".

B3 PWM_HS - Editor - O X
PWM_HS x| EHO
| ¥ Basic Configuration |
Custom MName PWIM_HS
PWh Generators Required 1 w
Interrupt Driven
¥ PWM Configuration
Basic Settings
PWM Generator Enable Custom Name
PWM 1 PWMM_GENERATOR_1
Min and Max Limit Frequency in (kHz) : [ 0.244 < Freq < 941.176 ]
Duty Cycle in (%) ([0 < DC < 100]
Dead Time Delay in (us) : [0 < DT < 639568750.000 ]
Trigger Delay in (us) ([0 < TD < 2047.969 ] p
Frequency Settings
Requested Calculated - - Synchronous
PWM G t Duty Cycle % Dead T 0 ting Mod Dutput Mod
enerator Frequency {kH?’ Frequency (kHz) uty Lycle /0 ead Time (us) perating Mode utput Mode Update
PWHM 1 1 1 20 0 Center-Aligned v |Complementary [ -
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Labll PWM Output
Step 4

* Click "Generate" Button to generate your code.

1] X

Output - MPLAB® Code Configurator |

09:34:52. 286 INFO: tetsrssessssssstastseaspasesnssrastanaseantannssssans ~

| Generate

2. 287 INFD:  Generation Results

09:34-52.287 THFD: $et ettt s pa ettt st e e e R e R R R AR R RN R AR RN ER R AN

a " 09:34:52.267  INFD: main.e Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
iject Resources GenErate | 0 || @ 09:34-52.287 INFO: mece_generated_files\clock. e Siccess.
09:34:52.287 INFI: mice ted_files\clock. b Huocess,
¥ System . -
¥ INFO: moo_gererated_fileshintermupt_mavager. c Success.
0 g Clock INFD ed_files\intermupt_mavager. h Success,
- Configuration Bits INFO: moc_generated_fileshmeo. e
0 g DMT INFO _filesmec. h
< D INFD: meoc_generated_fileshpir_marager. c Buccess,
0 e INFD: mee_generated_filesh\pir_marager. h diccess,
Interrupt . _— .
= P INFO: meoc_generated_files\reset. o Success.
0 % Pins INFO enerated_fileshreset h Hiccess
0 g Watchdog Timer 09:34:52.268  INPD: moo_generated_fileshreset_types.h Suocess.
09:24.52. 266 INFO: mec_gernerated_fileshsystem.c Huiccess
INFO: moc_generated_fileshsystem.h Success,
Device Resources Content Manager N
INFD: meec_generated_fileshsystem_types.h Huccess
¥ Libraries T ] INFO: moc_generated_fileshtraps. o Success.
» § 16-Bit Data EEPROM Emulation (DEE) 09:34:52.288  INPD: mcc_generated_fileshtraps.h Success
e 2 CAN-TP 09:34:52.289  INFD: moc_generated files‘watchdog. h Suocess.
00:34-52 298  [NP0: sesstssssststsssasisbassstssssssitsssssnisssssssisnss
[ § MCPE02X
) - 09:34:52.298  INFD: Generation complete {total time: 198 milliseconds)
OG motorBench® Development Suite 00:34-52.208 NP0 ssesssssssisssssssisbisiiisisstiisssitiiisssisniinis
¥ Drivers v 09:34:52.299  INFO: Generation completa, W
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Labll PWM Output

Code Example

#include "myOLEDIlib/myOLED_ssd1306.h" l int main(vr
#include "mcc_generated_files/adc1.h" {
;/';)Iatile uint8_t>. vy
volatile uint8_t VR o
volatile uint16_t ADC1 .
volatile uint8_t VR2Flag = U,
volatile uintl6_t ADC1_VR2 B
int .
{ [ .
- Don't Need Modify Any Code !
3, "VR1:%4a , Avct vine ouffer);

void ADF” (uipt16_tag 1gBuffer);

VR1Flag = 1;

ADC1_VR1_Buffer = adcVal; { ag)
}

lag = 0;
void ADC1_VR2_CallBack (uint16_t adcVal) itf((char *) StringBuffer, "VR2:%4d", ADC1_VR2_Buffer);
»  JLED_DrawsStr(0, 1, StringBuffer);

VR2Flag = 1; }

ADC1_VR2_Buffer = adcVal;
} }

return 1;
}
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Labll PWM Output

Result
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H.R. PWM Functions of Melody

* Melody Provide below functions for PWM:

Prototype definition : "pwm.h“

* PWM_HS_INTERFACE
* (void) PWM HS.Initialize (void);
* (void) PWM HS.Deinitialize (void);
* (void) PWM HS.Disable(void);
* (void) PWM HS.Enable(void);
* (void) PWM HS.GeneratorDisable(enum PWM_GENERATOR genNum);
* (void) PWM HS.GeneratorEnable(enum PWM_GENERATOR genNum);
* (void) PWM HS.ModeSet(enum PWM_GENERATOR genNum, enum PWM_MODES mode);
* (void) PWM HS.PeriodSet(enum PWM_GENERATOR genNum,uint16_t period);
* (void) PWM HS.DutyCycleSet(enum PWM_GENERATOR genNum,uintl6_t dutyCycle);
* (void) PWM HS.PhaseSelect(enum PWM_GENERATOR genNum, enum PWM_SOURCE_SELECT source);
* (void) PWM HS.PhaseSet(enum PWM_GENERATOR genNum, uintl6_t phase);
* (void) PWM HS.SoftwareUpdateRequest(enum PWM_GENERATOR genNum);
* (void) PWM _ HS.GeneratorEOCEventCallbackRegister(void (*callback)(...)); /* End Of Cycle */
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Lab12 PWM Duty Adj By ADC

* Base on current project or Open .\Exercises\Lab12_ xxx.X to do exercise
* Try to use Potentiometer (VR1) to control LED (LEDG6) brightness.

* VR Value (0 ~4095) <-> PWM Duty (0% ~ 100%)

* H.R. PWM Setting same as previous Lab.

Let’s go!
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Lab12 PWM Duty Adj By ADC

Connection

49CHOST)
SOCSCK)
SLCMISD
usB_I0 :
COC_USEN =
SEN

J .-ROCHIP
(5055

cosal

Don‘t Need Any Connection.
All Connection Already Done

By Previous Lab.

Pinds

|Pinas, 47 e i
[PIC2AEP, 55PIC33:PGx2

MIRroBUS Socke

mikroBLUS Sacket
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Lab12 PWM Duty Adj By ADC

Notice

a — —

PWM_HS =

¥ Basic Confiy

Custom Name

PWM_HS
PWM Generators Required '

Interrupt Driven

<

Basic Settings

=ce - Don‘t Need Modify Any MCC Melody Setting !

PWM 1 >

Min and Ma»""
in’
[}" n

y s BTN, J p

Frequency Settings
Synchronous

Requested Frequency Calculated Frequency %
i}
Update

(kHz) (kHz)
PWM 1 1 1 \ 0

Dead Time Operating Mode Output Mode

PWM Generator

Center-Aligned v | Complementary ~ ~ [

Output Control Settings

Q MICROCHIP



Lab12 PWM Duty Adj By ADC

Code Example

;'h?include <stdio.h>
#include "mcc_generated_files/pwm_hs/pwm.h"

int main(void)

while (1)
{

if (VR1Flag)

{
VR1Flag = 0;
sprintf((char *) StringBuffer, "VR1:%4d", ADC1Buffer[0]);
myOLED_DrawStr(0, 0, StringBuffer);

PWM_HS.DutyCycleSet(PWM_GENERATOR_1, ( (uint32_t) ADC1Buffer[0] * PG1PER) / 4095);
PWM_HS.SoftwareUpdateRequest(PWM_GENERATOR_1);

lﬁ\ MICROCHIP



Lab12 PWM Duty Adj By ADC

Result

e SEN i) 1S3 “H0s]
JCOC_UBEN o W(KE _ﬂceunom(ﬁj- |_____SPmEEPROM |
NAT_USEN s, o = % 3 8,16 3 al ralaing Materiel Mvalfoble !
s . 3 www. nldmmp sam,tw/RTO/ATO_DYD

67 55 53

"64762 60 58 56 54 52 5

L5t ]
ﬂﬂ_\‘\

Pinls 160w

i PIC24F L PGxL
g PIC33.PGx3

Ra0 &

iﬁﬁ”i‘

LED6 dimming by VR1 @ MICROCHIP



Labl12 PWM D

Result

(Acufe

(Acufe

F — P N P F
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- -
: =l < : o @
HARDCOPY - . HARDCOPY - =
B 0@ B o @
TRIGGER @ @ TRIGGER @ @
- <
= s u &=
DISPLAY 2 L DISPLAY g oL
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CURSOR (i 3 N CURSOR £ - N\
Vi Vi v
- , WY
MEASURE @ @ MEASURE @ @
SEC/DIV SECIDIV
UTILITY { - UTILITY -
ave e
- X
.
)
R P -~ C o~ =
UN/STOP CH1, @ RUN/STOP CHL) CH.
Force TRiceer (i (Gl FORCETRIGGER i
s £ ~ 5 P s
. o WO . & S
SETLEVELTOS0% y SETLEVELTOS0% y
(et (CHE b W
B @ @ B @ @
HARDCOPY = - HARDCOPY — e
E @@ E @@
TRIGGER G (o TRIGGER G (G
. ==
DISPLAY 4y @ DISPLAY diry
: voLTS/Df : VOLTS/DIV
CURSOR B \\Iv CURSOR e \‘&
Vi Vi
e (=R
MEASURE =) @ MEASURE =) ®
: SECIDIV : SECIDIV
UTILITY 7 uTILITY [ =
SAVE/RECALL 55"‘)5"5 SAVE/RECALL 55\' 5nS
ACQUIRE AUTOSET ACQUIRE AUTOSET

[

1
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Lab13 PWM Buzzer Tone

* Base on current project or Open .\Exercises\Lab13 xxx.X to do exercise

* Try to initial H.R. PWM - PG2 to output special frequency (Tone) to Buzzer
by VR2.

* VR2 Value (0 ~4,095) <-> PWM Frequency (122.07Hz ~ 1kHz)

* Connect RB12 (PWM2_H, Pin63) to Buzzer (BZ) to produce sound.

Let’s go!
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Lab13 PWM Buzzer Tone

Connection

COC_USEN

OS50

o } : - i s
NAT _USEN S, o o B1€ 3 5 Traiaing Materiol Mvalloble !
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Lab13 PWM Buzzer Tone

Step 1

e Select PWM Generators Required: 1 - 2.

=

PWM_HS =

| * Basic Configuration

Custom Mame PWIM_HS
PWM Generators Required 2 W
Interrupt Driven
¥ PWM Configuration
Basic Settings
PWM Generator Enable Custom Mame
PWM 1 PWhA_GENERATOR_1
P 2 [ PWM_GEMERATOR_2
Min and Max Limit Frequency in (kHz) :[0.244 < Freq < 941.176 ]

Dty Cycle in (%) :[0<=DC < 100]

Dead Time Delay in (us) : [0 < DT < 63968750.000 ]

Trigger Delay in (us) ([0 =<TD < 2047.969 ] p
Freguency Settings

Requested Calculated Synchronous
PWM G t Duty Cycle % Dead Ti 4] ting Mod Qutput Mod
enerator Frequency (kHz) Frequency (kHz) uty Cycle ead Time (us) perating Mode utput Mode Update

P 1 1 1 20 0 Center-Aligned % | Complementary [
PWM 2 841.176 841.176 a 0 Center-Aligned % | Complementary [

Q MICROCHIP



Lab13 PWM Buzzer Tone

Step 2

 Enable PWM 2.

=

PWM_HS =

| * Basic Configuration

Freguency Settings

Requested
PWM Generator Frequency (kHz)
PWM 1 1
PWM 2 941.176

Calculated .
Frequency (kHz) Duty Cycle % Dead Time (us)
1 20 0

841.176 0 0

Operating Mode

Center-Aligned

Center-Aligned

Qutput Mode

¥ | Complementary

¥ | Complementary

Custom Mame PWIM_HS
PWM Generators Required 2 W
Interrupt Driven
¥ PWM Configuration
Basic Settings
PWM Generator Enable Custom Name
P 1 PWM_GEMERATOR_1
PWM 2 J> PWM_GEMERATOR_2
A

Min and Max Limit Frequency in (kHz) :[0.244 < Freqg < 941.176 ]

Dty Cycle in (%) :[0<=DC < 100]

Dead Time Delay in (us) : [0 < DT < 63968750.000 ]

Trigger Delay in (us) ([0 = TD < 2047.969 ] p

Synchronous
Update

v [
v

Q MICROCHIP



Lab13 PWM Buzzer Tone

Step 3

* Modify PWM 2 Requested Frequency (kHz) to 1 and Set Duty Cycle (%) to 50.
* Check the PWM 2 Operating Mode is "Center-Aligned".

| ¥ Basic Configuration

Custom Mame PWIM_HS

PWh Generators Required 2 w

Interrupt Driven

¥ PWM Configuration

Basic Settings

PWM Generator Enable Custom Name
PWM 1 PWIM_GENERATOR_ 1
PWM 2 PWM_GEMNERATOR_2
Min and Max Limit Frequency in (kHz) :[0.244 < Freq < 941.176 ]
Dty Cycle in (%) :[0<=DC < 100]
Dead Time Delay in (us) : [0 < DT < 63968750.000 ]
Trigger Delay in (us) ([0 = TD < 2047.969 ] p

Freguency Settings

Requested Calculated . . Synchronous
Frequency (kHz) Frequency (kHz) Duty Cycle % Dead Time (us) Operating Mode Dutput Mode Update

P 1 1 ’ 1 20 ’ 0 Center-Aligned % | Complementary v [

PWM 2 1 1 50 0 Center-Aligned % |Complementary v [ ® M'CRD:H'F

PWM Generator




Lab13 PWM Buzzer Tone

Step 4

* Click "Generate" Button to generate your code.

Generate

= w

Project Resources| | Generate L

¥ System

® LT Clock

2= Configuration Bits
© 2= ovT
= ICD
® = Interupt
0 2 Dins

0 2 Watchdag Timer

Device Resources

Content Manager

¥ Libraries
» = 16-Bit Data EEPROM Emulation {DEE)
© L= can-TP
P =T MCPB0ZX
0 <) motorBench ® Development Suite

P Drivers

= X
Output - MPLAB® Code Configurator |
09:%4-52.286  INPO: $tts3ttssastastastsssttassssssasssssssasssssssnssnss A
INFD:  Generation Results
: INFD: #8844 88 8 et teant et sttt et rasntrassasstsasstssssesy
09:34:52.267  INFD: main.e Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
09:34:52.287 INFO: mece_generated_files\clock. e Siccess.
09:34:52.287 INFD: ted_fileshclock. b Huocess,
INFO ed_files\intermpt_manager.c Success.
INFD ed_files\intermupt_mavager h Success,
09:34.52.268 INFD: mee_generated_files'mec.c
093452, 268 _f1les'meo. b
ed_files\pin_marager. ¢ Buccess,
09:34.52 268 ) nevated_files\pir_marager. h Aiccess,
09:34:52.268 ed_fileshreset. o Success.
09:34:52 288 ed_filesreset h Hiccess
09:34.52. INFO: moo_generated_files\reset_types. h Suocess.
09:24.52. 266 INFD: mee_generated_filesisystem. c Huiccess
INFD: mee_generated_files\system. h Success,
INFD rr-'.-‘._,f-—-uuna'Hl_:-ilud.uy-.hqn_typu-. h Hiccess
INFO: moc_generated_files\traps. c Success.
09:-34- 52 288 INFO: mee_generated_files\traps. h Hiccess
09:34:52.289  INFO: moc_generated files'watchdog. h Sugcess,
00:34-52 298  [NP0: sesstssssststsssasisbassstssssssitsssssnisssssssisnss
INFO: Generation complete {total time: 198 milliseconds)
00:34-52.208 NP0 ssesssssssisssssssisbisiiisisstiisssitiiisssisniinis
09:34:52.299  INFO: Generation completa, W
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Lab13 PWM Buzzer Tone

" ---------------------------------------------------------- ’I
Code Example PGXPER PGXPER

................................................................................................................

* VR2 Value(0 ~ 4095) <-> PWM Frequency (122.07Hz ~ 1kHz) | I I
* PWM Frequency (244.14HZ) : PGXPER = 65535(maximum count of 16-bits register) : PGXDCN RGauc :

* PWM Frequency (1kHz) : PGXPER = 15999 " Duty Cycle = PGxDC x 2

#include <stdio.h>
#include "mcc_generated_files/pwm_hs/pwm.h"

Center-Aligned Modes
int main(void)
F — FPGx clk
PWM = \2 x (PGxPER + 1)
while (1)
{ 244.14H S2MHz
. zZ =
2 X (65535+1)
if (VR2Flag)
{ VR2FI 0 F
ag=0; PGx clk
sprintf((char *) StringBuffer, "VR2:%4d", ADC1Buffer[1]); PGxPER = (W) -1
myOLED_DrawsStr(0, 2, StringBuffer); PWM
PWM_HS.PeriodSet(PWM_GENERATOR_2, 65535 - (uint32_t)ADC1Buffer[1] * (65535 - 15999) / 4095 ); 32MHz
PWM_HS.DutyCycleSet(PWM_GENERATOR_2, PG2PER / 2); 15999 = (—) ~1
PWM_HS.SoftwareUpdateRequest(PWM_GENERATOR_2); 2 x1kHz
}
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Lab13 PWM Buzzer Tone

Result
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Lab1l3 PWM Buzzer Tone

Result
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UART Application
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What’s UART

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

o MO, T Fes 10005 €2 MHz

480 kHz

51.5us = 19417.48Hz

Y e

208.25 us

e S R S oo S R e e

92.25 us

-----------------

........

\ K Bit0>< Bit1>< Bit2>< Bit3>< Bit4>< Bit5>< Bit6>< Bit7>(:’ Bits
A A A
T .

Start Bit

[P PR R R PR GRS G PRy G P Py W PR W SR SR S DU Y W PR S S SO G SO S PR S PR W P

UART Transmit Example : 'A' (0x41), 19,200 bps
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dsPIC33CK’s UART

* UART module is full-duplex, asynchronous communication, Support RS-232, RS-485,

IrDA and LIN.

* The module also supports hardware flow control, Parity check, Frame Error, Overflow

8 ~ 9 Data Bits.
* 8-Deep FIFO for TX & RX.

* Provide Loopback, Address Detect(RS-485), Auto Baud Detect(LIN bus).

Clock Inputs

TX Buffer, UXTXREG

» SFRs

RX Buffer, UXRXREG

Interrupts <

Hardware

PX] UxcTs

Flow Control
d

=gm

g UxDSR

=g UxDTR
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STDOUT Redirect

* MCC provide STDOUT redirect function, It can redirect STDOUT to UART.
* You can use printf() to export data by UART, if redirect successfully.

] X

* For Example :
* UART Transmit Example : printf("Hello World!!");

‘ ¥ Configuration Settings

Custom Name UART1
Requested Baudrate 9600

Calculated Baudrate 9604

Redirect Printf to the UART | b=t oo

Parity None .

Data Size 3 9

Stop Bits 1 9

Flow Control Mode None .
Redirect Printf to UART Ens

ire Redirect to Printf is enabled for only one UART driver. ‘ Redirect Printf to UART Ensure Redirect to Printf is enabled for only one UART driver.

‘ ¥ Interrupt Settings ‘

Interrupt Driven

‘ w Dependency Selector ‘

UART PLIB Selector UARTT v
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USB CDC Emulator

* The PIC16F1455 already preload USB Serial Emulator firmware (USB
Virtual COM Port).

/ h« RO

S Y

o Wil

PP gy ///ﬁ
 E T :n;;.:”” ,.\ ¥
—@) 3 E&. ol o

Q MICROCHIP



Lab Preparation

PC Terminal Software Setting

@ MICROCHIP



Lab Preparation

Step 1

* Please confirm Windows Device Manager on your PC.

* For Window 7, you might need install driver before Labs.
* Driver at : \Appendix\Serial Emulator Driver\mchpcdc.inf.

* You will see a USB Serial Port (COMXx) at Device Manager.

,.! EEEES

- BREAEREERE
a JTF EEE (COM F[] LPT) e -
: . p UF AREAERE

| ".[} CDCRS-232 Emulation Demo
-4 B BREESEHE
oo EEs
by EREFIEREREHE
. T SIS (COM # LPT)
ol BERStEERE

{‘ e
EE—TFILELRSAREE -
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Lab Preparation

Step 2

* Find TeraTerm from your desktop or install it from.
* http://ttssh2.sourceforge.jp/index.html.en

 Select: Serial = Port: COMx (USB Serial Port).
* Check: Setup - Serial Port > COMXx, 9600, 8 bit, none, 1 bit, none.

Tera Term: New connection

OTCPAP

@® Serial

myhost.example.com

History —
Telnet 2
SSH S5H2
Other AUTO

Port: COMA: USB Serial Device [COMA4)

w

Cancel Help

T COM4A - Tera Term VT
File Edit

Window...

Font
Keyboard...

Serial port...

Proxy...

Tera Term: Serial port setup and connection

Port: COMA4 v
Speed: 9600

Data: 8 bit e
Parity: none v
Stop bits: 1 bit v

Flow control: none v

Transmit delay

0 msecfchar 0

x|
New open : |!
Cancel
Help
msecfline
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http://ttssh2.sourceforge.jp/index.html.en

VT100 Console Control

* Use VT100 command to control Tera Term UART output as

v COM4 - Tera Term VT — [] X

File Edit Setup Control Window Help

VR1:2589
VR2:2153

printf("\033[2]"); // Clear screen
printf("\033[?251"); // Hide cursor
printf("\e33[y;xH"); // Set cursor to (x,y)

// Left-up corner is from (1,1)

Let’s go!
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Lab14 UART printf

* Base on current project or Open .\Exercises\Lab14 xxx.X to do exercise

* Try to add UART1 module then output "Boot Elapsed:xx" and VR1, VR2
ADC value to PC via UART1 module as we did on OLED display.

 UART1 set to 9600, N, 8, 1, No flow control.

* UART has connected by PCB layout.
dsPIC33CK RC7 (UART1-U1TX, Pin32) <-> PIC16 RC5 (RX, Pin5)
dsPIC33CK RD10 (UART1-U1RX, Pin31) <-> PIC16 RC4 (TX, Pin6)

Let’s go!
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Lab14 UART printf

Connection

49CHOST)
SOCSCK)
SLCMISD
usB_I0 :
COC_USEN =
SEN

J .-ROCHIP
(5055

cosal

Don‘t Need Any Connection.
All Connection Already Done

By Previous Lab.

Pinds

|Pinas, 47 e i
[PIC2AEP, 55PIC33:PGx2

MIRroBUS Socke

mikroBLUS Sacket
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Lab14 UART printf

Step 1

* Click [+] to add UART > UART Module.

] * ] ®
Resource Management [MCC] x| Resource Management [MCC] = |
MCCv5.3.0 MCCv5.3.0
Project Resources | Generate | e Project Resources | Generate | 2 E
¥ Dri - '_U'w SCCPZ =
FIVErs =
v ADC ﬂ m g Timer1
v PWM - [ @ B3 £ UART(None) |
© E4d 2T PwMHS ¥ System
v TP 0 g Clﬂfk
0 € SPI1_Host 2 Configuration Bits

¥ Timer 1 £ DMT |
Device Resources Content Manager Device Resources Content Manager

» Pulze Cutput » Pulse Output

b P » PV

» OEI » EI

B SENT » SENT

» SFI » SFI

» Timer » Timer

A I * UART i

€ UART
x » Hardware Peripherals -

\ MICROCHIP




Lab14 UART printf

Step 2

e Set UART PLIB Selector Module - UART1.

B4 UARTT - Editor - O X

UARTL =x (] ][=][O]

| * Configuration Setfings |

Custom MName UART]

Requested Baudrate a600

Calculated Baudrate 0598

Baud Rate Errar (%) 0.02

Parity Mone v
Data Size g v
Stop Bits 1 w
Flow Control Mode Mone w
Redirect Printf to UART Ensure Redirect to Printf is enabled for only one UART driver.

| ¥ Interrupt Settings |

Interrupt Driven

| * Dependency Selector |

UART PLIE Selector UART1 hd Q MICROCHIP




Lab14 UART printf

Step 3

* Set Enable Redirect Printf to UART.

B4 UARTT - Editor - O X

UARTL =x (] ][=][O]

| * Configuration Setfings |

Custom Name UART

Requested Baudrate 9600

Calculated Baudrate 9598

Baud Rate Error (%) 0.02

Parity Mone ¥
Data Size g v
Stop Bits 1 w
Flow Control Mode Mone w
Redirect Printf to UART Ensure Redirect to Printf is enabled for only one UART driver.

| ¥ Interrupt Settings % |

Interrupt Driven

| * Dependency Selector |

UART PLIE Selector UART1 hd Q MICROCHIP




Lab14 UART printf

Step 4

* Set PORTC: RC7 (U1TX) to UART TX Function.
e Set PORTD: RD10 (U1RX) to UART RX Function.

:(irmw:wx
Package: Pin No: 32|36 |37 (52|53 |3 |4 |5 |6 60|59 |58|55(54 (44 43|42 (39 (3831|3021 (12|11 | 8
PORTC PORTD
Module Function Direction 7/8|9|10|11|12|13|14|15|0 |1 |2 |3 |4 |5 |6 |7 (8|9 10|11 12|13 |14 |15
SCKA infout CRC R R R R R R R R R - R - B BB
SPI1_Host w (SDI1 input B'a|sa|Ea|Ea|E'Ea'B|E BB |EE|E|EEEE BB
SDO1 output GO I T - R I O A - B - B T O BB BB
ADCY . ANx input 'h 'h 'h
ADCTRG31  |input CRCRCRC R R R R R C R C R C R C- R C R R C B B
PGCx input
ICD v
PGDx input
I T B |5|B b5 8|k |B 8|k |E 8k B b E s R B R [EE
U1RX input m'h'h’h'h'h'h'h’h'h'h'h'h’h'h'h'h’hﬂ’h'h'h'h'h
. . [P input RGN R R R R R R R R - R - B R B
GPIO output CRCRC R R R R A B R - R R - R B R
4 4
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Lab14 UART printf

Step 5

* Click "Generate" Button to generate your code.

| Generate

Project Resources| | Generate L

¥ System

® LT Clock

2= Configuration Bits
© 2= ovT
= ICD
® = Interupt
0 2 Dins

0 2 Watchdag Timer

Device Resources

Content Manager

¥ Libraries
» = 16-Bit Data EEPROM Emulation {DEE)
© L= can-TP
P =T MCPB0ZX
0 <) motorBench ® Development Suite

P Drivers

1] X
Output - MPLAB® Code Configurator |
09:34- 52 TNFD: $#88448888astaattstststtssasrasatsassssatsssstasssess [
2 INFD:  Generation Results
09:34: 52 INFD: #8844 88 8 et teant et sttt et rasntrassasstsasstssssesy
09.34:52 INFO: main.c Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
09:34:52 INPD: mec_generated_fileshclock. e Success.
09:34:52 INFO ted_files\clock. b Huocess,
09:34.52 INFO ed_files\intermupt_manager o fuccess.
09:34:52 INFD rated_files\intermupt_mavager. h Success.
09:34:52 INFO: moc_generated_fileshmeo. e
INFO: meoc_gernerated_fileshmeo. h
INFD: meoc_generated_fileshpir_marager. c Buccess,
INFO: mec_generated_filesh\pir_marager. h Aiccess,
09: INPD: moc_generated_fileshreset.c Success.
09 INFD: mec_zenerated_fileshreset h Aiccess,
09:34.52.2 INPD: moo_generated_fileshreset_types.h Suocess.
09:24:.52 INFO: mec_gernerated_fileshsystem.c Huiccess
2 INFO: moc_generated_fileshsystem.h Success,
09:34:52,288 INFD: meec_generated_fileshsystem_types.h Aiccess
INFO: moc_generated_fileshtraps. o Success.
09:3452 288 INFD: mec_generated_fileshtraps h Huccess
09:34: 52, INFD: moc_generated files‘watchdog. h Sugcess,
093452 TNFD: $sts4assssassastsstsssstssattasndsansssstsssstssassss
09:34:52. INFO: Generation complete {total time: 198 milliseconds)
09:34: 52 TNFD: $838448880a8saat s st ssstssitrstassassssstsssstsssssss
09.34;52 INFO: Generation complete, W
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Lab14 UART printf

Code Example

int main(void)

{
printf("\033[2J");
printf("\033[?25]");

while (1)
{

if (VR1Flag)
{
VR1Flag = 0;
sprintf((char *) StringBuffer, "VR1:%4d", ADC1Buffer[0]);
myOLED_DrawsStr(0, O, StringBuffer);
printf(" \033[1;1H%s\r\n", StringBuffer);
}
if (VR2Flag)
{
VR2Flag = 0;
sprintf((char *) StringBuffer, "VR2:%4d", ADC1Buffer[1]);
myOLED_DrawsStr(0, 1, StringBuffer);
printf(" \033[2;1H%s\r\n", StringBuffer);

}

lﬁ\ MICROCHIP



Lab14 UART printf

Result

e

‘% oy R ', l III'I »},}ﬂ] i]’l’l’f
F %ﬂ\ A"— ﬁ‘ . B
‘ afololoNoNo ‘

VR1: 1023
VR2: 2047

Eile

VR

Window

Edlt Setup Contral KanjiCode Help

By: Your Name

The actual value control
by VR1 * VR2
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UART Interrupt

* Polling mode not easy to catch that the data from PC to UART.
* This is very easy if enable UART interrupt to be received it.

* Receive and transmit buffer(queue) are implemented ready, so ease to
use and don’t worrying data lost.

ﬁ\ MICROCHIP



UART Functions of Melody

* Melody Provide below functions for UART:

Prototype definition : "uartn.h"

* UART_INTERFACE

* (void)
* (void)
* (uint8_t)
* (void)
 (bool)
* (bool)
* (bool)
* (void)
* (void)

UARTN_Drv.Initialize(void);
UARTN Drv.Deinitialize(void);
UARTN_Drv.Read(void);
UARTN_Drv.Write(uint8_t txData);
UARTN_Drv.IsRxReady(void);
UARTN Drv.lsTxReady(void);
UARTN_Drv.IsTxDone(void);
UARTN_Drv.TransmitEnable(void);
UARTN_Drv.TransmitDisable(void);

ﬁ\ MICROCHIP



Lab15 UART Communication

* Base on current project or Open .\Exercises\Lab15 xxx.X to do exercise
* Try to enable UART1 interrupt to be received UART data come from PC.

* To set a suitable received buffer size.
* Shows received character on OLED display and echo it to PC.

Let’s go!
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Lab15 UART Communication

Connection

S5¢nCOY
45(HOSD
S0CSCK)
SLCMISD)
4By ol -
[2C TemperaturelaxaD]  12C EgPRONIG”

UsB_IO
COC_USEN
=k

J .-ROCHIP
(5055

cosal

Don‘t Need Any Connection.
All Connection Already Done

By Previous Lab.

MIRroBUS Socke

mikroBLUS Sacket
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Lab15 UART Communication
Step 1

* Set Enable UART Interrupt Driven.

B4 UARTT - Editor - O X

TUARTT x| (EE

‘ ¥ Configuration Settings ‘

Custom Mame UJART1

Requested Baudrate 9600

Calculated Baudrate 9598

Baud Rate Error (%) 0.02

Farity Mone e
Data Size 2 v
Stop Bits 1 e
Flow Control Mode Mone w
Redirect Printf to UART Ensure Redirect to Printf is enabled for only one UART driver.

¥ Interrupt Settings

Interrupt Criven ‘
Software Transmit Buffer Size | g v
Software Receive Buffer Size | g v

¥ Dependency Selector

Jam LB Selector — i Q MICROCHIP




Lab15 UART Communication
Step 2

* Select Software Buffer Size (Transmit and Receive) to 32.

B3 UART! - Editor - b X
UART1 x (EHO
o
‘ ¥ Configuration Settings ‘
Custom Mame UART1
Requested Baudrate 9600
Calculated Baudrate 9538
Baud Rate Error (%) 0.02
Parity Mone hd
Data Size 2 ™
Stop Bits 1 W
Flow Control Mode Mone i
Redirect Printf to UART Ensure Redirect to Printf is enabled for only one UART driver.
L
‘ ¥ Interrupt Settings ‘
Interrupt Criven ‘
ISoﬂware Transmit Buffer Size | 55 v I

ISoﬂware Receive Buffer Size |32 : v I
‘ ¥ Dependency Selector ‘
UART PLIE Selector UART1 v Q MlCHD:HlP




Lab15 UART Communication

Step 3

* Click "Generate" Button to generate your code.

Generate

= w

Project Resources| | Generate L

¥ System

® LT Clock

2= Configuration Bits
© 2= ovT
= ICD
® = Interupt
0 2 Dins

0 2 Watchdag Timer

Device Resources

Content Manager

¥ Libraries
» = 16-Bit Data EEPROM Emulation {DEE)
© L= can-TP
P =T MCPB0ZX
0 <) motorBench ® Development Suite

P Drivers

= X
Output - MPLAB® Code Configurator |
09:%4-52.286  INPO: $tts3ttssastastastsssttassssssasssssssasssssssnssnss A
INFD:  Generation Results
: INFD: #8844 88 8 et teant et sttt et rasntrassasstsasstssssesy
09:34:52.267  INFD: main.e Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
09:34:52.287 INFO: mece_generated_files\clock. e Siccess.
09:34:52.287 INFD: ted_fileshclock. b Huocess,
INFO ed_files\intermpt_manager.c Success.
INFD ed_files\intermupt_mavager h Success,
09:34.52.268 INFD: mee_generated_files'mec.c
093452, 268 _f1les'meo. b
ed_files\pin_marager. ¢ Buccess,
09:34.52 268 ) nevated_files\pir_marager. h Aiccess,
09:34:52.268 ed_fileshreset. o Success.
09:34:52 288 ed_filesreset h Hiccess
09:34.52. INFO: moo_generated_files\reset_types. h Suocess.
09:24.52. 266 INFD: mee_generated_filesisystem. c Huiccess
INFD: mee_generated_files\system. h Success,
INFD rr-'.-‘._,f-—-uuna'Hl_:-ilud.uy-.hqn_typu-. h Hiccess
INFO: moc_generated_files\traps. c Success.
09:-34- 52 288 INFO: mee_generated_files\traps. h Hiccess
09:34:52.289  INFO: moc_generated files'watchdog. h Sugcess,
00:34-52 298  [NP0: sesstssssststsssasisbassstssssssitsssssnisssssssisnss
INFO: Generation complete {total time: 198 milliseconds)
00:34-52.208 NP0 ssesssssssisssssssisbisiiisisstiisssitiiisssisniinis
09:34:52.299  INFO: Generation completa, W
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Lab15 UART Communication

Code Example (Use UART Rx Callback)

#include "mcc_generated_files/pwm_hs/pwm.h"
#include "mcc_generated_files/uart/uartl.h"

%Iatile uint8_t VR2Flag = 0;
volatile uint8_t UART1_Rx_Done = 0;

void ADC1_CallBack(enum ADC_CHANNEL channel, uintl6_t adcVal) { ... }
void UART1_Rx_CallBack(void)

UART1_Rx_Done = 1;
}

int main(void)

KDCl.achuIticoreInterface->ChanneICaIIbackRegister(ADCl_CaIIBack);
UART1_Drv.RxCompleteCallbackRegister(UART1_Rx_CallBack);

while (1)
{

if (UART1_Rx_Done)
{
UART1_Rx_Done = 0;
sprintf((char *) StringBuffer, "RxData:%1c", UART1_Drv.Read());
myOLED_Drawstr(0, 6, StringBuffer);
printf(" \033[6;1H%s\r\n", StringBuffer);

lﬁ\ MICROCHIP



Lab15 UART Communication

Result

e

o

‘ 3 0 0 0 0 o ‘

File Edit Setup Control Window KanjiCode Help

VR1:1023

VR1: 1023
VR2: 2047

RxData:M
By: Your Name
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12C Application
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What’s 12C

* 12C, Inter-Integrated Circuit
* It’s a serial communication interface.
Synchronous, inside-board level, short distance communication.
* The data is clocked along with a clock signal(SCL).
* The clock signal controls when data is changed and when it should be read.
* Since 12C is synchronous, the clock rate can vary, unlike asynchronous (RS-232 style)

communications.

(S)

SCLx

SDAX |

(A) or (N)

/N

NACK

ACK

——
Start
Condition

to Change

ACK/NACK

Valid

Condition
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dsPIC33’s 12C Module

e 4
* dsPIC33CK256MP506 Provide three 12C modules. = =
* Support 7, 10 Bits Device Addresses
and General Call Address. o i e
* Provide Clock Stretching. E)}_‘{g
* Both 100 kHz and 400 kHz Bus Specifications. L pemo K —
* SMBus Compatible Voltage Thresholds. mme ] | -
* Pin Definition : K A E §wm«l_’ Z:
* SCL (Serial Clock) : Clock, dsPIC33 <-> Device. =4
* SDA (Serial Data) : Data In/Out, dsPIC33 <-> Device. < ( Aeomisses | 6‘-@
omeen | =
L &R0 Down Counter ] zoere ] —
4
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12C Devices

* Temperature Sensor (MCP9800) :

* MCP9800 is a digital temperature sensor converted to digital word with a user selectable 9 to 12-
bit Sigma-Delta Analog to Digital Converter. £0.5°C (typical) at +25°C

« EEPROM (24AA32A) :
* 24AA32A is a 32Kb 12C EEPROM has a Page Write capablllty for up to 32 bytes of data.

woll § l ., : [ =] ¥
ik B P2 AT A %%
S0¢st © {a 9 ¢}

PICL GBG

"cﬁrosx 2
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12C Functions of Melody

* Melody Provide below functions for 12C:
Prototype definition : "i2cn.h"

* UART_INTERFACE

* (void) 12Cn_Drv.Initialize(void);

* (void) I2Cn_Drv.Deinitialize(void);

 (bool) 12Cn_Drv.IsBusy(void);

 (bool) 12Cn_Drv.Write(uintl6_t address, uint8_t *data, size_t dataLength);

 (bool) I2Cn_Drv.Read(uintl6_t address, uint8_t *data, size_t dataLength);

* (bool) 12Cn_Drv.WriteRead(uintl6_t address, uint8_t *writeData, size_t writeLength,
uint8_t *readData, size_t readLength);

* (void) 12Cn_Drv.HostCallbackRegister(void (*callback)(void));

 (bool) 12Cn_Drv.TransferSetup(struct 2C_TRANSFER_SETUP *setup, uint32_t srcClkFreq);

* (enum I2C_HOST_ERROR) 12Cn_Drv.ErrorGet(void)

* 12C Function is non-block function. This means all function running by interrupt.
Operation not execute immediate after function call.

Q MICROCHIP



12C Functions Introduction

* bool I2Cn_Drv.Write(uintl6_t address, uint8_t *data, size_t dataLength);

Write Data Array

Data0

=l

Datal

S

Data2

Data3

=2

— Length

——

* bool 12Cn_Drv.Read(uintl6_t address, uint8_t *data, size_t datalLength);

/

Read Data Array

Data0

Datal

=

<

Data2

Data3

=

— Length
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EEPROM Write (24AA32A)

 BYTE WRITE: 12Cn_Drv.Write(); //Data Array Length = 2+1

S
L Control Address Address -?
R Byte High Byte Low Byte Data 0
Tf A e A R 2 AN Vil 5 ™y P
IEllHEIO%%‘%Ol X|x|x| H
A A
C C C C
K K K K

* PAGE WRIYE: 12Cn_Drv.Write(); //Data Array Length = 2+n

S
1 Control Address Address -EF
R Byte High Byte Low Byte Data Byte O DataByte 31 | o
T A \ A _ A A . A | P
I | | | AlAIA L I I O B B T Frrrrriri H
101021DO| |,X|X|X|X L1 1| L1 1 1 11 11 1 1 [f N N N T Y I |
A A A ' A
C C C C C
K K K K K

* At this section, we focus on PAGE WRITE.
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EEPROM Read (24AA32A)

* RANDOM READ: I12Cn_Drv.Write() + 12Cn_Drv.Read(); //Data Array Length = 2+1

S S

T T S
A Control Address Address A Control Data T
R Byte High Byte Low Byte R Byte Byte )
Tf’ - I - Al f - A Tf - 1 ' o ™ P
AAA 11 TT T T T T1 - NAA TT T T 1T I_I
02100' x|x|:'{|x Ll L1111 S_|O|1|O2101 L0 i

A A A A N

C C C C O

K K K K A

C

K

 SEQUENTIAL READ: I12Cn_Drv.Write() + 12Cn_Drv.Read(); //Data Array Length = 2+n

S
anyttgol Data n Data n + 1 Data n + 2 Datan+x | O
A e A L P
. a4 A N ~ - N

',_IIIIIIII N I I O I B rTTTTT1 T TTTT g
e Ll v b b P b g b |

A A A A N
C C C C O

K K K K A

C

K

e At this section, we focus on SEQUENTIAL READ.
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Lab16 EEPROM

* Base on current project or Open .\Exams\Lab16_xxx.X to do exercises

* Try to add 12C1 module then write the value into the EEPROM and Show
on OLED display.

* |2C1 clock set to 100kHz,

* Read the value from EEPROM and Show on OLED display.

Let’s go!
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Lab16 EEPROM

Connection

COC_UBEN 158 oS
] ¥ > . 5 5 . = P1 EEPROM |
NAT _USEN A =l " BB ceonseces ; 816 . = Tealaing Matedel | | oble !

. d www.midrochip.com.ty 3/ATO_DYD

61 _53 67 55 53 51 48

"64762°60 58 56 54 52 50

PIC24F

g
=
By
HGA
=
s BC
=
[

o
]

I Symbol

SDA
(EEPROM)

" osa
(EEPROM)
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Lab16 EEPROM

Step 1

* Click [+] to add 12C > 12C_Host Module.

Project Resources | Generate 9@ Project Resources | Generate | 9@
¥ Drivers - ¥ Drivers -
¥ ADC ¥ ADC
(7 IX e L £ ADCI L
¥ P ¥ |2C
@ L3 2= pwMHS £ 12C_Host (None)
¥ 5Pl * W
© FE4 2L 5P Host £ pWM_HS
¥ Timer L v 5p| L
Device Resources Content Manager Device Resources Content Manager
* Flash * Flash
¥ |2C ¥ |2C

£ 12C_Client

2=+ 12C_Host
IC

| WCIick [+]

r* ¥ v

v

Bl Thoafraat

£ 12C_Client
£ 12C_Host
IC
OPA
PTG

Bl Thoafraat

¥ ¥ ¥

v
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Lab16 EEPROM

Step 2

e Set 12C1_Host > Dependency Selector - 12C1.
* Check Requested Speed is 100 kHz.

=

I2C1_Host =

* Software Settings

Custom Mame  |2C1 Host

Requested )

Speed 00 KHz
Calculated

Speed 099,95 KHz

¥ Dependency Selector

[2C Host PLIB

Selector |12C1

Q MICROCHIP



Lab16 EEPROM

Step 3

* Change 12C1_Host SCL1 and SDA1 Pin to PORTC: RC8 (SDA1), RC9 (SCL1).

B
Pin Grid View x
Package: PinMNo: |46 |47 |48 |49 61|62 |63 (64| 1 |2 |13|22|23|27|50|51|24|32|36(|37|52|53(|3 |4 |56
PORTB PORTC
Module | Function | Direction |6 |7 |8 |9 |[10[11[12[13|14(15/0 |1 |2 |3 |4 |56 |7 |8 |9 |10|11|12[13|14]15
SCK1 infout I R N I I O T - - - O - I I A B
SPI1_Host w |SDIT input O I R O R O R O - B O O OO - B OB
5DO1 output - I - O - O O O - - O - - - - - - O - B
st o [ output I I B R I R I B O O O T - BB
UTRX input O T I O R I R O - B O O T - B OB
SCL1 infout B
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Lab16 EEPROM

Step 4

* Click "Generate" Button to generate your code.

=
Resource Management [MCOC

x

Project Resources

[ Generate

| Generate

s

{

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

¥ System

b Interrupt Module

I ¢ Pin Module

{p Systern Module

Device Resources

Content Manager

* Documents

¥ Libraries

¥ Peripherals

(2 @ Foundation Services
B3 T motorBench® Development Suite
© ER O WINC15XX

dsPIC33CK256MP506 Product Page U

) X
Output - MPLAB® Code Configurator |
09:%4:52 286  INFO: $P488384satsatetsstartstartsssssssssstetasssstssastes A
09:34:52.287  INFD: Generation Results
09:34:52.287  INFO: $#483aataatt sttt rtstare st sesssssteessssntsesssss
09:34:52.267  INFD: main.e Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
09:34:52.287 INPD: mec_generated_fileshclock. e Success.
09:34:52.287  INFD: meo_generated_fileshclock. h Success,
09:34.52 288 INFO: moo_generated_fileshintermupt_manager. o Success.
09:34:52.288  INFD: meoc_generated_fileshinterrupt_manager. h Success,
09:34.52.268 INPD: mec_generated_fileshmec. e Success.
093452, 268 INFO: meoc_gernerated_fileshmeo. h Siocess,
09:34.52.268 INFD: moc_generated_fileshpir_marager. ¢ Buccess,
09:34.52 268 INFO: mec_generated_filesh\pir_marager. h Aiccess,
09:34:52.268 INPD: moc_generated_fileshreset.c Success.
09:34: 52 268 INFD: meo_zenerated_fileshreset h Aiccess,
- 52,285 INFO: moo_generated_fileshreset_types. h Suocess.
09:24.52. 266 INFO: mec_gernerated_fileshsystem.c Huccess,
09:34:52.288  INPO: moo_generated files\system. h Ruocess,
09:34.52.266 INFD: meec_generated_fileshsystem_types.h Aiccess
09:34:52.288  INFD: moo_generated fileshtraps. o Bugcess,
09:3452 288 INFO: mec_gernerated_fileshtraps. h Auccess.
09:34:52 289  INFO: mco_generated files‘watchiog. h Suocess
S2.208 NP tttssssstsssssssisissastissssistiiassissssstitiiints
:52.298  INFD: Generation ocomplete {total time: 198 milliseconds)
S2.208 NP desesssssssssissssissitiiissistiiistisisiiasisiiians
;52,299 INFO: Generation completa, W
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Lab16 EEPROM

Code Example

#include "mcc_generated_files/uart/uartl.h"
#include "mcc_generated_files/i2c_host/i2c1.h"

volatile uint8_t UART1_Rx_Done = 0;
#define EEPROM_Address 0x50

uint8_t BT_Flag = 0;
uint8_t 12C_EEPROM_Write_Data[4];
uint8_t 12C_EEPROM_Read_Data[2];

int main(void)
while (1)
{

if (BT1_GetValue()) {
if(BT_Flag == 0) {
BT_Flag = 1;

}
LED8_SetLow();
}else {

if(BT_Flag == 1) {
BT_Flag = 0;
staticuint8_ti=0;
if (++i >100)i=0;
12C_EEPROM_Write_Data[0] = 0x00;
12C_EEPROM_Write_Data[1] = 0x00;
I2C_EEPROM_Write_Data[2] = i;
I2C_EEPROM_Write_Data[3] = i << 1;
12C1_Host.Write(EEPROM_Address, 12C_EEPROM_Write_Data, 4);
while (12C1_Host.IsBusy());

}
LED8_SetHigh();

v ,
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Lab16 EEPROM

Code Example

int main(void)
while (1)
{

i{¥ (TMR1Flag)

TMR1Flag=0;
ADC1.SoftwareTriggerEnable();

12C_EEPROM_Write_Data[0] = 0x00;

12C_EEPROM_Write_Data[1] = 0x00;

12C1_Host.WriteRead(EEPROM_Address, 12C_EEPROM_Write_Data, 2, I2C_EEPROM_Read_Data, 2);
while (12C1_Host.IsBusy());

sprintf((char *) StringBuffer, "12C_W_EE:0x%02X,0x%02X", 12C_EEPROM_Write_Data[2], 12C_EEPROM_Write_Data[3]);
printf("\033[3;1H%s", StringBuffer);
myOLED_DrawsStr(0, 2, StringBuffer);

sprintf((char *) StringBuffer, "12C_R_EE:0x%02X,0x%02X", 12C_EEPROM_Read_Data[0], 12C_EEPROM_Read_Data[1]);
printf("\033[4;1H%s", StringBuffer);
myOLED_DrawStr(0, 3, StringBuffer);
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Lab16 EEPROM

Result
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MCP9800 Read & Configuration

* First, Set ADC resolution & resolution & other config you want.

* Secondly, Read ADC value maximum valid 12 bits.
(2 Bytes).

TABLE 5-1: BIT ASSIGNMENT SUMMARY FOR ALL REGISTERS
T:rigi:-.r;iir MSB/ Bit Assignment
pypy | L-SB 7 5 5 4 3 2 1 0
Ambient Temperature Register (T,)
MSB Sign 204C 25°C 2%C 2%¢ 22°C 2'°c 2UC
LSB 2T¢ 22°C 2%¢ 24°C 0 0 0 0
' [Sensor Configuraiion Register [CONFIG)
) 1 LSB One-Shot Resolution Fault Queue ALERT |[COMP/INT | Shutdown
Polanty
Temperature Hysteresis Ragistﬁr (ThysT)
MSB Sign 26°C 29°C 2%C 29°C 22°C 2c 20c
LSB 2-1°C 0 0 0 0 0 0 0
Temperature Limit-Set Register (Tggr)
1 1 MSB Sign 20°C 2%°C 2%C 29°C 22°C 2'°¢ 20:¢
LSB 2-1°C 0 0 0 0 0 0 0
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Lab17 Temperature Sensor

* Base on current project or Open .\Exams\Lab17_ xxx.X to do exercises
* Try to set MCP9800 ADC resolution to 12 bits.
* Read the value from Temperature Sensor and Show on OLED display.

Let’s go!
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Lab17 Temperature Sensor

Connection
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Lab17 Temperature Sensor

Notice

=

PWM_HS x|

¥ Basic Confiy x

Custom Name

OWM_HS
PWM Generators Required

Interrupt Driven

<

Basic Settings
PWM Generator
PWM 1
Min and Mav "

;7{

4 PiEa |
Frequency Settings

Requested Frequency Calculated Frequency
PWM G t
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1

PWM 1 1 1 \

Output Control Settings
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Dead Time
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Lab17 Temperature Sensor

Code Example

#include "mcc_generated_files/i2c1.h”
uint8_t 12C_EEPROM_Read_Data[2];

#define MCP9800_Address
#define MCP9800_REG_CONFIG
#define MCP9800_Register
#define MCP9800_REG_TA

uint8_t MCP9800_Write_Data[2];
uint8_t MCP9800_Read_Data[2];

int main(void)

{
orintf("\033[?251");

MCP9800_Write_Data[0] = MCP9800_REG_CONFIG;
MCP9800_Write_Data[1] = MCP9800_Register;
12C1_Host.Write(MCP9800_Address, MCP9800_Write_Data, 2);

while (12C1_Host.IsBusy());

MCP9800_Write_Data[0] = MCP9800_REG_TA;
12C1_Host.Write(MCP9800_Address, MCP9800_Write_Data, 1);

while (12C1_Host.IsBusy());

while (1)
{

-

0x4D
0x01
0x60
0x00
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Lab17 Temperature Sensor

Code Example

int main(void)
while (1)
{

i{'f' (TMR1Flag)

TMR1Flag=0;
ADC1.SoftwareTriggerEnable();

12C1_Host.Read(MCP9800_Address, MCP9800_Read_Data, 2);
while (12C1_Host.IsBusy());

sprintf((char *) StringBuffer, "Temp.:%2d.%03d'C", (int) (MCP9800_Read_Data[0]&0x7F), (int) (MCP9800_Read_Data[1] >> 4)*1000 / 16);
printf("\033[5;1H%s", StringBuffer);
myOLED_DrawsStr(0, 4, StringBuffer);
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Lab17 Temperature Sensor

Result
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Microchip Trademarks

Overview

Microchip Technology Incorporated’s products are marketed and sold under one or more of the following trademarks belonging to Microchip or one of Microchip’s subsidiaries.
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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