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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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Major Course (23

@®Interrupt Architecture

®Timer Architecture
ELab5 Timerl Interrupt

® VICCP/SCCP Architecture
= Lab6 SCCP Timer Interrupt

®OLED Architecture (PPS&SPI)
= Lab7 OLED Display
ELab8 Customize Screen

@12 Bits High Speed ADC Architecture

ELab9 ADC Single Channel
S Lab10 ADC Multiple Channel
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Major Course 33

®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.

* dsPIC30F (30 MIPS)
* Base on PIC24F], Built-in DSP.

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.
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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) @ MICROCHIP




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 v6.05 https://www.microchip.com/mplab/mplab-x-ide

* MPLAB® XC16 v2.00 https://www.microchip.com/mplab/compilers
« MPLAB® Code Configurator (MCC) v5.3.0

* MCC Core v5.5.0

* MCC Classic Libraries (From X IDE MCC Content Manager)

* PIC24 / dsPIC33 / PIC32MM MCUs v1.171.1
* Foundation Services v0.2.3

* MPLAB® X IDE Packs

* dsPIC33CK-MP DFP v1.11.346 (Device Family Pack)
* SNAP tool packs v1.14.1052 (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 : 2023/03/27)
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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 v6.05.

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

8 BT % P22 QAR 00wk

StrtPage x| MPLABX Store x O

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

PROJECTS MY MPLAB® X IDE

# Open Sample

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

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

.

és\ MICROCHIP

PRUEGERNATMEfgING References & Featured Links

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




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
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MPLAB® Code Configurator

 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 e 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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MCCC

lassic GUI Quick View

ﬁ MPLAB X IDE w5.05 - Lab0_First_Project : default

— X
File Edit View Mavigate Source Refactor Production Debug Team Tools Window Help ‘Q' Hearch (C+[) |
ﬁ %;@@‘defauh ~ @'?'@' |>' '-a -@-@E"ﬁr' oab sabdadenovee ;Howdol’?
L (e u 5J " > A
( Propcts | Files | Serviees | Resource [MCC] x| Y System Module x| (41 (=) (O Pin Manager: Package View x| EN
Project Resources | Generate || Import... || Export |£‘ |§ £53 Easy Setup || 5 Registers |
M Sys:am ¥ Clock =
{_ Interrupt Medule o o Z 5 S A
) PinModule I [ 2000000 | - | Hz | FRC Oscillator [ - | 80 MHz clockSource 222 B 88888228384
O system Module T H NN SR | (RS
¥ FRC Postscaler ® 54 63 62 61 60 59 5B 57 56 55 54 53 52 51 50 49
RB14[ 1 48[ |RBEPGDI
8 MHz Postscaler RBI5[ ]2 47[|re?
RCi2[]3 48[ Re6
RC13[]4 5[] res
RC14[ ]S M[|RDS
Device Resources Content Manager PYVs Fou RCIS[]6 [ 43[|RDG
v Documents 1 NMCLR7 az[C]rD7
dsPIC33CK256MP506 Product Page 4 MHz Fosc/2 RD15| |8 MICROCHIE 41 =VDDaA
w Libraries VSSTA I 9 40 [l VSS3A
» &, Foundation Services M . ikapclad VDD1A @10 dsPICIICK256MPS06 39["|RD8
@ B35 O motorBenchi® Development Suite EI Hz Clack Source RO 1 38[Jro9
B O wincrsx 8 MHz [] PLLEnable RE::; :j jZE Ecc:
¥ Peripherals
» By ADC 8 MHz Prescaler RAQIN 14 3s[ree
> %5 CANFD J 1200 MHz Feedback ::; :Z j:E xz
MCCCoreVersions | 1 o G srrazereszeneza
¥ MPLAB® Code Configurator (Plugin\v5.2.2 - & R é s2agQa R DE X222 g
+ Core v5.4.14 [C\Users\AG240T mcc\cores\3.4. 14\ core_runnerjar] ,k\ :E % ™ ’E § e-=
{0 Core v5.4.13 [Avsilable for do\ynload | L COSA0 \ \
O Corev3.4.11 [Available for download.] \\ \
O Core v5.4.4 [Available for downlyad ] Output - MPLAB® Code C x \ \ =
{0 Core v5.4.3 [Available for downlo)d.] 13:22:20.996  INFD: Loaded configuration from file O \WNsers\86240T\ Deskrop\Mierochip I Classi chLabl) First_Project. ¥iLabl First_Project.me? ~
O Core v5.42 [Available for download ] i
O Core v3.4.1 [Available for download)
O Core v5.4.0 [Available for download ]
O Core v5.3.3 [Available for download.]
O Core v5.3.0 [Available for download ]
O Corev3.2.1 [Available for download.]
O Core v5.1.0 [Available for download ] .
@ Corev5.0.1 [Available for download ] Resources Composer Pin Manager
O Core wd 851 [Available for download ]
O Core v4.85.0 [Available for download.]
) Core v4 75 [Available for download | > ©

)
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MCCC

lassic GUI Quick View

ﬁ MPLAB X IDE w5.05 - Lab0_First_Project : default

— X
File Edit View Mavigate Source Refactor Production Debug Team Tools Window Help ‘Q' Hearch (Crlt)
E % @@ default = @'? '%' |>' "@ 'Jm'JWE-%~J'ﬁ"E'PC:D}d]”oabmhdadcnovzci ;Howdol’?l—
Prokcts | Fiks | Services | Resource [MCC] x| = (SyyngmMgdu]g x| (413) (2) (@Y Pin Manager: Package View =] ]
Project Resources | Generate | Impart... || Export e \/g_ {J‘é‘é Easy Setup | 2 Registers
v System ¥ Clock - =
{_ Interrupt Medule o o Z 5 S A
) Pin Module || 000000 | - | Mz FRC Oscillator [ - | 80 MHz clockSource 222 B 88888228384
O systerModule ] H|NES B | SIS S
¥ FRC Postscaler ® 54 63 62 61 60 59 5B 57 56 55 54 53 52 51 50 49
RB14[ 1 48[ |RBEPGDI
8 MHz Postscaler RBI5[ ]2 47[|re?
RC12[]3 a5 |REG
RC13[]4 5[] res
RC14[ ]S M[|RDS
Device Resources Content Manage@lll s Fou RC15[]6 [ 43[|RDG
v Documents i NMCLR7 az[C]rD7
dsPIC33CK256MP506 Product Page 4 MHz Fosc/2 RD15| |8 MICROCHIE 41 =VD5‘3A
w Libraries VSSTA I 9 40 [l VSS3A
» &, Foundation Services | M . ikapclad VDD1A @10 dsPICIICK256MPS06 39["|RD8
@ B35 O motorBenchi® Development Suite 2000000 EI Hz Clack Source RO 1 38[Jro9
B O wincrsx 8 MHz [] PLLEnable R:::; :j jZE ECC:
¥ Peripherals
» By ADC 8 MHz -- Prescaler RAQIN 14 3s[ree
> 5 CANFD L 1200 MHz Feedback ::; :Z j:E x;
MCC Core Versions
¥ MPLAB® Code Configurator (Plugin) v5.2.2 2 B - Postecaierz &5 g g E E a E a é é E:?: Z E E § 5
+ Corevsd.i4 [C\Users\AG2407 mcc\cores\3.4. 14\ core_runnerjar] ,k :E % ™ g § e-=
@ Core v5.4.13 [Available for download ] | L COSA0 \ ‘
O Corev3.4.11 [Available for download.] \ > y ]
O Core v5.4.4 [Available for download.] ‘ Foumt_ MPLAB® Code C: x \ =
{0 Core v5.4.3 [Available for download ] 13:22:20.99%6  INFD: Loaded configuration from file O Wsers' M\ DesktopMi crochip M Classi c\Labd_First_Project. ¥\Lab0_First_Project.ne? ~
O Core v5.42 [Available for download ]
O Corev3.4.1 [Available for download.]
O Core v5.4.0 [Available for download ]
O Core v5.3.3 [Available for download.] A
O Core v5.3.0 [Available for download ] System clock Graphlcally.
O Corev3.2.1 [Available for download.] . . .
) Core v5.1 0 [Available for download | conflgu ratlon Word Settlngs
O Core v5.0.1 [Available for download.] .
@ Core w4851 fAvailable for downlosd ] are clearer and simpler.
O Core v4.85.0 [Available for download.]
) Core v4 75 [Available for download | > ©
)
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lassic GUI Quick View

ﬁ MPLAB X IDE w5.05 - Lab0_First_Project : default

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

— X

[Qr Search CEHT)

B

% DE B B b8

v-@ -@-WE‘ J'ﬁ"E'PC:D}d]”oabmhdadcnovzci ;Howdol’?

Prokcts | Fiks | Services | Resource IMCC] x| = (pmMmgﬁ_ Goid View x| (4] (2) (@Y Pin Manager: Package View =] ]
Project Resources | Generste || Impert.. || Export @ | @ Package: [Torees [ -] | PinNo: | 14 | 15 | 16 | 17‘ 1828 | 29 | 33‘ 34| 35 | 45 |46 ‘ a7 | 48 | 49|
v System PortA v PortB ¥ =
O Interrupt Module Module Function | Direction |0 |1 ]2 |34 o[1[2]z2]a]5]6|7][2]0 o o om S & = m g
» Pin Module 3 cLKl input E E ; g § § g g '§ § § g g a § 8
O System Module T ko oot g NS S ) | (S| Ee
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Py oot . e AR e RC13[ |4 a5 |RES
RC14[ ]S M[|RDS
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¥ Documents i et ] ‘B ] NMCLR | 7 4z[C|rD7
dsPIC33CK256MP506 Product Page Pin Module ¥ 1002 input NG RIC RGN B BB BB R |B||| -ros[]s MICROCHIP 41 =VD5‘3A
v Ubrares PO |owewt  |ma|W | Wt || |h | |G ]| e i aolvssa
» 2 Foundation Sevices | VDD1A @10 39["|RD8
o 4 motorBench® Development Suite RO 1 38[Jro9
@ O WINCIsXK RD13[]12 37[res
v Peripherals RCO[]13 36 |RCE
» B ADC RAD[]14 35[|RB4
b 22 CANFD RA1[]15 34[|RB3
MCC Core Versions
¥ MPLAB® Code Configurator (Plugin) v5.2.2 2 & g g E E a E a é é E:?: Z E E § 5
+ Corevsd.i4 [C\Users\AG2407 mcc\cores\3.4. 14\ core_runnerjar] :E % ™ g § e-=
O Core v5.4.13 [Available for download ]
O Corev3.4.11 [Available for download.] \. \ ]
O Core v5.4.4 [Available for download ] met—m&ﬂ@(‘uie(‘ x| \ =
{0 Core v5.4.3 [Available for download ] 13:22:20.996  INFD: Loaded configuration from file O \Wsers\B6240T\ Deskrop\MiNpoohip W Classi chLabd) First_Project. ¥iLabl First_Project.me?
O Core v5.42 [Available for download ]
O Corev3.4.1 [Available for download.]
O Core v5.4.0 [Available for download ]
O Core v3.3.3 [Available for download.] . . .
@ Core 5 30 Avaisble for dowioad ] Pin assign Graphically.
O Corev3.2.1 [Available for download.]
O Core v5.1.0 [Available for download ] PPS code generate
O Core v5.0.1 [Available for download.] -
O Core v4.85.1 [Available for download ] a uto matlca I Iy.
O Core v4.85.0 [Available for download.]
() Core v4.75 [Available for download.] >
)
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File Edit View Mavigate Source Refactor Production Debug Team Tools Window Help ‘Q' Hearch (Crlt)
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{_ Interrupt Module i)
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= RAZ[ 16 33[|re2
MCC Core Versions
¥ MPLAB® Code Configurator (Plugin) v5.2.2 2 g g g E E a E § é é ES g E E § 5
+ Corevsd.i4 [C\Users\AG2407 mcc\cores\3.4. 14\ core_runnerjar] :E % ™ g § e-=
O Core v5.4.13 [Available for download ]
O Corev3.4.11 [Available for download.] ]
{0 Core v5 4 4 [Available for download | FOquutf MPLAB® Code Ci | Motifications [MCC] x | =
{0 Core v5.4.3 [Available for download ] Category Source Type: B Description
O Core v5.42 [Available for download ]
O Corev3.4.1 [Available for download.] °
@ Core 540 (Auaiablefor dowioad] Interrupt assign
O Core v5.3.3 [Available for download.] O
O Core v5.3.0 [Available for download ] G ra ph Ica I Iy.
O Corev3.2.1 [Available for download.]
) Core v5.1 0 [Available for download | ISR related code generate
O Core v5.0.1 [Available for download.] .
O Core wd 851 [Available for download ] a uto matlca I Iy.
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MCC Classic GUI Quick View

More ?
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http://www.microchip.com/mcc

Programmer/Debugger
MPLAB® PICkit 4 (Part No. PG164140)

* The MPLAB® PICkit™ 4 In-Circuit Debugger/Programmer allows fast and easy
debugging and programming of all PIC®, dsPIC®, AVR, SAM and CEC flash
microcontrollers.

* Features

* Matches silicon clocking speed.

* Target voltage of 1.20V to 5.5V.

* Can supply up to 50mA of power to the target.

* Minimal current consumption at <100pA from target.
Portable USB-powered and RoHS-compliant.
8-pin single in-line header.
Backward compatible for demo boards, headers and target systems using 2-wire JTAG and ICSP.
Option to be self-powered from the target (2.7V to 5.5V).
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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

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

 APP041 v3.10 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, PIC32MX, PIC32MZ, SAMD21, SAMD51, SAML and
SAMC series.
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Main Controller

PIC16F1455
USB Serial Emulator
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Components-1

MicroSD Card Socket I2C Temperature Sensor

CAN-FD Transceiver

Character LCD Socket
MikroBUS Socket

Serial Port USB

Native USB MikroBUS Socket

ICD/ICSP Connector

. Potentiometer
Main Voltage Select

DC Jack (9~12V)

Pull High Res.
Buttons LEDs
@ MICROCHIP



Components-2

MUC PIM Socket 12C EEPROM

----- SPI EEPROM
MCU Select R U W L ~1 PIC16F684 (Encoder)
Phone Jack
Character LCD Pin Select
8MHz Crystal
USBID Connector
SPI DAC
USB Pin Select i-_ -
=7 5, M MCU Pin Function
Tmaligy 5
Debug Pin Select = @:zeL™
Encoder
Ext. MOSFET Touch

@ MICROCHIP



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.

B, rotas, ]

] 7] L2 C8 W =] vy ' L b - .-. Bu

AU T ueee T gy
iy
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Plug-In Module Assembly
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Power On & Getting started

* Just plug-in micro-USB cable to COM3 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.
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Lab Preparation

Check Compiler & MCC version
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Lab Preparation

Step 1

* Open MPLAB X IDE v6.05 firstly.

F V! ouble Click!
MPLAB X IDE

v6.05

¥4 MPLAB X IDE v6.05

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

PEES DE E

StrtPage x| # MPLAB X Store_x

PROJECTS
# Open Sample
® Create New

® Import Legacy Recent Projects
# Import Prebuilt

PROGRAMMING
CENTER

INSTALL MORE
PLUGINS

<no recent project>

@ 8w R

How do I?

Microchip Login

Already Registered? oM

Forpot Password?

References & Featured Links

» Errata

» Product Selection Tools
» User Guides

» Microchip University

% Show On Startup

X
Q- Search (Cl+])

[EnRE)

@ MICROCHIP

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

MY MPLAB® X IDE

ochip?

» Technical Articles and White Papers
» Buy Direct from Microchip
» Open Source 4 PIC

20102022 Micoctip Tectmosy oc. Al igis seerved.

ﬁ\ MICROCHIP



Lab Preparation
Step 2

* Select : Tools > Options

%4 MPLAB X IDE v6.05
File Edit View Navigate Source Refactor Production Debug Team

TS . ¥ -

e 1 LIRS e N |

X IDE
-

PROJECTS

# Open Sample

# Create New . . . ]
® import Leoacy Recent Projects Microchip Logi
# Import Prebuilt

PROCGERNATME?ING References &

8 First_Project Already Registered?
E-meil Addsess:

» Errata

adcnovze| HowdolI?

Window Help F

PO
o - T s Y. , .

Aoh ; Q\ MICROCHIP
Embedded >

Licenses
Packs
Manage Network Tools
Cl / CD Wizard...

IPLAB® X IDE | WHAT'S NEW
> n

Y MPLAB® X IDE

erts and easy software purchasing,

Templates
DTDs and XML Schemas

Plugins

Plugins Download

Options

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

PLUG|NS » User Guides

-—-pen Source 4 PIC

ﬁ'\ MICROCHIP



Lab Preparation
Step 3

e Select : Embedded > Build Tools

¥4 Options x
1 . Q, [Filter (CtrtF)

o & Bl | IFQ E

Genersl Editor Fonts & Colors Kevmap |[Embedded| Team Appescance Plugims Miscellaneous
3 b

(Generic Settings Project Options| Build Tools) MISRA Check Managed Tools Suppressible Messages Diagnostics Other

Toolehadn:
l1:11: as (vi 36) [ ro,g:mm Fs".l'c‘ Al Type: XC16

Base Directory: | CAProgram Files\Microchiptse 1642 00%bin
C Compiler: CAProgram Files\Microchipise 16%W2 00%bin'ec 16-goc exe

Assembler: CAProgram Files\Microchip'se 16% 2 00%bin'se 1 G-as.exe

Make Command ; | C\Program Files\Microchip\MPL A BX'w6 00\enuBimsiGnu Win32\bin'make exe

" Check XC16 Compiler Version is " v2.00"

acan for Build Tools

Expont... Import... 8] 4 Lpply Cancel Help

},@ @ MICROCHIP




Lab Preparation
Step 4

* Select : Tools > Plugins

%3 MPLAB X IDE v6.05 = «

adcnovze| HowdolI?

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

_ ) ]
P 0 il 9 C - ToOboR L
e 1 m | Analysis > @ MICROCHIP
\v/r Embedded : PLAB® X IDE | WHAT'S NEW

Licenses
PROJECTS Packs

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

o import Legacy Recent Projects MICIREHREERO Cl / CD Wizard...

# Import Prebuilt

> s

Y MPLAB® X IDE

8 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



Lab Preparation
Step 5

e Select : Installed
* Search : "MCC"

Ed Plugins x

Updates  Awailable Fluging (307  Downloaded | Instelled (172010 | Settings

wearch: | GBI

select  Mame Cate gory Lctive :
MPLAB® Code Configurtor

Version: 2.3.0
Source-Aicrochip w6 .05 Plugins

Flugin Description

The MPLAB®E Code Configurator (MCC) senerates seamless eazy to understand C code
that” & inserted into your project. It enables, confizgnres and utlizes & rich =t of

peripherals across a select list of devices, It7 s tntegrated into MPLAB X (IDE) to provide

a very povwerfol and extremely easy to vze development platfonm. W

Check MCC Version is "v5.3.0"

& octivate Deactivate TTninstall

Close Help

@ MICROCHIP



Lab Preparation

Step 6

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

¥ MPLAE X IDE v6.05 -

adcnovze How do I?

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

EE

L L ’ L - - - - - - .
I New Project... Ctrl+Shift+N | - o ) \
#] j E MICROCHIP
P9 New File... Ctrl+N
LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW
(@8 Open Project... Ctrl+Shift+0O
Open Recent Project
: MY MPLAB® X IDE
Import >
Microchip Login
Close Project B Pr— T va—
= 32 E-meil Addyess: Register now to enjoy the benefits of software update alerts and easy software purchasing, licensing
Close Other Projects and sccount vieving.

Passwond:
LOGIN

REGISTER NOW

Close All Projects
Open File...
Open Recent File

PRUGRAMMLING

CENTER References & Featured Links

» Errata » Technical Articles and White Papers

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

8
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Lab Preparation

Step 7

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

¥4 MPLAB X IDE v6.05 - First_Project : default

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

E-T-B- D R-R-UR- O B = E @ oo b

t_l E’ E % - ¥ | default

Propcts x| Fikes | Classes | Services

=

= Q Firdd Propct
&[5 Header Files
Hi-l ﬁ Important Files
Ei_'l- Linker Files
|é| E] Sonrce Files
B maine
- @[] MCC Generated Files
&-[§§ Libraries
3 5 Loadables

2] main.c x|

"o

Right Click!

. .

Close

 Ctl+W

a4

Ctrl+Shift+W

10
11

Close All
Close Other %

Maximize
Float
Float Group

This 15 the gene

Shift+Escape

rated maln.c us

R % BER-8-AFFEL LoD |aNo T &

ode Conflgorator

Ing

PICZ4 [ dsPIC33 / PIC32MM MCUs
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LabO First Project
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LabO First Project

* Try to create your first MPLAB X IDE Project.

* Try to create your first MCC style Project.

* To understanding MPLAB X IDE basic operation.

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

How to start ?

@ MICROCHIP



LabO First Project

Step 1

* Execute Project Wizard

* Select : File > New Project or Click icon

%4 MPLAB X IDE v6.05
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help F

|

% =

R a1

X IDE

PROJECTS

# Open Sample

# Create New

# Import Legacy
# Import Prebuilt

PROGRAMMING
CENTER

NSTALL MORE
PLUGINS

Recent Projects

8 First_Project

adcnovze| HowdolI?

3[0]E)

SRE v L L . 4 L 4

c\ MICROCHIP

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

MY MPLAB® X IDE

Microchip Login

Already Registered? New to Microchip?

E-mail Addyess: Register now to enjoy the benefits of software update alerts and easy software purchast
and account viewing.

REGISTER NOW

References & Featured Links

» Errata » Technical Articles and White Papers
» Product Selection Tools » Buy Direct from Microchip
» User Guides » Open Source 4 PIC

8

ﬁ\ MICROCHIP



LabO First Project
Step 2

* Chooses Project :
* Categories : Microchip Embedded , Projects : Standalone Project

B4 New Project X
Sleps Choose Proxct
é, Choose Projct Q, Filter: ||
Categories: Projects:
[0 Microchip Embedded | .2 32-bit MPLAB Harmony 3 Pmject ~
-1 Other Embedded (E_Standelone Project _J
&0 Samples (= 32-bat MCC Haomony Project
o 3 Gel:n: (&4 Existing MPLAB IDE v8 Project
(&4 Prebuilt (Hex, Loadable Image) Project
Q User Makefile Project v
Description:

Creates a new standalone application project. It nses an IDE-generated makefile to build your project.

< Back Wext » Finish Cancel Help
i& @ MICROCHIP



LabO First Project

Step 3

* Select Target Device :
* Family: 16-bit DSCs (dsPIC33) , Device: dsPIC33CK256MP506 , Tool : Snap-SN : BURXXXXXXXXX

a MNew Project

Steps Select Device

1. Chooss Project

2. Select Device

3 Select Header Famaly: 16-bit DECs (dsPIC323) w

4.  Select Plugin Board

5. Select Compiler .

6. Seloct Projsct Nawme and Folder Device: dsPIC33CK256MP506 v
Tool: Snap-SN-BUR 190973788 + B Show All
}i “ DE You must connect
v MPLAB® SNAP to PC, firstly.

< Back Next =

Finish

Cancel

Help

dsPIC33CK256MP506

@ MICROCHIP



LabO First Project
Step 4

* Select Compiler:
* Compiler Toolchains : XC16 (v2.00) [C:\Program Files\Microchip\xc16\v2.00\bin

4 New Project >
Select Compiler
1. Chooss Project
2. Select Device Compiler Toolchains
3. Select Header =1 -X_Clﬁ
4. 3elect Plugin Board BT 16 (w2 00) [CAProgram Filesihicrochipse 1642 00Ybom]
5. Select Compiler -
6. Select Project Name and Folder AdJ

MPLAB

< Back ‘ Next » Finish Cancel Help

@ MICROCHIP



LabO First Project
Step 5

* Select Project Name and Folder :

* Project Name : Lab0_First_Project, Project Location : C:\Exercises

* Encoding : UTF-8

ﬁ Mew Project

Sleps Select Progct Mame and Folder

1. Choos Project

2. 3Belect Device Froject Wame: Lab0_First Project

3. Zelect Header

4 Belect Plugin Board Project Location: CAExercims Browss. .
5. Belect Compiler

6. Select Project Name and Folder Project Folder: CAExercimlabl_First Project 3

Crverprite existing project,
Ao delete sources.,

MPLAB' Set &g main project
XI—DE [] Use project location as the project folder
v Encoding: UTF-8

< Back ezt =

Finish ! Cancel Help
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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.

B3 Mew Project

Sleps

Select Progct Mame and Folder

Choose Project

Zelect Device

Zelect Header

Belect Plugzin Board

select Compiler

Select Project Mame and Folder

= B Rl

PLAB

M
X IDE
-

Froject Wame: Lab0_First_Project

Project Location: CAExercims

Froject Folder: CAExercisma\Lab0_First Project X

Crverprite existing project,
Al delete sources,
Zet az main project
[] Use project location as the project folder

Encoding: ITE-3

S

0 ProjectFolderalread verastsand isnoternp ty. File Makefileexsts

Browss. .

< Back

ezt =

Cancel

Help
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LabO First Project
Step 6 (Menu)

* Execute MCC.

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

B4 MPLAB X IDE v6.05
File Edit View Navigate Source Refactor Production Debug Team

FEES DO o - T

=& Lab0_First_Project
-- Header Files
L1-J G Important Files
@[] Linker Files
L1-J ﬁ source Files
[ Libracies
@@ Loadables

Propcts !: Fikes | [=] 1

Tools |[Window Help

" 1T R v o
Analysis >k
Embedded |8 MPLAB® Code Configurator v5: Open/Close
| Licenses >
Packs
Manage Network Tools
Cl / CD Wizard... L
Templates -_
DTDs and XML Schemas =

S

@ MICROCHIP



LabO First Project
Step 6 (Icon)

* Execute MCC.

- click 2

B4 MPLAB X IDE v6.05
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

PEES D B TEPERAOR O

Propcts % | Files | = || StrtPage x| MPLABX Store x|

(4 Lab0_First Project
[ Header Files -
Ii;-r & Important Files h
8 Lo MPLAB
Iii-r [ Source Files i |
@[ Librasies X I D E
i-([@F Losdables

@ MICROCHIP



LabO First Project
Step 7

e "Select MCC Classic"

4 Content Manager - Editor - O X
Content Manager  x <I-0O
oz
MCC Content Manager Wizard
1. Content Type
Select a Content Type
(7] e e
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
Relezse notes and supported devices Release notes and supported devic 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?

.
@ MICROCHIP




LabO First Project

Step 8

* You can add the available Libraries provided in the Device resource to the project or
click "Finish".

B4 Content Manager - Editor

[ Content Manager =

MCC Content Manager Wizard
Required Content |

All required content is available locally on your machine. No other download is needed to get started.

To change content versions later, access the Content Manager from Device Resources.

Optional Content

Select optional content to be made available in Device Resources for selection

% Optional Content

Component Ti Version Description

wv [ | Libraries
16-bit Bootloader 1.19.1 Bootloader for the dsPIC/PIC24 products.
The CryptoAuthentication Library allows quick and easy configuration and code generation
Crypto Authentication Library 0.1 for security, cryptography, authentication, and encryption applications using Microchip’s
Secure chip line.
DAC The DAC (Digital to Analog Converter) library for Microchip’s MPLAB® X allows for quick
and easy C code generation for Microchip’s Digital to Analog converters,

File System 1.1, FatFs File System Library for FAT/FAT32/EXFAT and SD Card applications

The MCP802X Library Plug-in for MCC allows for quick and easy C code generation for
MCPE0ZX 1.0, interfacing with the MCP802X family (3-Phase Brushless DC Motor Gate Drivers) via UART
interface.

@ MICROCHIP



LabO First Project
Step 9

* MCC Configurator interface show up.

9 MPLAB X IDE v6.05 - First_Project : default - x
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help ‘Q' Search (ChiktI)
Eﬂm%f@@fdefﬂh ~ &]'?'fﬁ' |>' "@' @@3§9|Pcm osbsabdadenovze How do I?
Projcts | Fiks | Clases | Services | ResoroeMa-x | & || System Module x| [« +](=) (8] | Pin Manager: Package View x | =]
i G || ] Ex.. e
Project Resour...| Gener. || Impo.. || Ex 8 © i) Easy Setup | = Registers
=
v System ¥ Clock ER--- 3 & A A g
) Interrupt Module 288222842283 224
) PinModule (8000000 | - | e [ FRC Oscilltor [ -] ®0MHz) Clock source DO WEC OO0
® 64 63 62 61 60 59 58 5/ 36 35 38 53 52 515G 49
() System Module rEw 1 4a]|3eepPco1
v FRC Postscaler Re1sp 12 nCe
Device Resources Content Manager Rc12[]3 46jes
¥ Peripherals 8 MHz Postscaler - :2: ; ::E ::,55
» &5 ADC RC1s[T6 43[7]308
» Lt CANFD NMCLRIE? 42707
- RD15[ 8 M A1 [lveo3a
4 CeG vestafille ICROCHIP Aofllvssaa
» b cLe 8 M Fosc oAl 10 dsPIC33CK256MPS06 s0[ w08
» il CMP_DAC RD14[] 11 38[]a09
- i 4 MHz Fosc/2 RD13[J12 3[ree
» [ CRC Reo[ 13 36[ree
» DMA - RAQ[ 14 35 et
= ¥ Auxiliary Clock Rra1[]18 33
> Ext_Interrupt razf 16 13
. - . 17 16 19 20 21 22 23 22 25 26 27 29 23 30 31 32
» JU1 High Resolution PWM ) | 800 El Hz | FRC I | Clock Source minl T Infalaliel | Iniaiaiaials
First_Project - Dashboard | Core Versions [MCC] | = 8 MHz [ ] pLLEnable gigéggﬁﬁggﬁggﬁ g3
MCC Core Versions 8 MH= :E] Prescaler ¥ B> 2= =
¥ MPLAB® Code Configurator (Plugin) v5.1.9 - e a0 T <1 Eendbnck
W Corevsdd [CA\Users\AB62407\ mcc\cores\5.4.4\col 3 ] E
) Core v5.4.3 [Available for download ] Output - MPLAB® Code Configurator | Notifications [MCC]_x | Pin Manager: Grid View I =
@ Core v5.4.2 [Available for download.] | Category Source Type: ALL - Description
@ Core v5.4.1 [Available for download.]
O Core v5.4.0 [Available for download]
) Core v5.3.3 [Available for download.]
O Core v5.3.0 [Available for download.] No content in table
) Core v5.2.1 [Available for download.]
O Core v5.1.0 [Available for download]
O Core v5.0.1 [Available for download.]
< ]
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LabO First Project

Step 10

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

Projects | Files | Resource Management [MCC] x| =)

Tree View | Flat View |

Project Resources| | Generate

Import... | Export

¥ System
Interrupt Module
Pin Module
System Module

Qutput = Searc s

e
Notifications | Notifications [MCC] | Pin Manager: Grid View

9| Internet Connecti. “LAB® Code Configurator * Lab0_First Project (Build, Load, ...) *
12:45:54.541 VAWFO: mcc_generated_files\reset_types.h Success. New tile.
12:45:54.542 INFO: mcc_generated_files\ system.c Success. New file.
12:45:54.542 INFO: mec_generated_files\ system.h Success. New file.
12:45:54.542 INFO: mcc_generated_files\ system_types.h Success. New file.
12:45:54.542 INFO: mcc_generated_files\traps.c Success. New file.
12:45:54.543 INFO: mcc_generated_files\traps.h Success. New file.
12:45:54.543 INFO: mcc generated files\watchdogz.h Success. New file.
12:45:54.843 INF ],: dedededek dekddddddddddddddtdddd ek
12:45:54.843 INF(): Generation complete (total time: 1544 milliseconds|
12:45:54.843 INF: **rsstsdiididtiiiiiiiiis A AR A A A A A A *
12:45:54.843 INFO: Generation complete.
12:45:55.115  INFO: Saved configuration to file C:\Exercises WinterElite2021\E,

Projects = | Files Resource M

E}Q Labl_First Project
" Header Files
=& Important Files
----- T Makefile
----- e MyConfig, me3
7[5 Linker Files
= lgE Sonrce Files
1'% main.c
FHeE MCC Generated Files
- clock.c
@ interrupt manager.c
<] mec.e
< pin_manager.c
-] reset.c
-] system.c
@ traps.c
[+-iE Libraries
- Loadables

(|

@ MICROCHIP



LabO First Project
Step 11

* Build your first MCC Project.
* Select "Build Main Project" iconrﬁJ
* Make sure compiled result is BUILD SUCCESSFUL

B4 MPLAB X IDE v6.05 - Lab0_First_Project : default
File Edit View Mavigate Source Refactor Production Debug Team Tools Window Help

Pl D@ [ B[R w- DT

Pin Manager: Grid View | Output x| Notifications [MCC]

b MPLAB® Code Configurator = Lab0_First_Project (Build, Load) >
Into: Loading iile: Ui/ Users/ALYoUU/ . mchp_packs/ M
make[2]: Leaving directory 'C: /Exercises_WinterElite2
make[l]: Leaving directory 'C: /Exercises_WinterElite2

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 12

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

Ed MPLAB X IDE v6.05 - Lab0_First_Project : default
File Edit View Mavigate Source Refactor Production Debug Team Tools Window Help

PP ES D@ - B D~@ﬁmv

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

@ 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
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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.

\,
ANB/RPBS/CTED{0/RBEN]
/AN9/RPBY/CTED4/PMR7/REY |\
/RPB10/CTED11/PMA1BRE10 []]

TDO/ANT1/PMAIRB11 u’

oo )

TCK/AN12/PMA1 IRBI

TDIWAN13/PMATD/RE, '
YL TEDS/PMAY=

Rxn

TRISxn

x: A,B,C, etc..
n:0,1,2, etc..
TRISXn:
1:Input, 0:Ouput

LATxn or PORTxn

PORTxn
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GPIO Setting of MCC

* Just Click & Select. Code Generate Automatically.

] X 1] X
Output | Pin Manager: Grid View x | MNotifications [MCC] | Projects  Files | Services | Resource Manage... x|
Package: | 7orps | ~ | | pinNo: |62]63|64| 1|2 [13]22|23] 275051 24[32]36 |37 52]53] 3 |4 | 5 |6 6059|5855 ] Project Resour... | Gener.. | Impo.. | Bo. | @ | ©
PortC v
¥ System
Module Function Direction |11 12|13 14(15| 0 i1 2|13|4 | 5|6|7 8|9 10 11 12|13 14|15| 0 l‘l 2|3 M Interrupt Module
CLKI input
CLKO output ] ] [ |
oscl input b
Clock ¥
0sco output
REFI1 input G AC TG S A TAC TG A ARG A A A A OO A A B B A A B A B —
i ontent Manager
REFO1 output G AC TG B A AC A A ARG A A A A O OO A B B A A B - B Device Resources ementvanager.
PGCx input ¥ Documents |
Ico v —— input dsPIC33CK256MP506 Product Page U
. Librari
‘ 0 v W bbb bBhbEBehEbbEEEbEEEEEEEEE Vet
Pin Module ¥ » 2 Foundation Services
GPIo IO N I I I I I I I I
@ B} O motorBench® Development Suite
@ £ O WINC15XX
1] %
Projects Files Services | _Resource Manage... x|
Project ReSOUt L Gener Lo || Er- @)D 3 Pin Module - Editor - o X
v System % StartPage x| PinModule x| System Module x| InterruptModule x (@O
() Interrupt Module - -
() Pin Module "IC'} Easy Setup | =] Registers
) System Module ISelected Package : TQFP64
Pin Name4 | Module Function |Custom Na..| Start High Analog Output WPU WPD oD 10C
RB3 ICD PGD1 O O ] ] ] O hone | .
Device Resources Content Manager Res o — O | OJ U] O O none | ~ ]l
¥ Documents M RC4 Pin Module |GPIO LED1 none |~
dsPIC33CK256MP506 Product Page —| I D . D D I:I \—I—l
¥ Libraries
» & Foundation Services
@ L3 O motorBench® Development Suite CIiCk & Rena me .
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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();
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Labl GPIO Output

* Base on current project or Open .\Exams\Lab1_xxx.X to do exercises.

* 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 and toggle output level in period 500ms ~ 1S
roughly.

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

How to start ?
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MPLAB X IDE

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.

B4 MPLAB X IDE v6.05

File Edit View Mavigate Source Refactor Production Debug Team Tools

M=% D¢

o AR ST R

X IDE
-

PROJECTS

# Open Sample
# Create New

# Import Legacy

# Import Prebuilt

PROGRAMMING
CENTER

NSTALL MORE
PLUGINS

Q|

B :ad cccccc Howdo1?
"u".."mdm_;{ !Help -
|SEEL'| * - '_.J - S s

| il
-

Web

IDE Tools

Target Memory Views
Simulator

Programming Center

Configure Window

Recent Projects Microchip Login

8 First_Project Already Registered?
E-roedl Addsess:

References & Featured Links

» Errata
» Product Selection Tools
» User Guides

Reset Windows E !

Close Window Ctrl+W
Close All Dacuments Ctrl+Shift+W
Close Other Documents

Document Groups

Documents... Shift+F4

» Technical Articles and White Papers
» Buy Direct from Microchip
» Open Source 4 PIC

06
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MCC Hints

* You may can’t find the MCC window you want also. MCC provide named "Show All" to
show all MCC windows.

B4 MPLAB X IDE v6.05

7 el S

11

X
_ a |
. . . . . oo :adcnovzc Howdo1?
File Edit View Mavigate Source Refactor Production Debug Team Tools |Window |Help = —
-I_. @ - - Li_g - E - k . e
- - MPLAB® Code Configurator v5 > MPLAB® Code Configurator v5: Open/Close
X IDE = MPLAB Discover Show All
- (it Window >\
i{] Projects Ctrl+1 I
PROJECTS 9 Files Ctrl+2
: 2:;:;:?9 _ ; ' : @] Classes Ctrl+9
® Import Legacy Recent Projects Microchip Login @ Favoriies Ctrl+3
# Import Prebuilt - ey ) |
Wy st G % Services Ctrl+5
'8 Dashboard
| ) Navigator Ctrl+7
W Action ltems Ctrl+6
] Tasks Ctrl+Shift+6
=
PROGRAMMING Ug Output Ctrl+4

CENTER References & Featured

» Errata

NSTALL MORE » Product Selection Tools

PLUGINS » User Guides

» Technical Articles and White Papers

» Buy Direct from Microchip
» Open Source 4 PIC

8
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Lab1l GPIO Output

Connection

* Please connect RB6 (Pinl11) to LED (D1).

- ) 30A HIsd J
[12¢. | poeraturoldxd0|] wlz«_szpno ot M SpiEeeRoM |

m‘ng Materiol Rvaitoble !
www. !Ildmilp com,tw/RTO, Y

13

|_dsPIC33CK25€

Setting same a

& IH
L
158

m':::— J5A

nc:zmx PIC2AFI%ED,
INoUSB PG o

IH‘i

_IC?AL T, | T
(ET
==

H3c

nﬂ

2 a
mazmk Sieaar Pt

!‘m'\7 47

PInas, 47

PIC2AEP, osPIC33-PGe2 | Ray i
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Lab1l GPIO Output

Step 1

 Set System Clock & Debug Interface.

* System Module : Clock : FRC Oscillator, Postscaler 1:1.

* System Module : ICD : PGC2 and PGD2.

=

Resource Management [MCC] x |

Project Resources | Generate || Import.. || Export i,o ‘(é),

v System
() Interrupt Module
[ ) Pin Module

() System Module [ !

Device Resources Content Manager

v Documents
dsPIC33CK256MP506 Product Page
v Libraries
> CHARACTER LCD
» (=) Foundation Services

g System Module - Editor - a x
System Moduls x| =0
| ::JE"} Easy Setup | = Registers
¥ Clock
8000000 ~ | Hz | FRC Oscillator ~ | (8.0 MHz) Clock Source| |_
v FRC Postscaler
8 MHz - Postscaler
8 MHz Fosc
4 MHz Fosc/2
v ICD

'Emulator Pin Placement | Communicate on PGC2 and PGD2 | - I
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Lab1l GPIO Output

Step 2

» Set PORTB : Pin6 (RB6) to digital output mode.
* Pin Manager Gird View : Click RB6 to lock to GPIO output.

) X
Pin Manager: Grid View xl
Package: | TQFPe4 | = PinMo: |[14|15|16|17 |18 |28 3334|3545 (46 (4748|4961 |62 |63 | 64(1 (2 |1
PortA ¥ PortB v
Module Function Direction |0 |1 |2 |3 |4 |0 2 (3|4 (5|6 |F|8|9 (101112 (13|14|15]|"
CLKI input B
CLKO output
Clock ¥ OSCl input B
OSCO output
REFI1 input {: I I G B I T A B I I B B B
REFO1 output GGG I I I I I I
PGCx input a8 B B
Icow
PGDx input a B B
oir Module v [00C input GGG R R R I T I I I I I I I I B B
GPIO cupst BB BB - BB BBk e BB R R R
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Lab1l GPIO Output
Step 3

 Set Alias for RB6.
* Pin Module : RB6 , Custom Name > LED1 , Start High , Check Output.

= ps
Resource Management [MOCC] x]
Project Resources | Generate || Import.. | Bport | @ || © |
) B4 Pin Module - Editor — O =
¥ System -
{4 Interrupt Module Pin Module = (4] v E] @
_ Pin Modul
l q.:‘- in Module % J {{3} Easy Setup || =] Rﬂgister5|
' System Module Selected Package : TQFPE4
Pin Name « | Module Function |Custom Ma...| Start High Analog Output WPU
RE3 ICD PGD2 |:| |:| |:| |:|
Device Resources Content lManager RE4 ICD PGC2 |:| |:| |:| |:|
¥ Documents - .
RB& Pin Module |GPID
dsPIC33CK256MP506 Product Page U LEDS | |:|
* Libraries ‘[ b y 3
» @ Foundation Services 1 . F
© [3 O motorBench® Development Suite Click & Rename
© E5 O WINC15KX
¥ Peripherals 1
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Lab1l GPIO Output
Step 4

* Click "Generate" Button to generate your code.
* All files generate by MCC include "main.c" automatically.

Generate = X
o . d . Projcts x | Files
=[5 Lab0_First iject

Resource Management [MCC] = -
Project Resources | Generate || Import... || Export 9 @] H.:} . Header Files
[ Important Files

¥ System

) Interrupt Module I-;-} Lmke;[ Files
) Pin Module E} F‘ Suurce Files
{ ) System Module
= ] MCC Generated Files
'fﬂ clocke
: ; - interropt_manager.c
Device Resources Content Manager E
¥ Documents - — ThEe €
dsPIC33CK256MP506 Product Page H -] pin_manager.c
v Libraries B resete
> G) Foundation Services — E‘l gjﬂem C
@ B3 O motorBench® Development Suite i E traps.c
BN ) WINC15XX
4+ Ij ﬁ Libraries
¥ Peripherals 1
#-[§§ Loadsbles
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Labl GPIO Output
Step 5

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

g main.c - Editor - O >
D) d 588
Progcts % | Files Isowe vy REREB-B-QRLFBHC L[y & Add below code to maln()
=[5 Lab0_First_Project 4 T " ps
; . 46 Section: Included Files #include "mcc_generated_files/system.h"
H ﬁ Header Files 47 L+ #include "mcc_generated_files/pin_manager.h"
E ﬁ Impﬂl'l‘&.l'ﬂFllE$ 48 #include wcc_generated_files/svstem . h -
i Linker Files :E . uint32_t i=0;
EE] wource Files 51 Mai icat] int main(void)
(a4 [ 52 L {
H li;l_‘] ) 53 int man(void) //initialize the device
=-(gf) MCC Generated Files | 5 o SYSTEM_Initialize();
[‘._].'w-' clocke 55 '/ initiali lev]
ﬁ . 56 SYSTEM_Initialize(); while (1)
; mt'mlpl_mr.c 57 while (1) ‘f { I -
T mece 58 ( // Add your application code
E_' B 59 '/ Add wour application 10— LED]'_TOggIe();
-] pin_managerc - } _ for (i = 0; i < 80000; i++);
r'ii resetc 61 returm 1 } 1
.. [3H 62 L} [ returnl;
= systermn.c i 17
Fii traps.c 64 End of File
#- [ Libraries 65 L .
H < Y
+] ﬁ Loadables > x
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MPLAB X IDE Hints

* Hot key "Ctrl + Alt + \"

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

=

Elmai:n.c x

Souse | Hisory (@ B -H-QBFBAIP L B[y =

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
@
"]
62
63
64
65
66

main.c - Editor - O X

On|Q[E)

e Am
T Section: Included Files

#include "mcc_generated files/svstem.h"

int man(void)
S|

initialize the device
SYSTEM_Initialize();
while (1)

dd wour 11—.1—.1 icatlion

Ctrl+Alt+\

< >

@ >

@ main » while (1) x

60:13 | INS nable to resolve identifier LEDI.

ﬁ main.c - Editor - O X
[P IEE
Source  History ‘.| & - & ‘|‘a. %5“:':1 3 ﬁ? %DD| .
45 ..._.‘ ) ]
46 T Section: Included Files
47 ik
wleE>aF
49
ingroup:
50 - .
pinsdriver
51
52 Togzles the RBA GPIO Pin which has a custom name of LED]
53 pre:
54| The FBA must be set as Output Pin
3
1 Returns:
56
none
57
58
59
@ L]
Py + | Z 1EDI GetValue =
62 red Z5 LED1_SetDigital Input o
63 L 3 £ 157 1_SetDigitalOutput
64| O 7%+ £ [ED1_SetHigh
5 End of 25 LED1_SetLow
66 L * v
< >
3 > © main p whie(l) » =

60:12 | INS [Tnable to resolve identifier LEDI.

ﬁ main.c - Editor - O X
= Add header file Kn|GIE)
B |y
“ automatically. HPeBlc @
46 L Section: Included F11es .
47 o
48 #include "mcc_generated_files/system. h”
49 #include "mcc_generated_files/pin_manager. h'
50
51 =/
52 Mai PP
53| -
54 int man{wvoid)
55| {
56 inltialize the device
57 SYSTEM_Initialize();
58 while (1)
50 (
60 ff Add vour application code
o LED!.Tozgle|
62 H -
62 return 1;
64 Ly
65| B /»x
[13 End g
67 L v
< >
& > ©min) x
61:20 |INS }.mexpected token: }
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Labl GPIO Output

Code Example

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

uint32_t i=0;
int main(void)

// initialize the device
SYSTEM_Initialize();

while (1)

// Add your application code
LED1_Toggle();

for (i = 0; i < 80000; i++);
}

return 1;
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Lab1l GPIO Output

Result

. SEN il HISO “fi0S]
JCOC_UBEN 2 WKE _m.ewnommj- |_____SPmEEPROM |
Nﬁ' USEN S, & o 816 3 3 al ralaing Materiel Mvalfoble !

al d wuw. nldmm, cam,tw/RTO/RTO_DYD
g C. Pins - - -
63.61.89.87.85

"64762 60 58 56 54 52 5

2020
N oo
ing same as PIC24F

APPO41-3 vi.
PIC33CK256MP

b | CAN-FO Transceiver |
B -1} ’ EMHz Crpstal | 32 768Kz Cryssa |

M

@\

e L c
msm. un. . :

| PICIZINX, PIC235J%EP,
| asPIC33

saﬂ,n-ma-ss;sgszs

PIC2ZAEP, asPIC33PGe2  |¥3

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

* Base on current project or Open .\Exams\Lab2_xxx.X to do exercises.
* Try to set more GPIO pins to digital output mode and toggle levels (period
around 500ms ~ 1S), individually.

* Please connect
* RB5 (Pin12) to LED2 (LED2)
« RD12 (Pin21) to LED3 (LED3), Start High
* RC1 (Pin22) to LED4 (LEDA4)

Let’s go!
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Lab2 Multi-GPIO Output

Connection

A
mmmmi ZCeeron m-
al raiaing Materel nmlhb!e i

www. lddmhlp com,\w/RTO/RTO_DYD

LEE

APPO41-3 v1.10
2020
PIC33CK256VIP506
ing same as PIC24F

()

nis, 18 7y

: el mamﬁmczaépmz g g
W
el !!SSEESS B
P

PIC2AER, asPIC33PGx2  |¥3
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Lab2 Multi-GPIO Output

Step 1
e Set PORTB : Pin5 (RB5), PORTC : Pinl (RC1), PORTD : Pin12 (RD12), to digital output

mode.

<] X

Pin Manager: Grid View =

Package: | TQFPe4 | = PinNo: 5|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(1

PortB v 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]|1
CLKI input
CLKO output

Clock ¥ OsCl input
OsCO output
REFI1 input GGG RCC RC C C C O O O O O - B - B B IC IC C C IC IC OC OC OC O OC BCOC- BB
REFO1 output 1888 B B BbEEBbbEEEBBEEEE BB EEbEE B s BB BB
PGCx input h K- | B

Icor
PGOk input B - |

i Module ¥ 1202 input R R R R O O BN R O O O B B B I I I I O B O O O B O OB BRI Y
GPIO output I I INIne
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Lab2 Multi-GPIO Output
Step 2

 Set Alias for RB5, RD12 and RC1.
* Pin Module : RB5, Custom Name > LED2 , Check Output.
* Pin Module : RD12 , Custom Name > LED3, Start High, Check Output.
* Pin Module : RC1, Custom Name > LED4 , Check Output.

|
@ x
Resource Management [MCC] XI ﬁ Pin Module - Editor — O hd
Project Resources  Generate || Import... | Export |£| |§| Pin Module = (D=
¥ System -
{0 Interrupt Module J {@3 Easy Setup || E Registers
i ) Pin Module I Selected Package : TQFPE4
(s Systern Module Pin Name & | Module Function |Custom Ma..| Start High Analog Output WPU
RE3 ICD PGD2 |:| |:| |:| |:|
RE4 ICD PGC2 I:‘ I:‘ I:‘ |:|
Device Resources Content Manager RES Pin Module |GPIO LEDZ [] []
v Documents 1 RB6 Pin Module |GPIO LED1 v v,
dsPIC33CK256MP506 Product Page U |:|
v Libraries RC1 Pin Madule |GPIO LED4 |:| |:| |:|
3 G} Foundation Services RD12 Pin Module |GPIO
LEDZ W' v
B3 < motorBench® Development Suite | ! |:|
© ER O WINC15XX < A8 ] >
¥ _Peripherals < " Click & Rename @
MICROCHIP



Lab2 Multi-GPIO Output
Step 3

* Click "Generate" Button to generate your code.

= X
Generate —
Output - MPLAB® Code Configurator |
$ % 09:%4-52.286  INPO: $tts3ttssastastastsssttassssssasssssssasssssssnssnss A
09:34:52.287 INFD:  Generation Results
Resource Management [MCOC] = 09:%4-52.287  INPD: $8sttaststattastssatttssssss s sssstsasssssssessnss
Prﬂject Resources Gene;ateru Import... | Export | 0 ‘ ‘ @ | 093452 287 INFQ: main.c Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
v Syst 09:34:52.287 INPD: mec_generated_fileshclock. e
£1m
ysj_ 09:34:52.287  INFD: meo_generated_fileshclock. h
[ ] o hi
/ Interrupt Module 09:34.52 288 INFO: moec_generated_fileshintermupt_manager. c
Q Pin Module 093452 288 INFD: meo_generated_fileshintermupt_mansger b
,_:_\_. System Madule 09:34.52.268 INFO: moc_generated_fileshmeo. e
093452, 268 INFO: meoc_gernerated_fileshmeo. h Siocess,
09:34.52.268 INFD: meoc_generated_fileshpir_marager. c Buccess,
09:34.52 268 INFD: mee_generated_filesh\pir_marager. h diccess,
09:34:52.268 INPD: moc_generated_fileshreset.c Success.
09:34:52 288 INFO: meoe_gererated_fileshreset h Hiccess,
P Content Manager - -
Device Resources — 09:34.52 288 INPD: moo_generated_fileshreset_types.h Suocess.
¥ Documents H 09:24.52. 266 INFO: mec_gernerated_fileshsystem.c Huiccess
dsPIC33CK256MP506 Product Page 09:34.52.268 INFO: moc_generated_fileshsystem.h Success,
w Libraries 093452 288 INFD: meec_generated_fileshsystem_types.h Success
> ® Foundation Services 09:34:52.288  INFD: moo_generated fileshtraps. o Bugcess,
09:3452 288 INFD: mec_generated_fileshtraps h Huccess
0 ) motorBench® DE’VE'meEnt Suite 09:34:52.289  INFO: moo generated_files\watchog. h Sugcess,
0 f.:} WWINCT 59X 09:34-52 295 THFD: $#d8sssdaassdsss st s s dsasidsisssssssddsistsssssdssss
- Periphemls | 09:34:52.298  INFD: Generation complete {total time: 198 milliseoconds)
00:34-52.208 NP0 ssesssssssisssssssisbisiiisisstiisssitiiisssisniinis
i 09:34:52.299  INFD: Generation completa. W
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Lab2 Multi-GPIO Output

Code Example

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

uint32_t i =0;
int main(void)

// initialize the device
SYSTEM_Initialize();

while (1)

{
// Add your application code
LED1_Toggle();
LED2_Toggle();
LED3_Toggle();
LED4_Toggle();

for (i = 0; i < 80000; i++);
}

return 1;
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Lab2 Multi-GPIO Output

Result

_I0
COC_USEN
NAT _USEN

n
\\',\ owtmm

% - -
cowds p‘qsfHﬁ‘)

i
- A ‘rl f0S]
WUZE] |__2CESFROMICST] |
5_]99,15, al aiaing Materiel llmlloble 1
Evaluatior : www. nldmhm cam,tw/RTO/RTO_DYD

57 55 _53

"647 62760 58 56 54

e

ng same as

¥

Ea%n;aw—smmszfé L

PIC23EP, o5PIC33:-PGx2 [N LE03

LEDs Toggle,

Interval Period use "for()" loop delay.
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Lab3 GPIO Input

* Base on current project or Open .\Exams\Lab3_xxx.X to do exercises.
* Try to set RB10 to digital input as get button status.

* Try use button to control LED light or dark.
* BT1 Pressed > D8 Light.
* BT1 Released > D8 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
D8(RB2) ,//

471R :
A PH—iano
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Lab3 GPIO Input

Connection

m-
ersal ralaing Materel nmlhb!e i
www. mdmmp com.tw/RTO/RTO_DYD

87 55 53 51 48

b

20201113@?5
N oW -

©

|_dsPIC33CK256MP506 |
Setting same as PIC24F

APPO41-3 v1.10

ST LTI e R et

n D408
o L En _ﬁ?z%mz sgigg
APPO41va.20 Pecf - =

20221 1410 psd-
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Lab3 GPIO Inp

Step 1

ut

e Set PORTB : Pin2 (RB2) to digital output mode.
e Set PORTB : Pin10 (RB10) to digital input mode.

D] X
Pin Manager: Grid View x]
Package: | TQFPe4 | - PinNo: |14 [15/16 17|18 |28 33|34(35|45(46 (47 (45 |49 61|62 |63 |64 1 |2 |1
PortA ¥ PortB ¥
Module Function Direction |0 (1|2 |3 | 4|0 2|13 |4 (5|6 |7 |89 |10/ 11|12[13(14([15(
CLKI input B
CLEO output
Clock v OSCl input -]
OsCO output
REFI1 input - I O
REFO1 output ORI
PGCx input a (] T
Iccr
PGDx input a B B
i Module ¥ L0 input GG CRC IEC RC RC A R C CAC CC R CRICC
GPIO output GGG A I
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Lab3 GPIO Input

Step 2

 Set Alias for RB2 and RB10.
* Pin Module : RB2 , Custom Name > LED8 , Check Output.
* Pin Module : RB10, Custom Name > BT1.

] % ¥4 Pin Module - Editor — O >
Resource Management [MCC] x | Fin Module = | (=@
Project Resources | Generate || Import... | Bxport | @ || © | J (5% Easy Setup || = Registers|
v System Selected Package : TQFPG4
{4 Interrupt Module - - -
) Pin Module Pin Mame &« | Module Function |Custom Ma...| Start High Analog Cutput WPU
() System Module% RE2 Pin Module |GPIO LEDS& |:| |:| |:|
RE3 ICD PGD2 |:| |:| |:| |:|
RE4 ICD PGC2 |:| |:| |:| |:|
Device Resources Lanicnkdanages RES LAl L (S LEDZ |:| |:|
¥ Documents - ;
RBG Pin Module |GPIO LEDH v v
dsPIC33CK256MP506 Product Page | ‘ |:|
v Librarics RB10 Pin Module |GPIO BT1 [] [] []
> G} Foundation Services RC1 Pin Module |GRIO %
LED4 ; v
0 ) motorBench® Development Suite 1 ) | I:l |:| |:|
@ [ O WINCISXX RD12 Pin Module |GPIO Click & Rename ]
¥ Peripherals & T : | -

MICROCHIP
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Lab3 GPIO Input

Step 3

* 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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Lab3 GPIO Input

Code Example

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

uint32_t i =0;
int main(void)

// initialize the device
SYSTEM _Initialize();

while (1)
{
// Add your application code
if( i++ > 80000 )
{
LED1_Toggle();
LED2_Toggle();
LED3_Toggle();
LED4_Toggle();
i=0;
}

if(BT1_GetValue())
LED8_SetLow();
else
LED8_SetHigh();
}

return 1;

}
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Lab3 GPIO Input

Result

COC_USBEN i aISy HoS]
$ ¥ . - mm’mmr 12C EU‘RQM m- SP1 EEPROM
NAT_USEN m— < 3 !] az sal ralaing Materiol Mvaifoble !

ey Y Ars www. nldmhw com,tw/RTO/RTO_DYD
| —c ins cs 5 - - o
N 536785

"64762 60 58 56 54 52 5

ing same as PIC24F

PIC33CK2561VIP

D8 Turn On,
When BT1 ressed.

n)

2 18
EP, 25PIC3 4Pt
wcamﬁ P

K‘m'l7 47

iy &!!!!

PIC2AER, asPIC33-PGx2  |¥E

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

@ MICROCHIP



Oscillator Architecture
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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

(LPRC) ;/ @ MICROCHIP
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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:m_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
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Phase Locked Loop

* A block diagram of the APLL module.

FRCCLK

POSCCLK(T —=

APLL Ready APOST1DINV=<2:0=
rAPLLPRE<3;D} ‘ » (APLLCK) FﬁFDSTEDIVﬁE:Db
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 (Nl) Feedback (NZ) (N3) Peripherals
DIV(N1) Feel\::lltJ):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

DIV MUL DIV DIV o dSP|C33CK]
(N1) Feedback (N2) N3) ), Core J ~ 0 x
— 13 - -
Fued Stem Module == | 4 )I[:]@
Sysiern iviuuuig ol ®
Py
yoo |Evcoz — DOZE<Z-0> | 207 Easy Setup || =} Registers |
Divider Fvecom P
Futon ¥ Clock
— 8000000 E| Hz| Primary Dscillatorl = | (3.5 MHz - 25 MHz) |Clodk Source
FROCLK 51
a={ PLL® "
1 - oscoik ;;‘x =
POSCC e [ ] PLL Enable
FeLoos2(6 S1S3
FRCCLK « 8 MHz - Prescaler RE
" o Fore 1600 MH 1:200 FeedBack | @
r———n FRCDIVN | o o z (1200 [ - | FeedBac
| BFR‘CCLK‘“ r—— - - - — — — — - 1 400 MHz - POSTSCE|€F1
FROCLKM ——=58
_—_ REF| —— ™, . . -
i LPRCCLK | Fucois '3 Ropivtse ooz (11 | - [Postscaler2 g
| — =] | EFRC—— | o
LPRC — =
-
L — — I | | 200 MHz Fosc |
POSC
FRCDIV<=2:0= | Fr REFQ1 D) |
Foac { I 100 MHz Fosc/2 I
Clock Clack
FaLI Swibch Rgset\ | ROSEL=3:0= |
L —_ - - - — — — - — — B v Auxiliary Clack
Auxiliary PLL
r— - - - - - — - — 1 8000000 E' Hz| Primary Oscillator | - | Clock Source
. . | PoscoLk [
NOSC<2:0> FNOSC<2(= I _._ I 8 MHz PLL Enable
FRC
2 MHz -‘I il - Prescaler
! FRCSEL !
| ; -aRico | 1600 MHz 1200 | ~ | Feedback
| APveD | 1600 MHz 1:1 | ~ | Postscalerl
APvooz
|| Aveo afucos Abvocen | 600 Mz (11 [ =] Postscaler2
Divider | AFvcoa .
[ [
| LA‘.I'CDDNﬂ IZI:-I
[ [
L — — — - A
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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 (16 MHz) to MCU.

Let’s go!
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Lab4 Clock PRIPLL

Connection

co
49(HOSD
S0CSCK)

Don‘t Need Any Connection. A
| Connection Already Done By provirus Lab:

14,

£
g
r
5
&

PInlS, 160
FICI2NIX, PIC24E )
fipicaser, o5Pic33.76)
. - o1y 18
g [Pic24p, oupics PGl
-~ L‘E A" lpicans sicaarieci:
L pin3z, 42
T PIC16
APPO41va.
20221
T

m— )

Pinds, 47 ¥
[PIC2AEP, 55PIC33:PGx2 |}
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Lab4 Clock PRIPLL
Step 1

* Set System Module
» Set Primary Oscillator 8MHz , enable PLL, FeedBack > 1:128, Postscaler2 > 1:4.

Select or Key-in Correct i
] % %4 System Module - Editor Frequency that set on your Board  x
Resource Management [MCC] x| System Module x| K0
Project Resources | Generate || Import... || Export | (7] || @ | {32 Easy Setup | 5 Registers /
¥ System ¥ Clock )
) Interrupt Module f . . .
- 8000000 E Hz}| Primary Oscillator | > I (3.5 MHz - 32 MHz) Clock Source
{ » Pin Module
{ ) Systern Module
¥ PLL Enable
8 MHz 1:1 | - ] Prescaler
Device Resources F TR 1024 MHz (1128 | ~ | FeedBack
¥ Documents -
| | 256 MHz [ 14 l > ]Posts«caleﬂ
dsPIC33CK256MP506 Product Page
¥ Libraries 64 MHz - Postscaler2
» (1) Foundation Services
@ B3 O motorBench® Development Suite 32 MHz Fosc
0 T WINCT5XK 16 MHz Fosc/2
¥ Peripherals 1
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Lab4 Clock PRIPLL

Step 2

* 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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Lab4 Clock PRIPLL

Code Example

#include "mcc_generated_files/system.h"
#include "m = _generated_files/pin_man~

uint32_t’

1 int mair
"3

Don't Need Modify Any Code !

If

if(BT4 )
LED J();
else
LED& Aigh();
}
return 1;
}
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Lab4 Clock PRIPLL

Result

COC_USEN

| NAT_USEN ——1 =l " ; ; al rolaing Materol Avalloble !
g 5 g www. nldmhm com.tw/RTO/RTO_DYD

67 55 53

"64762 60 58 56 54 52 5

= s
HPPO":TE:. PACE . :.Z:

[PIC2A), PICIGFLPGx I
202201410 psdt- ., | 47 |r’\>

i Frsg “fioss
mm.“wmmlm-

D8 Turn On,

When BT1 ressed.

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.
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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..
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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\v2.00\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 @ 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, jone click all interrupt relate

setting will get ready.

B4 TMR1 - Editor

Syncronize Clock

[ | Enable Timer Interrupt
»

v Software Settings

Just One Click!

O X
SysemModule x| TMRI = EE
| c 'EasySetup_ = Registers
v Hardware Settings
[¥/] Enable TMR [[] Enable Gate
| Timer Clock Timer Period
Clock Source ‘ FOSC/2 | = Period Count 0x0 £ 0x0 < OxFFFF
Input Frequency Timer Period 125ns < < 4096 ms
Prescaler \ 1:1 | > .
Calculated Period Os

Enable Interrupt

Callback Function Rate:  (Ox
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MCC’s Interrupt Function

 MCC enable interrupt, set priority and create interrupt service routine automatically.

— Interrupt Base

B4 tmri.c - Editor O x %4 tmri.c - Editor
B tarle x OO &) tmrlc x|

Sarce | sy WR WA QABFBLH PSR |G 0 H LS B ] Heoy T | B

91 void TMRI_Initialize (void) ol 114

92| [ ¢ 115 void __attribute__ ( ( interrupt, no_auto_psv ) ) _TlInterrupt ( )

93 TME 116| & {

04 TEL = 0x00; 117 ¥ check if t S T nt/Stat

95 Period = 0.2 s; Frequency = 16000000 Hz; PR 49999 118

z: L PRl = 0xC34F; 119 [

- TCKPS 1-64: PRVI Write co ate il irite complete

s S ) 120 |
99 + TMUDIE disabled; TGATE disabled; &l

100 TICON = 0xB020; B || L ickex iy sl Thacksifuns B1e: cx L o EAmERhing th

101 123 1f(TMR]_InterruptHandler)

102 1f{TMR1_InterruptHandler == NULL) 124 {

103 { 125 TMRI_InterruptHandler();

104 TMREI_SetInterruptHandler{&TMR]_CallBack); 126 }

105 } 127

106 128

107 IFS0bits . TIIF = false; 129

108 IECObits.T1IE = true; 130 tul. obj , Connt+:

108 o 131 tmrl_obj . timerElapsed = true;

110 tmrl_obj . timerElapsed = false; A ;

- 132 IFSObits .T1IF = false;

1z Ly 133| L .
112 v 124

< > < 2
) 5 [@ TMR1InterruptHandier » x & » [@ ™R interruptHandier x
71:1 [Ins] 71:1 |INS|
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MCC’s Interrupt Manager

* MCC’s Interrupt Module allow user to manager interrupt enable/disable and priority.

%4 Interrupt Module - Editor — U et
Interrupt Module x| DS
‘ {0} Easy Setupl

Interrupt Manager

Enable Global Interrupts

Module Interrupt Description IRQ Num... | Enabled Priority Context

Pin Module CNA Change Notification A 2 ] OFF

Pin Module CNBI Change Notification B 3 ] OFF

Pin Module CNCI Change Notification C 19 ] OFF

Pin Module CNDI Change Notification D 75 ] OFF

DMT DMTI Dead Man Timer 45 D OFF

TMR1 Tl Timer 1 1 D OFF
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Callback Function

* Most interrupt handler function provide named "callback” function for
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.

* The callback function own named "weak" qualification. This is mean user
can redefine your same name function in your code to replace the default
function.

void __ attribute__ ((weak)) XXX_CallBack(void)

// Add your custom callback code here

}
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Timer Architecture
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Timer or Counter ?

* Counter or Timer is a clock counter, use to count how many clocks into module after
start.

* There are two kinds of generally called Timer or Counter. In fact, it’s same.
* The Input Clock unknown : Just know how many counts, called Counter.
* The Input Clock known : Can use count and clock period to calculate time, called Timer.

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

* |f interrupt disable user must check flag, as soon as possible.
* If interrupt enable : Timer will notify CPU, if condition is true.

* dsPIC33CKMP506 provide 1 timer named "TMR1" only.
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dsPIC33CK Timer/Counter

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

* Clock into 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.

Interrupt

Equal

Request )

—

Reset

|

PRx

|

Comparator

1

|

TMRXx

Prescaler

1:1
1:8
1:64
1:256

}7 =~ |<— Clock Source
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Timer Functions of MICC

e MCC Provide below functions for Timer:
Prototype definition : "tmr1.h"

* void TMR1_Initialize (void);

* void TMR1_Period16BitSet( uint16_t value );
* uintl6_t TMR1_Period16BitGet( void );

* void TMR1_Counter16BitSet ( uint16_t value );
* uintl6_t TMR1_Counterl16BitGet( void );

* void TMR1_CallBack(void);

* void TMR1_Start( void );

* void TMR1_Stop( void );

* bool TMR1_GetElapsedThenClear(void);

* int TMR1_SoftwareCounterGet(void);

* void TMR1_SoftwareCounterClear(void);
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Callback and Function Rate

* Timer defined named "void TMR1_CallBack(void)" weak function. Just define same
name function to replace it.

void __attribute__ ((weak)) TMR1_CallBack(void)

// Add your custom callback code here

}

* Timer’s callback function rate is a software counter. Hardware always Limited. It can’t
set a long period.

* The "Rate" will involve software counter to extend your hardware timer period.

void __attribute__((interrupt, no_auto_psv)) _Tlinterrupt()

{

static volatile unsigned int CountCallBack = 0;
if (++CountCallBack >= TMR1_INTERRUPT_TICKER_FACTOR)

TMR1_CallBack();

) TR Sy __ extend your timer period by

= software artifice.
1 L
v Software Settings

7

Callback Function Rate: 0x2 xTimer Period= 500 ms
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Lab5 Timerl Interrupt

* Base on current project or Open .\Exams\Lab5 xxx.X to do exercises.

* Try to add TMR1 to replace software delay to control LEDs toggle period.
* The Timerl setup to timer mode, timer period is 500ms (250ms x 2).

* Timerl interrupt priority set to level 1

Let’s go!
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Lab5 Timerl Interrupt

Connection

UsB_IO
COC_USEN

Don‘t Need Any Connection.
| Connection Already Done By provirus

DN
. e

IPICI2AX, PIC2GF 1)

SHIPIC24EP, 5PIC33 PO

ni/, 18

IPIC24EP, 2uPIC34:
PACA Ik PG SAF Pk b,

Pini7, 42

PICLR), PICIGELPGY ]
P:nl.s 8 'a b

musP FEAREEEITY)| 0 €0

£
g
r
5
&
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Lab5 Timerl Interrupt
Step 1

* Click [+] to add Timer > TMR1 Module.

1] o

Resource Management [MCC] x |

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

¥ CSystem
{ ) Interrupt Module
{» Pin Module

{ System Module

Device Resources Content Manager

P 35 PTG 1
b G03 QEI
» [=] SENT
» 2 SPI
b @ Timer

@ BN &) TMR1 |—|

1] X

Resource Management [MCC] x |

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

¥ Peripherals

@3 © VMR

¥ Lystem
{ ) Interrupt Module
{3 Pin Module

{ ) System Module

Device Resources Content Manager

=] U .
 Click[+]

» I» OPA A
» [ PP
» I PTG
b <03 QEI
b [=] SENT

» 5 SPI
» [=] UART —

LT
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Lab5 Timerl Interrupt
Step 2

e Set Prescaler: 1:1 > 1:64.

B4 TMR1 - Editor

— a 4
TMR1 x| EO
@t:':} Easy Setup " = Hﬂgfster5|
¥ Hardware Settings
Enable TMR |:| Enable Gate
Timer Clock Timer Period
Clock Source FOSC/2 Period Count 0x0 < | 0x0 < OxFFFF
I tF 16 MHz
ApLT Frequency Timer Period 8us < [125 ns | < 262144 ms
Prescaler 1:64
Calculated Period Os
|:| Syncronize Clock
|:| Enable Timer Interrupt
¥ Software Settings
Callback Function Rate: = 0x1 xTimer Period = | O ms
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Lab5 Timerl Interrupt
Step 3

* Set Time Period : 125ns > 250ms.

B4 TMR1 - Editor

— a 4
TMR1 x| EO
@t:':} Easy Setup || = Hﬂgfster5|
¥ Hardware Settings
Enable TMR |:| Enable Gate
Timer Clock Timer Pericd
Clock Source FOSC/2 Period Count Ox0 < OxF423 < OxFFFF
I tF 16 MHz
APt Frequency Timer Period Bus £ 250 ms < 262144 ms
Prescaler 1:64
Calculated Period 250 ms
|:| Syncronize Clock
|:| Enable Timer Interrupt
¥ Software Settings
Callback Function Rate: | Ox1 xTimer Period = | 250 ms
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Lab5 Timerl Interrupt

Step 4

e Set Enable Timer Interrupt.

B4 TMR1 - Editor

— a 4
TMR1 x| EO
@t:':} Easy Setup || = Hﬂgfster5|
¥ Hardware Settings
Enable TMR |:| Enable Gate
Timer Clock Timer Period
Clock Source FOSC/2 Period Count Ox0 < OxF423 < OxFFFF
I tF 16 MHz
APt Frequency Timer Period Bus £ 250 ms < 262144 ms
Prescaler 1:64
Calculated Period 250 ms
|:| Syncronize Clock
I—] Enable Timer Interrupt
¥ Software Setfings
Callback Function Rate: = 0x1 xTimer Period = | 250 ms
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Lab5 Timerl Interrupt

Step 5

e Set Function Rate : 0x01 > 0x02

B4 TMR1 - Editor

— O e
TMR1 x| =0
@t:':} Easy Setup || = Hﬂgfster5|
¥ Hardware Settings
Enable TMR |:| Enable Gate
Timer Clock Timer Pericd
Clock Source FOSC/2 Period Count Ox0 < 0xF423 < (OxFFFF
| tF 16 PMHz
npir Frequency Timer Period 8us < 250 ms < 262144 ms
Prescaler 1:64
Calculated Pericd 250 ms
|:| Syncronize Clock
Enable Timer Interrupt
¥ Software Settings
Callback Function Rate: | 0x2 xTimer Period = = 500 ms
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Lab5 Timerl Interrupt

Ste

* Check Enable TMR1 Interrupt.

p 6

)

s

Resource Management [MCC] x |

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

v

. 8

Peripherals

(7 X NORILLY

System

{} Interrupt Module

i) Pin Module

) Systern Module

%

Device Resources

Content Manager

» I> OPA
> [ PmP
P 5 PTG
» 03 QEI
» [=] SENT

> 2 5Pl
» [=] UART

A

%4 Interrupt Module - Editor — O X
Interrupt Module | (O
{:C:'} Easy Setup |
Interrupt Manager
Enable Global Interrupts
Module Interrupt Description IRQ Num... | Enabled Priority Context
Pin Module CNAJ Change Notification A 2 ] 1 OFF
Pin Module CNBI Change Notification B 3 ] 1 OFF
Pin Module CNCI Change Notification C 19 ] 1 OFF
Pin Module CNDI Change Notification D 75 ] 1 OFF
DMT DMTI Dead Man Timer 45 [] 1 OFF
TMR1 1L Timer 1 1 1 OFF
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Lab5 Timerl Interrupt
Step 6

* Click "Generate" Button to generate your code.

( g %
Generate
Output - MPLAB® Code Configurator |
09:%4:52 286  INFO: $P488384satsatetsstartstartsssssssssstetasssstssastes A
m - 09:34:52.287  INFD: Generation Results
Resource Manapement [MCC] x 09:34:52.287  INFO: $#483aataatt sttt rtstare st sesssssteessssntsesssss
Prﬂject Resources Generate I'U Import... Export I 0 ] { @ I 093452 287 INFQ: main.c Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
v System 09:34:52.287 INPD: mec_generated_fileshclock. e Success.
— 09:34:52.287  INFD: meo_generated_fileshclock. h Success,
 Interrupt Module 09:34.52 288 INFO: moo_generated_fileshintermupt_manager. o Success.
I O Pin Module 09:34:52.288  INFD: meoc_generated_fileshinterrupt_manager. h Success,
Q System Madule 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,
Device Resources Content MEMQEFA 09:34.52 288 INFO: moo_generated_fileshreset_types. h Suocess.
¥ Documents i 09:24.52. 266 INFO: mec_gernerated_fileshsystem.c Huccess,
dsPIC33CK256MPS06 Product Page U 09:34:52.285  INFO: meo_generated fileshsystem.h Ruocess,
¥ Libraries 09:34:52.2688  INFD: meo_generated _fileshsystem_types.h Success
> ® Foundation Services 09:34:52.288  INFD: moo_generated fileshtraps. o Success.
09:3452 288 INFO: mec_gernerated_fileshtraps. h Aiccess
0 0 motorBench® DE’VE'meEnt Suite 09:34:52 289  INFO: mco_generated files‘watchiog. h Success.
0 E}" WWINCT 2% 093852 298  [NF0: $e3ss83taasttsaaststtstassstassatssstssasssstssassss
- Periphemls | 09:34:52.298  INFD: Generation complete {total time: 198 milliseoconds)
09:34: 52298 TNFD: $838448880a8saat s st ssstssitrstassassssstsssstsssssss
09:34:52.299  INFO: Generation completa, W
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Lab5 Timerl Interrupt

Code Example

}

{

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

uint32_t i =0;

int main(void)

// initialize the device
SYSTEM _Initialize();

while (1)
// Add your application code
if(BT1_GetValue())
LED8 SetLow();
else

LED8_SetHigh();
}

return 1;

void TMR1_CallBack(void)

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

@ MICROCHIP



Lab5 Timerl Interrupt

Result

COC_UBEN " Rrs8 sost
5 . 2 . M“Wl |__2CESFROMICST] | SP1 EEPROMA
NAT_USEN s, o = " 3 al raiaing Materiol Nvaitoble !
g 5 g www. nldmhm com.tw/RTO/RTO_DYD

67 55 53

"64762 60 58 56 54 52 5

D8 Turn On,
When BT1 ressed.

= s
HPPO":TE:. PACE . :.Z:

[PIC2A), PICIGFLPGx I
202201410 psdt- ., | 47 |r’\>

| LEDs Toggle,
Interval Period use "Timer1" callback.
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MCCP & SCCP Architecture
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SCCP Module

* SCCP can operate in one of three major modes:
* General Purpose Timer.
* Input Capture.
* Output Compare & PWM.
* Output Compare/PWM Modes:
* Single Edge and Dual Edge Compare modes.
* Center-Aligned Compare mode.
* Variable Frequency Pulse mode.
* External Input mode.

* dsPIC33CK256MP506 include 8 SCCP and 1 MCCP.
* SCCP > 1 x PWM Channel.
* MCCP > 6 x PWM Channels.

* In this section, we focus on Output Compare & PWM mode.
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Block diagram of SCCP

r— - - - - — — — -1
|
e
Extemal | — Input Capture
Capture Input | =
—
r—— - — — — -
y
Time B
Clock ime Base
Sources —» Generator COrximtin |
T |
T32 — | Compare/PWM
CCSEL —»] | Outpui(s)
MOD[3:0] —— |
.
| Output Compare/ |
— > 16/32-Bit
Sync and — Ti PWM |
Gating ~——| imer | OCFA/OCFB
Sources —» _
> ‘
L ol
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Block diagram of SCCP - Timer

CCPxPRL

¥

Comparator

4

CCPxTMRL

J

v

Reset/
SYNC[4:0] =  Trigger
Control
— -
-_-. 2
Clock Time Base
Sources — Generator
—

Comparator

i

CCPxRB

CCPxTMRH

4

Comparator

-

Set CCTxIF

—® Special Event Trigger

4

CCPxPRH

Set CCPxIF
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Timer/Counter 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.

Interrupt

Equal

[ CCPxPRL }
!

Request )

—

Reset

Comparator

[ CCPxTMR }7 <—— Clock Source

Prescaler

1:1

1:4

1:8
1:64
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Lab6 SCCP Timer Interrupt

* Base on current project or Open .\Exams\Lab6_xxx.X to do exercises
* Try to add SCCP1 to your project to control LEDs toggle period.
* The SCCP1 setup to timer mode, timer period is 100ms (50ms x 2).

* To separate D1, D2 & D3, D4 blink period.

* D1 and D2 blink by TMR1
Period 500mS(250ms x 2), Priority : 1.

* D3 and D4 blink by SCCP1
Period 100ms(50ms x 2), Priority : 2.

Let’s go!
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Lab6 SCCP Timer Interrupt

Connection

SS(nCO
45(HOSD
S0CSCK)

£

PRI AR ) I

WE R T

miciosDh Sa

Don‘t Need Any Connection.

| Connection Already Done By provirus LIBA

™

inas, 4
[PIC22EP, a5PIC33-PGx2

Teg

AICI2MX3/ S P

PINlS, 160>

FICI2IAX, PIC24E )
SHIPIC2LEP, (sPIC33.P0
B )

i =
PIC2AEP, CuPIC3 4 PGal
picazmd pic2arpee
Pin3z, 42
; LE)

J .-ROCHIP
(5055

cosal

MIRroBUS Socke

hnt

MikroBLS *
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Lab6 SCCP Timer Interrupt
Step 1

* Click [+] to add MCCP/SCCP > SCCP1 Module.

] X ] X
Resource Managemeni [MOCC) x] Resource Managemeni [MOCC) x]

Project Resources | Generate || Import.. || Export | @ || @ Project Resources | Generate || Import.. || Export | @ @_
¥ Peripherals ¥ Peripherals r
@ E4d &) TMR1 @ E4 &~ SCCP1-PWM/Input Capture/Output Compare/Ti...

v System WO ™E
{ ) Interrupt Module ¥ System
{_ Pin Madule {» Interrupt Module
{ b Systemn Module {» Pin Module
§ | — — E
Device Resources | Content Manager Device Resources anisathiananes
= b WDUHSUCP =
¥ & MCCR/SCCP —
) » 5 Memory
0 =" MCCPO- /Input Capture/Output Compare/Ti > OPA
3
0 =" SCCP1-HWM/Input Capture/Output Compare/Tin|
g SCCPZ-PWNY/Input Capture/Output Compare,/Tin|_ T —
: T
: - 3-PWN{Input Capture/Output Compare/Tin w
Click [+] ) /Input Capture/Outp pa fT_ v % QE |
W gy = SWLPA-PWM/Input Capture/Output Compare/Tin E
~ — I~ b [=] SENT
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Lab6 SCCP Timer Interrupt

Step 2

* Set Enable MCCP Interrupt.

¥4 SCCP1-PWM/Input Capture/Output Compare/Ti..  — O Ed
SCCPL-PWM/Input Copture/Output Compare/Timer x| (= E)
‘f@} Easy Setup ” = Rﬂgisters‘
Hardware Settings B
Mode Selection | Timer | - ‘
[v] Enable MCCP
Enable Timer Interrupt
se Generator
Clock Source | FOsC/2 | « | 16z
Prescaler | 1:1 | - ‘
Timer Mode (@ 16 Bit 32 Bit
Primary Timer Period O 00 OFFFF
Secondary Timer Period Ox0 | 0D OxFFFF
Special Event Trigger Period 0x0  0x0 OxFFFF
Output Properties
Output | Timer Interrupt Event | - |
Event Duration | Each Time Base Period Match | - |

Auxilary Output | Disabled

@ MICROCHIP



Lab6 SCCP Timer Interrupt

Step 3

e Set Prescaler: 1:1 > 1:64.

¥4 SCCP1-PWM/Input Capture/Output Compare/Ti..  — O Ed
SCCPL-PWM/Input Copture/Output Compare/Timer x| (= E)
f{é‘} Easy Setup H = Rﬂgisters|
Hardware Settings B
Mode Selection | Timer | - ‘
Enable MCCP
Enable Timer Interrupt
Time Base Generator
Clock Source | FOSC/2 « || 16 MHz
Prescaler 184 -
Timer Mode (®) 16 Bit (_) 32 Bit
Primary Timer Period O 00 OFFFF
Secondary Timer Period Ox0 | 0D OxFFFF
Special Event Trigger Period 0x0  0x0 OxFFFF
Output Properties
Output | Timer Interrupt Event | - |
Event Duration | Each Time Base Period Match | - |

Auxilary Output | Disabled
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Lab6 SCCP Timer Interrupt

Step 4

e Set Primary Timer Period : 0x00 > 0x30D4 (12500).

a SCCP1-PWM/Input Capture/Output Compare/Ti...

— | *
SCCP1-PWM/Input Captars/Output Compere/Timer x| (&)
EEE% Easy Setup | = Registers
Hardware Settings
Mode Selecticun| Timer | - |
Enable MCCP
Enable Timer Interrupt
Time Base Generator
Clock Source | FOsC/2 | ~ | 16 Mz
Prescaler | 1:64 | - |
Timer Mode (@) 16 Bit 32 Bit
Primary Timer Period 00 03004 OxFFFF ‘
Secondary Timer Period Ox0  0xD OxFFFF
Special Event Trigger Period 0x0  Oxd 0x30D4
Output Properties
Output | Timer Interrupt Event | - |
Event Duration | Each Time Base Pericd Match | - |

Auxilary Output | Disabled

Clock Source

CCPxPRL = <

16M
0x30D4 = 12500 = <— X 50ms>

» .
Prescaler Perozd)

64
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Lab6 SCCP Timer Interrupt

Step 5

e Set Event Duration : Each Time Base Period Match > 2nd Time Base Period Match.

ﬁ SCCP1-PWM/Input Capture/Output Compare/Ti_..

SCCPL-PWE/Tnput CaptureDutput ComparefTimer ]

O >

nQl=

f{é‘} Easy Setup H = Rﬂgisters|

Hardware Settings

Mode Selection| Timer | - ‘

Enable MCCP

Enable Timer Interrupt

Time Base Generator

ClockSource| FOSC/2 | - ‘ 16 MHz

Prescaler | 1:64 | - ‘

Timer Mode (® 16 Bit 32 Bit

Primary Timer Period Ol | 030D4
Secondary Timer Period Ox0 | 0D

Special Event Trigger Period 0x0  0x0

OxFFFF

OxFFFF

0x30D4

Output Properties

Output Timer Interrupt Event

-

Event Duration 2nd Time Base Period Match | -
Auxilary Output | Disabled | -

| »
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Lab6 SCCP Timer Interrupt
Step 6

* Open Interrupt Module.

*
= %4 Interrupt Module - Editor — O x
Resource Management [MOC] XI |__| E] @
L
Project Resources | Generate || Import... | Export ‘ (7] || & Interrupt Module x] ——
¥ Peripherals = J '{é}' Easy Setup |
@ B4 & SCCP1-PWM/Input Capture/Output Compare/Ti... Interrupt Manager
TMR1
L 1XJO) Enable Global Interrupts
¥ Systemn
u ) Interrupt Module __Module | Interrupt | Description | IRONum.. | Enabled | Priority | Context
: T Pin Module L SCCP1 CCPI CCP1 Capture/Compare Event |6 [] 1 OFF
) System Module | SCCP1 CCT1 CCP1 Timer Event P 1 OFF
Device Resources Content Manager Pin Module CMAI Change Motification A 2 [] 1 OFF
> JUL Figh Resolution FiVH i Pin Module CNBI Change Notification B 3 ] 1 OFF
» 212 - —
Pin Maodule CHCI Change Notification C 14 [] 1 CFF
b MCCP/SCCP
> B Memory Pin Module CHDI Change Motification D 75 [] 1 CFF
» I> OPA 1 DMT DMTI Dead Man Timer 45 |:| 1 OFF
3 PMP UI TMR1 Tl Timer 1 1 1 OFF
b 35 PTG
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Lab6 SCCP Timer Interrupt

Step 7

* Modify CCT1 Interrupt Priority : 1 > 2.

B4 Interrupt Module - Editor — [l d
Intermopt Module xl |II| E] @
J {é} Easy Setup |
Interrupt Manager
Enable Global Interrupts
Module Interrupt Description IRQ Num... | Enabled Priority Context
SCCP1 CCPI CCP1 Capture/Compare Event |& D 1 OFF
ll SCCP1 CCTI CCP1 Timer Event Fi 2 OFF I'
Pin Module CMNA Change Notification A 2 [] 1 OFF
Pin Module CNBI Change MNatification B 3 [] 1 OFF
Pin Module CNCI Change MNotification C 19 [] 1 OFF
Pin Module CNDI Change MNotification D 75 [] 1 OFF
DMT DMTI Dead Man Timer 45 |:| 1 OFF
TMR1 Tl Timer 1 1 1 OFF
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Lab6 SCCP Timer Interrupt
Step 8

* Click "Generate" Button to generate your code.

= X
Generate —
Output - MPLAB® Code Configurator |
$ % 09:%4-52.286  INPO: $tts3ttssastastastsssttassssssasssssssasssssssnssnss A
09:34:52.287 INFD:  Generation Results
Resource Management [MCOC] = 09:%4-52.287  INPD: $8sttaststattastssatttssssss s sssstsasssssssessnss
Prﬂject Resources Gene;ateru Import... | Export | 0 ‘ ‘ @ | 093452 287 INFQ: main.c Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
v Syst 09:34:52.287 INPD: mec_generated_fileshclock. e
£1m
ysj_ 09:34:52.287  INFD: meo_generated_fileshclock. h
[ ] o hi
/ Interrupt Module 09:34.52 288 INFO: moec_generated_fileshintermupt_manager. c
Q Pin Module 093452 288 INFD: meo_generated_fileshintermupt_mansger b
,_:_\_. System Madule 09:34.52.268 INFO: moc_generated_fileshmeo. e
093452, 268 INFO: meoc_gernerated_fileshmeo. h Siocess,
09:34.52.268 INFD: meoc_generated_fileshpir_marager. c Buccess,
09:34.52 268 INFD: mee_generated_filesh\pir_marager. h diccess,
09:34:52.268 INPD: moc_generated_fileshreset.c Success.
09:34:52 288 INFO: meoe_gererated_fileshreset h Hiccess,
P Content Manager - -
Device Resources — 09:34.52 288 INPD: moo_generated_fileshreset_types.h Suocess.
¥ Documents H 09:24.52. 266 INFO: mec_gernerated_fileshsystem.c Huiccess
dsPIC33CK256MP506 Product Page 09:34.52.268 INFO: moc_generated_fileshsystem.h Success,
w Libraries 093452 288 INFD: meec_generated_fileshsystem_types.h Success
> ® Foundation Services 09:34:52.288  INFD: moo_generated fileshtraps. o Bugcess,
09:3452 288 INFD: mec_generated_fileshtraps h Huccess
0 ) motorBench® DE’VE'meEnt Suite 09:34:52.289  INFO: moo generated_files\watchog. h Sugcess,
0 f.:} WWINCT 59X 09:34-52 295 THFD: $#d8sssdaassdsss st s s dsasidsisssssssddsistsssssdssss
- Periphemls | 09:34:52.298  INFD: Generation complete {total time: 198 milliseoconds)
00:34-52.208 NP0 ssesssssssisssssssisbisiiisisstiisssitiiisssisniinis
i 09:34:52.299  INFD: Generation completa. W
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Lab6 SCCP Timer Interrupt

Code Example

#include "mcc_generated_files/system.h"
#include "mcc_generated_files/pin_manager.h"
#include "mcc_generated_files/sccpl_tmr.h"
uint32_t i =0;

int main(void)

// initialize the device
SYSTEM _Initialize();

while (1)
{

// Add your application code
}

return 1;
}
void TMR1_CallBack(void)
D1_Toggle();
D2_Toggle();
void SCCP1_TMR_PrimaryTimerCallBack (void)

D3_Toggle();
D4_Toggle();

@ MICROCHIP



Lab6 SCCP Timer Interrupt

Result

Elblnar
4

o G :
U gs10 . E . | %0
-mmmm:& = E s S1CMISD)
B ; - 5 E S4B \
581108}
5p1 EEPROM
raiaing Materiol Nvaitoble !
oww. llldmhlp com, tw/RTO/ I'I’O DYD 3

> 61_53 857 55 53 51 48

64762 60 58 56 54 52 50

_dsPIC33CK256MP506 |
Setting same as PIC24F

boc1 ]

2426728730

D8 TurnOn, ’
When BT1 ressed.

F‘m'l7 47

[ P eLPICE AP
vmzmﬁmczan e sg

Pinds

20220410 psol . . I« ‘1'\
y— -_M__Wh

1,2,3,8hield
ot

LED3 and LED4 Toggle,
Interval Period use "SCCP1" callback.
LED1 and LED2 Toggle,

Interval Period use "Timerl1" callback. @ MICROCHIP



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.

;,},}ﬂ,lﬂﬂl’l

\“\

% k N \@ )
L \,()— -
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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.

* Libraries: Delay
* Timing Control (Block)

@ 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 MCC

* 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 [
o PGDx input a8 B B
e Modude v T input RGN BN O T T R B
GPIO output CRICRCRECREC R R R B
SCKIOUT  |infout (: RN CRCRICIC R RC RCRC RCBCB:
oy 15O input B Rk R R
SDO1 output (: R R R I
SS10UT output (:] IR R R BB
TMR1  |T1CK input (-] IR AR B
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OLED Functions of MCC

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

* void myOLED _Init(void); /* Initial OLED Module */

void myOLED_ClearScreen(void); /* Clear Screen */

void myOLED_DrawBitmap(uint8_t column, uint8_t page,
uint8_t width, uint8_t height,
const uint8_t *byte); /* Draw Raw Bitmap Picture */

void myOLED_DrawChar(uint8_t column, uint8_t page,
uint8_t byte); /* Draw Single Character */

void myOLED_DrawStr(uint8_t column, uint8_t page,
const uint8_t *byte); /* Draw String */
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Lab Preparation

Add OLED Libraries
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Lab Preparation
Step 1

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

.generated_files
build

debug

dist

mcc_generated_files

| A s | Libraries
EE =H A 1R

« v « Appepdix » Libraries

e e myOLEDIib

* REFR
[ =]

myOLEDIib nbproject
~ .gitignore
- LabO0_First_Project.mc3
|E main

- 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...".

D X
Projects = | Files

- Lab7 OLED Display

ﬁ Header Files

ﬁ' Irnportant Files

@ Linker Files New ;
BEI T T New Logical Folder

Add Existing Item...

e EI L I Add Existing ltems from Folders...
= B Find...
“1 Rightclickt "3 %

ﬁ' LapTaries
-5 Loadables

Rename...

Properties

Add Files >
1 ¢]

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£Z£25%Y) to : "All Files"(FTEfEZE).

~

Click on folder "myOLEDIib".

Click "Select".
Click "Add"

%A Select Source File Folder

1

e = H TR Erercizes
= ;
E=ifErE =~ | Lab7?_CLED_Display X
(3 8 generated _files
[ budd
- [ debug
S [ dist
[ mec_generated files
. [ s
LE T LDpIoject
X |
[-.!
Hi#

B4 Add Files

Specify the folders that contain the source files for the project:

sonrce File Folder
myOLEDLb

Filez of Type
FhEEE

| Add Folder. .. |

Eemove

Iznored Folders Patterm:

aee alm [DE level file filter in Options- =Miscellaneons- =Files)

sonrce files from specified folders will be added to the project.

—

L;& WHEEWW): | C\Ewercisssilab?_OLED_Display XumyOLEDLb

selert

BRIBAT:  prEmE

Diefanlt

add Cancel
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Lab Preparation
Step 4

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

1] P

Projects % | Files

Bl Lab7 OLED Display
-- Header Files
: ﬁ' Important Files
. . Linker Files

- . MCC Generated Files Libraries include :

=-{gF) myOLEDIib OLED control functions
] Alphabet_Fontsc / Raw Data of Fonts
E} . Examplelogos / Raw Data of Demo logos

------ E] Microchip Logo Banner.c
o E] Microchip Logo Screen.c
-] myOLED _ssd1306 ¢
: - I3 myOLED 3511306 h
. & Libraries
W[5 Loadables
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What’s Delay

* MCC provide various software function and protocol stack libraries.

e.g., Software UART, 12C, Delay, LIN Master/Salve etc..

* Delay libraries is an easy, simple and block functions.

Use real instruction cycle (Tcy) to generate time latency to ensure accurate delay.

ﬁ\ MICROCHIP



Lab7 OLED Display

* Base on current project or Open .\Exams\Lab7_xxx.X to do exercises

* 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

co
49(HOSD
S0CSCK)

Don‘t Need Any Connection. A
| Connection Already Done By provirus Lab:

14,

£
g
r
5
&

PInlS, 160
FICI2NIX, PIC24E )
fipicaser, o5Pic33.76)
. - o1y 18
g [Pic24p, oupics PGl
-~ L‘E A" lpicans sicaarieci:
L pin3z, 42
T PIC16
APPO41va.
20221
T

m— )

Pinds, 47 ¥
[PIC2AEP, 55PIC33:PGx2 |}
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Lab7 OLED Display
Step 1

* Click [+] to add DELAY Module.

=3 X ] X
Resource Management [MOC] XI Fesource Management [MCC] XI
Project Resources | Generate || Import.. || Export | @ || @ Project Resources | Generate || Import... || Export @J @
¥ Peripherals ¥ ¥ Libraries -
@ F4 &~ SCCP1-PWN/Input Capture/Output Compare/Ti... ¥ Foundation Services
@3 & TMR1 @ E3 ) DELAY
¥ System ¥ Peripherals
{ ) Interrupt Module OE SCCP1-PWM/Input Capture/Output Compare/Ti... |-
{ " Pin Module — (7] () TMR1
{+ System Module N ¥ System i
Device Resources Eaniegbhienaney Device Resources | Content Manager
¥ Documents e ¥ Documents -
dsPIC33CK256MP506 Product Page |_| dsPIC33CK256MP506 Product Page L
¥ Libraries ¥ Libraries
¥ (%) Foundation Services » (*) Foundation Services
&% 16 Bit I2CMASTER @ L5 < motorBench® Development Suite
@ [3 () DELAY @ B3 O WINC15XX
[ZCSIMPLE i ¥ Peripherals 1

Click [+] %\ MICROCHIP



Lab7 OLED Display

Step 2
* Click [+] to add SPI > SPI1[PIC24 / dsPIC33 / PIC32MM MCUs by Microchip...] Module.

<] X ] bt
Resource Management [MCC] x| Resource Management [MCC] x |
Project Resources | Generate || Import... || Export | @ || © Project Resources | Generate || Import... || Export | @ || @
¥ Libraries - ¥ Libraries -
¥ Foundation Services ¥ Foundation Services
@ B4 &) DELAY @ E4 ¢ DELAY
¥ Peripherals ¥ Peripherals T
@ P4 -~ SCCP1-PWM/Input Capture/Output Compare/Ti... |- Lo 5
@ E3 & TMR1 [ & P4 5 SPI[PIC24 / dsPIC33 / PIC32MM MCUs by Microch
¥ System 1 < — ] >
Device Resources | Content Manager Device Resources | Content Manager
v = <P 5 » I> OPA T
== SPI1 [Foyndation Services Library by Microchip Teg > PMP
@ [ & SPI [PICR4 / dsPIC33 / PIC32MM MCUs by Microc > 15 PTG
SPIZ [PIC24 / dsPIC33 / PIC32MM MCUs by Microc > 555 QEl
Click [+] "~ [Foundation Services Library by Microchip Teg —| > (=1 SENT 1
" w5 >rio [Foundation Services Library by Microchip Teq > S SPI ||
¢ | | » ) > g] UART -
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Lab7 OLED Display

Step 3

 Set Clock Edge : Idle to Active > Active to Idle.

B4 SPI1 - Editor

SFI1 =

KIDIQ]=

'ﬁ:}} Easy Setup " g Regl'sters|

Hardware Settings

Mode Selection -

Enable SPI

Cormmunication Width

(oo [ ]

SPI Clock

Baudrate Generator Value: 0x0 =

SPI Clock Frequency

0 = OxFF

8 MHz

SPl Mode

Clock Polarity

| Idle:Low, Active:High | - |

Clock Edge

| Active to Idle | - ‘

5Pl Mede

o

Input Data Sampled at

® Middle End
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Lab7 OLED Display

Step 4

» Set PORTC : RC13 (SCK10UT), RC15 (SDO1) , to PPS SPI Function.

e Set PORTD : Pinl1 (RD1), Pin2 (RD2), Pin15 (RD15), to digital output mode.

1]

Pin Manager: Grid View =

PortC ¥

PortD ¥

Module

Function

Direction

10

11

12

13

14

15

10

11

15

L E

PGDx

input

Pin Module ¥

GPIO

input

GPIO

output

SCCP1-PWM/Input Capture/Output Compare/Timer

TCKIN

input

r o o

SPI1

SCK1oUT

infout

-l ol -

spin

input

S0HO

output

S510UT

output

TR

T1CK

input

L L L L L L L L

-l -l - - -
r e e
r s o
-l -l
-l -l -
r e e

-l -
-l -

-l -l -
r s
-l -l -
-l -l -

r e e
r e o
o r e w
-l -l -
r s e
T rrr e
-l -l - - -
r e e
r s o
D o

-l -l -
r e e
rrrr e
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Lab7 OLED Display

Step 5

e Set Alias for RD1, RD2 and RD15.

* Pin Module : RD1, Custom Name > OLED RS, Check Output.

* Pin Module : RD2 , Custom Name > OLED nCS, Start High , Check Output.
* Pin Module : RD15, Custom Name > OLED nRST, Start High , Check Output.

Pin Module - Editor - = X
1

Pin Module EnoE
J %} Easy Setup “ g Registers
Selected Package : TQFPGE4

Pin Namea4 | Module Function | Custom M...| StartHigh | Analog Output WPU
RC1 Pin Module |GPIO LED4 ] ] []

RCS SPI SDOf DO B L]
RC13 SPI1 SCK10UT | sckiouT [] ] []

RD1 Pin Module |GPIO OLED.RS ] []

RD2 Pin Module |GPIO OLED_nCS []
RD12 Pin Module |GPIO LED3 []
RD15 Pin Module |GPIO OLED_nRS []

% |
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Lab7 OLED Display
Step 6

* Click "Generate" Button to generate your code.

( g %
Generate
Output - MPLAB® Code Configurator |
09:%4:52 286  INFO: $P488384satsatetsstartstartsssssssssstetasssstssastes A
m - 09:34:52.287  INFD: Generation Results
Resource Manapement [MCC] x 09:34:52.287  INFO: $#483aataatt sttt rtstare st sesssssteessssntsesssss
Prﬂject Resources Generate I'U Import... Export I 0 ] { @ I 093452 287 INFQ: main.c Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
v System 09:34:52.287 INPD: mec_generated_fileshclock. e Success.
— 09:34:52.287  INFD: meo_generated_fileshclock. h Success,
 Interrupt Module 09:34.52 288 INFO: moo_generated_fileshintermupt_manager. o Success.
I O Pin Module 09:34:52.288  INFD: meoc_generated_fileshinterrupt_manager. h Success,
Q System Madule 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,
Device Resources Content MEMQEFA 09:34.52 288 INFO: moo_generated_fileshreset_types. h Suocess.
¥ Documents i 09:24.52. 266 INFO: mec_gernerated_fileshsystem.c Huccess,
dsPIC33CK256MPS06 Product Page U 09:34:52.285  INFO: meo_generated fileshsystem.h Ruocess,
¥ Libraries 09:34:52.2688  INFD: meo_generated _fileshsystem_types.h Success
> ® Foundation Services 09:34:52.288  INFD: moo_generated fileshtraps. o Success.
09:3452 288 INFO: mec_gernerated_fileshtraps. h Aiccess
0 0 motorBench® DE’VE'meEnt Suite 09:34:52 289  INFO: mco_generated files‘watchiog. h Success.
0 E}" WWINCT 2% 093852 298  [NF0: $e3ss83taasttsaaststtstassstassatssstssasssstssassss
- Periphemls | 09:34:52.298  INFD: Generation complete {total time: 198 milliseoconds)
09:34: 52298 TNFD: $838448880a8saat s st ssstssitrstassassssstsssstsssssss
09:34:52.299  INFO: Generation completa, W
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Lab7 OLED Display

Code Example

#include "mcc_generated_files/sccpl_tmr.h"
#include <stdio.h>

#include "mcc_generated_files/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[];
uint8_t StringBuffer[40];

int main(void)

// initialize the device
SYSTEM _Initialize();

while (1)
// Add your application code
}

return 1;

int main(void)

// initialize the device
SYSTEM_ Initialize();

myOLED_Init();

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

DELAY_milliseconds(2000);

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

while (1)
// Add your application code
}

return 1;

@ MICROCHIP



Lab7 OLED Display

Result

=3 7‘ '
H'? {?ﬁ bl
iﬂ”'ﬂl ;,},l,i;lﬂm

B § -

2 Sec.

By: Your Name
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Lab8 Customize Screen

* Base on current project or Open .\Exams\Lab8_ xxx.X to do exercises
* Try to change default Boot Screen to you want to.

Let’s go!
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Lab8 Customize Screen

Create your own logo

b | ul‘) .~ = | SamplePicture02bmp - NEX

=

wE | B
X =F e 7 b A Q NVOOOMLA - Z9ME- 3
ax - [pmm B\ OO - hEE
= o AmEm- @A || TSARIOD
% @l %mﬁ% | | X
Lo 4 200, |20,
B2 « v 4 « myO.. » Examplelo... v O D #E2 ExamplelLogos
: SAEE > FAENR - @
= $ = * N EW : CECE g2
. B x# B NI T
| == - amEaBEnAS
gg @ OneDrive - Micrc
. @ = |
= v £ o L]
- — Microchip Logo Screen.bmp
EZEZE(N): |Microchip_Logo_Screen.bmp . — — v
EEELD: E£LEE (*bmp;*.dib) ‘ Monoch rome Bitmap
~ BEEHRK ZEO -vb-]

=z
|

RREAN

{ZEB): O B2
—

] x=e

DI EE(V):

[Oessrmeaom
B8 ()
+—F
i HFE(Q): 0
ﬁ I EE(E): 0
BT B
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Lab8 Customize Screen

Create your own logo

Sett
. %r',?tr;g grientaﬁon
* Execute \Tools\LCDAssistant.exe & Vertica
. . . . " Hori |
Load Microchip_Logo.bmp and Save output to Microchip_Logo.h S:”"’"“
Width |123
[ LCD Assistant - http://en.radzio.dxp.pl/biti X [@ LCD Assistant - httpy/..  — O X Height I54
File Help File Help Other -
Load image ture preview Load image icture preview [ Indude size
Save output Save output ~Size endianness |
: _ (v Little
Exit Exit @  Big
| Size 1| ] [ Size
Width |[Edit1 Width 123 Pixels/byte
e Table name :

1

—y-

Microchip_Lo'g'o_Screen.bmp

Mlcrochlp Logo Screen.c

|Microd1ip_Logo_Sa

bﬁﬁiﬁﬂﬂﬂ: IMicroch.ip_Lnga_Screen.bmp j 55 (8) ﬁﬁ%ﬁfﬂ):[IMEWCMP_LUED_SCNBR-C _,_"J T8 E) || Microchip Logo Screen
ERERD): | v B | HRE(D): | B ] (Bitmap Array name)
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Lab8 Customize Screen
Create your own logo

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

V] ExamplelLogos

HE HE e

&« v ']‘[ « Lab7_OLED Display.X » myOLEDIib » ExamplelLogos
\ 27
A REF
—— * E Microchip_Logo Banner
E Microchip_Logo_Screen
¥ TE *

: Overwrite old
Microchip_Logo_Screen.c

=y
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Lab8 Customize Screen

Create your own logo result
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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

@ MICROCHIP



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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ADC Functions of MCC

* MCC Provide below functions for ADC (Interrupt Enabled):

Prototype definition : "adc1.h"

void ADC1_|Initialize(void);

void ADC1_CoreOPowerEnable () ;

void ADC1_CorelPowerEnable () ;

void ADC1_SharedCorePowerEnable ( );

void ADC1_SetCustomNamelnterruptHandler(void* handler);
ADC1_CustomName_CallBack(uintl6_t adcVal);

void ADC1_Setchannel_AN24InterruptHandler(void* handler);
void ADC1_Setchannel AN25InterruptHandler(void* handler);
ADC1_channel_AN24_CallBack(uintl6_t adcVal);
ADC1_channel_AN25_CallBack(uintl6_t adcVal);
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Lab9 ADC Single Channel Periodically

* Base on current project or Open .\Exams\Lab9 xxx.X to do exercises

* 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 Single Channel Periodically

Connection

_I0

COC_USEN = el :
. = - Bt - "'RZUZE] -zcezvnom s
Nﬁ' VSEN - '\ Rt 8.1 2§ al raiaing Materiol Nvaitoble !
i S www. llldmhw com,tw/RTO/RTO_DYD
C. Pins e
R R
LEDL . £ 2 . ’
56 54 52 S

4.

| =

o2 -
-

03"

20201
N o

7

LK256MP506 |
same as PIC24F

©

APPO41-3 V%

|

1

n)

18
EP, 25PIC3 4Pt
wcamﬁ P

K\m'l7

ol B

EEERE

ssgsgszs o

TR,
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Lab9 Single Channel Periodically
Step 1

e Click [+] to add ADC > ADC1 Module.

] Py (] e
Resource Management [MCC] x | Resource Management [MCC] x |
Project Resources | Generate || Import.. || Export | @ || &) Project Resources | Generate || Import.. || Bxport | @ || @)
¥ Libraries a w Libraries S
¢ Foundation Services b Foundation Services
¥ Peripherals ¥ Peripherals
@ FQ -~ SCCP1-PWM/Input Capture/Output Compare,/Time| — @ 4 Sy ADCH I
@ A & SPI1[PIC24 / dsPIC33 / PIC32MM MCUs by Microch @ P4 o~ SCCP1-PWM/Input Capture/Output Compare,/Time
@ EJ ¢ TMR1 1 @ B4 5 SPI1[PIC24 7 dsPIC33 / PIC32MM MCUs by Microch|
¢ | | > % | | >
Device Resources Content Manager Device Resources | Content Manager
¥ Peripherals i ¥ Peripherals |
v &y ADC 1 » Lt CANFD
(7] 53% ADC1 I » [7] CBG _||
3 » 3= CLC |
o énc‘k 4] » [ul CMP_DAC
3= CIC » [ CRC
> CMP_DAC X » B} DMA X
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Lab9 Single Channel Periodically
Notice

* For the dedicated core, the throughput includes 4T,z Sampling time and 13T,pore
conversion time.

* For the shared core, the throughput includes 10T, o Sampling time and 13T,y ore
conversion time.
* Clock Source : Fope = Foc/2 = 32MHz/2 = 16MHz, Ty = 1/16MHz = 62.5ns
* 1Tspcore = Tspe X CLKDIV(1) X ADCS(2) = 62.5ns X 1 X 2 =125ns
* 1Typcorg = Tspe X CLKDIV(1) X SHRADCS(2) = 62.5ns X 1 X 2 = 125ns
Dedicated core sampling time: 4T,-ore = (125ns X 4) = 500ns
Share core sampling time: 10T,y-org = (125ns X 10) = 1250ns

Dedicated core sampling time is preset to 4T,z (500ns), no setting is required.
Share core sampling time needs to be manually set to 10T,-oze (1250ns) to match the standard.

Reference Datasheet : TABLE 33-39: ADC MODULE SPECIFICATIONS ﬁ\ MICROCHIP



Lab9 Single Channel Periodically

Step 2

* Set Target Shared Core Sampling Time : 250ns > 1,250ns.

%4 ADCT - Editor
ADC1 x

0 bed

IEHE

{C% Easy Setup || — Registers

¥ Hardware Settings

Enable ADC
v ADC Clock
Conversion Clock Source FOSC/2
Conversion Time 23125 us
Target Shared Core Sampling Time 1250 ns
Calculated Shared Core Sampling Time 1.25 us
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Lab9 Single Channel Periodically

Step 3

* Set Enable ANO dedicate Core0.

¥ Selected Channels

£ |

Core Enable | Core Channel Pin Name Custom Name Trigger Source Compare Interrupt
Core0 ANG - |[RAD channel_AMO Mone Mone - ] .
Corel |:| ANT ~ ||RB2 Mone Mone - |:|
Shared I:I AN10 ~ ||RB8 Mone Mone b |:|
Shared I:I AN11 - ||RED Mone Mone hd |:|
Shared |:| AN12 ~ ||RCO Mone Mone > |:|
Shared I:l AM1T3 ~ |[RCT Mone MNone - |:|
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Lab9 Single Channel Periodically

Step 4

* Set Trigger Source : None > Common Software Trigger.

¥ Selected Channels

¢ |

Core Enable Core Channel Pin Name Custom Name Trigger Source Compare Interrupt
Corel AND - ||RAD channel_AMND Common Soft. B Mone - |:| ~
Core1 |:| AMN1 ~ ||RB2 Mone = ||| None - |:|
Shared |:| AM10 ~ ||RB8 Mone hd MNone - |:|
Shared |:| AN11 ~ ||RBY Mone - ||| None - |:|
Shared |:| AN12 ~ ||RCO Mone * ||| None - |:|
Shared |:| AN13 » ||RC1 Mone * ||| None - |:|
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Lab9 Single Channel Periodically

Step 5

* Set Enable Interrupt.

¥ Selected Channels

¢ |

Core Enable Core Channel Pin Name Custom Name Trigger Source Compare Interrupt
Corel AND - ||RAD channel_AMND P Gl Mone - % =
Corel |:| AN1 ~ [|RB2 Mone Mone b
Shared |:| AM10 ~ ||RB8 Mone MNone - |:|
Shared |:| AN11 ~ ||RBY Mone Mone - |:|
Shared |:| ANTZ2 ~ ||RCO Mone Mone > |:|
Shared |:| AN13 » ||RC1 Mone MNone - |:|
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Lab9 Single Channel Periodically

Step 6

* Set Alias for RAO.

* Pin Module : RAO (ANOQ) Custom Name > VR1.

=

s

Projects | Fiks | Services | Resource Management [MCC] x |

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

@ L3 © T™MR1

¥ System

() Interrupt Medule

{ } Pin Module
{ ) Systern Modul

@ B4 5. sPi1 [PIC24 / dsPIC33 / PIC32ZMM MCUs by Microchi| ™

¢ |

| >

G|

Device Resources

Content Manage

=

¥ Peripherals
» 11 CANFD
» [F] CBG
» 3= CLC
» gl CMP_DAC
» [} CRC
» B} DMA

o

B4 Pin Module - Editor — O 3
PinModule x| (D@
J 5% Easy Setup | = Registers |
Selected Package : TQFP64

Pin Name4 | Module Function | Custom M..| Start High Analog Output WPU
RAQ ADC1 ANO VRA ] ] ]

REO Clock OsCl - %r |:| |:| |:| |:|
RB2 Pin Module |GPIO Click & Rename ] ]

RE3 ICD PGD2 | |:| |:| |:| |:|
RE4 ICD PGC2 |:| |:| |:| |:|

<
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Lab9 Single Channel Periodically
Step 7

* Click "Generate" Button to generate your code.

| Generate = 8
Output - MPLAB® Code Configurator |
09:%4:52 286  INFO: $P488384satsatetsstartstartsssssssssstetasssstssastes A
$ - 09:34:52.287  INFD: Generation Results
Resource Manapement [MCC] x 09:34:52.287  INFO: $#483aataatt sttt rtstare st sesssssteessssntsesssss
Prﬂject Resources | Generatgru Import... | Export | 0 ‘ ‘ @ | 093452 287 INFQ: main.c Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
v System 09:34:52.287 INFO mc-.‘_,.;ﬁ_ﬂeri‘.ei_:'ilﬁ-_-:':'lclor:]': [ Siccess.
~ |ntgrrupt Module 09:34:52.2687 enevated_filesiclock. h Alocess,
— 09:34.52 288 o generated_files\internupt_manager o fuccess.
D Pin Module 093452 288 INFD: meo_generated_fileshintermupt_mareger b Success
;:_\_. System Madule 09:34.52.268 INFO: moc_generated_fileshmeo. e Success.
093452, 268 INFO: meoc_gernerated_fileshmeo. h Siocess,
09:34.52.268 INFD: meoc_generated_fileshpir_marager. c Buccess,
09:34.52 268 INFO: mec_generated_filesh\pir_marager. h Aiccess,
09:34:52.268 INPD: moc_generated_fileshreset.c Success.
D.E-Uice Resources e Manager 09:34: 52 268 INFD: mec_zenerated_fileshreset h Hiccess
— INPD: moo_generated_fileshreset_types.h Suocess.
¥ Documents i INFO: mec_gernerated_fileshsystem.c Huiccess
dsPIC33CK256MP506 Product Page | ‘ INFO: moc_generated_fileshsystem.h Success,
w Libraries INFD: meec_generated_fileshsystem_types.h Success
> ® Foundation Services INFO: mcc_,:r_-n-:ra'.-:-i_:fle:'.tra]::.-: Success.
) 09:38:52.288  INFD: moc_generated_fileshtraps.h Success
0 0 motorBench® DE’VE'meEnt Suite 09:34:52.289  INFD: moc_generated files‘watchdog. h Sugcess,
0 ::} WIMCTSXX 09:34:52 205 THFD: #8303 8asasatsasdsstsattasasssssisassississstssassss
- Periphemls | 09:34:52.298  INFD: Generation complete {total time: 198 milliseoconds)
00:34:52.208 [NFO: $S4es3sdsastt st sttt stassstassassastssassssissassss
09:34:52.299  INFO: Generation completa, W
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Lab9 Single Channel Periodically

Code Example

#include "myOLEDIlib/myOLED_ssd1306.h" int main(void)
#include "mcc_generated_files/adc1.h"

// initialize the device
SYSTEM_ Initialize();

volatile uint8_t SCCP1Flag = 0; .
volatile uint8_t VR1Flag = 0; SCCP1 T.'mer for ADC
volatile uint16_t ADC1_VR1_Buffer = 0; while (1) Software Trigger periodically
{ -

int main(void) // Add your application code
{

if (SCCP1Flag)
} {

SCCP1Flag=0;
ADC1_SoftwareTriggerEnable();

void SCCP1_TMR_PrimaryTimerCallBack (void) }
SCCP1Flag=1; if (VR1Flag)
D3_Toggle(); {
D4_Toggle(); VR1Flag = 0;

sprintf((char *) StringBuffer, "VR1:%4d", ADC1_VR1_Buffer);
myOLED_DrawsStr(0, 0, StringBuffer);

void ADC1_VR1_CallBack (uint16_t adcVal) }
{
VR1Flag = 1; }
ADC1_VR1_Buffer = adcVal; return 1;
} }
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Lab9 Single Channel Periodically

Result =
e \

. ~ . i .‘ e -4:':;'/& % o '“"":: ”
moerd L Wi %‘W T

= 'NM” /‘MFP,)
b e \\ e o c. p i ‘-‘"
23! - j'—hﬁ'lm’l”

.. merhh’I’ i

22>

VR1:xxxx

The actual value control by VR1
Update rate control by SCCP1 Timer

By: Your Name
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Lab10 ADC Multiple Channel Periodically

* Base on current project or Open .\Exams\Lab10_xxx.X to do exercises
* 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.
e Show both VR1 and VR2 result on OLED Display.

Let’s go!
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Lab10 ADC Multiple Channel Periodical

Connection

Euz

HPPO41v3. :
2025410 »

™
‘__w] 12C EU’ROM

@:M

2020

APPO41-3 v1.10

EEE-
raiaing Materel nmlhb!e i

al
www. mdmmp com.tw/RTO/RTO_DYD

_”mam BEEENE e

Pini7, 42

4
PCLR), PICIGFLPGX |
Pinas, 4 gsgsg‘ggs r‘1 :

7
PIC2AER, asPIC33PGx2  |¥3
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Lab10 ADC Multiple Channel Periodically

Step 1

* Set Enable AN12 shared Core.

¥ Selected Channels

£ |

Core Enable Core Channel Pin Name Custom Name Trigger Source Compare Interrupt
Core0 ANO ~ ||RAD VR1 Commen Soft.. MNone - -
Corel |:| AN1 -~ ||RB2 Mone Mone - |:|
Shared |:| AMN10 ~ ||RB8 Mone MNone - |:|
Shared |:| AMNT1 ~ ||RBS Mone MNone - |:|
Shared AN12 .~ ||rRco channel_AN12 Mone None - []
Shared |:| AN12 » [[RC1 MNone Mone - |:|
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Lab10 ADC Multiple Channel Periodically

Step 2

* Set Trigger Source : None > Common Software Trigger.

¥ Selected Channels
Core Enable Core Channel Pin Name Custom Name Trigger Source Compare Interrupt
CoreQ ANO ~ ||RAD VR Commeon Soft.. | = ||| None - —
Corel |:| ANT ~ ||RB2 Mone = ||| None - |:|
Shared |:| AN10 ~ ||RES Mone = ||| None - |:|
Shared |:| AMN11 ~ ||RBS Mone | * ||| None - |:|
Shared AN12 - |[RCO channel_AMN12 Common Soft. | = I None - |:|
Shared |:| AN132 - ||RC1 Mone > (|| None - I:'
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Lab10 ADC Multiple Channel Periodically

Step 3

* Set Enable Interrupt.

¥ Selected Channels

¢

Core Enable Core Channel Pin Name Custom Name Trigger Source Compare Interrupt
CoreQ ANO ~ ||RAO VR1 Common Soft... Mone - :
Corel |:| AN1 ~ ||RB2 Mone Mone bl |:|
Shared |:| AMN10 ~ ||RB& Mone MNone - I:I
Shared |:| AMNT1 ~ ||RBS Mone MNone - |:|
Shared AN12 ~ ||RCO channel_AMN12 Tr e L Mone -
Shared |:| AN12 » [[RC1 MNone Mone -
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Lab10 ADC Multiple Channel Periodically

Step 4

* Set Alias for RAO.

* Pin Module : RCO (AN12) Custom Name > VR2.

1] X

Projects | Fiks | Services | Resource Management [MCC] x |

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

@ L3 © T™MR1

¥ System

() Interrupt Medule

{ } Pin Module
{ ) Systern Modul

¢ | | >

@ B4 5. sPi1 [PIC24 / dsPIC33 / PIC32ZMM MCUs by Microchi| ™

G|

=

Device Resources Content Manage

¥ Peripherals
» Lt CANFD
» [F] CBG

» [l CMP_DAC
» [ CRC

o

» 3= CLC I

B4 Pin Module - Editor — O >

Pin Module = aniole
J {l::"}' Easy Setup || = Hﬂgister5|
Selected Package : TQFPB4

Pin Name4 | Module Function | Custom M... | Start High Analog Qutput WPU
RBG Pin Module |GPIO LED1 []
RB10 Pin Module |GPIO BT1 ] [] []

RCO ADC1 AN12 VR2 [] [] []

RC1 Pin Module [GPIO

LED4 R‘I ] [] L]

RC13 SPI1 SCK10UT | Click & Rename [] []

< | I | >

» B} DMA 1
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Lab10 ADC Multiple Channel Periodically
Step 5

* Click "Generate" Button to generate your code.

= X
| Generate S
Output - MPLAB® Code Configurator |
ﬁ % 09:%4-52.286  INPO: $tts3ttssastastastsssttassssssasssssssasssssssnssnss A
09:34:52.287 INFD:  Generation Results
Resource Manapement [MCC] x 09:%4-52.287  INPD: $8sttaststattastssatttssssss s sssstsasssssssessnss
Prﬂject Resources | Generatgru Import... | Export | 0 ‘ ‘ @ | 093452 287 INFQ: main.c Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
v Syst " 09:34:52.287 INFO: mece_generated_files\clock. e Siccess.
£1m
ysj_ 09:34:52.287 enerated_files'clock. b Alocess,
£ % . . -
/ Interrupt Module 09:34.52 288 INFO: moec_gererated_fileshintermupt_mavager. c Sue
{::) Pin Module 093452 288 INFQ: meo_generated_files\intermpt_mavager. h Success
;:_\_. System Madule 09:34:52.2668  INFO: moc_generated_fileshmeo.c Success.
093452, 268 INFD: mee_generated_filesimec. h Siocess,
09:34.52.268 INFO: meoc_generated_files‘\pir_marager.c Buccess,
09:34.52 268 INFO: mec_generated_files\pir_marager. h diccess,
09:34:52.268 INFO: meoc_generated_files\reset. o Success.
09:34:52 288 INFO:: mee_generated_files'reset b diccess
Device. Resﬂurces Content Manager 2 ity moo_Zenerated reset h ALCOE
— 09:34.52 288 INFO: moo_generated_files\reset_types. h Suocess.
¥ Documents H INFD: mee_generated_filesisystem. c Huiccess
dsPIC33CK256MP506 Product Page INFD: mee_generated_files\system. h Success,
w Libraries INFD: mee_generated_files\system_types.h Hiccess
> ® Foundation Services INFO: moc_generated_files\traps. c Success.
09:38:52.288  INFD: moc_generated_fileshtraps.h Success
0 ) motorBench® DE’VE'meEnt Suite 09:34:52.289  INFO: moc_generated files'watchdog. h Sugcess,
0 ::} WWINCT 59X 09:34-52 295 THFD: $#d8sssdaassdsss st s s dsasidsisssssssddsistsssssdssss
- Periphemls | 09:34:52.298  INFD: Generation complete {total time: 198 milliseoconds)
00:34-52.208 NP0 ssesssssssisssssssisbisiiisisstiisssitiiisssisniinis
09:34:52.299  INFO: Generation completa, W
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Lab10 ADC Multiple Channel Periodically

Code Example

#include "myOLEDIlib/myOLED_ssd1306.h"
#include "mcc_generated_files/adc1.h"

volatile uint8_t SCCP1Flag = 0;

volatile uint8_t VR1Flag = 0;

volatile uint16_t ADC1_VR1_Buffer = 0;
volatile uint8_t VR2Flag = 0;

volatile uint16_t ADC1_VR2_Buffer;

int main(void)

{
=

void ADC1_VR1_CallBack (uint16_t adcVal)

VR1Flag = 1;
ADC1_VR1_Buffer = adcVal;
}

void ADC1_VR2_CallBack (uint16_t adcVal)
VR2Flag = 1;

ADC1_VR2_Buffer = adcVal;
}

int main(void)

}

SCCP1 Timer for ADC
while (1) Software Trigger periodically_

// Add your application code

if (SCCP1Flag)
{

KDCl_Softwa reTriggerEnable();
}

if (VR1Flag)
{

VR1Flag = 0;
sprintf((char *) StringBuffer, "VR1:%4d", ADC1_VR1_Buffer);
myOLED_DrawStr(0, O, StringBuffer);

}

if (VR2Flag)
{

VR2Flag = 0;
sprintf((char *) StringBuffer, "VR2:%4d", ADC1_VR2_Buffer);
myOLED_DrawStr(0, 1, StringBuffer);

}

}

return 1;
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Lab10 ADC Multiple Channel Periodically

Result =
e \

. ~ . i .‘ e -4:':;'/& % o '“"":: ”
moerd L Wi %‘W T

= 'NM” /‘MFP,)
b e \\ e o c. p i ‘-‘"
23! - j'—hﬁ'lm’l”

.. merhh’I’ i

22>

VR1:xxxx

VR2:xXXXX
VR1, VR2 show respectively.
Update rate control by SCCP1 Timer

By: Your Name
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High Resolution PWM Application

@ MICROCHIP



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 PwMmi1L

Center-Aligned mode.

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

* At this section, we focus on Independent Edge Mode.

PG2

|

PGx
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Independent Edge Mode of High Resolution PWM

* For Independent Edge Mode, the period time (T) has controlled by the PGxPER register.

 PWMx to "Set" after shift of PGXxPHASE and " " after PGxDC.
SOC EQOC
|
PGXPER r-- - - - — - — — 4 -

PWM
Timer O | I
< !PGXDC > :
PGXPHASE o
> | |
| Set ' |
PWNIx | L
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Labll PWM Output

* Base on current project or Open .\Exams\Lab11l xxx.X to do exercises

* Try to initial H.R. PWM-PG1 to Independent Edge 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 (D6) to observe LED
brightness.

Let’s go!
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Labll PWM Output

Connection

e
,_."’EZUZEI 12C EU‘ROM m-
al ralaing Materel nmlhb!e :
www. mdmmp com.tw/RTO/RTO_DYD

87 55 53 51 48

"64762 60 58 56 54 52

10@;5

2020

APPO41-3 vi.

| SRR

Pini7, 42

. E .
HPPO41v3., “ %HMSSSSEQSS

T e AT o

@ MICROCHIP



Labll PWM Output
Step 1

* Click [+] to add High Resolution PWM > PWM module.

= e ] pd
Resource Management [MCC] x | Resource Management [MCC] * |
Project Resources | Generate || Import.. || Export | @ || &) Project Resources | Generate || Import.. | Export | @ || ©)
¥ Libraries e ¥ Libraries .
kb Foundation Services # Foundation Services
¥ Peripherals ¥ Peripherals
@ & & A : @ £ 4 Aot
@ P4 &~ SCCP1-PWM/Input Capture/Output Compare,/Time & P4 I Pwm
- SPI1 [PIC24 / dsPIC33 / PIC32MM MCUs by Microch bl = SCCPT-PWIN/Input Capture/Qutput Compare/Time
y el put Capt p pa
¢ | | 2 ¢ | | >
Device Resources | Content Manager Device Resources | Content Manager
3 |E| Ext_Interrupt i > @ CRC I
v [Ul High Resclution PWM » £ DMA
0 Mn P 3 |E| Ext_Interrupt
» 212 r > & 12C “
ACE RS L b o MCCP/SCCP L
* Click[+] -
e MEemory » & Memory
Mﬂ' e & OPA =
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Labll PWM Output

Step 2

* Set Enable PWM Generator 1 and Confirm PWM Mode : Independent Edge.

Ed PWM - Editor

PN =

O

(DEO

*

{:E:@' Easy Setup || E Regl'sters|

Hardware Settings

PWM Clock Settings

Master Clock Selection | FOSC - System Clock

| - | Master Clock Frequency 32 MHz

Clock Divided Frequency | 16000000

|v|Hz

Select Required PVWIM Generators | PWIM Generator 1

| T |

| » PWM Master Settings

PVWihl Generator | PYWi Generator 1 | - |

Custom Mame:

PVWIM_GEMNERATOR_1

Enable PWWM Generatu-*
AV

le High Resolution

PVWIM Operation Mode

PWIM Output Mode

Independent Edge | -
Complementary | -

PW Frequency Settings

ger Control Settings

‘ Configure in Next page -=tting:

1 | | | » Data Update Settings

| ¥

@ MICROCHIP



Labll PWM Output
Step 3

e Set PWM1 Clock Selection : 32000000 > 16000000.

Ed PWM - Editor

PN =

o X
(NEOE

J {:E:@' Easy Setup || E Regl'sters|

PWIM Generator | PYWIM Generator 1 | - |

Custom Mame:

PWIM_GEMERATOR_1

Enable PVWIM Generator
|:| Enable High Resolution

PWIM Operation Mode | Independent Edge

PWIM Output Mode | Complementary

* PVWM Frequency Settings

PWM Input Clock Selection | 16000000 | = |Hz

¥ Period l:‘ Use Master Period

Requested Frequency 24414 Hz = 94117647 kHz
Calculated Frequency 941.17647 kHz
Requested Period 1.0625us = 1.0625us

Calculated Period 1.0625 us

= 94117647 kHz

= 4098 ms

¥ Duty Cycle I:‘ Use Master Duty Cycle

PWIW Duty Cycle 0% = O

=100 %
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Labll PWM Output

Step 4

e Set PWM1 Frequency : 941.17647kHz > 1KHz.

Ed PWM - Editor

PN =

o X
(NEOE

J {:E:@' Easy Setup || E Regl'sters|

PWIM Generator | PYWIM Generator 1 | - | Custom Mame:

PWIM_GEMERATOR_1

Enable PVWIM Generator
|:| Enable High Resolution

PWIM Operation Mode | Independent Edge

PWIM Output Mode | Complementary

* PVWM Frequency Settings

PWM Input Clock Selection | 16000000 | ~ | Hz

¥ Period l:‘ Use Master Period

Requested Frequency 24414 Hz = 1 kHz = 94117647 kHz
Calculated Frequency 1kHz

Requested Period 1.0625us £ 1ms = 4095 ms
Calculated Pericd 1ms

¥ Duty Cycle I:‘ Use Master Duty Cycle

PWIW Duty Cycle 0% = O =100 %
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Labll PWM Output
Step 5

e Set PWM1 Duty Cycle : 0 > 20.

Ed PWM - Editor

PN =

o X
(NEOE

J {:E:@' Easy Setup || E Regl'sters|

PWIM Generator | PYWIM Generator 1 | - | Custom Mame:

PWIM_GEMERATOR_1

Enable PVWIM Generator
|:| Enable High Resolution

PWIM Operation Mode | Independent Edge

PWIM Output Mode | Complementary

* PVWM Frequency Settings

PWM Input Clock Selection | 16000000 | ~ | Hz

¥ Period l:‘ Use Master Period

Requested Frequency 24414 Hz = | 1 kHz = 94117647 kHz
Calculated Frequency 1kHz

Requested Period 1.0625us £ 1ms = 4095 ms
Calculated Pericd 1ms

¥ Duty Cycle I:‘ Use Master Duty Cycle

PWIM Duty Cycle 0% = 20 =100 %

@ MICROCHIP



Labll PWM Output
Step 6

* Click "Generate" Button to generate your code.

( g %
Generate
Output - MPLAB® Code Configurator |
09:%4:52 286  INFO: $P488384satsatetsstartstartsssssssssstetasssstssastes A
m - 09:34:52.287  INFD: Generation Results
Resource Manapement [MCC] x 09:34:52.287  INFO: $#483aataatt sttt rtstare st sesssssteessssntsesssss
Prﬂject Resources Generate I'U Import... Export I 0 ] { @ I 093452 287 INFQ: main.c Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
v System 09:34:52.287 INPD: mec_generated_fileshclock. e Success.
— 09:34:52.287  INFD: meo_generated_fileshclock. h Success,
 Interrupt Module 09:34.52 288 INFO: moo_generated_fileshintermupt_manager. o Success.
I O Pin Module 09:34:52.288  INFD: meoc_generated_fileshinterrupt_manager. h Success,
Q System Madule 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,
Device Resources Content MEMQEFA 09:34.52 288 INFO: moo_generated_fileshreset_types. h Suocess.
¥ Documents i 09:24.52. 266 INFO: mec_gernerated_fileshsystem.c Huccess,
dsPIC33CK256MPS06 Product Page U 09:34:52.285  INFO: meo_generated fileshsystem.h Ruocess,
¥ Libraries 09:34:52.2688  INFD: meo_generated _fileshsystem_types.h Success
> ® Foundation Services 09:34:52.288  INFD: moo_generated fileshtraps. o Success.
09:3452 288 INFO: mec_gernerated_fileshtraps. h Aiccess
0 0 motorBench® DE’VE'meEnt Suite 09:34:52 289  INFO: mco_generated files‘watchiog. h Success.
0 E}" WWINCT 2% 093852 298  [NF0: $e3ss83taasttsaaststtstassstassatssstssasssstssassss
- Periphemls | 09:34:52.298  INFD: Generation complete {total time: 198 milliseoconds)
09:34: 52298 TNFD: $838448880a8saat s st ssstssitrstassassssstsssstsssssss
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

COC_USEN ] : 2 A Rrsd Hos
] ¥ > s : ‘:wzzzuzm] ucezvnoM 5¢1 EEPROM
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R

"64762 60 58 56 54 52 5

ingfsame as PIC24F

PIC37,CK2561VIP

n)

2 18
EP, 25PIC3 4Pt
wcamﬁ P

Pini7, 42

E] It~ = 3 4 i
ﬁPDO41v3.. i ‘»‘.;%3":**”"‘_8888!328
T :

2022(\410 « o 97N CERAETREERITRN) )

@ MICROCHIP



Labll PWM Output

Result
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H.R. PWM Functions of MCC

* MCC Provide below functions for PWM:

Prototype definition : "pwm.h"

* void PWM _Initialize (void);

void PWM_GeneratorEnable(PWM_GENERATOR genNum);

* void PWM_GeneratorDisable(PWM_GENERATOR genNum);

* void PWM_Enable(void);

* void PWM_Dilsable(void);

* PWM_MasterPeriodSet(uintl6_t masterPeriod);

* void PWM_MasterDutyCycleSet(uint16_t masterDutyCycle);

* void PWM_MasterPhaseSet(uintl6_t masterPhase);

* void PWM_PeriodSet(PWM_GENERATOR genNum,uintl6_t period);
* void PWM_DutyCycleSet(PWM_GENERATOR genNum,uint16_t dutyCycle);
* void PWM_PhaseSet(PWM_GENERATOR genNum,uintl6_t phase);
* void PWM_Generatorn_CallBack(void);
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Lab12 PWM Duty Adj By ADC

* Base on current project or Open .\Exams\Lab12_xxx.X to do exercises
* Try to use Potentiometer (VR1) to control LED (D6) brightness.

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

* H.R. PWM Setting same as Labl1.

Let’s go!
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Lab12 PWM Duty Adj By ADC

Connection

SS(nCO
45(HOSD
S0CSCK)

£

PRI AR ) I

WE R T

miciosDh Sa

Don‘t Need Any Connection.

| Connection Already Done By provirus LIBA

™

inas, 4
[PIC22EP, a5PIC33-PGx2

Teg

AICI2MX3/ S P

PINlS, 160>

FICI2IAX, PIC24E )
SHIPIC2LEP, (sPIC33.P0
B )

i =
PIC2AEP, CuPIC3 4 PGal
picazmd pic2arpee
Pin3z, 42
; LE)

J .-ROCHIP
(5055

cosal

MIRroBUS Socke

hnt

MikroBLS *

@ MICROCHIP



Lab12 PWM Duty Adj By ADC

Notice
7 b
Ed PWM - Editor - m| ¥
PWM  x / I (« (=
> 7 f

q ey Setup || = Regl'sters| / N rd v J1‘

B - / -.‘ 7 !—7_—_____’7’—"7-2 -
PWM Cle. J o ¢

.

Master Clock Sele.

T Don't Need Modify Any MCC Setting K]

i—

\_
- — »
I:‘ Enable PWM Gener
‘ \

I:‘ Enable High Reso’

| # Dead Time and Override Settings

PWIM Operation M Independent P W
PWM Output Mode I@ \|‘ b |
| » PWM Frequency Settings \ V. |
| » Trigger Control Settings \ |
|
|

| » Data Update Settings
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Lab12 PWM Duty Adj By ADC

Code Example

#include "mcc_generated_files/adc1.h"
#include "mcc_generated_files/pwm.h"

int main(void)

while (1)

// Add your application code

if (VR1Flag)
VR1Flag = 0;

sprintf((char *) StringBuffer, "VR1:%4d", ADC1_VR1_Buffer);
myOLED_DrawStr(0, 0, StringBuffer);

PWM_DutyCycleSet(PWM_GENERATOR_1,((uint32_t) ADC1_VR1_Buffer * PG1PER) / 4095);
PWM_SoftwareUpdateRequest(PWM_GENERATOR_1);

}
}

return 1;

}
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Lab12 PWM Duty Adj By ADC

Result
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Lab12 PWM Duty Adj By ADC

Result
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Lab13 PWM Buzzer Tone

* Base on current project or Open .\Exams\Lab13 xxx.X to do exercises
* Try to initial H.R. PWM - PG2 to output special frequency (Tone) to Buzzer
by VR2.

* VR2 Value (0 ~4,095) <-> PWM Frequency (OHz ~ 4,095Hz)
* Target Frequency = PWM Source Frequency / 16bits Period Count

* Enable H.R. PWM - PG2 interrupt & connect.
* RB12(PWM2_H, Pin63) to Buzzer(BZ)

Let’s go!
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Lab13 PWM Buzzer Tone

Connection

Euz

HPPO41v3. :
2025410 »

A
,_."’EZUZEI 12C EU‘ROM EEE-
al raiaing Materel nmlhb!e i

www. lddmhlp com,\w/RTO/RTO_DYD

87 55 53 51 48

2020

APPO41-3 v1.10

_”mam BEEENE e

Pini7, 42

PCLR), PICIGFLPGX |
Pinas, 47 gsgsg‘ggs r‘1 :

PIC2AER, asPIC33PGx2  |¥3

@ MICROCHIP



Lab13 PWM Buzzer Tone

Step 1

 Set Enable PWM Generator 2.
B3 PWM - Editor - O ¥
PWM = =@

ﬂ:}} Easy Setup || = Registers|

Hardware Settings

| »

PW Clock Settings

Master Clock Selection | FOSC - System Clock | - | Master Clock Frequency 32 MHz

Clock Divided Frequency| 16000000 | - |Hz

Select Required PVWIM Generators | PWM Generator 1, PWM Generator 2 | - |

| » PWM Master Settings

PVWIM Generator | PWM Generator 1 | = | I T PVWIM_GENERATOR._1

|:| Enable PVWIM Generator
|:| Enable High Resolution

PWIM Operation Mode | Independent Edge | -

PW Cutput Mode | Complementary | -

| » Trigger Control Settings

| # Dead Time and Override Settings

|
|
| » PWM Frequency Settings |
|
|
|

@ MICROCHIP

| » Data Update Settings




Lab13 PWM Buzzer Tone

Step 2

* Set PWM Generator : PWM Generator 1 > PWM Generator 2.
B3 PWM - Editor - O ¥
W ] e

ﬂ:}} Easy Setup || = Registers|

Hardware Settings

| »

PW Clock Settings

Master Clock Selection | FOSC - System Clock | - | Master Clock Frequency 32 MHz

Clock Divided Frequency| 16000000 | - |Hz

Select Required PVWIM Generators | PWM Generator 1, PWM Generator 2 | > |

| » PWM Master Settings

PVWIM Generator | PWM Generator 2 | = | I T PVWIM_GENERATOR,_2

|:| Enable PVWIM Generator
|:| Enable High Resolution

PWIM Operation Mode | Independent Edge | -

PW Cutput Mode | Complementary | -

| » Trigger Control Settings

| # Dead Time and Override Settings

|
|
| » PWM Frequency Settings |
|
|
|

@ MICROCHIP

| » Data Update Settings




Lab13 PWM Buzzer Tone

Step 3

* Set Enable PWM Generator 2 and Confirm PWM Mode : Independent Edge.

| Configure in Next page :ttings

B3 PWM - Editor - O

x

PWM  x Ena=

ﬂ:}} Easy Setup || = Registers|

Hardware Settings

PW Clock Settings

Master Clock Selection | FOSC - System Clock | - | Master Clock Frequency 32 MHz

Clock Divided Frequency| 16000000 | - |Hz

Select Required PVWIM Generators | PWM Generator 1, PWM Generator 2 | > |

» PWIM Master Settings

WM Generator | PVWIV Generator 2 | - Custom Mame: PWIM_GEMERATOR_2Z

V.| Enable PWIM Genera‘tul
le High Resolution

PWIM Output Mode Complementary | -

PWh Frequency Setting

‘b ger Control Settings |

] | | | » Data Update Settings

PWIM Operation Mode Independent Edge | -

| »
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Lab13 PWM Buzzer Tone
Step 4

e Set PWM2 Clock Selection : 32000000 > 16000000.

B3 PWM - Editor

PWM =

O x

DO

J ﬂ:}} Easy Setup || = Registers|

PVWihl Generator | PYWi Generator 2 | - |

Custom Mame: PW_GEMERATOR_2

Enable PWIM Generator
I:‘ Enable High Resolution

PWIM Operation Mode | Independent Edge

PWIM Output Mode | Complementary

* PVWh Frequency Settings

PWIM Input Clock Selection | 16000000 | = |Hz

¥ Period l:' Use Master Period

Requested Frequency 24414 Hz = 94117647 kHz
Calculated Frequency 941.17647 kHz
Requested Period 1.0625us = 10625 us

Calculated Period 1.0625 us

= 941.17647 kHz

= 4095 ms

¥ Duty Cycle |:| Use Master Duty Cycle

PWI Duty Cycle 0% 2 O

=100 %
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Lab13 PWM Buzzer Tone
Step 5

* Set PWM2 Frequency : 941.17647kHz > 1kHz.

Ed PWM - Editor

PN =

O X

(DEO

J {:E:@' Easy Setup || E Regl'sters|

PWIM Generator | PVWIM Generator 2 | - |

Custom Mame:

PWIM_GEMERATOR_2

Enable PVWIM Generator
|:| Enable High Resolution

PWIM Operation Mode | Independent Edge

PWIM Output Mode | Complementary

* PVWM Frequency Settings

PWM Input Clock Selection | 16000000 | ~ | Hz

¥ Period l:‘ Use Master Period

Requested Frequency 24414 Hz = 1 kHz

= 94117647 kHz

Calculated Frequency 1kHz
Requested Period 1.0625us £ 1ms

Calculated Period 1ms

= 4098 ms

¥ Duty Cycle I:‘ Use Master Duty Cycle

PWIW Duty Cycle 0% = O

=100 %
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Lab13 PWM Buzzer Tone
Step 6

e Set PWM2 Duty Cycle : 0 > 50.

Ed PWM - Editor

PN =

o X
(NEOE

J {:E:@' Easy Setup || E Regl'sters|

PWIM Generator | PVWIM Generator 2 | - | Custom Mame:

PWIM_GEMERATOR_2

Enable PVWIM Generator
|:| Enable High Resolution

PWIM Operation Mode | Independent Edge

PWIM Output Mode | Complementary

* PVWM Frequency Settings

PWM Input Clock Selection | 16000000 | ~ | Hz

¥ Period l:‘ Use Master Period

Requested Frequency 24414 Hz = | 1 kHz = 94117647 kHz
Calculated Frequency 1kHz

Requested Period 1.0625us £ 1ms = 4095 ms
Calculated Pericd 1ms

¥ Duty Cycle I:‘ Use Master Duty Cycle

PWI Duty Cycle 0% = 50 =100%

@ MICROCHIP



Lab13 PWM Buzzer Tone
Step 7

* Click "Generate" Button to generate your code.

= X
Generate —
Output - MPLAB® Code Configurator |
$ % 09:%4-52.286  INPO: $tts3ttssastastastsssttassssssasssssssasssssssnssnss A
09:34:52.287 INFD:  Generation Results
Resource Management [MCOC] = 09:%4-52.287  INPD: $8sttaststattastssatttssssss s sssstsasssssssessnss
Prﬂject Resources Gene;ateru Import... | Export | 0 ‘ ‘ @ | 093452 287 INFQ: main.c Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
v Syst 09:34:52.287 INPD: mec_generated_fileshclock. e
£1m
ysj_ 09:34:52.287  INFD: meo_generated_fileshclock. h
[ ] o hi
/ Interrupt Module 09:34.52 288 INFO: moec_generated_fileshintermupt_manager. c
Q Pin Module 093452 288 INFD: meo_generated_fileshintermupt_mansger b
,_:_\_. System Madule 09:34.52.268 INFO: moc_generated_fileshmeo. e
093452, 268 INFO: meoc_gernerated_fileshmeo. h Siocess,
09:34.52.268 INFD: meoc_generated_fileshpir_marager. c Buccess,
09:34.52 268 INFD: mee_generated_filesh\pir_marager. h diccess,
09:34:52.268 INPD: moc_generated_fileshreset.c Success.
09:34:52 288 INFO: meoe_gererated_fileshreset h Hiccess,
P Content Manager - -
Device Resources — 09:34.52 288 INPD: moo_generated_fileshreset_types.h Suocess.
¥ Documents H 09:24.52. 266 INFO: mec_gernerated_fileshsystem.c Huiccess
dsPIC33CK256MP506 Product Page 09:34.52.268 INFO: moc_generated_fileshsystem.h Success,
w Libraries 093452 288 INFD: meec_generated_fileshsystem_types.h Success
> ® Foundation Services 09:34:52.288  INFD: moo_generated fileshtraps. o Bugcess,
09:3452 288 INFD: mec_generated_fileshtraps h Huccess
0 ) motorBench® DE’VE'meEnt Suite 09:34:52.289  INFO: moo generated_files\watchog. h Sugcess,
0 f.:} WWINCT 59X 09:34-52 295 THFD: $#d8sssdaassdsss st s s dsasidsisssssssddsistsssssdssss
- Periphemls | 09:34:52.298  INFD: Generation complete {total time: 198 milliseoconds)
00:34-52.208 NP0 ssesssssssisssssssisbisiiisisstiisssitiiisssisniinis
i 09:34:52.299  INFD: Generation completa. W
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Lab13 PWM Buzzer Tone

Code Example

* VR2 Value(0 ~ 4,095) <-> PWM Frequency (244.14Hz ~ 4,095Hz)
* PWM Frequency (244.14Hz) : PGXPER = OXFFFF

* PWM Frequency (4095Hz) : PGXPER = 0x0F43 (16M/4095)

#include "mcc_generated_files/adc1.h"
#include "mcc_generated_files/pwm.h"

int main(void)

{
while (1)

// Add your application code

if (VR2Flag)
{

VR2Flag = 0;
sprintf((char *) StringBuffer, "VR2:%4d", ADC1_VR2_Buffer);
myOLED_DrawsStr(0, 2, StringBuffer);

PWM_PeriodSet(PWM_GENERATOR_2, OxF43+((uint32_t)(OxFFFF-0xF43)*ADC1_VR2_Buffer/4095));
PWM_DutyCycleSet(PWM_GENERATOR_2, PG2PER >> 1);
PWM_SoftwareUpdateRequest(PWM_GENERATOR_2);

}

}

return 1;

}
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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.

* For Example :

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

Redirec*t Printf to UART

ALY ) )
SottWare Transmit Buffer Size

Software Receive Buffer Size

Redirect Printf to the UART

g s,
"

Bytes

Bytes

%4 UART1 - Editor
UARTI x

{C? Easy Setup 1 £ Registers

Hardware Settings

Enable UART

Clock Source | FOSC/2 [ -]
Baud Rate 9600 [~]
Parity | None [ -]
Data Bits E [ -]
Stop Bits | 15Stopbitsent, 1 checked atRX | ~ |
Flow Control | None [ -]

D Enable UART Interrupts

Error Rate = -0.080

Software Settings

|| Redirect Printf to UART

Software Transmit Buffer Size  0x8

Software Receive Buffer Size

Bytes

Bytes
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USB CDC Emulator

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

P oY wunROCHIP



Lab Preparation

PC Terminal Software Setting
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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 : COMXx : USB Serial Port (COMXx).
* Check : Setup > Serial Port > COMx, 9600, 8 bit, none, 1 bit, none.

Tera Term: New connection

O TCP/IP myhost.example.com
History
Telnet 22
SSH S5H2
Other AUTO
® Serial Port: COMA4: USB Serial Device [COMA4) v

Cancel Help

T COM4A - Tera Term VT

File Edit Control

Terminal...

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

myprintf("\033[2]"); // Clear screen
myprintf("\033[?251"); // Hide cursor
myprintf("\033[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 .\Exams\Lab14 xxx.X to do exercises

* 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

UsB_IO
COC_USEN

Don‘t Need Any Connection.
| Connection Already Done By provirus

DN
. e

IPICI2AX, PIC2GF 1)

SHIPIC24EP, 5PIC33 PO

ni/, 18

IPIC24EP, 2uPIC34:
PACA Ik PG SAF Pk b,

Pini7, 42

PICLR), PICIGELPGY ]
P:nl.s 8 'a b

musP FEAREEEITY)| 0 €0

£
g
r
5
&
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Lab14 UART printf

Step 1

* Click [+] to add UART > UART1 Module.

1) X Bl X
Resource Management [MCC] * | Resource Management [MCC] x |
Project Resources | Generate || Import... || Export | @ || © Project Resources | Generate || Import... || Bxport | @ || ©
¥ Libraries L @ kS Sy ADCT i
# Foundation Services 0 mn P 1
I v Peripherals @ B4 = SCCP1-PWM/Input Capture/Output Compare/Time
@ 53 & ADCH 1 @ F4 & SPI[PIC24 / dsPIC33 / PIC32MM MCUs by Microch “
@ I3 1 Py © I3 © TVRi I
@ B4~ SCCP1-PWM/Input Capture/Output Compare;Time| I[ @ E3 (=) UART I
% | | b | | b
Device Resources | Content Manager Device Resources Content Manager
b doh QEI ] » I> OPA I
B [=1 SENT 3 PP
» 2 SP P 3 PTG
¥ [=] UART b <08 QEI
@ B4 (=1 UART] B [=1 SENT
(7] UART2 ‘| b 2 5P _‘l
&E!E!UARIS ;l » [=] UART -
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Lab14 UART printf
Step 2

» Set Enable Redirect Printf to UART.
B4 UART1 - Editor — O *
UARTL = («][=[E]

| @ Easy Setup || § Rﬂgister5|

Hardware Settings

Enable UART

Clock Source FOSC/2 -

Baud Rate | 9600 ~ | ErrorRate = -0.080
Parity MNone -

Data Bits & -

Stop Bits 1 Stop bit sent, 1 checked at RX -

Flow Control Mone -

|:| Enable UART Interrupts

Software Settings

Redirect Printf to UART
SETare Transmit Buffer Size  0w8 Bytes

Software Receive Buffer Size  0x8 Bytes
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Lab14 UART printf
e Assign UART1 TX and RX Pin.

Step 3

RC7 > U1TX, RD10 > U1RX.

=

Pin Manager: Grid View =

PortD ¥
7

ACHCEGCRCEK]

GGG

89 |1011 (1213|1415

b

3

4

3

2

1

PortC ¥

89 |10(11|12|13|14|15| 0

7

b
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Lab14 UART printf
Step 4

e Set RC7 Start High.

1] X

B4 Pin Module - Editor - O >
Projcls | Files | Services | Resource Management [MCC] x | ﬁm P EE
Project Resources | Generate || Import... | Export | @ || @
@F3 © T™R1 i J ¢85 Easy Setup || = R-Egl'ster5|
@ 4 = uaART Selected Package : TQFPG4
v Sysfm | Pin Namea | Module Function | Custom M...| Start High Analog Cutput WPU
{ 3 Interrupt Module
0> Pin Module RE15 PWM PWM1-L [] []
{_} Systern Module -
. Diﬁ | : RCO ADCT AN1Z VR2 ] ] ]
Dev:i;e Resources Content Manager RC1 Pin Module |GPIO LED4 [] [] []
» > OPA
» [l PMP RCT UART1 UITX I:' I:'
b 35 PTG
. & oo RC13 SPI1 SCKIOUT | cckiouT [] []
> (5 SENT RC15 SPI1 $DO1
> 2 SPI H SDO1 I:' I:'
» [=] UART ;l < | | L
D)
Notifications [MCC] x |
Category Source Type: ALL - Description

MNo content in table
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Lab14 UART printf
Step 5

* Click "Generate" Button to generate your code.

( g %
Generate
Output - MPLAB® Code Configurator |
09:%4:52 286  INFO: $P488384satsatetsstartstartsssssssssstetasssstssastes A
m - 09:34:52.287  INFD: Generation Results
Resource Manapement [MCC] x 09:34:52.287  INFO: $#483aataatt sttt rtstare st sesssssteessssntsesssss
Prﬂject Resources Generate I'U Import... Export I 0 ] { @ I 093452 287 INFQ: main.c Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
v System 09:34:52.287 INPD: mec_generated_fileshclock. e Success.
— 09:34:52.287  INFD: meo_generated_fileshclock. h Success,
 Interrupt Module 09:34.52 288 INFO: moo_generated_fileshintermupt_manager. o Success.
I O Pin Module 09:34:52.288  INFD: meoc_generated_fileshinterrupt_manager. h Success,
Q System Madule 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,
Device Resources Content MEMQEFA 09:34.52 288 INFO: moo_generated_fileshreset_types. h Suocess.
¥ Documents i 09:24.52. 266 INFO: mec_gernerated_fileshsystem.c Huccess,
dsPIC33CK256MPS06 Product Page U 09:34:52.285  INFO: meo_generated fileshsystem.h Ruocess,
¥ Libraries 09:34:52.2688  INFD: meo_generated _fileshsystem_types.h Success
> ® Foundation Services 09:34:52.288  INFD: moo_generated fileshtraps. o Success.
09:3452 288 INFO: mec_gernerated_fileshtraps. h Aiccess
0 0 motorBench® DE’VE'meEnt Suite 09:34:52 289  INFO: mco_generated files‘watchiog. h Success.
0 E}" WWINCT 2% 093852 298  [NF0: $e3ss83taasttsaaststtstassstassatssstssasssstssassss
- Periphemls | 09:34:52.298  INFD: Generation complete {total time: 198 milliseoconds)
09:34: 52298 TNFD: $838448880a8saat s st ssstssitrstassassssstsssstsssssss
09:34:52.299  INFO: Generation completa, W
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Lab14 UART printf

Code Example

int main(void)

{

}

5rintf("\033[2]");
printf("\033[?25I");
while (1)
{
// Add your application code

if (SCCP1Flag)
{

}
if (VR1Flag)
{

VR1Flag = 0;

sprintf((char *) StringBuffer, "VR1:%4d", ADC1_VR1_Buffer);
printf(" \033[1;1H%s", StringBuffer);

myOLED_DrawsStr(0, O, StringBuffer);

}
if (VR2Flag)
{

VR2Flag = 0;
sprintf((char *) StringBuffer, "VR2:%4d", ADC1_VR2_Buffer);
printf(" \033[2;1H%s", StringBuffer);
myOLED_DrawsStr(0, 1, StringBuffer);
}
}

return 1;
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Lab14 UART printf
Result
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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.
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UART Functions of MCC

* MCC Provide below functions for UART:

Prototype definition : "uartn.h"”

* void UARTn_lInitialize(void);
uint8_t UARTn_Read(void);

void UARTn_Write(uint8_t byte);
bool UARTn_IsRxReady(void);
bool UARTn_IsTxReady(void);
bool UARTn_IsTxDone(void);
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Lab15 UART Communication

* Base on current project or Open .\Exams\Lab15 xxx.X to do exercises
* 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
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Lab15 UART Communication
Step 1

e Set Enable UART Interrupts.
B4 UART? - Editor — | X
UARTI = 4 |[=](E]

| {fc}} Easy Setup || = Regl'sters|

Hardware Settings

Enable UART

Clock Source FOSC/2 -

Baud Rate | 9600 ~ | ErrorRate = -0.080
Parity Mone -

Data Bits 8 -

Stop Bits 1 Stop bit sent, 1 checked at RX -

Flow Control None -

! i Enable UART Interrupts
Softiwere Settings

Redirect Printf to UART

Software Transmit Buffer Size  0xf Bytes

Software Receive Buffer Size  0xf Bytes
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Lab15 UART Communication
Step 2

* Set Software Transmit/Receive Buffer Size : 0x8 > 020.
B4 UART? - Editor — | X
TARTI = (=B

| {fc}} Easy Setup || = Regl'sters|

Hardware Settings

Enable UART

Clock Source FOSC/2 -

Baud Rate | 9600 ~ | ErrorRate = -0.080
Parity Mone -

Data Bits 8 -

Stop Bits 1 Stop bit sent, 1 checked at RX -

Flow Control MNone -

Enable UART Interrupts

Software Settings

Redirect Printf to UART
Software Transmit Buffer Size | 0x20 Bytes

Software Receive Buffer Size | 0x20 Bytes
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Lab15 UART Communication
Step 3

* Click "Generate" Button to generate your code.

] X
| Generate
: Output - MPLAB® Code Configurator |

09:34-52.286 INFO: tetsrssessssssstastseaspasesnssrastanaseantannssssans A

= X

INFD:  Generation Results

Resource Management [MCOC] = 09:%4-52.287  INPD: $8sttaststattastssatttssssss s sssstsasssssssessnss

- G- 24 - <79 901 1 & - - 2 i R L aas & - 2 Suna = i - .
Prﬂject Resources | Generatel’” Import... | Export | 0 H @ | 093452 287 INFQ: main.c Success, MIC cutput uncharged. User edits maintained. [Hee 'Force Update']
09:34:52.287 INPD: mec_generated_fileshclock. e Success.

¥ System :
— 09:34:52.2687 INFD: mee_generated_files\clock. h Alocess,
[ ]
/ Interrupt Module 09:34.52 288 INFO: moo_generated_fileshintermupt_manager. o Success.
¢ Pin Module 09:34:52 286  INFO erated_fileshintermupt_marager h S

' 09:34:52 268 INFO: mee_generated_files\mec. e Buo
() System Module g -

INFO: meoc_gernerated_fileshmeo. h Siocess,
INFD: meoc_generated_fileshpir_marager. c

INFD: mee_generated_filesh\pir_marager. h

INPD: moc_generated_fileshreset.c

. Content M INFD: mec_zenerated_fileshreset h Aiccess,
Device Resources ontent Vanager ; o
INFO: moo_generated_files\reset_types. h Suocess.
¥ Documents H 093452 268 INPD: meo_generated _files'system.c Huccess
dsPIC33CK256MP506 Product Page 09:34.52.268 INFO: moc_generated_fileshsystem.h Success,
w Libraries 093452 288 INFD: meec_generated_fileshsystem_types.h Success
. R 09 INFO: moc_generated_fileshtraps. o Success.
> @ Foundation Services -
09:3452 288 INFD: mec_generated_fileshtraps h Huccess
0 0 motorBench® DE’VE'meEnt Suite 09:34:52.289  INFD: moc_generated files‘watchdog. h Sugcess,
0 ":} WINCT5XX 093852 298  [NF0: $e3ss83taasttsaaststtstassstassatssstssasssstssassss
- Periphemls | 09:34:52.298  INFD: Generation complete {total time: 198 milliseoconds)
00:34:52.208 [NFO: $S4es3sdsastt st sttt stassstassassastssassssissassss
09:34:52.299  INFO: Generation completa, W
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Lab15 UART Communication

Code Example

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

int main(void)

while (1)
// Add your application code
if (UART1_IsRxReady())

sprintf((char *) StringBuffer, "RxData:%1c", UART1_Read());
printf(" \033[6;1H%s", StringBuffer);
myOLED_DrawsStr(0, 6, StringBuffer);
}
}

return 1;

}
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Lab15 UART Communication

Result
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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.

(1 (S) (D) Q) (A) or (N) (P) (1)
SCLx / \
\ i AN & .8 /
] NACK |
SDAX —_
\ / X ACK \ a
—— §
Start Data or Data  ACK/NACK Stop
Condition Address Allowed Valid Condition
Valid to Change
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dsPIC33’s 12C Module

el A
* dsPIC33CK256MP506 Provide three 12C modules. = =
* Support 7, 10 Bits Device Addresses
and General Call Address. 5”‘“ i st
* Provide Clock Stretching. E)}_‘{g
* Both 100 kHz and 400 kHz Bus Specifications. L pemo K —
* SMBus Compatible Voltage Thresholds. e | -
* Pin Definition : —;ﬂj r ooy |[* éwm«l_’ Z:
* SCL (Serial Clock) : Clock, dsPIC33 <-> Device. = 2
* SDA (Serial Data) : Data In/Out, dsPIC33 <-> Device. < ( Aeomisses | 8‘-@
omeen | =
L &R0 Down Counter ] [ aceRc | —
1
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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 capability for up to 32 bytes of data.

¥ ﬂ %
g 'IWU{H

s'?H 7,1{ /ir [ Illf i,}ﬂmlﬂﬂlg

‘ . s ‘~‘ /
X ~
< B e ‘A‘ /
weona b - @
Ly »

N
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12C Functions of MCC

e MCC Provide below functions for 12C:
Prototype definition : "i2cn.h"

 void 12Cn_Initialize(void);
bool 12Cn_MasterQueuelsEmpty(void);
bool 12Cn_MasterQueuelsFull(void);
void 12Cn_MasterRead(uint8_t “pdata, uint8_t length, uintl6_t address,
12Cn_MESSAGE_STATUS *pstatus);
void 12Cn_MasterWrite(uint8_t *pdata, uint8_t length, uintl6_t address,

12Cn_MESSAGE_STATUS *pstatus);

* |2C Function is non-block function. This means all function running by interrupt.
Operation not execute immediate after function call.
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12C Functions Introduction

* void I12Cn_MasterWrite(uint8_t “pdata, uint8_t length, uintl6_t address,

12Cn_MESSAGE_STATUS *pstatus);

Fail

Pending

Complete
Stuck start

Address no ack

Data no ack

Lost state

Write Data Array

Data0

Datal

S

Data2

Data3

=l
>

— Length
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12C Functions Introduction (cont.)

* void I12Cn_MasterRead(uint8_t “pdata, uint8_t length, uintl6_t address,

12Cn_MESSAGE_STATUS *pstatus);

Fail

Pending

Complete
Stuck start

Address no ack

Data no ack

Lost state

Read Data Array

Data0

Datal

S

Data2

Data3

]
=4l

— Length
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EEPROM Write (24AA32A)

 BYTE WRITE: 12Cn_MasterWrite(); //Data Array Length = 2+1

S

L Control Address Address -?
R Byte High Byte Low Byte Data 0
Tf g N A R 5 o 5 N P
f A

o>

b o ol ot

AlA

0
|

0

AOr
O»
OX

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

S
1 Control Address Address -?
R Byte High Byte Low Byte Data Byte O Data Byte 31 0
T A \ A _ A A . A . P
I|||AAA |’X|X|X|X||| T T T 1T T T T TT0 TT T T T I H
l e 2|1]0 Dl 11 1| L1 1 1 1 11 1 1 1 1 1 1 1 [ L1 1 1 1 11
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_MasterWrite() + 12Cn_MasterRead();

S S
T T S
A Control Address Address A Control Data T
R Byte High Byte Low Byte R Byte Byte Q
Tf’ e ™ s ™y ' s I Tf’ - ™y o S Y P
ﬂ1ﬁ|1‘,qu.ﬁ T T 1 T T T T T 711 1.1 [AAA- T T T T 711
_J_C2101|x|x|xlxlll L1111 S_IEHUE"U_ | IEI
A A A A N
C C C C O
K K K K A
<
 SEQUENTIAL READ: I12Cn_MasterWrite() + 12Cn_MasterRead();
$
anyttéol Data n Datan + 1 Datan + 2 Datan+x
. I's 5 N - N - ™ s - A P
',_IIIIIIII T T T T 11 TTTTTT1 T T T T 11 =
____' L1 11111 L1 11 1 11 L1111 11 fr L1 11111 ||
A A N
C C C C o)
K K K K A
C
K

* 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
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Labl6 EEPROM
Step 1

* Click [+] to add 12C > 12C1[PIC24 / dsPIC33 / PIC32MM MCUs by Microchip...] Module.

] X ] X
Resource Management [MOC] x] Resource Management [MOC] XI
iject Resources | Generate || Import... | Export | 0 | | @ Pl’DjEEt Resources | Generate || Import... | Export | 0 | | @
¥ Libraries - ¥ Libraries -
» Foundation Services » Foundation Services ‘
¥ Peripherals 1 ¥ Peripherals I
@ E3 &y ADC @ B3 & ADCt
0 nn P |l 0 = 12C1 [PIC24 / dsPIC33 / PIC32MM MCUs by Microch
@ P4 &~ SCCP1-PWM/Input Capture/Output Compare/Time € b4 I P
¢ - | ' E { | — : | ="
Device Resources | Content Manager Device Resources Content Manager
N S 1| Bk k] S ~
v 12C
- BN 5 12C1 [Foundation Services Library by Microchip T > & 2
oundation Services Librar icrochip Te
Y P b S MOCP/SCCP
== 12C1 [PIC24 / dsPIC33 / PIC32MM MCUs by Micro
y » [ Memary
0 [2C2 [PIC24 / dsPIC33 / PIC32ZMM MCUs by Micrm| |I 1> OPA
Click [+] - [Foundation Services Library by Microchip Te . - _|
LT 5 13 [PIC24 7 dsPIC33 / PIC32MM MCUs by Micros B
e | - N b S PTG
< ] > o o) 1
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Lab16 EEPROM

Step 2

* Change 12C SCL1 and SDA1 Pin.
* Pin Manager : RB8 > RC9 (SCL1), RB9 > RC8 (SDA1).

1<) X
Pin Manager: Grid View x]
Package: | TQFPE4 | = PinNo: |46 |47 48|49 |61 /62|63 64| 1 | 2 13|22 23|27 5051|2432 |36|37 52 53|IT
PortB v PortC v
Module Function Direction |6 |7 |8 |9 (10|11 |12 /13(14(15|0 |1 |2 |3 |4 |5 |6 |7 | 8|9 10 11|l
ADCT ADCTRG31  input I I I - O O O O I I O O - - O - -
AN input B BB GGG RN BB
CLKI input
CLKO output
ok D&C| input
OSCO output
REFI1 input I I I O O O O O O O I O O - - - - -
REFO1 output I - - - O O O O IO O O I O - - - -
sCL1 infout (] a8
12ZC1 ¥
sDAT infout B a |
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Lab16 EEPROM

Step 3

* 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

g\ MICROCHIP



Lab16 EEPROM

Code Example

#include "mcc_generated_files/uartl.h"
#include "mcc_generated_files/i2c1.h"

#define EEPROM_Address 0x50

L'l.intS_t Button_Flag=0;
uint8_t 12C_EEPROM_Write_Data[4];
uint8_t 12C_EEPROM_Read_Data[2];

int main(void)
while (1)
{

// Add your application code
if(BT1_GetValue() && Button_Flag==0)

LED8_SetLow();
Button_Flag=1;

}
?Ise if('BT1_GetValue()&&Button_Flag==1)

static uint8_t i = 0;
if (++i > 100) i =0;

12C_EEPROM_Write_Data[0] = 0x00;

12C_EEPROM_Write_Data[1] = 0x00;

12C_EEPROM_Write_Data[2] = i;

12C_EEPROM_Write_Data[3] =i << 1;
12C1_MasterWrite(I12C_EEPROM_Write_Data, 4, EEPROM_Address, NULL);
DELAY_microseconds(100);

D8_SetHigh();

Button_Flag=0;
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Lab16 EEPROM

Code Example

““while (1)
// Add your application code
if (SCCP1Flag)
{ SCCP1Flag = 0;

12C_EEPROM_Write_Data[0] = 0x00;

12C_EEPROM_Write_Data[1] = 0x00;
12C1_MasterWrite(12C_EEPROM_Write_Data, 2, EEPROM_Address, NULL);
DELAY_microseconds(100);

12C1_MasterRead(12C_EEPROM_Read_Data, 2, EEPROM_Address, NULL);
DELAY_microseconds(100);

sprintf((char *) StringBuffer, "12C_W_EE:0x%02X,0x%02X", 12C_EEPROM_Write_Data[2], I2C_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_DrawsStr(0, 3, StringBuffer);

ADC1_SoftwareTriggerEnable();
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Lab16 EEPROM

Result

.....

5029

. @

T COM4 - TeraTerm VT — L] X
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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

MCC Setting
y k
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Pin Manager: Grid View x | 7 “
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Lab17 Temperature Sensor

Code Example

#include "mcc_generated_files/i2c1.h"
#define EEPROM_Address 0x50

#define MCP9800_Address 0x4D
#define MCP9800_REG_TA 0x01
#define MCP9800_Register 0x60
#define MCP9800_Start 0x00

uint8_t MCP9800_Write_Data[2];
uint8_t MCP9800_Read_Data[2];

int main(void)

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

MCP9800_Write_Data[0] = MCP9800_REG_TA;
MCP9800_Write_Data[1] = MCP9800_Register;
12C1_MasterWrite(MCP9800_Write_Data, 2, MCP9800_Address, NULL);
DELAY_microseconds(100);

MCP9800_Write_Data[0] = MCP9800_Start;
12C1_MasterWrite(MCP9800_Write_Data, 1, MCP9800_Address, NULL);
DELAY_microseconds(100);

while (1)

// Add your application code

}
}
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Lab17 Temperature Sensor

Code Example

int main(void)

while (1)
// Add your application code
if (SCCP1Flag)
{

SCCP1Flag = 0;

myOLED_Drawstr(0, 6, StringBuffer);
12C1_MasterRead(MCP9800_Read_Data, 2, MCP9800_Address, NULL);
DELAY_microseconds(100);

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);

ADC1_SoftwareTriggerEnable();
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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,
flexPWR, HELDO, IGLOO, JukeBlox, KeelLoq, Kleer, LANCheck, LinkMD, maXStylus, maXTouch, MedialLB, megaAVR, Microsemi, Microsemi logo, MOST, MOST logo, MPLAB, OptolLyzer,
PackeTime, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer, QTouch, SAM-BA, SenGenuity, SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer, Tachyon,
TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA

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

AgileSwitch, APT, ClockWorks, The Embedded Control Solutions Company, EtherSynch, Flashtec, Hyper Speed Control, HyperLight Load, IntelliMOS, Libero, motorBench, mTouch,
Powermite 3, Precision Edge, ProASIC, ProASIC Plus, ProASIC Plus logo, Quiet-Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra, TimeProvider, TrueTime,
WinPath, and ZL

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

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

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut, Augmented Switching, BlueSky, BodyCom, CodeGuard, CryptoAuthentication,
CryptoAutomotive, CryptoCompanion, CryptoController, dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, Espresso T1S, EtherGREEN, IdealBridge, In-Circuit Serial
Programming, ICSP, INICnet, Intelligent Paralleling, Inter-Chip Connectivity, JitterBlocker, maxCrypto, maxView, memBrain, Mindi, MiWi, MPASM, MPF, MPLAB Certified logo, MPLIB,
MPLINK, MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple Blocker, RTAX, RTG4, SAM-
ICE, Serial Quad 1/0, simpleMAP, SimpliPHY, SmartBuffer, SMART-1.S., storClad, SQI, SuperSwitcher, SuperSwitcher Il, Switchtec, SynchroPHY, Total Endurance, TSHARC, USBCheck,
VariSense, VectorBlox, VeriPHY, ViewSpan, WiperLock, XpressConnect, and ZENA

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

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